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Introduction

Eating a healthy diet is universally acknowledged as one 
of the main factors in preventing malnutrition and non-
communicable diseases (NCDs) such as type 2 diabetes 
and cardiovascular diseases [1], therefore a healthy and 
balanced lifestyle should be promoted across all age 
groups [2]. According to the World Health Organization 
(WHO) Healthy Diet Fact Sheet a healthy diet should 
include at least 400 g (i.e. five portions) of fruit and 
vegetables per day, pulses, nuts and whole grains, less 
than 10% of the total energy intake should come from 
free sugars, less than 30% of total energy intake should 
come from fats and lastly, we should consume less than 
5 g of salt per day. 
As many health habits are formed at a very young age, 
the promotion of a proper lifestyle should be focused 
among adolescents and young adults  [3]. In fact, 
numerous studies show that poor dietary habits appear to 
be very popular between both high school and university 
students, in particular the consumption of fast food is 
high and it could be associated with a weight gain from 
adolescence to adulthood [4-6]. 
During the critical passage from high school to university, 
as the students independence increases and the living 
situation changes  [7], young adults are repeatedly put 
to the test with making wholesome food choices  [8]. 

Choices inherent eating habits during the university 
years are influenced by several factors, such as peers 
ascendency, class schedule, alcohol consumption, 
nightlife and even economic situation  [9,  10]. In fact, 
once they start university, not only they start having poor 
dietary habits, but they also start consuming excessive 
quantity of alcohol and decreasing their physical 
activity [11]. Consequently, the years spent at university 
represent a very critical era that is able to influence 
both the lifestyle and the eating habits of the following 
adulthood and, as this age group might soon play a 
parental role, their health is closely related to the one of 
new generations [12, 13]. 
University students can be divided into two groups, 
those who continue living at home with their parents and 
those that are attending universities far from their usual 
residence and are forced to live away from home, known 
as displaced students. Special attention should be paid 
to university students, as they represent a group that is 
particularly prone to poor dietary habits  [14]. In Italy, 
a study showed that non-displaced students consumed 
higher quantities of cooked vegetables, fish, meat 
products, chips, bread/cereals, pulses, cooked meals and 
sandwiches, while displaced students consumed more 
raw vegetables, beer and other alcoholic drinks, raw/
cold meals, frozen meals and ready meals [15]. The same 
results were observed in Spain where it was noted that 
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Summary

Background. Eating a healthy diet is acknowledged as one of the 
main factors in preventing malnutrition and non-communicable 
diseases. As young students represent a group more prone to poor 
dietary habits, the aim of this study was to analyse the dietary 
habits of a group of undergraduate students attending university 
in a city of central Italy, Siena. 
Methods. 4,700 students were invited to participate in a cross-
sectional study completing an online self-administered question‑
naire about their food habits. The obtained data were analysed by 
Microsoft Excel 2021 and Stata 17 software, through the Mann-
Whitney and the Kruskal-Wallis test; a p-value < 0.05 was consid‑
ered statistically significant. 

Results. The students living at home consumed more fruit, veg‑
etables, pasta, meat, fish, packaged foods, fruit juices, beer and 
wine; the only statistically significant differences were found for 
pizza and snacks. Even the gender influenced the consumption of 
many foods; women consumed more vegetables and coffee/tea, 
while males ate more pasta, meat, packaged foods, pizza, fries 
and beer. 
Conclusions. With the transition from secondary school to univer‑
sity, students are continuously challenged to make healthful food 
choices and they must be self-disciplined to take care of them‑
selves. It would be important for health campaigns to be promoted 
in young adults to help them make the right choices.
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displaced students consumed fast food more frequently 
compared to before they started university [9].
University students should be considered as a vulnerable 
group, especially the displaced ones, as they seem 
to move towards unfavourable food choices. Thus, 
it is important to assess the issue and to implement 
strategies to promote long-term health in this particular 
population [9].
The aim of this study was to analyse the dietary 
habits and the changes in eating patterns of a group of 
undergraduate students attending university in a city of 
central Italy, Siena. 

Materials and methods

From May to June 2023, four thousand seven hundred 
students attending different degree courses at the 
University of Siena received an email and were invited 
to participate in a cross-sectional study about their 
food habits. The students had to complete an online 
questionnaire that had been revised by two committees, 
the first one was Careus (Committee for Ethical 
Research in the Humanities and Social Sciences), which 
reviewed the questions from an ethical point of view, and 
the second one was SPC (The University Survey Policy 
Committee), which selected the sample and then sent 
the questionnaire. SPC selected the sample randomly 
by matriculation number, selecting all students with 
one or more final matriculation numbers that had not 
already been used for the last carried out surveys until 
a sample size of 20/25% of the population, considered 
to be representative of all the students, was reached. The 
undergraduate students, who were selected, received an 
email with the self-administered questionnaire and the 
instructions and were asked to complete it online; the 
enrolment was voluntary and anonymous. Preliminary 
information was provided about the purpose, the protocol 
and the method of the study including the guarantee 
of anonymity (according to the Legislative Decree no. 
196/2003 “Code concerning the protection of personal 
data”). The survey remained open for 21 days and two 
reminder emails were sent after 7/10 days (for the first 
reminder) and after 10/15 (for the second) to those who 
did not respond.
The research was carried out in accordance with the 
World Medical Association Declaration of Helsinki; it 
does not report any experiment on human or biological 
human samples, nor research on identifiable human 
material and data because it is an observational survey 
conducted by an anonymous questionnaire among 
university students. Indeed, in order to protect the 
privacy of subjects and confidentiality of their personal 
information and to minimize the impact of the study 
on their physical, mental and social integrity (stated 
in the article n. 23 of the above-mentioned Helsinki 
declaration) the research was wholly conducted 
anonymously; thus, no identifiable personal data are 
reported. 

Characteristics of the questionnaire
The survey consisted of 15 questions, and it allowed us to 
obtain information about age, weight, sociodemographic 
characteristics, as well as dietary habits. 
The first part was dedicated to the demographic aspects, 
with questions regarding age, weight, height, parents’ 
educational qualifications and students’ socioeconomic 
status. The second section investigated the socio-cultural 
backgrounds to learn whether the students were living at 
home with their families or not. The third one was the part 
about the eating habits, in particular it was asked where 
the meals were eaten and it also included the validated 
Food Frequency Questionnaire (FFQ), developed on 
the model used by Papadaki and Scott  [16]. The FFQ 
list contained fresh fruit, cooked and raw vegetables, 
potatoes, rice and pasta, chips, pulses, meat products, 
fish, snacks, sauces, meat and poultry, bread and cereals, 
dairy, cakes (including sweets, sugar, chocolates, 
biscuits, ice cream, cakes, scones and pastries), eggs 
and pizza. While for the beverages it included fresh fruit 
juice, milk, non-alcoholic beverages, wine, beer, spirits 
and coffee/tea. Consumption frequency for each food 
item was measured as “never”, “1-3 times per month”, 
“1-2 times per week”, “3-4 times per week”, “5-6 times 
per week”, “once per day”, “more than once per day”. 
The participants were also asked whether they perceived 
that their eating habits had changed since starting 
university or not. 

Statistical analysis 
The answers provided in the questionnaire had been 
collected in a database using Microsoft Excel 2007. 
Data for individual food items in the food frequency 
questionnaire were transformed to servings per week 
(servings/week). As in the study by Papadaki and Scott, it 
was assumed that “times” could be equated to “portions”, 
therefore “never” was transformed to “0 times per week”, 
“1-3 times per month” was transformed to “0.5 times per 
week”, “1-2 times per week” was transformed to “1.5 
times per week”, “3-4 times per week” became “3.5 times 
per week”, “5-6 times per week” became “5.5 times per 
week”, “once per day” became “7 times per week” and 
“2 times per day” became “14 times per week”.
The per capita weekly consumption of each food or 
beverage was then calculated by taking the sum of the 
values for all students in the population of reference and 
dividing the result by the total number of individuals. 
The obtained data were analysed by Stata17 software. 
The Mann-Whitney test was used to detect changes in 
food intake for students living at and away from home, 
while the Kruskal-Wallis test was used to track dietary 
intake changes according to gender and mean and 
SD were calculated; a p-value < 0.05 was considered 
statistically significant.

Results

The survey closed with only 508 completed questionnaires 
out of 4,700 invitations sent out (10.8%), of whom 321 
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students (63.2%) still lived at home with parents during 
their studies and 187 students (36.8%) lived away from 
their families. The students were classified by age, 
specifically 71 (14%) were 19 or 20 years old (yo), 144 
(28.3%) were 21 or 22 yo, 190 (37.4%) were between 
23 and 25 yo and finally 103 (20.3%) were older than 26 
yo, and by gender, 126 (24.8%) were male, 379 (74.6%) 
were female, 2 (0.4%) would rather not answer and 1 
(0.2%) did not identify with either gender. 
BMI (kg/m2) was calculated with data regarding 
weight and height and the mean resulted 22.65, with 
a statistically significant difference between the two 
genders (female students BMI = 22.16 vs male students 
BMI = 23.93, p = 0.0001), but no differences between 
displaced and non-displaced students were observed. 
As concerns the main meals, the majority of the students 
(86.4%) stated they have breakfast at home; only a 
small group (8.8%) said they don’t have it, while the 
rest have breakfast at the bar (4.7%). The 25.3% of the 
students declared to have lunch at home, the 31.1% eats 
at university food prepared at home, the 38.9% has lunch 
in the canteen and lastly a proportion of students (2.5%) 
claimed to choose other solutions (bars, takeaways, etc.), 
with no differences between the two groups. Finally, 
almost all the students consumed dinner at home. 
The most consumed foods, as shown in Figure 1, were 
potatoes/rice (5.79 servings/week), fresh fruit (5.66 
servings/week), bread/cereals (5.24 servings/week), 
cooked vegetables (4.88 servings/week), while the most 
consumed drinks were coffee/tea (7.77 servings/week) 
and milk (3.61 servings/week). The students reported a 

lower consumption of fish (1.42 servings/week), pizza 
(0.99 servings/week), packaged foods (0.76 servings/
week), fries (0.55 servings/week).
The students that lived at home reported a larger (even 
if not statistically significant) consumption of fresh 
fruit, cooked and raw vegetables, pasta/rice, meat, fish, 
cured meats, bread/cereals, pulses, packaged foods, fruit 
juices, beer, wine than student living away from family 
as shown in Table I. The only statistically significant 
difference was found for pizza (1.03 servings/week 
vs 0.92, p =  0.0422). In contrast, the students living 
away from home consumed significantly more sauces 
and spirits but only the difference between the snacks 
consumption was statistically significant (2.66 servings/
week vs 2.19, p = 0.0424). The frequency of consumption 
of milk, coffee/tea, non-alcoholic beverages, fries, eggs, 
dairy products, cake were similar in the two groups of 
students.
Referring to changes in dietary habits, 89.5% of 
the students noted some modification since starting 
university with no significant differences between 
students living at home (86.6%) or far away from it 
(94.6%), as shown in Figure 2, or between males and 
females.
The gender appeared to influence the frequency of 
consumption of many foods as it can be seen in Table II. 
Women demonstrated to consume, with statistically 
significant differences, a greater amount of raw 
vegetables (4.6 servings/week vs 3.2, p = 0.002), cooked 
vegetables (5.3 servings/week vs 3.7, p  =  0.0001) 
and coffee/tea (8.1 servings/week vs 6.8, p  =  0.025). 

Fig. 1. Mean weekly consumption of foods and beverages.
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In contrast, males consumed significantly more potato/
rice/pasta (6.9 servings/week vs 5.4, p = 0.0002), meat 
(4.3 servings/week vs 3.1 p = 0.0001), packaged foods 
(1.1 servings/week vs 0.6, p = 0.016), pizza (1.2 servings/
week vs 0.9, p = 0.024), fries (0.7 servings/week vs 0.5, 
p = 0.013), beer (1.2 servings/week vs 0.5, p = 0.0001) 
and non-alcoholic beverages (0.9 servings/week vs 0.5, 
p = 0.010). 
Lastly, statistically significant differences were found 
among the students living away from home depending 
on their gender, as female students consumed more 
raw vegetables (p  =  0.001) and cooked vegetables 
(p = 0.0003), while male students consumed more meat 
(p = 0.008), fish (p = 0.012) and beer (p = 0.009). Instead, 
the male students who lived at home with their families 
showed a significantly higher frequency of consumption 
of potato/rice/pasta (p  =  0.0007), meat (p  =  0.0018), 
fries (p  =  0.016), packaged foods (p  =  0.045), beer 
(p = 0.0002) and non-alcoholic beverages (p = 0.048), 
while female students consumed more cooked vegetables 
(p = 0.0356) and coffee/tea (p = 0.019).
Regarding the students’ socioeconomic status and 
their parents’ educational qualifications, the students 
that have preferred not to respond to the first question 
showed a higher consumption of fries (p=0.006) 
and pizza (p=0.015), while those who make ends 
meet easily consume a higher quantity of spirits 
(p  =  0.0037). Regarding the parents’ educational 

qualifications, the students whose father has a post 
graduate degree consumed more meat (p = 0.01), more 
wine (p = 0.0003) and more pizza (p = 0.039), pizza 
was more eaten also between students whose father 
stopped after elementary school; while the students 
whose mother has a post graduate degree consumed 
more wine (p = 0.0014).

Discussion

This study found out that university students did not 
show much interest in the questionnaire topics as only 
10.8% responded to the survey and the ones that did 
it, despite improvements in recent years maybe due to 
health promotion campaigns such as OKkio alla salute 
for children and Health Behaviour in School-aged 
Children-HBSC for adolescents  [17], showed some 
difficulties in following a proper lifestyle. Healthy and 
unhealthy eating habits influence the Quality of Life 
(QOL), a concept that indicates the general wellness of 
person and societies [18]. 
The majority of the students reported to consume their 
meals at home or at university with homecooked food; 
this could represent a money saving method or it could 
be related to the quality of canteen food as reported in 
other studies [19]. In contrast with what can be read in 
the literature, in this study it emerged that only 8.8% of 

Tab. I. Mean weekly consumption of food and beverages of students living at and away from home. 

Students living away from home Students living at home
Mean SD Mean SD p-value

Fresh fruit 5.55 4.6 5.73 4.7 0.63
Raw vegetables 4.1 3.54 4.34 3.66 0.43
Cooked vegetables 4.75 3.56 4.96 3.65 0.46
Cakes 1.31 1.56 1.3 1.5 0.89
Potatoes/rice/pasta 5.63 3.02 5.88 3.1 0.35
Meat 3.3 2.41 3.5 2.66 0.5
Fish 1.37 1.21 1.44 1.15 0.34
Dairy products 3.93 3.09 3.99 3.11 0.88
Cured meats 1.56 1.43 1.77 1.94 0.76
Eggs 1.51 1.02 1.5 1.13 0.51
Fries 0.53 0.66 0.56 0.65 0.63
Bread/cereals 4.9 3.38 5.44 3.55 0.11
Pulses 1.93 1.56 2.28 2.05 0.13
Pizza 0.92 0.63 1.03 0.64 *0.04
Snacks 2.66 2.89 2.19 2.58 *0.04
Sauces 0.85 1.21 0.76 1.08 0.23
Packaged foods 0.69 0.95 0.8 1.41 0.3
Fruit juices 0.87 1.56 1.07 1.94 0.4
Beer 0.62 1.04 0.69 1.26 0.39
Wine 0.59 0.86 0.73 1.12 0.16
Non-alcoholic 
beverages

0.62 1.1 0.59 1.09 0.49

Spirits 0.54 0.79 0.46 0.6 0.54
Coffee/ tea 7.93 4.61 7.67 4.54 0.5
Milk 3.51 3.4 3.66 3.26 0.67

SD: standard deviation. Levels of significance were assessed by the Mann-Whitney test, a p-value < 0.05 was considered significant and marked with an 
asterisk in the table.
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students did not eat breakfast, unlike a group of Italian 
adolescents, in which more than 40% skipped this meal, 
highlighting an improvement in eating habits growing 
up [20]. 
The results of this study are in agreement with others 
reporting the adoption of unhealthy food habits among 
college students, especially with regard to the low 
consumption of fruit and vegetables, fish, eggs, and 
the excessive consumption of cured meats and dairy 
products  [21,  22]. The difficulties to adopt a diet 
complying with the guidelines are a problem that affects 
many college students from several origins and with 
different dietary habits. 
However, it is crucial to understand that some of these 
wrong dietary habits can already be established in 
children and adolescents; this could make bad habits 
persist in young adults and make it even more difficult 
to change them. As a matter of fact, an Italian study 
about adolescents reported that 7 out of 10 adolescents 
did not consume vegetables daily and 1 in 2 did not 
consume both fruit and vegetables daily, moreover boys 
had a higher prevalence of incorrect dietary habits than 
girls [20].
Most of the statistically significant differences in 
this survey were linked to the gender. In particular, 
the women in our study, in agreement with previous 
studies  [15,  21,  23-25], consumed significantly more 
fruits and vegetables and less ready meals and alcoholic 
beverages than men; this could be because they are better 
informed about the nutritional value of foods, or maybe 
because they are more attentive and sensitive to weight 
control  [26,  27]. As shown in a previous study, also 
during adolescence, girls tend to have a healthier diet, in 
fact it was reported that 67,5% of girls did not consume 
vegetables daily versus 77,9% of boys [20]. Moreover, 
females consume more coffee/tea than male students, 

as it was found also in other studies and this could be 
linked to women faster metabolism of caffeine  [28]. 
However, in general, both females and males consumed 
high quantity of caffeine both for social reasons and to 
increase mood and alertness [29].
Although the changes in dietary habits involved a 
significant number of students, the phenomenon mainly 
affected those who lived away from family  [30]. The 
university students who lived with their parents declared 
to eat a lot more fruits, vegetables, pasta/rice, meat, fish, 
cured meats, bread/cereals, pulses, packaged foods, fruit 
juices, beer, wine. Students living with families seemed 
to have a better diet, and this could be due to family 
support both financially and in terms of food choices; 
a cross national study about adolescents showed that, 
already in that age group, the family’ socioeconomic 
status can influence dietary habits and could be related 
to a higher prevalence of obesity  [31]. Otherwise, 
displaced students, maybe because of a lack of time or 
inexperience in the kitchen, tend to eat healthy foods 
less frequently [15, 21]. 
The reasons that could influence university students 
in making food choices are numerous: comfort and 
convenience of fast food, taste, self-discipline, physical 
and social environment surrounding them (availability 
and accessibility, appeal and prices of food products), 
gender, attention to weight and beliefs, time and 
convenience. Another important reason could be the 
budgetary constraints that the whole worlds is facing 
right now [32-36]. 
Compared with other surveys conducted a few years back 
in northern and southern Italy [15, 21], we have noticed 
fewer statistically significant differences between 
students who lived with or without theirs parents and 
it could be interesting to carry out further studies to 
understand the reason for this divergence. In particular, 

Fig. 2. Differences in how much dietary habits have changed since starting university between students living at and away from home.
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of themselves. According to data from the World Health 
Organization, 86% of deaths and 77% of the loss of 
healthy life years in Europe are caused by chronic 
diseases  [37]. Modifiable risk factors, combined with 
other non-modifiable causes such as age or genetic 
predisposition, are responsible for the majority of 
deaths from chronic diseases worldwide; therefore, 
it is important for health promotion campaigns to be 
promoted in young adults to help them make the right 
choices regarding eating healthy. To design appropriate 
health promotion campaigns in universities, to 
improve the students’ lifestyle and to prevent many 
chronic degenerative diseases, it is fundamental to 
plan harmonized surveillance systems designed to 
detect risk factors. Since the lack of harmonized 
measurements and methodologies among countries, it 
is useful to develop more effective and internationally 
applicable policies [38].
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it would be useful to understand why the diets of the two 
groups of students have become more similar over the 
years. 
It is important to consider that this study has some 
limitations. One of them could be that, even if the 
initial sample could have been representative of all the 
university students, the answers were not as many as 
we expected as only 10.8% of the students responded. 
Another thing to take in consideration is that the 
majority of the respondents were female, usually more 
attentive and sensitive about healthy eating habits, so 
the male population could not have been represented 
properly. Lastly, it would have been useful to know 
which faculty the students were attending as some of 
them may include nutrition courses and this may have 
influenced some answers. 

Conclusions

With the transition from secondary school to 
university, when independency increases, students 
are continuously challenged to make healthful food 
choices and they must be self-disciplined to take care 

Tab.II. Mean weekly consumption of food and beverages of students based on the gender. 

Female students Male students I'd rather not answer
I dont't identify 

with either 
gender

Mean SD Mean SD Mean SD Mean SD p-value
Fresh fruit 5.73 4.74 5.52 4.47 3.5 2.82 1.5  - 0.76
Raw vegetables 4.61 3.8 3.2 2.77 3.5 2.82 0.5 - *0.002
Cooked vegetables 5.29 3.74 3.71 2.96 3.5 0 1.5 - *0.0001
Cakes 1.26 1.35 1.46 1.96 0.25 0.35 0.5  - 0.32
Potatoes/rice/
pasta

5.42 2.99 6.89 3.09 6.25 1.06 5.5  - *0.0002

Meat 3.13 2.38 4.34 2.9 4.5 1.41 0.5  - *0.0001
Fish 1.35 1.11 1.61 1.27 2.75 3.88 0.5  - 0.17
Dairy products 3.83 3.12 4.33 3.02 5.25 2.47 7  - 0.1
Cured meats 1.63 1.76 1.83 1.76 2.5 1.41 7  - 0.15
Eggs 1.44 1.01 1.68 1.24 3.5 2.82 0.5  - 0.07
Fries 0.47 0.49 0.74 0.88 2.75 3.88 1.5  - *0.012
Bread/cereals 5.26 3.49 5.22 3.53 6.25 1.06 0  - 0.31
Pulses 2.15 1.94 2.16 1.74 2 2.12 1.5  - 0.99
Pizza 0.93 0.54 1.18 0.85 1 0.7 1.5  - *0.02
Snacks 2.39 2.8 2.28 2.44 2.5 1.41 1.5  - 0.92
Sauces 0.73 1.04 0.99 1.32 1.75 2.47 1.5  - 0.34
Packaged foods 0.63 0.95 1.09 1.84 2.5 1.41 3.5  - *0.016
Fruit juices 0.93 1.08 1.14 1.8 3.5 4.94 0.5  - 0.31
Beer 0.49 0.74 1.16 1.83 3.5 4.94 0.5  - *0.0001
Wine 0.66 0.97 0.75 1.18 1.75 2.47 0.5  - 0.97
Non-alcoholic 
beverages

0.51 0.98 0.88 1.38 0.25 0.35 0.5  - *0.01

Spirits 0.46 0.65 0.52 0.61 2.75 3.88 0.5  - 0.33
Coffee/ tea 8.11 4.5 6.76 4.61 7.75 8.83 7  - *0.025
Milk 3.52 3.36 3.86 3.2 5.5 0 0.5  - 0.66

SD: standard deviation. Levels of significance were assessed by the Kruskal Wallis test, a p-value < 0.05 was considered significant and marked with an 
asterisk in the table.
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Introduction

Trust is a multidimensional construct that is generally 
ascribed as an assumption about others  [1] as well as a 
fundamental element in human interaction [2]. Individual 
trust levels may vary in a positive or negative way. Lack 
of trust can produce distrust, which is a different and 
productive feeling [3]. Distrust relays on the competencies 
of the trustee, doubting that a task or a goal will be 
fulfilled [4] and it is based on rational thinking. Finally, 
the violation of individual trust can lead to feelings of 
betrayal and scepticism, configuring a loss of trust  [5]. 
Although there are several categories of trust  [6] this 
study is focused on two forms of institutional trust, toward 
healthcare service and government, on a public health 
perspective. Institutional trust can be defined as a belief 
of trust in values and competencies of an institution [7].
Trust in healthcare services refers to healthcare systems 
including hospitals, clinics, nursing homes, labs, 
insurance companies and pharmaceutical companies [8]. 
It does not involve trust in doctors, which is part of 
interindividual trust  [9]. Trust in healthcare services 
is a pivotal factor to work efficiently in healthcare 
policy. High levels of trust in institutions responsible 
for citizens’ wellbeing and for controlling hazards lead 
people to perceive certain decisions (like lockdowns and 
wearing masks) more positively [6]. Especially in large 

scale crises, such as economic crises, natural disasters 
or pandemics, the threatened groups tend to bind 
together against the external threat, in order to overcome 
it  [10]. Yet, people could respond to the same events 
sceptically and could develop conspiracy theories, as 
has already happened in previous pandemics  [11]. In 
such events, public health institutions are interlaced 
with governmental ones in managing people’s wellbeing 
and safety, so that trust in government is fundamental 
as well as trust in public health. Indeed, it produces 
sociability, which in turn leads to altruistic behaviours 
and acceptance of recommendations such as preventive 
measures to avoid a disease from spreading [12, 13].
Moreover, trust in healthcare service was found as a 
predictor of vaccine acceptance and related to previous 
vaccine compliance, as well as trust in government 
relates to vaccine intention [14]. Conversely, it is known 
that distrust in healthcare can lead to avoidance of care 
services and potential damages for public health  [15], 
acting as one of the main vaccine hesitancy drivers [16]. 
Even out of vaccine topic, trust in healthcare service 
was related to positive public health behaviours, like 
participation to screening for breast cancer. Lack of trust 
in healthcare, nevertheless, can negatively impact on the 
continuity of care for breast cancer [17].
However, trust is unstable over time and demotivation 
could significantly decrease its levels. For instance, 
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Summary

Introduction. Negative trends of trust in governments have been 
described around the world. This study aimed to describe the dis‑
trust level in the National Health Service (NHS) and in govern‑
mental management of the pandemic, one year after the start of 
the COVID-19 vaccination campaign. 
Methods. A survey was distributed in February 2022 among a 
convenience sample. Outcomes were measured through vali‑
dated tools: Revised Health Care System Distrust Scale, and the 
COVID-SCORE-10 questionnaire. Associations were assessed 
using multiple linear regression models.
Results. A total of 2111 questionnaires were collected (54.8% 
female, median age 43 years [IQR = 34-50]). Distrust in the NHS 
had a median level of 12 [IQR = 10-14], while trust in the govern‑
ment had a level of 47 [IQR = 35-60]. COVID-19 vaccine hesi‑

tancy, high educational attainment, worse economic status, low 
conventional and digital health literacy, as well as the presence 
of conspiracy thoughts and distrust in the NHS were significantly 
associated with lower trust in government during the COVID-19 
pandemic. Lack of trust in governmental actions, along with low 
education and health literacy, as well as the presence of con‑
spiracy thoughts and worse perceptions of one's own health, were 
associated with greater distrust in the NHS.
Conclusions. Overall, low levels of trust in both the government 
and the NHS have emerged. Since the determinants of reduced 
trust in institutions can be very diverse and that such levels of 
distrust after a pandemic can last for an entire generation, tai‑
lored interventions are needed to rebuild adequate levels of trust 
in institutions among the population. 
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during COVID-19 pandemic, the feeling of “pandemic 
fatigue” came out [15]. Some people found themselves 
exhausted from social and economic repercussions of 
restrictions and started doubting on their efficacy by a 
lack of trust, so that they were no longer able to fully 
understand the need of COVID-19 tackling and followed 
these measures less strictly [15].
Already before the recent pandemic, decreasing levels of 
trust in social, economic and governmental institutions 
were reported, especially from those on lower incomes 
and lower levels of education  [2]. While there are 
already studies assessing trust in healthcare institutions 
or in government in Italy during the pandemic [15, 18] 
still little is known since the advent of vaccines. In Italy, 
COVID-19 vaccinations were introduced at the end of 
2020 and in July 2021 the government introduced the 
“Green Pass” certificate, required for access to various 
public venues and events. The pass, based on the EU 
certificate, could be obtained through vaccination, 
recovery from COVID-19, or a recent negative test. The 
government later expanded its use, making it mandatory 
for workplace entry and requiring vaccination for those 
over 50 and school and university staff [19]. Specifically, 
from February 2022 COVID-19 vaccination was 
mandatory for individuals with more than 50 years [20].
Therefore, the primary aim of the present study was to 
evaluate the level of trust in Italian health and government 
institutions from a sample of the general population, one 
year after the beginning of the COVID-19 vaccination 
campaign. The secondary aim was to explore potential 
determinants of reduced trust in institutions, focusing 
also on participants’ health literacy and vaccination 
status. 

Methods

Study design and questionnaire
TRUSTMe was an observational and cross-sectional 
study. Opportunistic sampling was performed by 
administrating a questionnaire on people who came to 
receive COVID-19 vaccination in the healthcare agency 
hubs of the local health unit ASL TO5, in province of 
Turin (309,862 inhabitants). The research protocol was 
approved by the Ethics Committee of the University of 
Turin (prot. N. 2784 18/02/2022). Data were collected 
during last two weeks of February 2022, when 
people could receive either booster doses or primary 
vaccination cycle against COVID-19. It should be noted 
that, from 1st February 2022, for people older than 50 
years, COVID-19 vaccination (concerning booster dose, 
too) was declared mandatory  [20]. We administered a 
paper questionnaire during the waiting time before the 
interview with a doctor or after the vaccination, during 
the observation phase. We included only people older 
than 18, able to understand the survey and who gave an 
informed consent for the study enrolment. 
In the survey we collected sociodemographic data, such 
as gender, age, level of education, work status, and 
nationality. Then, we explored vaccine-related data: 

COVID-19 dose to be received, COVID-19 infection 
during last 6 months, and compliance to tetanus vaccine 
in past 10 years as proxy for vaccination behaviour 
before the pandemic. Considering that COVID-19 
vaccination campaign began in Italy in early 2021, 
participants were considered as “COVID-19 vaccine 
hesitant” if they were getting the first or the second dose 
of the primary cycle at the time of the survey and they 
did not get COVID-19 in the six months preceding the 
survey. In addition, we investigated data about impact of 
the pandemic (consequences on health or economy of 
self or relatives), perceived economic status, daily social 
media usage, frequency of fact-checking information on 
social media. 
Finally, the following validated tests were administered 
to each participant. We used the eHealth Literacy 
Scale (eHEALS)  [21,  22], an 8-item questionnaire 
that evaluates digital health literacy: the perceived 
competence of search, evaluate and put in action 
information about health found online. Digital health 
literacy was considered not adequate if the score was 
below 26  [23]. The European Health Literacy Survey 
(HLS-EU-Q6) [24] was used to evaluate health literacy, 
with 6 items whose answers ranged from very difficult 
(1 point) to very easy (4 points). The total score is a 
mean of the items’ score. The higher the score, the 
higher is health literacy. The Self-Rated Health single 
item (SRH)  [25] was selected for evaluating self-
perceived general health: a single-item tool, which 
can predict mortality and healthcare services [26]. The 
Single item Conspiracy Belief Scale  [27] was used 
to assess conspiracy beliefs: the answer ranges from 
1 to 9 points, where a higher score represents greater 
conspiracy level.
The last two instruments were the two outcomes 
of the present study. We explored distrust in 
healthcare system through a 4-item adapted version 
of the Revised Health Care System Distrust Scale 
(RHCSDS)  [8]. Each item has an answer with 5 
options, with a total score ranging from 4 to 20 
points. A higher score represents higher distrust. 
Then, we assessed perception about decisions and 
responsibilities of the government in tackling the 
pandemic using the COVID Score 10 questionnaire 
items (COVID-SCORE-10) [28] a 10-item tool whose 
score correlates with trust in government. The scoring 
is based on 5 options per each item, ranging from 5 to 
100 total points. A higher score represents a greater 
trust.

Statistical analysis
We performed descriptive analysis for each variable, 
indicating frequencies and percentages for categorical 
variables and median and interquartile range (IQR) for 
scalar variables, since Shapiro-Wilk test showed non-
normal distributions. We analysed the differences in 
distribution of the two outcomes across each categorical 
variable using the non-parametric test of Mann-
Whitney for dichotomic variables and non-parametric 
test of Kruskal-Wallis for non-dichotomic variables. 
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The associations between the variables explored in the 
questionnaire and the two outcomes were analysed 
by multivariable linear regression models. Data were 
analysed with STATA Statistical software (v17), and 
statistical significance was set to p  <  0.05. Missing 
values were excluded.

Results

Descriptive analysis
A total of 2111 citizens completed the survey. The 
median age was 43 years (IQR= 34-50) and 54.8% were 
women. Only 19.0% of the sample had a university 
degree. A good economic status was perceived by 72.1% 
of participants. COVID-19 vaccine hesitant individuals 
were 18.1%. Self-perceived health was considered 
excellent or very good by 38.6% of participants. Digital 
health literacy was sufficient for 40.5%, with a median 
score of 25.00 (IQR = 20.00-30.00). The health literacy 
median score was 2.66 (IQR = 2.33-3.00). The median 
score of conspiracy beliefs was 5.00 (IQR  =  4.00-
7.00). Regarding the outcomes, a median score of 12 
(IQR = 10-14) was measured for distrust in healthcare, 
whereas the median score of trust in government was 
47.5 (IQR=35.00-60.00). Detailed descriptive analysis 
of all categorical items is shown in Table I. 
Significant differences in healthcare distrust score’s 
distribution were found across gender, education levels, 
perceived economic and health status, compliance with 
anti-tetanus vaccine, COVID-19 vaccine hesitancy, and 
consequences of the pandemic on economic status. 
Significant differences in government trust score’s 
distribution were found across gender, perceived 
economic and health status, nationality, consequences of 
pandemic on self or relatives’ health or economy, digital 
health literacy, compliance in anti-tetanus vaccine, and 
COVID-19 vaccine hesitancy (Tab. I).

Multivariable regression models
The multivariable analysis showed a significant negative 
correlation between healthcare distrust and having 
a university degree (b  =  -0.33, p  =<  0.001), health 
literacy (b =  -0.37, p = 0.02), and trust in government 
(b = -0.06, p =< 0.001). Instead, a positive association 
with healthcare distrust was reported for participants 
with low self-perceived health status (b = 0.23, p = 0.03) 
and conspiracy beliefs (b = 0.29, p =< 0.001). Trust in 
government was negatively associated with COVID-19 
vaccine hesitancy (b  =  -4.1, p  <  0.001), having a 
university degree (b  =-2.07, p  <  0.001), a low self-
perceived economic status (b =  -2.7, p = 0.02), digital 
health literacy (b = -3.01, p =< 0.001), conspiracy beliefs 
(b = -0.71, p =< 0.001), and distrust in healthcare system 
(b  =  -2.8, p  =<  0.001). Last, trust in government had 
a positive association with health literacy (b  =  3.45, 
p =< 0.001). Multivariable analyses’ results are shown 
in Table II. 

Discussion

The main aim of the TRUSTMe study was to assess, in a 
general population sample, healthcare distrust levels and 
trust levels toward government performance in handling 
the COVID-19 crisis one year after the beginning of the 
vaccination campaign in Italy. Potential determinants 
associated with these main outcomes, such as health 
literacy and vaccine hesitancy, were also assessed.
TRUSTMe found high levels of distrust in the healthcare 
system, even higher than those found in earlier research 
from USA  [29,  30]. Moreover, our findings showed a 
reduction of trust levels in Government performance 
during the pandemic, considering 2020 Italian data [28].
Overall, if compared to earlier studies, our results may 
depict a less encouraging scenario. However, it is known 
that during crises there is a rise in trust levels, thanks 
to the calls to action of both Government and public 
health institutions  [31]. Indeed, during the COVID-19 
pandemic, citizens were exhorted and incited to follow 
socially restrictive measures in order to tackle the disease 
from spreading. Making people feel responsible may 
have accentuated the so-called “rally around the flag” 
effect [32], which in turn may have led to higher levels 
of cooperation and national cohesion. It is possible that 
trust in institutions could have benefited from this effect 
as well [33]. 
However, the Italian strategy for the COVID-19 pandemic 
focused mainly on prevention, firstly with lockdown, 
then with non-pharmacologic measures like social 
distancing and personal protective equipment usage. 
Also, during the vaccination campaign various social 
restrictions were actualized, such as green passes and 
mandatory vaccination in some cases  [34]. This could 
have eventually led to a reduction of trust in institutions, 
with more than a few cases of discontent being 
exploited [35]. This discontent went along with vaccine 
hesitancy, consistently with earlier literature  [36]. 
Even in this case, from our analyses vaccine hesitancy 
came out as a significant negative factor against trust in 
government policies. In this respect, tackling measures 
enacted by the government may have been felt as 
coercive or excessive.
TRUSTMe was carried out in February 2022 after the 
outbreak of the Omicron variant in December 2021, 
during which the highest peak of contagions in a short 
period of time since the beginning of the pandemic 
was detected  [37]. Many could have interpreted this 
as due to the scarce effectiveness of the efforts made 
in following the recommendations, so that trust levels 
could have decreased with the “pandemic fatigue” 
phenomenon [38]. 
Multivariable analysis showed that distrust in the NHS 
and positive judgment of the government’s handling of the 
pandemic were inversely associated. After all, trusting the 
work of the NHS, one could be very likely to mirror the 
values of prevention and public health protection. At the 
same time, with high levels of trust in the NHS, one could 
believe that the government has managed the pandemic 
crisis to the best of its ability. Vice versa, higher trust in 
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governments is correlated with vaccine acceptance  [39] 
together with acceptance toward other preventive measures 
enacted during previous epidemics, like Ebola  [40] or 
SARS [41]. So, both trust in government and in the NHS 
are fundamental for a proper functioning of policy  [42] 
and healthcare  [43]. Low levels of trust are associated 
with poorer mental and physical health status [44]. While 
societies with greater trust in institutions were marked by 

better perceived health among citizens [45] and a lower 
mortality for COVID-19 [46].
As for trust level determinants, from our results, distrust 
in the NHS was associated with perceiving one’s health 
as poor. Maybe, those who feel their health status as poor 
could think that they are not sufficiently cared for by the 
NHS. It is true indeed that, during the pandemic, many 
activities were suspended, especially regarding chronic 

Tab. I. Sociodemographic and attitudinal variables: descriptive analysis and non-parametric tests.

Characteristic (n) N. (%) Healthcare distrust Trust in government
Median [IQR] Median [IQR]

Gender (n = 2053) 
Male 927 (45.2) 12 [10-13] 50 [35-62.5]
Female 1126 (54.8) 12 [10-14] 47.5 [32.5-57.5]
Educational level (n = 2065)    
None or elementary-middle school 652 (31.6) 12 [11-14] 47.5 [32.5-60]
Secondary school 1020 (49.4) 12 [10-14] 47.5 [35-60]
Postsecondary education 393 (19.0) 11 [10-13] 47.5 [35-60]
Occupational status (n = 2053)
Employed 1517 (73.9) 12 [10-14] 47.5 [32.5-60]
Student 133 (6.5) 11 [9-13] 50 [35-55]
Unemployed 403 (19.6) 12 [10-14] 47.5 [35-60]
Perceived economic status (n = 2042)
Good-excellent 1472 (72.09) 12 [10-13] 50 [35-60]
Low-scarce 570 (27.91) 12 [11-14] 42.5 [27.5-52.5]
Nationality (n = 1959)
Italian 1790 (91.4) 12 [10-14] 47.5 [32.5-57.5]
Other 169 (8.6) 11 [10-13] 52.5 [45-62.5]
Consequences of the pandemic on one’s own health or that of loved ones (n = 2066)
No 1697 (82.1) 12 [10-13] 50 [35-60]
Yes 369 (17.9) 12 [10-14] 45 [32.5-55]
Consequences of the pandemic on the economic status of the family (n = 2057)
No 1508 (73.3) 12 [10-13] 50 [35-60]
Yes 549 (26.7) 12 [11-14] 42.5 [30-52.5]
Daily use of social media (n = 2060)
No 570 (27.7) 12 [10-13] 50 [36.25-60]
Yes 1490 (72.3) 12 [10-14] 47.5 [32.5-60]
Fact-checking social media information (n = 2052)
Rarely 407 (19.8) 12 [11-14] 47.5 [32.5-57.5]
Sometimes 434 (21.2) 12 [11-13] 50 [35-60]
Often 570 (27. 8) 12 [10-14] 47.5 [35-57.5]
Always 641 (31.2) 12 [10-14] 47.5 [32.5-60]
Perceived health status (n = 2095)
Excellent-very good 808 (38.5) 12 [10-13] 50 [35-62.5]
Good 936 (44.7) 12 [10-13] 47.5 [35-57.5]
Fair-bad 351 (16.8) 12 [11-14] 42.5 [25-55]
Received tetanus vaccine booster in the last 10 years (n = 2015)
No 1103 (54.7) 12 [10-14] 47.5 [32.5-57.5]
Yes 912 (45.3) 12 [10-13] 50 [35-60]
COVID-19 vaccine hesitancy (n = 2017)
Not hesitant 1652 (81.9) 12 [10-13] 50 [35-60]
Hesitant 365 (18.1) 12 [11-14] 45 [27.5-55]
Digital Health Literacy (n = 1983)
Adequate 803 (40.5) 12 [10-14] 50 [37.5-62.5]
Not adequate 1180 (59.5) 12 [10-14] 47.5 [32.5-57.5]

* Scale from 1 to 4; **: Scale from 8 to 40; *** Scale from 4 to 20; **** Scale from 0 to 100; ***** Scale from 1 to 9. In bold the statistically significant dif-
ferences (p < 0.05) calculated using Kruskal-Wallis or Mann-Whitney tests. N: number; IQR: InterQuartile Range.
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conditions and outpatient care. Conversely, many 
resources were diverted to manage the pandemic  [47], 
also lengthening waiting times [48]. 
Conspiracy thoughts resulted to be associated with 
little trust both in the NHS and in government actions. 
Conspiracy theorists tend not to believe the official version 
of events [49]. This scepticism could have manifested itself 
also regarding COVID-19 [50], disbelieving in the existence 
of the COVID-19 disease and seeing protective measures in 
a bad light [51,52], as it already happened before [53].
Based on our findings, high levels of health literacy were 
significantly associated with lower distrust in the NHS 
and less confidence in the government’s management of 
the pandemic. Health literacy is a major determinant of 
virtuous health behaviours and good health status [54]. 
Indeed, good health literacy enables individuals to better 
understand and express their own health needs, as well 
as a better understanding of the work of institutions. 
On the other hand, previous research  [55] reported 

how citizens with inadequate health literacy levels may 
have had difficulty understanding certain measures, 
especially during a pandemic. Our sample’s median 
health literacy level, according to the validation study of 
the test we used [54], is definable as problematic. This 
finding highlights a social and public health problem 
of health literacy deficiency in our population. Citizens 
with inadequate levels of health literacy tend to eat 
less healthily, drink more alcohol, exercise less and 
smoke [54, 56], as well as they tend to ignore preventive 
policies [57]. 
Adequate digital health literacy was positively 
associated with trust in government’s performance. 
Given that many online services were implemented 
during the pandemic, like green passes or the possibility 
of booking swabs and vaccinations, those with poorer 
digital health literacy may have had difficulty orienting 
themselves. Then, the infodemic resulted in the spread 
of misinformation, and those with poor digital health 

Tab. II. Multivariable regression models.

Variable
Healthcare distrust Trust in government

b (CI 95%) p-value b (CI 95%) p-value
Age 0 (-0.01; 0.01) 0.97 0.04 (-0.04; 0.12) 0.34
Female gender 0.19 (-0.08; 0.46) 0.17 -1.47 (-3.33; 0.39) 0.12
COVID-19 vaccine hesitant 0.15 (-0.2; 0.51) 0.39 -4.1 (-6.5; -1.7) < 0.001
Educational level:
Ref: primary education/none
Secondary school
Postsecondary

-0.25 (-0.57; 0.07) 0.13 -1.64 (-3.84; 0.55) 0.14

Postsecondary -0.69 (-1.10; -0.28) < 0.001 -4.38 (-7.17; -1.58) < 0.001
Occupational status 
Ref: student
Employed -0.27 (-0.85; 0.32) 0.37 0.14 (-3.84; 4.13) 0.94
Unemployed -0.31 (-0.68; 0.06) 0.1 2.44 (-0.08; 4.96) 0.06
Fact-checking social media information
Ref: seldom/never
Sometimes -0.09 (-0.53; 0.36) 0.7 0.09 (-2.93; 3.11) 0.95
Most of the times 0.1 (-0.32; 0.52) 0.63 1.1 (-1.77; 3.96) 0.45
Always 0.05 (-0.36; 0.47) 0.8 -0.33 (-3.16; 2.5) 0.82
Perceived health status
Ref: excellent
Good 0.16 (-0.13; 0.45) 0.29 0.98 (-1; 2.97) 0.33
Fair or bad 0.51 (0.07; 0.94) 0.02 -2.55 (-5.52; 0.42) 0.09
Perceived economic status as bad 0.11 (-0.23; 0.44) 0.54 -2.7 (-5.01; -0.39) 0.02
Nationality: foreigners -0.05 (-0.57; 0.48) 0.87 3.5 (-0.13; 7.12) 0.06
Consequences of the pandemic on one’s 
own health or that of loved ones

-0.19 (-0.53; 0.15) 0.28 -1.13 (-3.47; 1.21) 0.34

Consequences of the pandemic on the 
economic status of the family

0.24 (-0.09; 0.56) 0.15 -2.18 (-4.41; 0.05) 0.06

Received tetanus vaccine booster in the last 
10 years

-0.23 (-0.49; 0.04) 0.09 0.79 (-1.02; 2.6) 0.39

Daily use of social media -0.11 (-0.43; 0.21) 0.50 -1.7 (-3.88; 0.48) 0.13
Health Literacy Score* -0.37 (-0.68; -0.06) 0.02 3.45 (1.34; 5.57) < 0.001
Inadequate Digital Health Literacy -0.24 (-0.52; 0.03) 0.09 -3.01 (-4.91; -1.11) < 0.001
Conspiracy level** 0.29 (0.24; 0.35) < 0.001 -0.71 (-1.1; -0.31) < 0.001
Distrust in the NHS*** - - -2.8 (-3.15; -2.45) < 0.001
Trust in government**** -0.06 (-0.07; -0.05) < 0.001 - -

* Scale from 1 to 4; ** Scale from 1 to 9; *** Scale from 4 to 20; **** Scale from 0 to 100.
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literacy could have been more easily deceived, believing 
in fake news [52]. Eventually, this could have led them 
to trust the government less.
According to our results, low education levels 
were negatively correlated with trusting the NHS, 
consistently with earlier research [58]. On the contrary, 
in some cases [59], it is associated with greater trust in 
institutions. 
In addition, we found that higher education correlated 
with less trust in government. It is possible that citizens 
with better education levels had a broader perspective, 
such that they expected more comprehensive and more 
far-sighted policies, instead of measures that could have 
been perceived as far too paternalistic, like green passes 
or mandatory vaccinations. Better educated citizens 
are more likely to demand better performances from 
institutions [60]. 
Moreover, perceiving one’s economic status as poor 
was correlated with little confidence in government. 
Restrictive measures for tackling the COVID-19 from 
spreading surely had serious negative effects on many 
people and on their work activities. Indeed, many 
workers were not only at risk to pause their activities, 
but also to lose their job.
In such a situation, one must wonder how it would be 
possible for institutions to gain people’s trust. Given that 
citizens already have access to an adequate amount of 
information, if not even excessive [61] it should not be 
a matter of information and knowledge, but rather of the 
foundations of the relationship between institutions and 
citizens. 
Lastly, the collapse of trust in institutions after a 
pandemic could also last over a generation as it happened 
before with the Spanish flu [62], so that it will be crucial 
to identify tailored interventions for each less trusting 
population. To better address future public health 
challenges, like new vaccination campaigns (not only 
for COVID-19), trustful citizens will be strong allies. 
Adequate levels of trust in government are also essential 
for facing upcoming challenges like climate and energy 
crises, which require citizens’ complete cooperation to 
achieve a truly sustainable development [63]. 

Strengths and limitations 
TRUSTMe was the first study in Italy to investigate 
trust in health and government institutions after the 
beginning of vaccination campaign against COVID-19. 
Our results can offer a new public health perspective on 
this topic, considering that the sample was large and was 
obtained at a time when all segments of the population 
were presenting within the vaccine hubs, drawing a 
comprehensive picture of societal perceptions, including 
both the vaccine hesitant and the non-hesitant. Then, 
we adopted validated tests to assess the variables of 
interest. However, this study has some limitations. The 
cross-sectional nature of the study allowed us to only 
explore relationships and to investigate only a fraction of 
the population. It should be noted that the opportunistic 
sampling, while practical and efficient, can introduce 
several biases, e.g. the selection bias and the response 

bias. Although we cannot exclude the presence of such 
biases, to mitigate these distortions we employed several 
strategies: using broad inclusion criteria, ensuring 
a diverse sample within the vaccinated population; 
providing neutral questionnaire administration as the 
questionnaire was administered in a non-coercive 
manner, either before the interview with a doctor or 
during the observation period after vaccination, to 
minimize the influence of the vaccination experience 
on responses; assuring participants anonymity and 
confidentiality. Finally, the sample, although large and 
diverse, consisted of citizens from a single local health 
unit that may not be representative of the entire Italian 
population and the picture of vaccine hesitant individuals 
is limited only to those of them who showed up at the 
vaccine hub, while the more tenacious citizens did not. 

Conclusions 

TRUSTMe study found higher levels of distrust in the 
NHS and governmental management of the pandemic in 
the Italian population, if compared with the past or other 
countries. COVID-19 vaccine hesitancy, a high level of 
education, a worse economic situation, low conventional 
and digital health literacy, as well as the presence of 
conspiratorial thoughts and distrust in the National Health 
Service were significantly associated with low trust in 
governmental management of the pandemic. This last 
element, along with low levels of education and health 
literacy, as well as the presence of conspiratorial thoughts 
and perceiving one's health as poor were associated with 
distrust in the NHS. Improving levels of trust in institutions 
is a mission that needs to be accomplished as soon as 
possible in order to best address new policy and public 
health challenges, such as future vaccination campaigns 
and energy-climate crises, possibly minimizing the 
enacting of paternalistic measures. 
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Introduction 

Accumulating level of evidence during the past decades 
strongly suggest that even moderate physical activity 
levels are significant contributors for wellness, and 
longevity. The World Health Organization (WHO) 
has developed the “2018-2030 Action Plan for More 
Active People For A Healthier World”, according to 
which physical activity is being recognized as a crucial 
lifestyle parameter across all ages, that can and should 
be integrated into people’s everyday lives  [1, 2]. This 
plan is also supported by several Organizations and 
medical societies suggesting that people of all ages 
should be engaged in regular physical activities to reduce 
morbidities and all-cause mortality [3-5].
Despite the plethora of health benefits presented in 
the scientific literature and supported by public health 
campaigns, a gradual shift towards a more sedentary 
lifestyle has been systematically observed over the past 
few years [6-8]. A combination of environmental, social, 

psychological, and physical factors can contribute 
to the adoption of a sedentary lifestyle. The current 
technological advancements and societal norms seem 
fostering a culture of prolonged sitting and reduced 
engagement in physical activities. For example, because 
of urbanization, limited access to safe outdoor spaces, 
sports facilities, or recreational areas is evident in many 
cities around the world, a fact that discourage engagement 
in physical activities  [6]. Busy daily schedules and 
demanding workflow also make challenging for many 
people to prioritize physical activity in their daily life. 
Moreover, in some cultures, there may be less emphasis 
placed on physical activity, leading to a more sedentary 
lifestyle [7, 8].
However, the majority of evidence comes from 
ecological studies, and few observational studies have 
ventured into the assessment of long-term physical 
activity trajectories and their intersection with people’s 
characteristics, leaving a void in our understanding of 
the dynamic interplay between lifestyle behaviors and 
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Summary

Objective. To evaluate trends in physical activity levels and their 
associations with demographic characteristics, health status, and 
lifetime cardiovascular disease (CVD) risk. 
Methods. A longitudinal analysis was conducted using data from 
987 males and 1,001 females (45 ± 12 years old) participating in 
the ATTICA cohort study. Physical activity levels were assessed 
at baseline (2001-2002) and subsequent follow-ups (2006, 2012, 
and 2022). Four physical activity trajectories according to par‑
ticipants’ physical activity tracking were defined, i.e., consistently 
active/inactive and changed from active/inactive. Twenty-year 
incidence of hypertension, hypercholesterolemia, and diabetes 
were evaluated in relation to physical activity trajectories; the 
life-table method was utilized to forecast the lifetime CVD risk 
(death without CVD was regarded as a competing event). 
Results. in total, 47% of the participants were categorized as 

being consistently inactive, whereas only 9% of males and 15% 
of females sustained physical activity levels throughout the 
20-year follow-up period (p  <  0.001). Participants being con‑
sistently inactive were from lower socioeconomic backgrounds 
(p = 0.002). Transitioning to being physically active was associ‑
ated with higher education level and being married (p < 0.001). 
Consistently active individuals had up to 35% reduced lifetime 
CVD risk, and lower 20-year incidence of hypertension, and 
hypercholesterolemia (p  <  0.01); no association was observed 
regarding diabetes incidence. 
Conclusions. Promoting and maintaining regular physical activ‑
ity throughout lifespan is crucial for reducing lifetime CVD risk 
and related risk factors. Tailored interventions addressing demo‑
graphic and socioeconomic factors may help enhance cardiovas‑
cular health outcomes. 



PHYSICAL ACTIVITY LEVELS AND LIFETIME CARDIOVASCULAR DISEASE RISK

E135

health over time. Therefore, it could be, at least partially 
explained, why prevention strategies, programs and 
population-based interventions have not been as efficient 
as expected so far. 
Considering the gap in our understanding of the 
determinants of maintaining a physically active level 
throughout lifespan and its effect on health, the aim 
of the present study was to investigate the association 
of physical activity levels over a 20-year period 
of apparently healthy adults with various socio-
demographic and clinical characteristics, as well as 
with cardiometabolic outcomes (i.e., hypertension, 
hypercholesterolemia, and type  II diabetes mellitus) 
and lifetime CVD risk. We hypothesize that individuals 
with consistently active lifestyles will exhibit lower 
incidence rates of hypertension, hypercholesterolemia, 
and diabetes mellitus, leading to a reduced lifetime risk 
of CVD compared to those with consistently sedentary 
behaviors.

Material and methods

Study design
The ATTICA study is a prospective epidemiological 
cohort study that aims to record the distribution and 
patterns of several socio-demographic, lifestyle, clinical, 
biochemical, and psychological factors related to CVD, 
and to investigate the relationships between these factors 
and long-term incidence of CVD.

Setting and participants
The study was carried out in the Attica region in Greece, 
with 78% coming from urban municipalities, including 
the capital city, Athens. The baseline participant sample 
consisted of 3,042 individuals (out of 4,056 who were 
initially invited, 75% participation rate), all free of 
CVD, cancer, and other chronic inflammatory diseases, 
as established by the physicians of the study during 
the baseline examination. The sampling procedure was 
random and stratified based on sex, age group, and 
region, in accordance with the 2001 census. 
Detailed information about the objectives, design, 
sampling procedure, and methodology of the study can 
be found in previously published papers [9-11].

Bioethics
The ATTICA study adheres to the ethical guidelines of 
the Declaration of Helsinki and has been approved by the 
Ethics Committee of the First Cardiology Department 
of the National and Kapodistrian University of Athens 
(#017/01.05.2001), and the Ethics Committee of the 
Harokopio University (#38/29.03.2022). All participants 
were informed about the objectives and procedures of the 
study, and they provided their written consent to participate.

Follow-up examinations
The study performed 3 follow-up examinations, at 

5-years (in 2006), 10-years (in 2012) and 20-years (in 
2022), following the baseline assessment (in 2001-2002). 
Development of CVD or any other disease (including 
fatal events), as well as detailed clinical status, lifestyle 
characteristics (i.e., dietary habits, physical activity level 
and smoking status), and psychological status, were 
repeatedly assessed in all follow-up periods following the 
same methodology [10, 11]. Specifically, in 2012, 2,583 
participants were allocated and agreed to re-examined 
at the 10-year follow-up (85% participation rate), and 
in 2022, 2,169 participants were found and agreed to 
participate at the 20-year follow-up (participation rate of 
71%). Among those who were lost to follow-up (n = 873 
individuals), 771 could not be reached due to changes in 
their contact information or errors in their addresses or 
phone numbers, while 102 declined to participate in the 
screening. For deceased participants, information was 
gathered from relatives and death certificates. 
When comparing the age and sex distribution of this 
sub-sample with the baseline group, no significant 
differences were found (p-values > 0.80).

Measurements

Physical activity status evaluation 
The translated version of the validated into Greek 
population by Papathanasiou et al., International 
Physical Activity Questionnaire (IPAQ) of weekly 
energy expenditure was used [12]. The frequency (times 
per week), duration (in minutes) and intensity of leisure 
time physical activity (LTPA) during a usual week was 
recorded. Intensity was graded in qualitative terms, 
based on the metabolic equivalent of tasks (METmin/
week), as: light (expended calories <  4 Kcal/min, i.e., 
walking slowly, stationary cycling, light stretching etc.), 
moderate (expended calories 4-7 Kcal/min, i.e., briskly 
walking, outdoor cycling, swimming with moderate 
effort etc.) and high (expended calories > 7 Kcal/min, 
i.e., briskly walking uphill, long-distance running, 
cycling fast or racing, swimming fast crawl etc.). 
For the present analysis, participants were classified as 
inactive (sedentary or light physical activity), and active 
(moderate or high physical activity) according to the 
METmin/week [13]. 
Four trajectories of physical activity were formed 
regarding the longitudinal tracking, 2002-2012, in 
the physical activity levels of the participants, i.e., 
consistently inactive, became inactive from physically 
active, became active from physically inactive, 
consistently active. 

Socio-demographic and behavioural 
characteristics 
Demographic characteristics included, age (in years), 
sex (male, female), family status (single, married 
or cohabitated, divorced, widowed), financial status 
(average annual income during the past three years), 
occupational status (employed, unemployed, retired, 
housekeeping) and education level. Specifically, the 
educational level of the participants (as a proxy of social 
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status) was measured in years attending formal school, 
college and/or university. 
A validated and reliable semi-quantitative food frequency 
questionnaire was utilized for dietary assessment, with 
habitual food intake expressed as servings per day or 
week  [14]. Adherence to a Mediterranean-type diet 
was evaluated using the MedDietScore, an a-priori diet 
index comprising of 11 food group items traditionally 
consumed the region and has been found valid and 
reliable in measuring adherence to the Mediterranean 
dietary pattern  [15]. The MedDietScore ranges from 0 
to 55 points. Higher values of the MedDietScore signify 
enhanced adherence to the traditional Mediterranean 
diet. The median value of the MedDietScore was used to 
classify participants into a high (i.e., MedDietScore > 27) 
and a low (i.e., MedDietScore  ≤  27) adherence to the 
Mediterranean-type diet [15].

Clinical assessment 
At baseline and at each follow-up examination, blood 
samples were collected after 12 hours of fasting and 
avoiding of alcohol. The biochemical evaluation 
was carried out in the same laboratory that followed 
the criteria of the World Health Organization Lipid 
Reference Laboratories. According to the European 
Atherosclerosis Society and the European Society of 
Cardiology guidelines, participants with total serum 
cholesterol levels greater than 200  mg/dL or those 
taking lipid-lowering agents were classified as having 
hypercholesterolemia; participants with blood sugar 
> 125 mg/dL or the use of antidiabetic medication were 
classified as having diabetes mellitus. Arterial blood 
pressure was obtained with subjects in sitting position 
and calmed for 30 minutes. Participants whose average 
systolic/diastolic blood pressure levels were greater 
or equal to 140/90 mmHg or taking antihypertensive 
medication were classified as having hypertension. 
Body mass index (BMI) was calculated as weight (in 
kg) divided by standing height (in m squared). Obesity 
was defined as BMI >  29.9 kg/m2. Details about the 
methods and definitions used may be found in previous 
publication of the study [9].

Follow-up assessment
Development of hypertension, hypercholesterolemia, 
diabetes melitus (type  2), as well as fatal or non-fatal 
CVD events (i.e., coronary heart disease, stroke, or 
any other type of CVD) was assessed at all follow-up 
examinations, based on International Classification of 
Diseases (ICD)-10 version  [16]. For individuals who 
suffered multiple events (e.g. individuals who might 
had first suffered from stroke and then had coronary 
heart disease) the first outcome was considered as the 
endpoint, and the consequent event was recorder as well 
for further testing of potential competing risks. 

Statistical analysis
Continuous variables were expressed as mean values 
accompanied by their standard deviations. Categorical 
variables were presented as relative frequencies 

(percentages). The associations among categorical 
variables were assessed using Pearson’s chi-squared 
test. Comparisons of mean values for continuous 
variables were conducted employing independent 
samples t-tests or Analysis of Variance (ANOVA), with 
Levene’s test utilized to ensure equality of variances. 
In instances where variances were found to be unequal 
(Levene’s test p-value <  0.05), the Welch’s t-test was 
employed. Adjustment for multiple comparisons was 
performed using the Bonferroni correction method. The 
normality of continuous variables (i.e., cholesterol and 
triglycerides levels) was assessed through P-P plots. 
Incidence rates were compared using 95% confidence 
intervals (CI) derived from the Normal approximation 
to the Poisson distribution, with p-values obtained 
from the 4-sample test for equality of proportions with 
continuity correction. The lifetime risk estimates for 
CVD were computed using age and sex-adjusted life-
table techniques, considering the competing risk of 
mortality and projecting outcomes until the age of 85 
years for the last participant in the cohort. Modified 
life-table techniques were utilized to account for the 
competing risk of mortality. To compare age and sex-
adjusted lifetime risks across different physical activity 
trajectories, a two-tailed Z-test was employed. All 
reported p-values were based on two-sided hypotheses. 
Statistical analyses were conducted using STATA 
version 17 (STATA Corp, College Station, Texas, USA).

Results

Participants characteristics according to 
trajectories of physical activity levels
Thirty nine percent (39%) of males and 33% of 
females were classified as physically active at baseline 
examination (in 2002), 31% males and 26% females 
at 5-year follow-up (in 2005), 26% males and 19% 
females at 10-year follow-up (in 2012), and 30% males 
and 32% females at 20-year follow-up (in 2022). A 
progressive decrease in physical activity levels was 
observed (p  <  0.001). In Figure  1 the distribution 
of physical activity levels at each time-point of the 
follow-up is illustrated, by sex and age group of the 
participants, while in Figure  2, the physical activity 
trajectories of participants are displayed, categorized 
by age, sex, and socioeconomic status. Specifically, this 
heatmap illustrates the predominant trajectory within 
each subgroup, determined by the highest probability of 
participant association. During the 20-year observation 
period, in total, 47% of the participants were classified 
as always inactive, 23% as became inactive from 
physically active, 18% as became active and, only 9% 
of males and 15% of females sustained physical activity 
levels (p < 0.001) (Tab. I). Moreover, participants who 
stopped being physically active during the follow-up 
period were older than those who were consistently 
active (43  ±  12 years vs 40  ±  12 years, p  =  0.002), 
and participants who started physical activity were the 
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youngest among all other trajectories (35 ± 13 years, 
p < 0.01).
The social and demographic characteristics of 
participants categorized by their physical activity 
trajectory during the follow-up period are presented in 
Table I. Participants identified as consistently physically 

inactive where from lower socioeconomic background 
(especially males) and had, particularly, lower education 
status. On the contrary, participants who transitioned to 
being physically active exhibited higher education level 
(p < 0.001 for both sexes) and were more likely of being 
married (p < 0.05 for both sexes). 

Fig. 1. Distribution of physical activity status at each time-point, by sex and age group of the participants; ATTICA study (2002-2022).

Fig. 2. Heatmap presenting the time trajectories of physical activity status in males and females, stratified by their socioeconomic status 
and age at baseline; ATTICA study (2002-2022).
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As shown in Table  II, no significant differences were 
observed among the four physical activity level trajectories 
and the baseline levels of various biochemical markers and 

clinical status of the participants. However, it is noteworthy 
that both males and females who remained physically 
inactive throughout the entire period had a higher prevalence 

Tab. I. Baseline sociodemographic characteristics of the ATTICA study participants, stratified according to their 20-year physical activity trajec-
tory and sex; ATTICA study (2002-2022).

Consistently 
inactive

From physically 
active to inactive

From physically 
inactive to active

Consistently 
active

p-value

Females (n = 1001) 472 (47%) 204 (20%) 181 (18%) 144 (15%)
Age [in years; Mean (SD)] 38.5 (15.3) 31.1 (13.1) 41.9 (10.7) 42.7 (12.7) < 0.001
Marrital status, %

Never married 39.7 66.7 8.9 25.0 < 0.001
Married 52.1 33.3 82.1 68.2
Divorced 3.4 0.0 7.1 6.8
Widowed 4.8 0.0 1.8 0.0

Years of education [Mean (SD)] 12.3 (3.2) 13.5 (2.6) 13.9 (4.1) 12.6 (3.7) 0.011
Socioeconomic status, %

Low 12.9 2.1 6.1 16.7 0.002
Middle 68.8 66.0 39.4 53.3
High 18.3 31.9 54.5 30.0

Males (n = 987) 466 (47%) 245 (25%) 190 (19%) 86 (9%)
Age [in years; Mean (SD)] 41.5 (14.9) 39.3 (15.1) 42.6 (8.2) 44 (11) 0.308
Marrital status, %

Never married 30.1 41.8 16.4 20.0 0.015
Married 68.5 54.4 82.0 77.1
Divorced 0.0 3.8 1.6 2.9
Widowed 1.4 0.0 0.0 0.0

Years of education [Mean (SD)] 11.9 (3.9) 12.4 (3.8) 14.2 (2.1) 13.6 (2.8) < 0.001
Socioeconomic status, %

Low 15.4 7.7 0.0 4.0 0.012
Middle 53.8 55.8 42.9 52.0
High 30.8 36.5 57.1 44.0

p-value was based on the Pearson chi- square test (categorical characteristics) and on the One-way ANOVA (continuous characteristics). Participants’ 
physical activity level was assessed through the short-form International Physical Activity Questionnaire. DS: standard deviation.

Tab. II. Baseline clinical characteristics of the ATTICA study participants, stratified according to their 20-year physical activity trajectory and sex; 
ATTICA study (2002-2022).

 
Consistently 

inactive
From physically 

active to inactive
From physically 

inactive to active
Consistently 

active
p-value

Females (N = 1001) 472 (47%) 204 (20%) 181 (18%) 144 (15%)  
Total serum cholesterol [Mean (SD); mg/dl] 182 (42) 175 (42) 188 (44) 181 (38) 0.424
Triglycerides [Mean (SD); mg/dl] 96 (68) 79 (50) 87 (42) 86 (51) 0.305
HDL-cholesterol [Mean (SD); mg/dl] 52 (12) 56 (12) 55 (19) 52 (13) 0.275
LDL-cholesterol [Mean (SD); mg/dl] 109 (32) 104 (41) 119 (43) 111 (33) 0.189
Hypertension (% Yes) 22.7 8.3 19.2 14.3 0.095
Hypercholesterolaemia (% Yes) 37.5 22.2 28.1 29.5 0.328
Type II diabetes (% Yes) 7.1 1.5 6.8 2.3 0.125
Obesity (% yes) 17 13 6 1 0.032
Males (N = 987) 466 (47%) 245 (25%) 190 (19%) 86 (9%)  
Total serum cholesterol [Mean (SD); mg/dl] 193 (42) 187 (44) 204 (46) 203 (48) 0.097
Triglycerides [Mean (SD); mg/dl] 128 (82) 111 (58) 140 (87) 122 (66) 0.194
HDL-cholesterol [Mean (SD); mg/dl] 44 (11) 45 (11) 43 (10) 46 (10) 0.446
LDL-cholesterol [Mean (SD); mg/dl] 122 (38) 120 (38) 130 (36) 138 (49) 0.149
Hypertension (% Yes) 43.3 29.6 33.3 34.8 0.608
Hypercholesterolaemia (% Yes) 54.3 41.8 42.0 48.3 0.507
Type II diabetes (% Yes) 9.1 6.3 3.3 5.7 0.489
Obesity (% Yes) 21 22 12 13 0.278

p-value was based on the Pearson chi- square test (categorical characteristics) and on the One-way ANOVA (continuous characteristics) Participants’ 
physical activity level was assessed through the short-form International Physical Activity Questionnaire. HDL: High Density Lipoprotein; LDL: Low Density 
Lipoprotein; SD: Standard Deviation.
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of hypertension, hypercholesterolemia, and type II diabetes 
mellitus, and females who were consistently physically 
active had the lowest prevalence of obesity compared to the 
other physical activity groups (p < 0.001).

20-year incidence of cardiometabolic 
disorders in relation to trajectories 
of physical activity levels
The 20-year incidence rates of hypertension, 
hypercholesterolemia, and type  II diabetes in both 
males and females, categorized by their physical activity 
trajectory, are presented in Table  III. Individuals who 
maintained a sedentary lifestyle throughout the studied 
period demonstrated a significantly higher incidence of 
hypertension, regardless of sex (p < 0.05 for both sexes). 
Moreover, females who were consistently physically 
active showed a significantly lower incidence of 
hypercholesterolemia [Incidence Rate (95% Confidence 
Interval): 11 (4.2, 17.9) cases per 1,000 person-years], 
whereas those adhering to a sedentary lifestyle had 
higher incidence rates [Incidence Rate (95% Confidence 
Interval): 54.3 (33.1, 75.7) cases per 1,000 person-

years]. Turning from physically inactive to active 
during the studied period also conferred a significant 
cardiometabolic protection, through lowering the 
incidence of hypertension and hypercholesterolemia 
(p < 0.001), as compared to those who were consistently 
inactive or turned from active to inactive (Tab. III).

Lifetime CVD risk in relation to 
trajectories of physical activity levels
The lifetime risk of CVD among males and females 
at three distinct index ages (40, 50, and 60 years old), 
categorized by their trajectories of physical activity 
levels is presented in Table IV. Among women aged 40 
years old, those who maintained a sedentary lifestyle 
throughout the studied period had higher lifetime risk of 
CVD compared to their counterparts who consistently 
engaged in regular physical activity [51% (95%CI 
45%, 57%) among consistently inactive females versus 
45% (95%CI 43%, 57%) among consistently active 
females]. This disparity persisted at ages 50 and 60. 
Similarly, males who adhered to regular physical 
activity throughout the entire study duration exhibited 

Tab. III. Incidence rate of hypertension, hypercholesterolaemia and type II diabetes mellitus (95% Confidence Interval) of the ATTICA study 
participants, stratified according to their physical activity trajectory; ATTICA study (2002-2022).

Incidence rate (95% CI)
Consistently 

inactive
From physically active to 

inactive
From physically inactive 

to active
Consistently 

active
p-value

Females 
Incidence rate of (per 1,000 Person-years):  
Hypertension 19.7 19.3 15.3 5.7 0.015

(9.7, 29.7) (8.8, 29.7) (9.7, 20.8) (1.1, 10.3)
Hypercholesterolaemia 35.9 35.6 26.7 24.0 0.147

(21.3, 50.6) (19.2, 52.1) (16.0, 37.3) (17.2, 30.9)
Type II diabetes 16.0 14.4 14.1 10.1 0.622

(10.6, 21.5) (6.9, 22.0) (5.4, 22.8) (3.1, 17.1)
Males
Incidence rate of (per 1,000 Person-years): 
Hypertension 35.1 25.4 16.7 11.0 0.009

(13.3, 56.8) (17.2, 33.6) (7.2, 26.1) (4.2, 17.9)
Hypercholesterolaemia 54.3 41.9 29.1 28.6 0.037

(33.1, 75.7) (30.6, 53.2) (18.5, 43.7) (8.8, 48.4)
Type II diabetes 26.8 25.8 20.9 17.0 0.449

(16.1, 37.5) (16.1, 35.6) (14.4, 27.4) (5.9, 28.1)
95% Confidence Interval was based on the Normal approximation to the Poisson distribution, as described by Rosner, Fundamentals of Biostatistics (5th 
Ed); p-value was based on the 4-sample test for equality of proportions with continuity correction. IR: Incidence Rate; CI: Confidence Interval.

Tab. IV. Lifetime risk estimates (and 95%CI) for fatal and nonfatal CVD, at selected index age, in males and females, according to their 20-year 
physical activity trajectory; ATTICA study (2002-2022).

  Females  Males
  40 yrs 50 yrs 60 yrs 40 yrs 50 yrs 60 yrs
Consistently inactive 51 (45, 57) 62 (59, 65) 73 (38, 81) 63 (44, 82) 76 (73, 78) 68 (62, 74)
From physically active to inactive 49 (41, 57) 59 (54, 64) 61 (23, 72) 60 (55, 64) 74 (69, 79) 62 (55, 68)
From physically inactive to active 48 (46, 51) 58 (54, 63) 60 (56, 63) 58 (45, 71) 72 (68, 76) 62 (52, 71)
Consistently active 45 (43, 47) 57 (53, 61) 54 (18, 90) 57 (51, 62) 72 (68, 75) 52 (51, 59)
p-value 0.046 0.016 0.029 0.077 0.270 0.007

Lifetime risk estimates represent the proportion of ATTICA cohort participants projected to encounter a fatal or nonfatal cardiovascular disease (CVD) 
event from the index age until the end of follow-up, assuming the final participant in the cohort was to reach the age of 85 years. The lifetime incidence 
rate, was computed utilizing adjusted life-table techniques as recommended by Kaplan and Meier. Modified life-table techniques were employed to 
consider the competing risk of mortality. Lifetime risks across different physical activity trajectories were compared using a two-tailed Z-test. 95% CI: 95% 
confidence interval; CVD: Cardiovascular disease.
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a significantly reduced lifetime CVD risk compared to 
those adopting a sedentary lifestyle, particularly at the 
age of 60. This protective association of physical activity 
was apparent across all index ages (40 and 50 years old) 
as well.

Discussion

The present population-based study examined the 
trajectories of physical activity levels over a long-term 
period in relation to several demographic and clinical 
characteristics and health outcomes, of apparently 
healthy adults. A progressive decline in physical activity 
levels among both sexes was observed, as almost half 
of the cohort remained consistently inactive throughout 
the study period. Distinct patterns of physical activity 
trajectories emerged from our analysis, shedding light 
on the diverse pathways’ individuals traverse in their 
physical activity behaviours. Profile analysis of those 
that were consistently inactive revealed that they had 
lower education and socio-economic status, but no other 
differences regarding their clinical status were observed. 
Furthermore, our study added to the compelling evidence 
of the impact of physical activity on cardiometabolic 
health across the lifespan. Participants who maintained 
a sedentary lifestyle throughout the study period 
had elevated lifetime CVD risk as compared to their 
consistently active counterparts. 
Of the most important findings of our study is that 
almost half of the participants remained physically 
inactive through the entire 20-year studied period. This 
is in line with a body of previous research documenting 
in which a progressive decline in population physical 
activity levels over time has been reported. According 
to the World Health Organization, the latest global 
estimates show that 1.4 billion adults (i.e., 27.5% of the 
world's adult population) do not meet the recommended 
level of physical activity to improve and protect their 
health  [17]. Several longitudinal studies conducted in 
different regions around the world, have consistently 
reported similar to our findings, trends in reduced 
physical activity levels, in both adolescents and adults, 
illustrating the challenge of maintaining active lifestyles 
as individuals age [18, 19]. Specifically, the global age-
standardized prevalence of insufficient physical activity 
was 23·4%, in men and 31·7%, in women  [18]. The 
highest levels observed were in women in Latin America 
and the Caribbean (i.e., 43·7%), south Asia (43·0%), and 
high-income Western countries (42·3%), whereas the 
lowest levels were in men from Oceania (12·3%), east 
and southeast Asia (17·6%), and sub-Saharan Africa 
(17·9%). Regarding younger people, globally, 81·0% 
of adolescents aged 11-17 years were insufficiently 
physically active (77·6% of boys and 84·7% of girls) [19].

Socio-demographic determinants in relation 
to physical activity trajectories
Our findings of socioeconomic disparities in physical 
activity trajectories resonates with a substantial body of 

existing literature documenting inequalities in activity 
levels among different socio-demographic groups  [18-
20]. In a global pooled analysis by Guthold et al., 
prevalence of inadequate physical activity was more 
than twice as high in high-income countries (36·8%) 
as in low-income countries (16·2%)  [18]. Moreover, 
insufficient activity has increased in high-income 
countries during 2001-1016 (i.e., 31·6 vs 36·8%). 
Concerning adolescents, the regions with the lowest 
prevalence were high-income western countries for boys 
(72·1%), and south Asia for girls (77·5%). 
Numerous studies have highlighted the association 
between lower socioeconomic status and reduced 
engagement in physical activity, pointing to structural 
barriers, such as limited access to recreational facilities 
and resources as contributing factors  [18-24]. In a 
large-scale epidemiological study in US, Wallace et 
al., examined how the rest-activity rhythms may mark 
development, aging, and physical and mental health in 
12,526 participants from 3 to over 80 years old from the 
large-scale National Health and Nutrition Examination 
Survey (NHANES). They identified multiple trajectories 
of physical activity across adulthood, with factors such 
as age, sex, and socioeconomic status being as the most 
influential of these trajectories  [21]. Stalling et al., 
analyzed data from 1507 participants (52.5% female), 
between 65-75 years old, residing in Germany, about 
physical activity participation (total, moderate and 
vigorous) and mean metabolic equivalents and found 
significant negative associations between physical 
activity and socioeconomic status  [23]. In a review 
of Elhakeem et al.  [24], the hypothesis that a lower 
childhood socioeconomic status is associated with 
less leisure-time physical activity during adulthood 
was strongly supported. All reviewed studies found 
that individuals with lower socioeconomic status were 
less likely to engage in leisure-time physical activity 
compared to those with higher socioeconomic status, 
even after accounting for individual-level factors. All 
these findings underscore the importance of considering 
the demographic dimension in interventions aimed at 
promoting active lifestyles and highlight the need for 
tailored approaches to address the diverse needs and 
preferences of various population groups.

Health-related outcomes in relation to 
physical activity trajectories
The link between physical activity and reduced 
CVD risk has been well-established in the literature 
through several studies [25-30]. In a previous analysis 
of our study it was revealed that participants being 
consistently physically active had lower CVD incidence 
during the 20-year follow-up period, as compared to 
those remained physically inactive or turned active/
inactive  [11]. A recent harmonised meta-analysis by 
Paluch et al., highlighted that adding even 1000 steps 
a day were associated with a 10% reduction in the risk 
of CVD events [29]. The present analysis also revealed 
that adopting a physically active lifestyle during 
lifespan was associated with substantially lower burden 
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activity data through the International Physical Activity 
Questionnaire used may introduce recall bias and 
inaccuracies in assessing participants' true activity levels 
as compared to objective measures, like accelerometers; 
however, this tool has been found reliable and repeatable 
in previous studies and has been extensively used in 
epidemiologic assessment. Despite the efforts made, 
the dropout rate in follow-up examinations is significant 
(between 71 to 85%), but this is considered acceptable 
in epidemiological studies of long follow-up period, like 
the ATTICA study. Furthermore, the study took place 
only in Attica region, and therefore the homogeneity in 
terms of geographical location and ethnicity limits the 
generalizability of the findings to the broader Greek 
population, as well as other populations. However, it 
should be noted that in Attica region leaves 3,5 million 
people, i.e., approximately 35% of the Greek population, 
in more than 50 urban and rural municipalities (including 
the capital city of Athens). Lastly, the inclusion of only 
baseline and follow-up assessments may not capture 
short-term fluctuations or intermittent changes in 
physical activity patterns and their impact on CVD 
outcomes. 

Future research directions 
Futur research in physical activity strategies could explore 
several key areas to further enhance our understanding and 
effectiveness in promoting physical activity. Investigate 
personalized approaches to physical activity promotion 
based on individual characteristics such as age, gender, 
fitness level, health status, and preferences. This could 
involve leveraging technology, such as wearable devices 
and mobile apps, to tailor interventions to individuals' 
needs and preferences. Moreover, future research could 
focus on the effectiveness of environmental and policy 
interventions in promoting physical activity at the 
community and population levels. This could include 
evaluating the impact of urban design, transportation 
policies, workplace wellness programs, and school-
based interventions on physical activity levels. 
Sustainability in measures taken is a key for achieving 
good health. Future research should investigate 
strategies for promoting long-term maintenance of 
physical activity behaviors. Research could focus on 
identifying factors that contribute to sustained behavior 
change and developing interventions to support ongoing 
adherence to physical activity recommendations. An 
important issue is also to prioritize research on physical 
activity interventions that address health disparities and 
promote health equity. This could involve examining 
the effectiveness of interventions targeted towards 
underserved populations, including racial and ethnic 
minorities, low-income individuals, and people living in 
rural areas.

Conclusions

The findings of this comprehensive longitudinal study 
underscore the critical role of physical activity in 

of cardiometabolic disorders, i.e., the development 
of hypertension, and hypercholesterolemia, as well 
as lower lifetime CVD risk, as compared to those 
remained or became physically inactive. These findings 
underscore the importance of promoting physical 
activity not only across all segments of the population, 
but also at any age, to effectively mitigate the lifetime 
burden of CVDs.

Potential mechanisms supporting the present 
findings
The observed associations between physical activity 
trajectories and CVD outcomes may be intermediated 
by various mechanistic pathways, as supported by 
extensive literature. Regular physical activity exerts 
beneficial effects on cardiovascular health through 
multiple physiological mechanisms, including 
improvements in lipid and triglycerides metabolism, 
blood pressure regulation, insulin sensitivity, and 
endothelial function. Additionally, physical activity 
enhances endothelial function by promoting nitric 
oxide production, leading to vasodilation and improved 
blood flow, thereby reducing hypertension, and 
enhancing vascular health [31-33]. Moreover, a plethora 
of research underscores the pivotal role of physical 
activity in glucose metabolism and insulin sensitivity, 
shedding light on its potential mechanisms  [34]. 
Exercise stimulates glucose uptake by skeletal muscles, 
a process mediated by the translocation of glucose 
transporter proteins to the cell membrane, thereby 
lowering blood glucose levels and reducing the risk of 
insulin resistance and type II diabetes. A meta-analysis 
by Amanat et al., concluded that exercise interventions 
significantly improved glycaemic control and insulin 
sensitivity in individuals with type  II diabetes  [35]. 
However, in our study, none of the studied trajectories 
was associated with diabetes incidence, although, a 
clear trend towards engagement in physical activities 
was observed. This can be attributed in the relatively 
small number of people who developed diabetes during 
the studied period, lack of adequate confound, and not 
the absence of a true effect. 
Furthermore, regular physical activity plays a crucial 
role in weight management and adiposity reduction, 
which are key factors in preventing metabolic disorders 
and reducing CVD risk. Exercise promotes energy 
expenditure, increases lean muscle mass, and decreases 
fat mass, thereby contributing to a healthy body 
composition and metabolic profile. Numerous studies 
have demonstrated the efficacy of exercise interventions 
in reducing visceral adiposity and improving cardio 
metabolic health outcomes [36, 37]. 

Limitations
The present study has several strengths, as it is one of the 
few in the literature that evaluated long-term trajectories 
of physical activity, their determinants, and relationships 
with cardiometabolic health, but also has several 
limitations that should be considered when interpreting 
the findings. The reliance on self-reported physical 
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shaping CVD outcomes over the lifespan. The present 
findings highlight the importance of promoting and 
sustaining regular physical activity throughout the 
lifespan, as well as for shaping targeted interventions, 
tailored to demographic and socioeconomic 
characteristics of the referent population. Tailored 
physical activity interventions addressing demographic 
and socioeconomic factors may help reducing the 
burden of CVD-related outcomes. These interventions 
should consider the accessibility of physical activity 
resources. This includes ensuring that affordable 
facilities are available in neighborhoods, as well as 
providing transportation options for those who may not 
have easy access. Addressing socioeconomic factors 
involves providing education about the importance of 
physical activity for preventing CVD and managing 
risk factors. This education should be accessible and 
understandable to people from diverse socioeconomic 
backgrounds.
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Introduction

The COVID-19 pandemic has had a fundamental impact 
on health services [1-3] and the epidemiology of other 
infectious diseases worldwide [4].
In response to the ongoing COVID-19 pandemic, 
a variety of public health interventions have been 
implemented worldwide to mitigate its impact, 
including nonpharmaceutical interventions (NPIs), as 
social distancing, mask-wearing, shelter-in-place, travel 
restrictions, school closure [5]. 
While pharmaceutical interventions generally target 
specific pathogens, NPIs can act on a broad spectrum 
of infectious pathogens. Tough these measures, 
initially specifically aiming for COVID-19, might have 
significant impact on other infectious diseases [4].
There is growing global evidence suggesting that NPIs 
are associated with decreased rates of COVID-19 
and non–COVID-19 infectious diseases, and thus a 
decreased burden associated with seasonal influenza, 
other upper and lower respiratory infections, and food-
borne diseases [6, 7].
Generally, those studies focused solely on respiratory 
pathogens such as influenza virus and respiratory syncytial 
virus. Although respiratory pathogens were likely affected 
the most by the NPIs, pathogens with other transmission 
modes, e.g., gastrointestinal, sexually transmitted, or even 
vector-borne diseases, could have also been affected as 

the unprecedented changes in human movement and 
behavioral patterns might have changed exposure levels.
Surveillance of infectious diseases lays the foundation 
for their possible control [8]. In Italy, infectious disease 
surveillance is based on the Mandatory Reporting System, 
that pursuant to Ministerial Decree of 15 December 1990 
- “Infectious and Transmissible Diseases Information 
System”, involves the mandatory reporting by doctors 
of cases of the many infectious diseases  [9]. The 
information flow for infectious diseases starts from the 
periphery and converge towards the centre for Regional, 
National and Supranational reporting. The infectious 
disease reporting system has been activated reporting 
of probable or confirmed cases of an infectious disease 
is made by local General Practitioners (GPs), Primary 
Care Pediatricians (PCPs), or hospital physicians. In 
addition to this general system, there are other specific 
surveillance systems at national level, such as those for 
legionellosis, influenza and viral hepatitis  [10]. This 
mandatory notification system allows for a continuous 
analysis at a central and local level.
We have already analysed the impact of the pandemic 
on health services, such as vaccinations in Siracusa 
LHA different papers  [11, 12]. In this paper, we aim 
to quantify the changes in the transmission, diagnosis 
and notifications of notifiable infectious diseases with 
different transmission modes before, during, and after 
the first wave of COVID-19 in Siracusa Local Health 
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Summary

Introduction. COVID-19 pandemic had impacted the reporting 
of notifiable communicable diseases. Since the beginning of the 
pandemic and the introduction of relate public health measures, 
notifications for most notifiable diseases have declined compared 
to previous years. In this study, we aim to quantify the changes in 
the incidences of notifiable infectious diseases during and after 
the pandemic in Siracusa Local Health Authority, Italy. 
Methods. We collected and analysed the infectious disease notifi‑
cations made in two different three-years periods, 2017-2019 and 
2020-2022 in Siracusa Local Health Authority, Italy. Descriptive 
statistics were used to find the percentages and the 95% confi‑
dence interval (CI). Exact “F-tests” was performed to compare 
the mean values between the studied periods to evaluate the 
hypothesis that the number of reported cases would not differ sig‑

nificantly between the two periods. Significance was assessed at 
the p < 0.05 level.
Results. The total number of notifications significantly decreased 
by 69.3% in the pandemic period compared to the pre-pandemic 
one, with the highest reduction of air-borne transmission diseases 
(-86.5%), followed by food-borne diseases (-68.2%) and sexually 
transmitted diseases (-39.3%). Conversely, an increase in number 
of notifications was found only for legionellosis.
Conclusions. The COVID-19 pandemic had the potential to influ‑
ence communicable disease reporting at multiple points. While the 
effects could vary considerably, the results would be expected to 
reduce the number and the detection of notifiable cases. Included 
would be changes in exposures, diagnostic testing, reporting to 
public health agencies, and public health investigations. 
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Authority (LHA), Italy, by analysing the reported 
cases and their characteristics during the pandemic 
(2020-2022), in comparison to the pre-pandemic phase 
(2017‑2019).

Methods

This study is a retrospective analysis of data 
previously generated from the infectious disease 
notifications in Siracusa LHA of two different three-
year periods 2017‑2019 (pre-pandemic period, from 
1 January 2017 to 31 December 2019) and 2020-
2022 (pandemic period, from 1 January 2020 to 31 
December 2022). We compared annual case numbers 
and case characteristics in the pre-pandemic period 
and in the pandemic period.
Considering the average population, the resident 
population decreased by 1.8%, from 394,315 in the 
years 2017-2019 to 387,105 in the years 2020-2022. Just 
under a third of the residents lived in the city of Siracusa, 
provincial capital with about 116.635 residents. The 
territory is divided into four health districts.

The 29 infectious diseases examined are listed in 
Table I. We categorised the included notifiable diseases 
according to their main mode of transmission and 
vaccination availability. We included at least one disease 
per mode of transmission, considering public health 
relevance in Italy. Grouping the diseases according to 
their transmission modes, we evaluated the notification 
trend of the following groups of diseases (Tab. I): 
airborne/droplets/aerosol of contaminated water 
diseases (viral meningitis, herpes zoster-shingles, 
legionellosis, invasive bacterial diseases, measles, 
mumps, pertussis, rubella, scarlet fever, tuberculosis, 
chickenpox); fecal-oral/contaminated food or water 
diseases (brucellosis, hepatitis A, hepatitis E, typhoid 
fever and paratyphoid fever, non-typhoid salmonellosis, 
food poisoning, listeriosis); sexual/blood-borne/body 
fluids/transplacental diseases (hepatitis B, hepatitis C, 
HIV, syphilis, congenital syphilis); vector-borne diseases 
(visceral leishmaniasis, malaria, rickettsiosis); direct 
contact diseases (pediculosis, scabies); transmission 
through skin wound diseases (tetanus). 
The diagnostic methods, that differ according to the 
category of infectious disease, such as polymerase 

Tab. I. Main mode of transmission or acquisition and vaccination availability of notifiable infectious diseases included.

Disease/Infection Main mode of transmission
Vaccination 
availability*

Compared to pre-
COVID-19

Brucellosis Fecal-oral transmission No Lower
Chickenpox Airborne transmission Yes Lower
Congenital syphilis Transplacental No Lower
Food poisoning Contaminated food or water No Comparable
Hepatitis A Fecal-oral transmission Yes Lower
Hepatitis B Sexually transmitted and via body fluids Yes Comparable
Hepatitis C Blood-borne No Lower
Hepatitis E Fecal-oral transmission No Comparable
Herpes zoster-shingles Airborne transmission Yes Comparable
HIV Sexually transmitted and via body fluids No Lower
Invasive bacterial diseases (IBDs) Airborne transmission Yes Lower
Legionellosis Inhalation of contaminated aerosol No Higher
Listeriosis Contaminated food or water No Comparable
Malaria Vector-borne No Comparable
Measles Airborne transmission Yes Lower
Mumps Airborne transmission Yes Lower
Non-typhoid salmonellosis Contaminated food or water No Comparable
Pediculosis Direct contact No Comparable
Pertussis Airborne transmission Yes Comparable
Rickettsiosis Vector-borne No Lower
Rubella Airborne transmission Yes Comparable
Scabies Direct contact No Comparable
Scarlet Fever Airborne transmission No Lower
Syphilis Sexually transmitted and via body fluids No Comparable
Tetanus Transmission through skin wound Yes Comparable
Tuberculosis Airborne transmission Yes Lower
Typhoid and paratyphoid fever Contaminated food or water Yes Comparable
Viral meningitis Airborne transmission No Comparable
Visceral leishmaniasis Vector-borne No Comparable

* Routinely administered in Italy.
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chain reaction testing, antigen testing, or clinical 
diagnosis [13], did not change during the study period 
for each infectious disease included in the study.
All the notifications made by the local physicians are 
managed and insert into the IT platforms of the general 
and specifically dedicated national websites (PREMAL) 
by the Epidemiology Unit of the local Health Department. 
The notification data collected by these systems were 
used to obtain disease incidence values, considering the 
resident population per each year to make a difference 
between the pre-pandemic and the pandemic period. 
Resident population was obtained according to ISTAT 
data (Italian National Statistical Institute).
Descriptive statistics were used to find the percentages 
and the 95% confidence interval (CI). Exact “F-tests” 
was performed to compare the mean values between 
the studied periods to evaluate the hypothesis that the 
number of reported cases would not differ significantly 
between the two periods. Significance was assessed at 
the p < 0.05 level.

Results

Between January 2017 and December 2022, a total 
of 1,162 notifications of infectious diseases were 
reported: 273 cases were notified in the pandemic period 
(2020‑2022), compared to 889 cases of the pre-pandemic 
one (2017-2019), with a percentage decrease of -69.3% 
(p < 0.0001) (Tab II).
We calculated the incidence rates (IR) based on resident 
population. Specifically, in the pre-pandemic period 
(2017-2019), the average IR was 75.2/100,000 ± 7.5 
(95% CI: 67.7-82.7) while, in the pandemic period, the 
average IR was 23.5/100,000 ± 2.4 (95% CI: 21.1-25.9). 
Therefore, a significant percentage decrease of -68.8% 
between the average values of the two periods incidences 
was detected (p < 0.00001).
Of all diseases included in the study period, 25 of them 
(86.2%) reported a decrease in reported cases during 
the COVID-19 pandemic, and in 12 of them (41.4%) 
the decline was statistically significant. In contrast, 
4 diseases (13.8%) reported an increase in reported 

Tab. II. Comparison between the absolute numbers of the infectious disease notifications made in the pre-pandemic (2017-2019) and pan-
demic (2020-2022) periods, with corresponding absolute changes (Δ n), percentage changes (Δ %) and statistical significance.

Disease/Infection

Absolute number of 
reported cases Δ n Δ % Fisher test

2017-2019 2020-2022 

Brucellosis 36 0 -36 -100,0% p < 0.00001
Chickenpox 54 20 -34 -63,0% p < 0.0001
Congenital syphilis 12 0 -12 -100,0% p < 0.0005
Food poisoning 3 9 6 +200,0% ns
Hepatitis A 17 0 -17 -100,0% p <.05
Hepatitis B 4 1 -3 -75,0% ns
Hepatitis C 8 1 -7 -87,5% p = 0.0391
Hepatitis E 2 0 -2 -100,0% ns
Herpes zoster-shingles 2 1 -1 -50,0% ns
HIV 62 40 -22 -35,5% p = 0.0379
Invasive bacterial diseases (ibds) 12 2 -10 -83,3% p = 0.013
Legionellosis 0 9 9 +100% p = 0.0018
Listeriosis 1 1 0 0,0% ns
Malaria 2 1 -1 -50,0% ns
Measles 291 1 -290 -99,7% p < 0.00001
Mumps 12 3 -9 -75,0% p = 0.0353
Non-typhoid salmonellosis 22 12 -10 -45,5% ns
Pediculosis 11 5 -6 -54,5% ns
Pertussis 6 2 -4 -66,7% ns
Rickettsiosis 32 6 -26 -81,3% p < 0.05.
Rubella 1 0 -1 -100,0% ns
Scabies 100 94 -6 -6,0% ns
Scarlet fever 109 12 -97 -89,0% p < 0.00001
Syphilis 21 23 2 +9,5% ns
Tetanus 1 1 0 0,0% ns
Tuberculosis 58 23 -35 -60,3% p < 0.0001
Typhoid fever and paratyphoid fever 4 5 1 +25,0% ns.
Viral meningitis 4 1 -3 0,0% ns
Visceral leishmaniasis 2 0 -2 -100,0% ns
Total 889 273 -616 -69,3% p < 0.00001
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cases, one of them (3.4%) with statistical significance 
(legionellosis) (Tab. I).
Grouping the diseases according to their transmission 
modes, those with the greatest reduction in reported 
cases were airborne/droplets/aerosol of contaminated 
water diseases (-86.5%, p < 0.00001), followed 
by fecal-oral/contaminated food or water diseases 
(-68.2%, p < 0.00001), sexual/blood-borne/body fluids/
transplacental diseases (-39.3%, p = 0.0022), and finally 
those transmitted by direct contact (-10.8%, ns).
Of the 12 infectious diseases with a significant decrease in 
the mean number of reported cases during the pandemic 
period, 6 diseases (50.0%) are characterized by airborne 
or droplets transmission (Tab. II). A significant increase 
in the number of reported cases during the pandemic was 
observed only for legionellosis, while an increase trend, 
but without statistical significance, was observed for 
food poisoning, syphilis, typhoid and paratyphoid fever. 

Airborne/droplets/aerosol of contaminated 
water diseases 
Measles was the disease with the most notified overall 
over the entire reporting period and by far the most 
notified among airborne diseases, with, however, a 
significant reduction of 99.7% from 2017-2019 to 
2020‑2022 (p < 0.00001). 
Scarlet fever was the second most notified airborne 
disease; again, there was a significant reduction in 
incidence in the years 2020-2022 (-89.0%, p < 0.00001), 
compared to the previous.
Tuberculosis reported a highly significant decrease 
of -60.3% between the pre-pandemic period and the 
pandemic one (p < 0.00001), as the same for chickenpox 
(-63.0%; p < 0.00001).
Vaccine-preventable invasive bacterial diseases (caused 
by Neisseria meningitidis, Streptococcus pneumoniae 
and Haemophilus influenzae) had registered a decrease 
of -83.3% (p < 0.05) in the pandemic period.
Rubella was present with only 1 case in the pre-pandemic 
period and no case was notified in the pandemic one. 
In contrast, for legionellosis we recorded 9 cases in the 
years 2020-2022 vs no cases in the period 2017-2019 
(p = 0.0018).

Fecal-oral/contaminated food or water 
diseases
The most notified foodborne disease was brucellosis 
(36 cases), for which no-one case was recorded in 
the years 2020-2022 (p < 0.00001). Hepatitis A (p < 
0.05) and hepatitis E (ns) followed a similar trend, 
with 100.0% of reduction in the latter period. For 
Hepatitis A, an outbreak of 5 cases was reported in 
2017 in a primary school affecting people coming back 
from Morocco.Non-typhoid salmonellosis cases were 
constantly notified, with a reduction from the first 
period to the second one (-45.5%, ns). Also, typhoid 
and paratyphoid fever cases were constantly notified 
(4 cases in pre-pandemic period and 5 cases in the 
pandemic one).

Sexual/blood-borne/body fluids/
transplacental diseases
HIV infection registered the largest number of cases 
in this group of diseases (102 cases), followed by 
syphilis. For HIV infection, there was a 35.5% reduction 
(p = 0.0379), while for syphilis there were 2 more cases 
in the 2020-2022 years compared to the 2017-2019 years 
(+9.5%, ns).
Both hepatitis B (-75.0%, ns) and hepatitis C (-87.5%, 
p = 0.0391) experienced a reduction in the post-pandemic 
period compared to pre-pandemic one.
Congenital syphilis (12 cases) experienced a 100% 
reduction in the post-pandemic period compared to the 
previous period (p < 0.0005).

Vector-borne diseases
Rickettsiosis, endemically present in this territory, has 
recorded a significant reduction comparing the 2020-22 
period to the 2017-2019 period (-81.3%, p < 0.05). Two 
cases were notified for visceral leishmaniasis and malaria 
(all import cases for the latter) in the pre-pandemic 
period, while no case (-100%) and 1 case (-50%) was 
notified in the post-pandemic period, respectively.

Direct contact diseases
Pediculosis and scabies were constantly notified and 
the average number of cases of the two study periods 
remained overlapping for both the diseases. Overall, 
scabies was the second infection more notified after 
measles. Pediculosis recorded a percentage decrease of 
54.5% from 2017-2019 to 2020-2022. 

Transmission through skin wound diseases
During all the study period, two tetanus cases were 
overall notified, one in both periods, which interested 
the age group > 65 years old in both cases. One death 
was reported.

Vaccination availability
Comparing the two study periods, all the vaccine-
preventable diseases (VPDs) showed an incidence 
decreased almost double compared to non VPDs (-87.2% 
vs -49.9%, p < 0.00001). In more details: measles -290 
cases (-99.7%), chickenpox -34 cases (-63.0%), hepatitis 
A -17 cases (-100%), invasive bacterial diseases (IBDs) 
-10 cases (-83.3%), mumps -9 cases (-75.0%), pertussis 
-4 cases (-66.7%); hepatitis B -3 cases (-75%). 

Discussion

In this study, we reported the impact of the COVID-19 
pandemic on the endemic status of other 29 infectious 
diseases in Siracusa Local Health Authority, Italy. 
Specifically, we observed an abrupt decline in the 
number of many reported infectious diseases. 
As already reported, infectious disease with airborne 
route of transmission experienced the greatest 
reduction between the two different three-year study 



COVID-19 AND INFECTIOUS DISEASES EPIDEMIOLOGY

E149

periods. Airborne infectious diseases and COVID-19 
share similar routes of transmission; therefore, the 
widespread of NPIs, such as restrictions on gatherings 
and international travel, physical distancing, mandatory 
mask wearing and school closures, implemented to 
prevent COVID-19 are likely to have prevented other 
infectious diseases circulation as well. During 2017–
2019 period, a resurgence of measles was being observed 
both in the EU/EEA, during which Italy accounted for 
almost 30% of the over 18,000 reported cases [14]. As 
a result, mandatory vaccination for measles (and other 
diseases such as mumps, rubella and chickenpox) was 
introduced in Italy for all newborns from 2017  [15]. 
Given the above, however, we can rule out the possibility 
that this reduction is entirely due to the pandemic, as 
a decline in the incidence of the disease was observed 
in Italy as early as the third quarter of 2019, thus well 
before the onset of the pandemic [16]. Our data are in 
line with the national data; indeed, we recorded 19 cases 
in 2017, 269 cases in 2018 and only 3 cases in 2019, 
while only one case was recorded in pandemic period 
(2020). 
Some infectious diseases have had a rebound outbreak in 
2022 after decreased incidence in 2020. It’s the case of 
food poisoning infections, that showed outbreaks in 2022 
after decreased incidences in 2020 (9 cases vs no case; 
p = 0.0019). A similar trend was observed for scabies and 
pediculosis, although without any statistical significance. 
No (routinary) vaccinations are available for the diseases 
with a higher number of cases during the pandemic period; 
conversely, none of the 12 vaccine-preventable diseases 
included in the study showed increased incidences 
during the COVID-19 pandemic. Our findings indicate a 
sustainable suppression of VPDs also beyond the lifting 
of restrictions. This included measles, mumps, rubella, 
pertussis, meningococcal and pneumococcal diseases.
Pandemic containment measures, instead, have play 
a more important role in reducing the notifications of 
varicella, scarlet fever and IBDs infections. For the 
latter, we can also assume an important role played 
by the drastic decrease of influenza cases occurred in 
Italy during the 2020-2021 season [17], given that some 
bacterial diseases, including Streptococcus pneumoniae, 
can occur as complication of influenza, especially in the 
elderly and fragile people [18]. 
Regarding food-borne diseases, the closure of restaurants 
and food service providers in schools, hotels, and catering 
businesses has resulted in more eating at home than 
away from home. Such shift resulted in lower rates of 
foodborne illnesses, especially the pathogens associated 
with restaurant settings [19]. Furthermore, international 
travel restrictions have decreased infections associated 
with such activities. These policies and regulations 
and changes in hygiene behaviours, such as increased 
handwashing, likely reduced exposure to foodborne 
pathogens. Studies have shown that washing hands 
before preparing food increased by at least 20% during 
the COVID-19 pandemic [20].
COVID-19 pandemic and NPIs likely modulated the 
incidences of vector-borne diseases in at least two 

more ways in addition to altering healthcare-seeking 
behaviour. The restrictions on human mobility inevitably 
reduced people’s outdoor activities and hence lowered 
their exposure to vectors and animal hosts of vector-
borne or zoonotic diseases. Meanwhile, restrictions 
and screening of international travellers dramatically 
reduced the number of imported cases.
Less variation of sexually transmitted or bloodborne 
diseases was observed in comparison with respiratory 
diseases and gastrointestinal or enteroviral diseases, 
possibly due to the difference in their transmission 
modes. However, sexually transmitted infections remain 
a significant public health concern, even in the face of a 
pandemic. The syphilis has been constantly present in 
our territory during the last years. This is in line with 
data from different countries where syphilis has been a 
resurgent disease especially in some particularly at-risk 
group of population [21, 22].
A separate mention has to be made for scabies, which 
experienced the smallest decrease in notifications 
compared to the pre-pandemic period (-6.0%). Generally, 
scabies has been thought to occur only sporadically, but 
in the last two decades, there has been an increase in 
published papers indicating that disease is occurring 
more frequently  [23]. It’s possible that the pandemic 
could have exacerbated an already existing situation 
characterized by a general increasing trend linked to 
various variable. This situation is in line with what 
reported by other countries where an analogous increase 
was detected in last years [23-27]. 
Legionellosis was the only infection with a significant 
increase in reported cases in the pandemic period compared 
with the previous one in our study. These data are in 
line with national data: in Italy, in 2022 the incidence of 
legionellosis increased from previous years, returning to 
pre-pandemic incidence values  [26,  27]. In Europe, the 
reporting rate of legionellosis cases also increased in 2021 
compared to 2020, reaching the highest level ever recorded 
by ECDC surveillance. Italy, France, Spain and Germany 
account for 75% of all reported cases [28]. The cause of 
the recent increase in the reporting rate in Europe remains 
unknown. It is possible that it is associated with the lifting 
of COVID-19 restrictions, as travel-associated infections 
decreased significantly in 2020 compared to the years before 
the COVID-19 pandemic. Changes in building occupancy 
and water use altered the demand on public water systems 
during the COVID-19 pandemic, potentially impacting the 
risk of Legionella growth in areas with reduced water flow 
or loss of disinfectant residuals [29]. When buildings are 
reopened after the lockout, it is essential that water systems 
are not put back into operation without considering the 
risks of Legionnaires' disease. The risk of the presence of 
waterborne pathogens, such as legionella bacteria, increases 
due to conditions that may have been created during the 
shutdown. In addition, as a result of the pandemic, the 
possibility exists that more people may be susceptible to 
Legionnaires' disease due to a compromised respiratory 
system during or after infection with COVID-19.
Our findings of a remarkable and significant decrease 
of notifications of infectious diseases in the pandemic 
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period are in line with what reported by previous 
evidence  [30-43]. Such reports suggest that the 
COVID-19 strategy has led to similar control of other 
infectious diseases, mainly comprising those transmitted 
by airborne/droplets or contact, in many countries.
The COVID-19 pandemic has led to lifestyle changes 
worldwide. Individual and public health measures 
against COVID-19 are considered to have contributed to 
the control of many infectious diseases [44-49]. 
The reasons for these observations are likely to be 
multifactorial, and our analyses of surveillance data 
cannot determine with certainty to which extent 
decreases in disease reporting were due to a true 
decrease in transmission or whether the decrease was 
only due to a decrease in diagnosis. While the effects 
could vary considerably, the results would be expected to 
reduce the number and the detection of notifiable cases. 
Included would be changes in exposures, diagnostic 
testing, reporting to public health agencies, and public 
health investigations. However, by assessing diseases 
with different modes of transmission, we can derive 
hypotheses regarding the reasons for the reduction 
in case numbers. There may have been a decrease in 
transmission, and thus a true decrease of cases, for several 
notifiable diseases as a consequence of the COVID-19 
NPIs as indicated by the decrease in chickenpox, IBDs, 
mumps, scarlet fever cases in pandemic period. These 
diseases are mainly transmitted via direct close contact, 
i.e. airborne, via droplets. Hence, as described, NPIs 
such as increased hand and cough hygiene, physical 
distancing, contact restrictions and the closure of schools 
and daycare centres, probably also reduced infections 
caused by transmission via direct close contact [4].
The COVID-19 pandemic had the potential to influence 
communicable disease reporting at multiple points. 
First, decreasing the viral circulation following to 
a lower people movement, specifically during the 
lockdown. Individuals restricting their activities could 
result in fewer exposures to communicable diseases. 
Closure of schools and public areas could reduce the 
risk of exposure to respiratory diseases such as influenza 
and pertussis. Closure of restaurants could reduce 
large foodborne disease outbreaks. Reduced domestic 
and international travel could in turn reduce a wide 
range of exposures. The pandemic led to in fewer in-
person visits to healthcare facilities including for non-
respiratory symptoms. Secondly, public health measures 
put in place to control the pandemic, such as physical 
distancing, international and local travel restrictions, 
lockdowns, mask-wearing and handwashing, would 
have also affected the spread of other infectious 
diseases, particularly respiratory viruses [50]. As already 
reported, many infectious diseases, especially air-borne 
infectious diseases, and COVID-19 share similar routes 
of transmission; therefore, the widespread of NPIs 
implemented to prevent COVID-19 are likely to have 
prevented other infectious diseases circulation as well. 
However, despite strong and valid evidences highlight 
the key role played by the pandemic and by the 
counter measures in the reduction of infectious 

disease notifications, we cannot exclude a possible 
role of the widespread phenomenon of underreporting, 
a well-known malpractice present in ordinary 
situations  [50,  51], that it could be stressed in the 
extraordinary situation given by the pandemic. Another 
impact was suspension of Public Health Laboratories’ 
capacity for strain typing for a while, interfering with the 
ability to detect outbreaks [51, 52]. Without laboratory 
testing, the cause of any possible infection would remain 
undetermined and unreported. Finally, people may have 
been less likely than usual to seek medical care for 
relatively minor illnesses, leading to under-diagnosis 
and under-reporting for some diseases. It is difficult 
to determine the relative contribution of these various 
factors to the declines [53].
Surveillance is the backbone of any disease control 
program  [54]. Surveillance is “the ongoing systematic 
collection, analysis, interpretation and dissemination 
of data regarding a health-related event; for doing 
actions”  [55]. It is essential for evaluating the impact 
of an intervention, such as mass vaccination, on a 
population. It can also act as a fairly sensitive system 
for the early detection of outbreaks. The importance 
of an organized notification system coordinating the 
surveillance of infectious diseases has been widely 
shown by the COVID-19 pandemic, when surveillance 
systems have been widely used worldwide as cornerstone 
in the fight against COVID-19 pandemic  [56, 57, 58]. 
The pandemic highlighted the need for strengthened 
surveillance data to accurately track the distribution of 
infectious diseases for informing public health responses 
to improve infection prevention and control.
The COVID-19 pandemic has brought both challenges 
and opportunities in surveillance [59, 60]. Yet, gaps in 
surveillance, from the local to the global, continue to 
leave the world vulnerable to infectious hazards. The 
COVID-19 pandemic revealed that various healthcare 
systems in the world are fundamentally weak. Compared 
with many developed countries, the ability of less 
developed countries to tackle a pandemic seems to be 
much lower and the medical system in those nations is 
frequently grossly inadequate. Some disease outbreaks, 
if not detected and controlled at an early stage, have the 
potential to turn into an epidemic or even a pandemic, 
which can disrupt the commercial growth of the nation 
and the health of human resources. The health and 
well-being of people around the world continue to be 
challenged by infectious hazards. The progression of 
COVID-19 has proven that “no one is safe until everyone 
is safe” in this interconnected world. 
This study has several limitations that should be kept 
in mind. First, this is an observational study; thus, 
our results should be interpreted as associations of 
COVID-19 pandemic and NPIs with, rather than causal 
effect on, reducing transmission of non-COVID-19 
infectious diseases. Second, the assessment of just 
two time periods (pre-pandemic and pandemic) could 
represent a simplified approach of assessing effects of 
the pandemic. During the pandemic period, there were 
various, sometimes overlapping COVID-19-related 



COVID-19 AND INFECTIOUS DISEASES EPIDEMIOLOGY

E151

developments (new variants, newly introduced vaccines 
or vaccination recommendations, new NPIs and changing 
perception of the pandemic in the population), that, 
probably, had different impacts on the healthcare system 
and on healthcare-seeking behaviour, and consequently 
on the diagnosis and notification of other infectious 
diseases. As it is difficult to disentangle these effects, 
we chose the pragmatic approach of assessing only one 
pandemic period. Third, this study did not include all 
the infectious diseases, but only those and for which 
there were a sufficient number of notifications to allow 
appropriate statistical analysis, to avoid that the small 
numbers of reported cases could have been affected by 
the sporadic outbreaks. Other study limitations include 
the omission of data on incidence of influenza and 
other data such as seasonal trends, effect of vaccination, 
and changes in the sensitivity of surveillance due to 
insufficient data availability. 
With our study we hope to contribute to a better 
understanding and interpretation of the local epidemiology 
of infectious diseases other than COVID-19 during and 
after pandemics. To the best of our knowledge, very 
few publications have analysed the "new" endemic 
status of infectious diseases considering the changes 
brought by the pandemic at the local level. Generally, 
those studies focused solely on respiratory pathogens 
such as influenza virus and respiratory syncytial virus. 
Although respiratory pathogens were likely affected the 
most by the NPIs, pathogens with other transmission 
modes, e.g., gastrointestinal, sexually transmitted, or 
even vector-borne diseases, could have also been affected 
as the unprecedented changes in human movement and 
behavioral patterns might have changed exposure levels. 
In our opinion, the local level analysis is very useful 
to understand the “new endemic status” of the other 
infectious diseases after the pandemic in our territory.
These findings could be used to inform scientific 
decisions about possible future epidemics and to 
organize appropriate public health responses, such as 
vaccinations or other measures. 

Conclusions

In conclusion, we comprehensively describe the 
epidemiological characteristics of infectious diseases 
and analyse the difference before and after the epidemic 
of COVID-19 in Siracusa LHA.
The study showed that during the COVID-19 pandemic, 
particularly in 2020 and in 2021 and to a lesser extent 
also in 2022, there were significantly fewer cases of 
notifiable diseases other than COVID-19 in Siracusa 
LHA. This decrease was particularly marked for 
airborne infectious diseases, but it involved almost 
every infectious disease. Various factors should be 
considered when evaluating possible reasons for this 
decline, including under diagnosis, under-reporting and 
decreased transmission. The magnitude of the observed 
decrease in incidence and its temporal coincidence with 
the introduction of national lockdown measures suggest 

that our findings represent a real decline of infectious 
diseases, but besides a real decrease in transmission, 
there may have been under-detection for some diseases, 
which might have been due by such extraordinary 
situation given by the pandemic, due to the huge load of 
healthcare professionals involved, for the most part, in 
managing the pandemic.
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Introduction

Over the past two decades, the number of visits to 
emergency departments (ED) has increased overall in 
almost all the Organization for Economic Co-operation 
and Development (OECD) countries, switching from 
29.3 visits per 100 population in 2001 to 30.8 visits 
per 100 population in 2011 (+5.2%). Even so, a year-
on-year analysis, reveals no consistent growth trend [1]. 
For instance, while between 2009 and 2010 the number 
of ED visits increased by 4% in France and 2% in 
Australia, it also decreased by 12% in Ireland and 1.5% 
in Italy [1, 2]. More recently, also a report of the United 
States (US) Department of Health & Human Services 
indicated that between 2009 and 2018, the proportion of 
ED visits in the American hospitals remained relatively 
stable [3].
Variability in ED visits across and within countries 
over time is associated with various factors. Any 
occurrence that disrupts normal living conditions 
within a community (e.g. extremely cold or hot weather 
conditions, floods, earthquakes, conflicts) has the 
power to modify people health needs. Likewise, the 
seasonal circulation of microbes (e.g. epidemic and 
pandemic influenza) can impact emergency care. Since 
its first appearance at the end of 2019, the COVID-19 

pandemic, caused by the Severe Acute Respiratory 
Syndrome coronavirus 2 (SARS-CoV-2), has drastically 
transformed the demand for healthcare services. As of 
May 2023, when the World Health Organization (WHO) 
has declared the end of the COVID-19 pandemic as a 
public health emergency, SARS-CoV-2 had caused 
over 750 million cases of respiratory infections and 6.5 
million deaths worldwide [4]. Of these, over 25 million 
cases of respiratory infections and 190.000 deaths 
occurred in Italy [5]. 
Contradicting previous observations of ED overcrowding 
during seasonal influenza epidemics  [6], a systematic 
review of 81 studies estimated that, in comparison with 
pre-pandemic levels, health services worldwide have 
reported a median 37% reduction in services overall. 
These comprised median reductions for visits of 42%, 
admissions of 28%, diagnostics of 31%, and therapeutics 
of 30% [7]. The use of emergency healthcare services, 
in particular, decreased significantly, with reports of 
drop in ED admissions up to 50% in England  [8] and 
Italy [9], 42% in USA [10], 41% in Greece [11] and 38% 
in Germany [12].
Especially during the first wave of the pandemic, Italy 
was one of the most hard-hit countries [13]. IRCCS San 
Martino Hospital, Genoa, Liguria Region (Northwest 
Italy) is the referral tertiary acute-care center in its 
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Summary

Introduction. SARS-CoV-2 has changed the demand for in-per‑
son health care. The aim of this study was to retrospectively ana‑
lyzed data on access to San Martino Hospital Emergency Depart‑
ment (ED), Genoa, Italy, during the COVID-19 pandemic.
Methods. Descriptive statistics for 180,117 records of patients 
accessing the ED between 2019 and 2021 were reported. A linear 
regression model was built to evaluate the relationship between 
the weekly number of COVID-like illness cases and ED attend‑
ances. 
Results. In comparison to pre-pandemic levels, the median number 
of ED visits declined by 41.6% in 2020 and by 27.4% in 2021. The 
period of maximum drop in access (-61.9%) was the 2020 12-16th 
calendar weeks and coincided with the highest rates of COVID-
like illness cases (+360%; 22.8% of total ED attendances). About 

20% of the variation of the weekly number of ED attendances was 
explained by the number of COVID-like illness cases. In 2020 and 
2021 non-urgent ED codes decreased (-6.7%; -7.3%) and both 
urgent and emergency ED codes increased (+4.8% and +3.9% 
the first; +1.9% and +3.5% the second). However, the absolute 
number of ED access fell drastically for all codes. In particular, 
the highest increase was registered in 2020 for acute respiratory 
infections (ARI), including COVID-19 (+3.28%), while traumas 
and eye diseases saw the highest decrease (-1.02%; -3.80%). 
Conclusions. While the reduction in non-urgent visits sug‑
gests avoidable pre-pandemic access levels, the decline in non-
COVID-19 urgent accesses potentially points to an increase in 
delayed and missed care.
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region. Although, during the pandemic, San Martino 
Hospital did not undergo major organizational changes 
(e.g. only limited numbers of healthcare workers were 
hired or fired; no additional ED opened or closed), 
except for those necessary for the safe admission of 
patients with COVID-19 (e.g. partition of COVID-19 
wards and COVID-19 free wards) the number of ED 
visits and admissions fell drastically, especially during 
the months of full lockdown (March-June 2020).
Decline in access to emergency care services can result 
in missed and delayed diagnoses that, in addition to 
deaths from COVID-19, have translated, since the 
beginning of the pandemic, in higher rates of all-cause 
excess mortality worldwide [14]. An increase in out-of-
hospital cardiac arrests, as well as a relative reduction 
in the execution of primary percutaneous coronary 
interventions, have been reported in many affected 
countries  [15-17]. Cancer deaths are also expected to 
increase substantially in the upcoming years [18].
Since the decline in access to in-person health care 
implies elevated health, social and economic costs, it 
is vital to describe the effect of the pandemic trends on 
emergency care services and quantify their impact. To 
this end, in this study, over 180,000 records of patients 
accessing San Martino Hospital ED between 2019 and 
2021 were analyzed and evaluated.

Materials and methods

Study design, setting and population
In this study we retrospectively analyzed electronic 
medical records (EMRs) collected at the emergency 
department (ED) of IRCCS San Martino Hospital 
between 2019 (pre-pandemic reference year) and 2020-
2021 (two consecutive pandemic years). 
San Martino Hospital is a IRCCS or “Scientific Hospital 
and Care Institute” of national importance with high 
standards for both scientific production activities and 
specialized clinical care services. Being the referral 
tertiary acute-care center in the Liguria region, San 
Martino Hospital has the largest catchment area in 
the metropolitan area of Genoa where over 675,000 
individuals live. Hosting more than 1,200 beds and 70 
medical wards, the average number of accesses to the 
emergency department is about 78,000 people (range of 
56,000-87,000 between 2014 and 2021) per year.
With regards to the pediatric age, San Martino 
Hospital has a birth center, however, it is not the 
referral hospital for children. As a consequence, only 
a small number of individuals under the age of 18 
years old are treated here. 

Data source and study variables
EMRs of emergency room visits occurred between 
January 1st, 2019 and December 31th, 2021 and 
collected through the hospital information system (HIS) 
were manually extracted and analyzed. 202,578 records 
of patients that, during the study period, visited the ED 
were retrieved. Records of patients which abandoned 

or were removed from the ED before receival of an 
International Classification of Diseases - 9th revision 
(ICD-9) code diagnosis (14,429), those diagnosed 
with either an E or V (external causes of injury and 
supplemental classification) ICD-9 code (5,087), and 
those with either an incomplete or incorrect ICD-9 code 
(2,945) were excluded. Finally, 180,117 records were 
analyzed.
Each EMR contains demographic, administrative and 
clinical information (presenting symptoms, medical 
history, emergency color code, diagnosis and inpatient 
ward).
Attendances were counted by week, year and stratified 
by several variables: sex (male, female, not known), age 
group (0-17,18-64, ≥ 65), triage severity (non-urgent, 
urgent, emergency), primary diagnosis and ward of 
admission.
It should be noted that the triage severity categories 
(non-urgent, urgent, emergency), were established 
based on the actual color codes used during triage at 
San Martino Hospital’s Emergency Department. These 
categories correspond to specific colors: white and green 
(non-urgent and minor urgency, respectively), orange 
and blue (urgency and deferrable urgency, respectively), 
and red (emergency).
Furthermore, considering the communal clinical 
features among different causes of illness, primary 
diagnoses identified by ICD-9 codes were grouped 
into clinically meaningful disease categories during a 
brainstorming session between four medical residents 
in Hygiene and Preventive medicine (AF, GI, MP, 
DS). Finally, 13,844 ICD-9 codes, including special 
codes later introduced to identify COVID-19 cases 
(04311, 04312, 04321, 04322, 04331, 04332, 48041, 
48042, 51971, 51972, 51891, 51892) were grouped 
into 23 disease categories. In order to analyze inpatient 
admissions, 117 hospital units were grouped into 26 
main medical wards.
Because of the initial absence, during the first months 
of 2020, of readily available laboratory diagnostic tests 
for SARS-CoV-2, as well as specific ICD-9 diagnostic 
codes for COVID-19, COVID-like illness cases – 
defined as either influenza-like illness (ILI) or lower 
respiratory tract infection (LRTI) cases identified 
through an operator dependent syndromic surveillance 
system – were preferred to ICD-9 codes as the most 
accurate proxy to evaluate the pandemic trends.
In the pre-pandemic time, an annual average of 430 cases 
of ILI and 1200 cases of LRTI were identified at San 
Martino Hospital through the syndromic surveillance 
system. This system is based on a two-steps screening 
procedure: the first is automated and uses catchment 
keywords such as “cough”, “sore throat”, “fever”, “cold”, 
“nasal congestion”, “respiratory distress”, “dyspnea” to 
select potential records of patients presenting with an 
acute respiratory infection (ARI); the second is carried 
out, on a daily basis, by a medical provider that by 
reading the complete ED record, including radiology 
reports, classifies the event as either “ILI”, “LRTI” or 
“other”.
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In our study, we present data related to both the 
syndromic surveillance of COVID-like illness cases 
(Section “COVID-like illness”) and data related to ICD-
9 codes assigned to patients accessing the ED (Section 
“Clinical diagnosis”).

Statistical Analysis
Descriptive statistics were reported as median and range 
for continuous variables, and proportion and percentage 
for categorical variables.
A linear regression model with the weekly number of 
COVID-like illness cases as the independent variable 
and the weekly number of overall ED visits as dependent 
variable was performed. The results are presented as 
adjusted R squared (R^2) and p values. When the p-value 
was < 0.05, the difference was regarded as statistically 
significant.
Statistical analyses and data cleaning were performed 
using KNIME Analytics Platform version 4.6.0 
(University of Konstanz, Zurich, Switzerland) and 
Microsoft Excel version 16.52 (Microsoft Corporation, 
USA).

Results

In comparison to 2019 (ref.), 2020 e 2021 saw a 
substantial reduction in the number of ED visits. This 
reduction in attendances was also seen in subgroups 
based on sex, age group, triage severity and inpatient 
admission (Tab. I).

COVID-like illness 
Following the introduction of social distancing measures 
(March 9th-11th calendar week), in comparison with the 
pre-pandemic era - during which the median number 
of ED visits was 208 per day (range of 82-278) - the 
median number of ED visits declined by 41.6% [median 
ED visits 121.5 per day (range of 20-214)] in 2020 and 

by 27.4% [median ED visits 151 per day (range of 36-
215)] in 2021. 
The period of maximum drop in accesses 
(-61.9%)  [median ED visits 79 per day (range of 50-
110)] corresponded to the 2020 12-16th calendar weeks 
and coincided with the highest rates of COVID-like 
illness – defined as either ILI or LRTI cases – identified 
through an operator dependent syndromic surveillance 
system (+360%; 22.8% of total ED attendances) [median 
COVID-like illness cases 18 per day (range of 4-46)]. 
Figure 1 shows the trends of ED attendances with respect 
to the total number of ED episodes (blue line), the total 
number of COVID-like illness cases (orange line) and 
the proportion of COVID-like illness cases (grey line) 
registered between November 1st, 2019 and December 
31th, 2021.
ILI in particular, rose from a median of 2 to 3 cases per 
day (range 1-14) (+150%), and LRTI rose from a median 
of 4 to 16 cases per day (range 2-37) (+400%).
Table II shows the characteristics of COVID-like patients 
that were evaluated as either ILI or LRTI cases during 
the study period.
In order to describe the relationship between the number 
of people presenting with COVID-like illness and 
ED attendances, a linear regression was performed. 
The model showed that when COVID-like illness 
cases increased, the overall number of ED visits at 
San Martino Hospital decreased (negative gradient). 
Adjusted R squared (R^2) was 0.20 [standard error (SE) 
282.09; p value < 0.001]. In other words, about 20% of 
the variation of the weekly number of ED attendances 
(dependent variable Y) was explained by the number 
of COVID-like illness cases (independent variable X) 
(Fig. 2).

Triage severity codes
In terms of relative impact, compared with the total 
number of ED accesses in 2019, in 2020 and 2021 
non-urgent ED codes decreased (-6.7% and -7.3%) 

Tab. I. Characteristics of emergency department visits across considered years (2019-2021).

2019 (ref.) 2020 2021
Number of visits, n 76269 50053 53795
Visits per day, n (range) 209 (151-278) 143 (20-246) 151 (36-215)
Visits per week, n (range) 1465 (1371-1623) 1007 (402-1485) 1059 (290-1299)
Number of admissions, n 18290 14833 14294
Sex, n (%) 
Female 40060 (52.52) 25367 (50.68) 27720 (51.52)
Male 36209 (47.47) 24686 (49.31) 26073 (48.46)
Not known 0 (0) 0 (0) 2 (0.003)
Age group, n (%) 
0-17 2394 (3.13) 1150 (2.29) 1579 (2.93)
18-64 43542 (57.09) 28926 (57.79) 31814 (59.13)
≥ 65 30333 (39.77) 19977 (39.91) 20402 (37.92)
Severity at triage, n (%) 
Not urgent 3858 (5.05) 3502 (6.99) 4584 (8.52)
Urgent 47509 (62.29) 27824 (55.58) 29429 (54.70)
Emergency 24902 (32.65) 18727 (37.41) 19578 (36.39)
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and both urgent and emergency ED codes increased 
(+4.8% and +3.9% the first; +1.9% and +3.5% the 
second). Even so, the overall absolute number of ED 
access fell drastically, especially for non-urgent and 
urgent codes. The former, in particular, experienced 
the most severe decrease, shifting from a pre-
pandemic value of 47,509 to 27,824 (-19,685) in 2020 
and 29,429 (-18,080) in 2021. The latter decreased by 
6,175 in 2020 and 5,324 in 2021. Emergency codes 
decreased by 356 in 2020 and increased by 726 in 
2021.
Figure 3 shows the trend of ED attendances with respect 

to different triage severity codes registered between 
2019 and 2021 at San Martino Hospital.
Table III shows the characteristics of patients that, during 
the study period, were assigned a triage code.
With regards to patients’ characteristics, in 2020 and 
2021, elderly aged ≥ 65 and males visiting the ED 
tended to be assigned more often with severity codes 
that identify severe conditions. 
In particular, in 2020, the rate of urgent codes rose by 
about 1.60% among both males aged 18-64 and ≥  65. 
This trend was partially maintained in 2021, which saw a 
continuous rise in the proportion of adult males (age 18-

Fig. 1. Trends of ED attendances between November 1st, 2019 and December 31th, 2021 (moving average). 

Tab. II. COVID-like illness (ILI and LRTI) cases stratified by sex and age group, n (%).

COVID-like 
illness

Sex Age group
2019 (ref.)

(n, %)
2020
(n, %)

2021
(n, %)

ILI

F
0-17 3 (0.15) 2 (0.05) 1 (0.04)
18-64 210 (10.86) 323 (9.65) 183 (8.20)
≥ 65 540 (27.93) 712 (21.27) 544 (24.39)

M
0-17 6 (0.31) 4 (0.11) 2 (0.08)
18-64 236 (12.20) 479 (14.31) 314 (14.08)
≥ 65 555 (28.71) 863 (25.79) 604 (27.08)

LRTI

F
0-17 9 (0.46) 11 (0.32) 7 (0.31)
18-64 139 (7.19) 280 (8.36) 203 (9.10)
≥65 58 (3.00) 165 (4.93) 78 (3.49)

M
0-17 7 (0.36) 14 (0.41) 7 (0.31)
18-64 120 (6.20) 302 (9.02) 209 (9.37)
≥65 50 (2.58) 191 (5.70) 78 (3.49)

Tot.  1993 (100) 3346 (100) 2230 (100)
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64) assigned with an urgent code (+1.69%). With regards 
to emergency codes, during the study period their rate 
saw a considerable increase among both male and female 
elderly (+0.60% in 2020 and +1.10% in 2021).

Clinical diagnosis
With regards to ICD-9 diagnoses, in 2020, acute 
respiratory infections (ARI), including COVID-19, saw 
the highest increase (+3.28%) while traumas and eye 
diseases saw the highest decrease (-1.02% and -3.80%, 
respectively).
The rise in ARI was maintained in 2021, during which 
the percentage of people who received this diagnosis 
was 1.52% higher than in 2019.
In terms of absolute numbers, ARI went from 1,664 in 
2019 to 2,736 in 2020 and 1,995 in 2021. Among them, 
1,468 and 1,254 persons, in 2020 and 2021 respectively, 
were diagnosed with a COVID-19 code.
Interestingly, despite not being a referral care center for 
the pediatric age, the second largest relative increase 
was observed in the percentage of complications of 
pregnancy, congenital and growth disease (+1.50% in 
2020 and 1.49% in 2021).
A rise was also noticed in the rates of unspecified malaise 
and fatigue (+1.47% in 2020 and 1.02% in 2021) and 
thromboembolic and cerebrovascular events (+1.04% in 
2020 and 0.60% in 2021).
Being San Martino Hospital an IRCCS with special 
attention to oncological care, it is interesting to note 
a slight relative increase in access for oncological 
conditions of +0.22% in 2020 and +0.25% in 2021. 
Furthermore, with regards to accesses for mental health, 
there was a slight increase of +0.09% in access for 
mental disorders and +0.04% for substance use in 2020, 
which was not maintained in 2021.
Although the admissions of the elderly, in comparison to 
adults, being routinely lower, this category experienced 
the greatest increase in accesses for ARI. Over the total 
number of patients diagnosed with an acute respiratory 
infection, in 2020 and 2021, respectively, the rate of ARI 

Fig. 2. Relationship between the number of people presenting 
with COVID-like illness and ED attendances on a weekly basis.

Fig. 3. Trend of ED attendances with respect to the proportion of different triage codes (moving average).
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rose by 6.44% and 3.11% among males ≥65, and by 
2.68% and 2.04% among females ≥ 65.

Hospital admissions

Out of 180,117 individuals accessing the ED between 
2019 and 2021, 47,417 were admitted as inpatients. In 
comparison with 2019, hospital admissions went from 
18646 to 14972 in 2020 and 14308 in 2021 (-19.7% and 
-23.3% in 2020 and in 2021, respectively).

The most significant reduction was observed in the rate 
of patients admitted to the emergency medicine ward 
(-12.05% in 2020 and 18.74% in 2021), which can likely 
be explained by the overall reduction in the number of 
people visiting the ED. By contrast, a larger proportion of 
patients was admitted to the wards of internal medicine 
(+6.11% in 2020 and 5.95% in 2021), orthopedics and 
traumatology (+2.13% in 2020 and 1.31% in 2021), 
obstetrics and gynecology (+1.97% in 2020 and 1.73% in 

Tab. III. ED attendees stratified by triage severity, sex and age group.

Triage severity Sex Age group
2019 (ref.)

(n, %)
2020
(n, %)

2021
(n, %)

Non-urgent

F
0-17 809 (1.06) 362 (0.72) 431 (0.80)
18-64 16582 (21.74) 10042 (20.06) 10934 (20.40)
≥ 65 7890 (10.34) 4057 (8.10) 3988 (7.44)

M
0-17 1074 (1.40) 467 (0.93) 754 (1.40)
18-64 15156 (19.87) 9578 (19.13) 10140 (18.92)
≥ 65 5998 (7.86) 3318 (6.62) 3182 (5.93)

Urgent

F
0-17 221 (0.28) 137 (0.27) 134 (0.25)
18-64 5157 (6.76) 3796 (7.58) 4448 (8.29)
≥ 65 7619 (9.98) 5368 (10.72) 5548 (10.35)

M
0-17 238 (0.31) 142 (0.28) 202 (0.37)
18-64 5380 (7.05) 4353 (8.69) 4686 (8.7)
≥ 65 6287 (8.24) 4931 (9.85) 4558 (8.50)

NA ≥ 65 0 (0)  0 (0) 2 (0.01)

Emergency

F
0-17 17 (0.02) 15 (0.02) 27 (0.05)
18-64 485 (0.63) 446 (0.89) 564 (1.05)
≥ 65 1280 (1.67) 1144 (2.28) 1542 (2.87)

M
0-17 35 (0.04) 27 (0.05) 29 (0.05)
18-64 782 (1.02) 711 (1.42) 927 (1.72)
≥65 1259 (1.65) 1159 (2.31) 1495 (2.78)

Tot. 76269 (100) 50053 (100) 53591 (100)

Fig. 4. Proportion of diagnoses in each disease category between 2019 and 2021.
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2021). Notably, in 2021, the neurology ward recorded a 
significant increase in the proportion of hospitalizations 
(+2.96%).
Admissions at infectious and tropical diseases, where 
a large proportion of COVID-19 patients were treated, 
increased by 1.03% in 2020 and 1.72% in 2021. Finally, 
admissions to the resuscitation and intensive care unit 
grew by 0.31% in 2020 and 1.42% in 2021.
Figure 5 shows the variation in the proportion of patients 
that, during the study period, were admitted to a hospital 
ward. The extended figures for Figure 5 are reported in 
supplementary materials.

Discussion

Principal results
In comparison with the pre-pandemic era, ED visits at 
San Martino Hospital declined by 41.6% and 27.4% 
in 2020 and 2021, respectively. During the period of 
maximum drop in accesses, COVID-like illness cases 
accounted for 22.8% of total ED attendances. The linear 
regression model showed that about 20% of the decline 
in the weekly number of ED attendances was explained 
by the rise of COVID-like illness cases.
Overall, there were fewer ED visits across all triage 
severity codes, with non-urgent ED codes decreasing the 
most. In terms of relative impact, however, non-urgent 
codes decreased (-6.7% and -7.3%, respectively), while 

both urgent and emergency codes increased (+4.8% and 
+3.9% the former; +1.9% and +3.5% the latter). Elderly 
and males tended to be assigned more often with triage 
severity codes that identify severe conditions (urgent 
and emergency).
In 2020 and 2021, 1,468 and 1,254 individuals were 
diagnosed with a COVID-19 code. Overall, acute 
respiratory infections increased by 3.28% in 2020 and 
1.52% in 2021 and admissions at infectious and tropical 
diseases increased by 1.03% in 2020 and 1.72% in 2021.

Comparison with previous studies
Our results substantiate with those of several authors [8–
10, 12, 19, 20. For example, Slagman et al. reported 
that, in 43 emergency departments in Germany, in 2020, 
calendar week 14th was the period of maximum drop in 
accesses (-38%) and coincided with the highest number 
of COVID-19 cases  [12]. At San Martino Hospital, 
the period between the 12th and the 16th calendar 
week of 2020 represented the period of maximum 
drop in accesses (-61.9%) and coincided with the 
highest number of COVID-like illness cases (+360%). 
A reduction in non-urgent triage codes, in most cases 
complemented by a shift towards higher priority triage 
codes, was observed in Northen Italy by Bellan et 
al. [20] and Giostra et al. [9], in UK by Wyatt et al. [8] 
and Reschen et al. [19] and in Germany by Slagman et 
al. [12]. We observed an overall reduction in all severity 

Fig. 5. Proportion of patients admitted to different hospital wards between 2019 and 2021.



THE IMPACT OF SARS-COV-2 ON EMERGENCY HEALTH CARE DEMAND IN GENOA, ITALY

E161

triage categories which, in relative terms, translated in 
a substantial decline in non-urgent codes and a raise 
in urgent and emergency codes. Analogously to our 
findings, Reschen et al. observed that traumatic causes 
of ED visits saw a consistent decline, while respiratory 
diseases (including COVID-19) were the only clinical 
category to not fall significantly during the first wave 
of the pandemic [19]. A substantial decline in traumatic 
causes of ED visits was also reported by Slagman et 
al. [12] and Giostra et al. [9]. The overall reduction in ED 
accesses during the COVID-19 pandemic may partially 
be explained by fear of acquiring COVID-19 whilst in 
hospital. This hypothesis is supported by the results of 
surveys conducted by the Irish Cardiac Society and the 
British Heart Foundation indicating that fear of being 
exposed to COVID-19 was the reason mostly frequently 
reported for the decrease in acute coronary syndromes 
admissions, followed by concerns of burdening the 
healthcare system, as well as lockdown measures and 
movement restrictions [17].
In Italy, during the first wave of the pandemic, strict 
emergency measures including the closing of all non-
essential businesses and industries and the restriction 
of people’s movement have been in place since March 
9th and only gradually eased until June 3rd, when 
movement across regions and other European countries 
was restored. 
In autumn, the second wave of the pandemic also brought 
the Italian government to introduce further restrictions 
on movement and social life, which were gradually lifted 
in mid-2021. These forced changes in lifestyle may also 
have concurred to a decline in the number of medical 
emergencies, explaining the reduction in ED visits for 
non-COVID-19 causes of illness [21]. 
For instance, it is generally known that unusual physical 
exertion can frequently lead to myocardial infarction [22]. 
Occasions for extraordinary physical efforts, however, 
have appreciably been reduced because of the social 
distancing measures. Moreover, restrictions of travel 
reduced road traffic movements. It should also be noted 
that Liguria is a touristic region, and the pandemic led 
to a sharp decline in tourist flow  [23]. Fewer tourists 
meant fewer instances of travel-related incidents and 
health issues requiring emergency attention. In this 
regard, a recent review on the effects of the pandemic 
on road traffic collisions (RTCs) has shown that the drop 
of traffic volume was associated with a significant drop 
in RTCs globally and a reduction of road deaths up to 
50% [24]. 
On the other hand, it should be considered that the overall 
reduction in the absolute number of people presenting 
with severe non-COVID-19 related diseases potentially 
points to an increase in delayed or missed opportunities 
to treat conditions leading to avoidable morbidity 
and mortality. In fact, along with the sudden drop of 
ED visits and hospitalizations, there was an increase 
out-of-hospital all-cause mortality, mainly driven by 
an increase in deaths for neoplasms, cardiovascular 
diseases and endocrine, nutritional and metabolic 
diseases [25]. As others have suggested [7], our findings 

provide compelling evidence in favor of giving priority 
to initiatives that cater to the unmet needs of people 
with non-COVID-19 illnesses. Finally, the important 
reduction in ED attendances for non-urgent complaints 
indicates that the high pre-pandemic access levels may 
have partially been avoidable. This evidence provides 
an opportunity to inform and implement new paradigms 
of care that maximize the appropriateness of future ED 
visits while simultaneously preventing overdiagnosis 
and overtreatment [26]

Strengths and limitations
This study presents some limitations. First, while for this 
analysis two pandemic years were considered, these were 
compared with only one pre-pandemic year. Second, our 
study is largely based on ICD-9 code diagnoses. Often, 
the complete diagnosis comprises more than one code. 
However, for each record only the first code, considered 
to be the main one, was extracted. Secondly, although 
other authors have employed laboratory confirmed 
SARS-CoV-2 to estimate the impact of COVID-19 on 
emergency care trends, especially during the first wave 
of the pandemic this information was not available nor 
complete in a relevant number of ED records. For this 
reason, we decided to employ a clinical proxy measure, 
COVID-like illness rates. In general, this is an analysis 
of aggregated routine administrative data extracted from 
San Martino Hospital HIS. Even though it is impossible 
to completely rule out reporting errors or inaccuracies 
in the filling/reporting of records, given the volume of 
cases, these can probably be overlooked. In fact, the 
large number of records considered (over 180,000) 
represents a strength of our study. In addition, we were 
able to show directly, by means of a linear regression 
model, the existence of an inverse relationship between 
COVID-19 cases and ED accesses. It should also 
be considered that, because of the employment of a 
clinical proxy measure for COVID-19 cases (COVID-
like illness cases – defined as either ILI or LRTI cases 
– identified through an operator dependent syndromic 
surveillance system), the estimation of figures related to 
our study outcome was not affected by the limitations 
posed, in early-2020, by the lacking of readily available 
laboratory diagnostic tests for SARS-CoV-2, as well as 
specific ICD-9 diagnostic codes for COVID-19. Finally, 
the utilization of a clinical proxy measure allowed for 
an accurate comparison with the reference pre-pandemic 
year.

Conclusions

Further research will be necessary to fully understand 
the causes and effects of the changes in emergency 
care utilization described in this article. For example, 
qualitative studies aimed at assessing the reasons why 
people seek or neglect to receive care are necessary to 
comprehend how the pandemic may have differentially 
affected treatment among vulnerable groups. This 
information will be crucial to guide systematic changes 
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in the healthcare systems aimed at reducing unnecessary 
ED visits and promoting high-value care.

Supplementary materials

The following supporting information can found below: 
TabS1- Proportion of diagnoses in each disease category 
between 2019 and 2021; TabS2 - Proportion of patients 
admitted to different hospital wards between 2019 and 
2021.
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Supplementary Materials

The impact of SARS-CoV-2 on emergency health care demand: inverse relationship between COVID-like illnesses 
and ED accesses.

Tab. S1. Proportion of diagnoses in each disease category between 2019 and 2021.

Diagnoses, n (%) 2019 2020 2021
Burns, poisoning and other toxic effects (e.g. substance abuse) 240 (0.48) 167 (0.33) 372 (0.44)
Substance abuse 116 (0.18) 116 (0.23) 144 (0.21)
Oncological pathologies 404 (0.5) 361 (0.72) 385 (0.75)
Diseases of the endocrine and immune system, nutrition and metabolism 485 (0.97) 420 (0.83) 742 (0.9)
Blood diseases and hematopoietic organs 509 (0.9) 486 (0.97) 692 (0.94)
Diseases of the skin and subcutaneous tissue 896 (1.67) 737 (1.47) 1281 (1.66)
Infectious and parasitic diseases (exc. Resp) 957 (1.76) 768 (1.53) 1343 (1.77)
Ear diseases 877 (2.17) 873 (1.74) 1658 (1.63)
Fever 634 (1.96) 1093 (2.18) 1495 (1.17)
Thromboembolisms and cerebrovascular diseases 1565 (1.87) 1237 (2.47) 1429 (2.9)
Acute respiratory infections (inc. COVID-19) 1995 (2.18) 2736 (5.46) 1664 (3.7)
Other respiratory diseases 1291 (2.64) 1320 (2.63) 2017 (2.4)
Unspecified malaise and fatigue 1642 (1.58) 1303 (2.6) 1210 (3.05)
Diseases of musculoskeletal and connective tissues 2234 (4.97) 2090 (4.17) 3796 (4.15)
Diseases of the circulatory system 2540 (4.43) 2452 (4.89) 3384 (4.72)
Diseases of the genitourinary system 2805 (4.75) 2538 (5.07) 3623 (5.21)
Diseases of the nervous system 3151 (5.61) 2599 (5.19) 4279 (5.85)
Complications of pregnancy, congenital and growth disease 2835 (3.77) 2644 (5.28) 2881 (5.27)
Mental disorders 2815 (5.32) 2745 (5.48) 4059 (5.23)
Diseases of the digestive system and oral cavity 3293 (6.07) 3126 (6.24) 4631 (6.12)
Eye diseases 4099 (11.19) 3698 (7.38) 8538 (7.62)
Trauma 14260 (25.82) 12412 (24.79) 19697 (26.51)
Other pathologies 4146 (9.1) 4128 (8.24) 6942 (7.7)
Total 76262 (100) 50049 (100) 53789 (100)
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Tab. S2. Proportion of patients admitted to different hospital wards between 2019 and 2021. 

Hospital wards, n (%) 2019 2020 2021
Dermatology 1 (0) 0 (0) 2 (0.01)
Palliative care 0 (0) 6 (0.04) 2 (0.01)
Hematology 34 (0.18) 18 (0.12) 23 (0.16)
Geriatrics 30 (0.16) 49 (0.32) 24 (0.16)
Ophthalmology 42 (0.22) 37 (0.24) 34 (0.23)
Transplants 51 (0.27) 56 (0.37) 39 (0.27)
Rheumatology 79 (0.42) 73 (0.48) 67 (0.46)
Nephrology 102 (0.54) 81 (0.54) 109 (0.76)
Orthorinolaryngology 182 (0.97) 86 (0.57) 124 (0.86)
Oncology 145 (0.77) 99 (0.66) 119 (0.83)
Thoracic and cardiac surgery 92 (0.49) 130 (0.86) 119 (0.83)
Respiratory diseases and allergology 183 (0.98) 176 (1.17) 219 (1.53)
Gastroenterology 232 (1.24) 177 (1.18) 322 (2.25)
Endocrinology 207 (1.11) 243 (1.62) 228 (1.59)
Surgery 582 (3.12) 263 (1.75) 357 (2.49)
Neurosurgery 410 (2.19) 269 (1.79) 385 (2.69)
Urology 407 (2.18) 286 (1.91) 320 (2.23)
Resuscitation and intensive care 327 (1.75) 476 (3.17) 294 (2.05)
Infectious and tropical diseases 387 (2.07) 467 (3.11) 548 (3.83)
Cardiology and vascular surgery 855 (4.58) 624 (4.16) 697 (4.87)
Psychiatry 945 (5.06) 735 (4.9) 808 (5.64)
Neurology 1206 (6.46) 1042 (6.95) 1369 (9.56)
Obstetrics and gynecology 1257 (6.74) 1312 (8.76) 1230 (8.59)
Orthopedics and Traumatology 1776 (9.52) 1757 (11.73) 1585 (11.07)
Internal medicine 1229 (6.59) 1902 (12.7) 1801 (12.58)
Emergency medicine 7885 (42.28) 4608 (30.77) 3483 (24.34)
Total 18646 (100) 14972 (100) 14308 (100)
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Introduction

Legionella spp. is a pathogen identified in 1976 during 
an outbreak of atypical pneumonia at an American 
Legion conference in Philadelphia and subsequently 
named Legionella pneumophila [1, 2].
Legionella pneumophila, responsible for most human 
infections, has 16 serogroups, with serogroup 1 being 
predominant  [3]. Legionella spp. colonizes natural 
aquatic environments, artificial water tanks and 
pipelines, evaporative cooling systems and various 
facilities like water networks of buildings  [1,  3,  4]. 
Factors contributing to water network contamination 
involve temperature, amoebae/protozoa presence, 
stagnant water, low biocide concentration, poor flow, 
and biofilm/scale presence [1, 3]. Humans can contract 
Legionella infections through aerosol inhalation or 
contaminated water suction. Risk factors include age 
over 50, male gender, smoking or intravenous drug use, 
chronic diseases, and immunosuppression [3, 5-7].
In accordance with Italian guidelines, cultural methods 
are considered the gold standard for environmental 
surveillance. The diagnosis of human cases is supported 
by numerous laboratory methods, such as the isolation of 
the bacterium by culture, detection of antibodies in sera 
during the acute and convalescent phases of the disease, 
detection of urinary antigen, detection of the bacterium 

in tissues or body fluids by immunofluorescence testing, 
and detection of bacterial DNA using PCR [3, 8-9].
Nosocomial structures pose a high risk of Legionella 
spp. contamination due to complex water systems with 
challenging disinfection, including blind-bottomed 
branches, water stagnation, and biofilms. Moreover, 
although it is not a problem to achieve high water 
temperatures at the source of the distribution system, 
maintaining these high temperatures throughout the 
entire network, especially in its terminal parts, is 
challenging [10-13]. The risk of severe legionellosis as 
a consequence of nosocomial exposure is very high in 
settings characterized by vulnerable patient conditions 
and high number of respiratory care practices [3, 7, 14].
In Italy the first national guidelines for legionellosis 
prevention and control were issued in 2000 and then 
updated in 2015, with a particular focus on surveillance 
and control activities in the hospital setting [3].
Current Legionella monitoring in hospitals follows 
2015 guidelines, considering patient types, high-risk 
practices, and facility history for risk assessment. 
The goal is to minimize colonization risk rather than 
complete elimination, often unachievable in the long 
term. This does not apply to wards housing profoundly 
immunocompromised patients; in this case, the inability 
of the immune system to respond to any exposure 
makes interventions to ensure the absence of Legionella 
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Summary

Introduction. Nosocomial structures pose a high risk of 
Legionella spp. contamination due to complex water systems with 
challenging disinfection; moreover, the risk of severe legionellosis 
as a consequence of nosocomial exposure is very high in settings 
characterized by vulnerable patient conditions.
Methods. In the present work, we described the results of 7 years 
of environmental surveillance in a reference hospital in Liguria, 
in which a specific water safety plan (WSP) has been imple‑
mented in 2017, including data collected during the COVID-19 
pandemic. 
Results. During the study period, 1190 water samples were col‑
lected, of which 277 (23.3%) tested positive for Legionella spp. 

Positive samples with concentration values above 1,000 CFU/l 
were 184 (66.4%). Based on the new structure categorization con‑
tained in the WSP, hospital buildings classified as at “very high” 
risk resulted the most affected structures over the entire study 
period; however, the absolute number of positive samples greatly 
decreased over time, from 61 contaminated water samples in 2017 
to only 9 in 2023.
Conclusions. Our findings prompted the reinforcement of control 
and prevention measures, affirming the appropriateness of risk-
category classification. Indeed, the majority of contamination 
cases were associated with the water networks of buildings clas‑
sified as "very high" risk.
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(undetectability) necessary. Risk classification mandates 
various preventive measures and remediation strategies 
once contamination occurs [3, 14, 15].
In the present work, we described the results of 7 years 
of environmental surveillance in a reference hospital in 
Liguria, in which a specific water safety plan (WSP) 
has been implemented in 2017, including data collected 
during the COVID-19 pandemic.

Materials and methods

A retrospective study was conducted at the IRCCS 
Ospedale Policlinico San Martino, a historical university 
reference hospital for adult care located in Genoa, in the 
Liguria region of northern Italy. The hospital covers a vast 
urban area and consists of 31 buildings that host all the 
nosocomial services and clinical wards, including 1200 
beds, built between 1910 and 1923; adult patients at high 
risk of legionellosis due to their clinical conditions, such 
as transplant, oncology, haematology, intensive care and 
infectious disease patients, are hospitalized in six buildings, 
representing 70% of total beds. Each building is supplied 
by separate water tanks. Structural and organizational 
preventive measures against Legionella contamination 
used in the hospital include absolute filters in specific high-
risk areas, a chlorine dioxide system in most of buildings 
hosting patients, a program of environmental sampling 
involving all the hospital buildings and an alert surveillance 
system based on laboratory results on human samples.
In 2017, a WSP was adopted, introducing a systematic 
monitoring of Legionella presence in water network and 
a new classification of risk levels of all buildings. Water 
Safety Planning is an international framework developed 
by the World Health Organization in 2004 that utilizes 
local system knowledge and risk management strategies 
to continuously improve water quality. The WSP is 
a cyclical and adaptive framework built on proactive 
hazard identification, risk mitigation, and operator 
knowledge [16].
The Hygiene Unit manages and implements the WSP 
through activities carried out by a multidisciplinary 
working group. This group includes specialized staff 
in infection control, biologists, laboratory technicians, 
health and safety manager, filter suppliers, and plumbers. 
The main critical issues encountered were related to 
structural problems, various renovations that have taken 
place over the years, and the absence of a map of the 
water network.
The first activity was the introduction of a risk 
classification for all the hospital buildings: they 
are categorized in four risk levels (very high, high, 
intermediate, and low), according to 2015 national 
guidelines [3].
Buildings hosting transplant centres, oncology, 
haematology, intensive care and infectious disease 
wards are considered among very high risk structures (6 
buildings): in these buildings the aim of the WSP is to 
maintaining zero colonization/presence of Legionella.
Other 5 buildings host patients considered at risk for 

Legionella infection due to their clinical condition 
or other individual risk factors: these 5 buildings are 
classified as high risk structures.
Other 10 buildings are considered at intermediate risk 
because mainly host outpatient services or clinical wards 
with a limited patient presence.
The remaining 10 buildings host administrative or 
other services, with scarce or no presence of patients, 
presenting minimal risk of legionellosis, comparable to 
the community.
Sampling is conducted every six months in very high-
risk departments and annually in others, with biennial 
frequency for departments considered at higher risk 
than general population. Additional sampling can be 
performed in case of unexpected events. The collected 
hot water samples, obtained from the points of sampling 
identified for each department of the Hospital, are 
transported and processed at the laboratories of the 
Hygiene Unit, according to national indications. In case 
of colony growth, agglutination tests are performed for 
serogroup identification.
During the study period, there were deficiencies of 
reagents for the execution of the agglutination test 
for the identification of Legionella serogroup 3 and 
serogroup 6: in this case, after exclusion of serogroup 
1, the identified Legionella serogroup was generically 
expressed as “serogroup 2-14”.
The environmental samples considered for the purposes 
of our study included routine sampling and extraordinary 
sampling following contamination detection.
We calculated the prevalence of Legionella spp. 
contamination for each year investigated and the 
cumulative incidence in the period between January 
2017 and November 2023. 
Then, we described in absolute numbers the distribution of 
isolates for serogroups of Legionella spp.; subsequently, 
we calculated the prevalence of each serogroup annually 
and over the total period. The results of the sampling 
were divided into the following ranges of values: < 100 
colony-forming units/litre (CFU/l), 100-1,000 CFU/l, 
1,001-10,000 CFU/l and more than 10,000 CFU/l.
In addition, we evaluated the distribution of positive 
samples based on the sampling points and their location 
in the hospital; therefore, we calculated the prevalence 
of contamination in individual buildings annually and in 
the overall period. Chi square for trend was calculated 
from Epitools - Epidemiological Calculators (Sergeant, 
ESG, 2018. Epitools Epidemiological Calculators. 
Ausvet. Available at: http://epitools.ausvet.com.au.).

Results

From January 2017 to November 2023, 1190 water 
samples were collected and processed, of which 277 
(23%) tested positive for Legionella spp. Positive 
samples with concentration values above 1,000 CFU/l 
were 184 (66%).
Figure 1 shows the prevalence of positive hospital water 
network samples for Legionella spp. from January 2017 
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to November 2023; Figure  2 shows the prevalence of 
positive sampling with Legionella spp. concentration 
above 1,000 UCF/l in the same period. We observed a 
steadily decreasing trend for both rates during the study 
period (chi square for trend p < 0.0001).
Legionella pneumophila was the only isolated species: 
serogroup 3 was the most identified serogroup (80% of 
all positive samples), followed by serogroup 1 (13%) 
and serogroup 6 (1%); the remaining positive samples 
(7%) were classified as serogroup 2-14 after exclusion 
of serogroup 1. 
Figure  3 shows the absolute numbers of Legionella 
pneumophila identification by serogroup and year of 
analysis.
We evaluated the distribution of the contaminated 
samples according to the sampling points and their 
location in the hospital. Figure 4 shows the prevalence 
of Legionella contamination of the hospital buildings in 
relation to the risk category to which they belong in each 
year of the survey: those classified as “at very high risk” 
resulted the most affected structures by contamination 

over the entire study period; however, the absolute 
number of positive samples greatly decrease over time, 
from 61 contaminated water samples in 2017 to only 9 
in 2023.

Discussion 

We observed a dramatic decrease in Legionella 
contamination among water samples collected at IRCCS 
Ospedale Policlinico San Martino during the study period, 
after the implementation of a WSP in 2017. One of the 
main elements of this plan is the scheduling of periodic 
checks  [17]: therefore, a systematic monitoring was 
introduced with a sampling frequency indicated based on 
the level of risk. Furthermore, the WSP included mapping 
of water terminals as part of a larger project to map the 
water network, which is currently not yet completed.
The decrease was observed for all the Legionella 
serogroup identified, in particular for serogroup 3, that 
was the most represented serogroup, which is more 

Fig. 1. Prevalence of positive sampling found in the sampling of the hospital water network of the IRCCS San Martino Polyclinic Hospital, 
Genoa (January 2017-November 2023).

Fig. 2. Prevalence of hospital water network sampling positive results with Legionella spp. concentration above 1,000 UCF/l (January 
2017-November 2023).
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Fig. 3. Histogram showing the absolute numbers of Legionella pneumophila Ser. 1, Ser. 3, Ser 6 and Ser 2-14 detected in each year of our 
investigation.

Fig. 4. Prevalence of contamination of the water network of the buildings analyzed in relation to the risk category to which they belong in 
each year of our survey (January 2017-November 2023).

difficult to diagnose in the case of human contagion 
since it is not detectable by the search for common 
urinary antigen tests.
Regarding the risk classification of hospital buildings, 
structures categorized as “very high” and “high” risk 
consistently exhibited the highest contamination levels 
throughout the entire study period. Nevertheless, there 
was a notable decrease in the absolute number of positive 
samples in these structures.
Our findings prompted the reinforcement of control 
and prevention measures, affirming the appropriateness 
of risk-category classification. Indeed, the majority of 
contamination cases were associated with the water 
networks of buildings classified as “very high” risk.
Analyzing the higher presence of positive samples in 
buildings categorized as high risk, this phenomenon 
may be partially attributed to a more extensive sampling 
frequency in these structures. The sustained detection 
of positivity could also be linked to challenges that 
can be effectively addressed only through structural 
interventions, as detailed in  [18], because the old 

water network of the hospital, increases the risk of 
contamination by Legionella spp. 
Regarding serogroups in our sample a significant 
prevalence of serogroups 2-14 has been observed, 
particularly serogroup 3. These serogroups are less 
frequently sought, and therefore more challenging 
to diagnose, as described in other Italian studies such 
as  [19‑21]. Consequently, in the fight against hospital-
acquired legionellosis, it is essential to ensure correct and 
effective information and training of the staff to lead to the 
correct application of the indications for the prevention 
and control of the infection. Clinicians must be aware 
of the potential contamination of the hospital water 
network by Legionella and the associated risk of disease 
occurrence. This is crucial to prevent underdiagnosis 
and to always consider Legionella pneumonia possibly 
associated with care practices, especially in patients 
at high risk, using appropriate diagnostic tests. It is 
therefore essential to train the person responsible for 
infection control and the person responsible for the 
management and maintenance of the facilities on the 
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measures to control legionellosis associated with care 
practices, to inform the departments of the results of 
the risk assessment and to ensure the traceability of the 
activities carried out through appropriate records.
Our study is subject to certain limitations. The 
surveillance started in 2017, and there are no available 
systematically collected data for previous years and 
lack of data on water pipe temperatures hampers 
the assessment of correlation with Legionella spp. 
contamination.
The COVID-19 pandemic introduces a confounding 
factor, as it resulted in a decrease in the execution of 
sampling in the wards. Furthermore, there have been 
significant changes in the organization of hospital 
departments, including the conversion of some units into 
intensive or sub-intensive care facilities for the treatment 
of severe cases. Consequently, in the years 2020-2021, 
there was a structural reorganization of the hospital, 
temporarily modifying the categorization of buildings 
based on the level of risk.

Conclusions

Our work highlights the importance of an adequate 
surveillance of legionellosis in a nosocomial environment 
to implement, effectively and promptly, the planned 
disinfection and prevention measures, reducing the 
likelihood of hospital infections. Based on our results, it 
is important to make all healthcare professionals in the 
hospital aware of the potential infectious risk in wards, 
especially those at increased risk of contamination, so 
that a possible case of legionellosis related to assistance 
can be timely recognized.
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Introduction

Respiratory Syncytial Virus (RSV) is a single-stranded 
RNA virus belonging to the Paramyxoviridae family, 
with two main antigenic subtypes (A and B). RSV is a 
seasonal virus with epidemiology that strongly depends 
on the climatic zone concerned; in temperate regions of 
the Northern Hemisphere, it generally circulates from 
October to early May, with a typical peak between 
December and February [1].
RSV appears to be the most common etiological 
agent identified in respiratory infections among young 
children, with greater severity in infants up to 24 months, 
probably due to incomplete lung and immune system 
development. RSV disease is often not self-limiting 
and may have long-term consequences, as suggested 
by the fact that approximately 30-40% of children with 
previous bronchiolitis-related hospitalisations are likely 
to experience recurrent episodes of bronchospasm and 
asthma as long-term complications [2, 3]. 
All newborns are at risk of developing Lower 
Respiratory Tract Infection with RSV (RSV-LRTI), 

mainly due to seasonality and being under one year of 
age. Other risk factors include prematurity, congenital 
heart malformations/diseases (CHD), chronic lung 
disease (CLD), bronchopulmonary dysplasia (BPD), 
and other severe conditions that compromise the 
immune and neuromuscular systems  [2, 4]. However, 
research conducted by the Centers for Disease Control 
and Prevention (CDC) in the United States, confirmed 
by recent studies conducted in Italy, revealed that almost 
90% of infants hospitalised for RSV and up to 90% of 
infants with a lower respiratory tract infection seen on 
an outpatient basis were born at term and in apparently 
normal health [5, 6]. 
Globally, RSV causes a significant burden of respiratory 
disease annually, with 33 million cases of Lower 
Respiratory Tract Infections (LRTIs) requiring outpatient 
medical care and 3.6 million hospital admissions, 
causing more than 100,000 deaths, including more than 
26,000 in hospital settings [7]. 
In Europe, RSV causes, on average, about 250,000 
hospitalisations in children under five years of age, 
with most cases occurring in children under one year 
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Summary

Introduction. Respiratory Syncytial Virus (RSV) predominantly 
affects young children, with a peak incidence in temperate regions 
of the northern hemisphere from October to May. Children under 
24 months of age are particularly vulnerable because of the imma‑
turity of their lungs and immune systems, often leading to severe 
respiratory infections. The World Health Organization (WHO) 
recognizes RSV as a global health priority. Recently, Nirsevimab, 
a long-acting monoclonal antibody (mAb), was authorised to pre‑
vent RSV disease in infants. 
Methods. Our narrative review brings together the effectiveness 
data of Nirsevimab available in the literature, highlighting the 
strengths and weaknesses of the published studies and the preven‑
tion opportunities represented by the new preparation. 
Results. All reviewed studies provide evidence for the effectiveness 

of immunisation with Nirsevimab in real-world settings, beyond 
the controlled conditions of clinical trials, and highlight its safety 
and feasibility. Nirsevimab significantly reduces RSV hospitalisa‑
tions and Intensive Care Unit (ICU) admissions. High coverage 
and high efficacy of immunisation have been reported, although 
supply issues and variability in studies present challenges. 
Conclusions. Continued research and surveillance are critical to 
understanding the long-term effectiveness of Nirsevimab. Overall, 
available data provide valuable insights into the efficacy, safety, 
and impact of immunisation with Nirsevimab in preventing severe 
RSV infections in infants, highlighting its potential to reduce the 
burden of RSV-related hospitalisations and improve paediatric 
health outcomes.
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of age. Epidemiological studies conducted in Italy have 
shown an increased incidence of RSV infections and an 
increased need for Paediatric Intensive Care (PICU), 
especially in infants ≤ 3 months [8, 9]. According to the 
Italian RespiVirNet surveillance network, during the 
2022-2023 influenza season, RSV caused 49.1% and 
22.3% of influenza-like illnesses in children under 2 
years of age and between 2 and 4 years of age [10]. 
A recent study conducted in the winter season 
2022‑2023, described a baseline of the RSV disease 
burden in primary care in Italy prior to the introduction 
of upcoming immunization strategies. Specifilly, fifty-
five paediatricians from five Italian regions collected 
nasal swabs from 650 children under 5 years of age with 
acute respiratory infections (ARI). The results showed 
37.8% of ARI cases were RSV-positive, with subtype B 
comprising 65.4%. RSV-positive children were younger 
and had symptoms lasting 11.47 ± 6.27 days. RSV-A 
cases required more paediatric visits than RSV-B. The 
impact included 53% of children missing school, 46% 
of parents losing workdays, and 25% of families facing 
extra costs [11].
In the 2023-2024 season, the total number of RSV-
positive samples corresponded to 4,341 on a total of 
15,684 ARI positive samples, with a clear prevalence in 
the 0-2 age group [12]. 
Given the substantial clinical burden in terms of morbidity 
and mortality, RSV disease is recognised by the World 
Health Organisation (WHO) as a global public health 
priority  [13]. In 2016, the WHO Strategic Advisory 
Group on Immunisation recommended that efforts be 
made to identify and address gaps in evidence needed 
for regulation, pre-qualification, and policy guidance 
for RSV prevention interventions, including maternal 
and paediatric immunisation with RSV vaccines and 
passive childhood immunisation with long-acting RSV 
monoclonal antibodies (mAb) [14].
Palivizumab, the first mAb approved in 1999, requires 
monthly injections at a dose of 15 mg/kg body weight 
to provide protection during the typical 5-month RSV 
season. This drug is only recommended for high-risk 
infants in a limited age group, leaving most children 
vulnerable to RSV infection [6, 15]. 
Between 2022 and 2023, two novel products received 
authorisation to prevent RSV disease in neonates: 
Nirsevimab and a bivalent recombinant vaccine.
Nirsevimab, a long-acting mAb, was licensed to prevent 
lower respiratory tract disease caused by RSV in infants 
and children during their first RSV season  [16, 17]. 
The recombinant bivalent RSVpreF vaccine has been 
approved for administration during pregnancy to prevent 
lower respiratory tract disease in children from birth to 6 
months of age [18, 19]. 
European Centre for Disease prevention and Control 
(ECDC), WHO and the Italian Guidelines on the 
Management of RSV Bronchiolitis identified 
Nirsevimab as a promising preventive strategy that 
could soon be included in routine immunisation 
programs to protect all infants and children during their 
first RSV season [2]. 

This narrative review describes the available 
effectiveness data of Nirsevimab, highlighting the 
strengths and weaknesses of the published studies and 
the prevention opportunities represented by the new 
preparation.

Methods

This narrative review is structured into three main 
sections: the characteristics of the Nirsevimab 
(MEDI8897) and available efficacy studies, real-world 
effectiveness data and trials in Progress. 
In the first section, we reported the main technological 
characteristics and some clinical practice aspects 
(dosage, administration, and usage recommendations). 
Moreover, we synthetically described the available 
efficacy studies, identified through the same search 
performed for effectiveness studies and described below.
The second section represents the core of our work and 
summarises all the available evidence on the real-world 
effectiveness of Nirsevimab.
The references for this article were identified through 
PubMed, GoogleScholar and Clinicaltrials.gov with the 
search terms: “effectiveness”, “efficacy”, “real-world”, 
“Nirsevimab”, “Beyfortus”, “Respiratory Syncytial 
Virus” and “RSV”, over the period from 2000 until the 
end of June 2024.
In the third section, we discussed ongoing clinical trials 
evaluating the efficacy and effectiveness of Nirsevimab: 
the search was performed on Clinicaltrials.gov with the 
methodology described above.

Results and discussion

Nirsevimab (MEDI8897)
Nirsevimab, marketed under the brand name Beyfortus® 
and manufactured by AstraZeneca, is distributed by 
Sanofi Pasteur, Inc [16, 20, 21]. 
It is indicated for infants and children up to 12 months 
of age and for children at increased risk of RSV up to 24 
months. Safety and efficacy in children over 24 months 
have not been established.
Nirsevimab is not indicated for pregnant or lactating 
individuals or those with reproductive potential. Clinical 
studies have shown that neither race nor increased 
susceptibility to severe RSV significantly affects the 
pharmacokinetics of Nirsevimab [16, 20].

Structure
Nirsevimab is a human G1 kappa-type monoclonal 
antibody (IgG1κ) produced in animal cells using 
recombinant DNA technology and designed to have 
sustained action [22]. 
It provides passive immunity against RSV infections 
by binding to a highly conserved epitope within 
the Ø site of the pre-fusion conformation (PreF) of 
the RSV fusion protein (F) inhibiting viral fusion 
and thus preventing virus entry into the host cell. 
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The  enhanced  neutralising activity of Nirsevimab is 
due to the addition of the triple amino acid substitution 
M252Y/S254T/T256E (YTE) to the crystallisable region 
of the fragment (Fc). This modification extends the serum 
half-life in vivo approximately 3-fold (average 71 days), 
allowing a single intramuscular injection of Nirsevimab 
to provide protection for an entire RSV season [23, 24] 
(Fig. 1).

Dosage, administration, and usage recommendations

Nirsevimab is available in sterile prefilled syringes of 
50 mg/0.5 ml or 100 mg/ml, without preservatives, for 
intramuscular injection. The dosage is weight-based: for 
infants and children weighing < 5 kg, the recommended 
dose is 50 mg; for children weighing > 5 kg, the 
recommended dose is 100 mg [20].
The Advisory Committee on Immunisation Practices 
(ACIP) and the American Academy of Pediatrics (AAP) 
recommend 1 dose of Nirsevimab for all children 
<8 months of age during or entering their first RSV 
season  [25, 26]. The same recommendations are also 
suggested by the European Medicines Agency (EMA) 
and the Italian Medicines Agency (AIFA) [16, 17].
Children born shortly before or during the RSV season 
are recommended to receive their initial dose of 
Nirsevimab within the first week of life, either before 
hospital discharge or during their first outpatient visit. 
For those eligible by age who have not yet received a 
dose, administration is advised at any point during the 
season [25, 27]. 
The AAP also recommends administering Nirsevimab to 
children between 8 and 19 months of age during their 
second RSV season. However, providers may decide to 
administer the drug up to 24 months of age for those 

children considered to be at higher risk. Children who 
received less than five doses of Palivizumab during 
the season should switch to one dose of Nirsevimab, 
and those entering the second RSV season after 
receiving Palivizumab in the first season should receive 
Nirsevimab, otherwise continue with Palivizumab. A 
child receiving Nirsevimab should not concurrently 
receive Palivizumab in the same season [26]. 
For children at increased risk of severe RSV disease 
entering their second RSV season (up to 24 months 
of age) or children undergoing cardiac surgery 
with cardiopulmonary bypass, an additional dose 
of 200 mg (two 100 mg IM injections administered 
simultaneously) is recommended [20]. The AAP defines 
children at consistently increased risk as severely 
immunocompromised children, those with cystic 
fibrosis, children with severe or chronic premature lung 
disease (for which they required medical support in the 6 
months preceding the RSV season) or those at increased 
risk of developing severe RSV disease because they live 
in communities in remote areas [26-28] (Tab. I).

Potential adverse effects

Nirsevimab may cause common adverse effects such as 
pain, swelling, hardness, or redness at the injection site 
and rashes in the first 7-14 days after administration. 
Rare adverse effects include hypersensitivity reactions, 
such as anaphylaxis, and thrombocytopenia. Severe 
allergic reactions observed with other mAb products 
may manifest with symptoms such as malaise, headache, 
arthralgias, muscle weakness, severe skin rashes, 
urticaria, swelling of the face, difficulty swallowing 
or breathing and blue discolouration of the lips or 
nails [16, 22, 29].

Fig. 1. Mechanism of action of Nirsevimab. A) Ø site of the PreF of the RSV fusion protein (F). B) The addition of the triple amino acid sub-
stitution M252Y/S254T/T256E (YTE) to the crystallisable region of the fragment (Fc).
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Contraindications and co-administration with other drugs
Nirsevimab is contraindicated in children who have 
experienced severe hypersensitivity reactions to the 
active substance or its excipients. Caution should 
be exercised in children with bleeding disorders, 
thrombocytopenia, coagulation disorders, or on 
anticoagulant therapy [16, 20]. 
Since Nirsevimab is a mAb, that generates an RSV-
specific passive immunisation, it is not expected to 
interfere with the active immune response generated by 
concomitantly administered vaccines. Clinical studies 
show that the safety and reactogenicity profile of 
concomitantly administered vaccines is similar to that of 
vaccines administered individually, although experience 
with co-administration is limited. Therefore, Nirsevimab 
can be administered concomitantly with childhood 
vaccines [30].

Efficacy Studies
Several clinical trials have studied the efficacy of 
Nirsevimab: NCT02878330 (2016-2018)  [22]; 
NCT03979313 - MELODY (2019-2023)  [29, 31]; 
NCT03959488 - MEDLEY (2019-2023)  [32] and 
NCT04484935 - MUSIC (2023) [33].
The study NCT02878330 (randomised, double-blind, 
placebo-controlled phase 2b study), conducted in 
the USA, confirmed a 78.4% (95%  CI: 51.9-90.3) 
reduction in the incidence of RSV-associated LRTIs 
and hospitalisations and a 70.1% (95%  CI: 52.3-81.2) 
reduction in physician-assisted LRTIs in healthy preterm 
infants of Gestational Age (GA) between 29 and 35 
weeks at their first RSV season [22]. 
The phase 3 of the MELODY (NCT03979313) study 
examined the efficacy of Nirsevimab in infants born 
at a gestational age of at least 35 weeks who were not 

eligible for RSV prophylaxis with Palivizumab. In the 
first cohort, the efficacy against physician-assisted RSV-
associated LRTI was 74.5% (95% CI: 49.6-87.1)  [29]. 
In the secondary exploratory cohort, the efficacy against 
hospitalisation for RSV-associated LRTI was 76.8% 
(95% CI: 49.4-89.4) and the efficacy against very severe 
RSV-associated LRTI attended by a physician was 
78.6% (95% CI: 48.8-91.0) [31].
A comparison of safety, tolerability and pharmacokinetics 
of Nirsevimab and Palivizumab, was evaluated in 
preterm infants in their first RSV season, as well as in 
infants with CLD and CHD in their first and second 
RSV season, in the phases 2/3, randomised, double-
blind study, NCT03959488-MEDLEY. The incidence 
of adverse events was similar between treatment groups 
and cohorts [32].
In the Simoes analysis, the efficacy of Nirsevimab 
was evaluated using a weight-based dosing regimen in 
infants born between 29 weeks gestational age and term. 
A total of 2,350 infants (1,564 in the Nirsevimab group 
and 786 in the placebo group) were included in the phase 
2b and MELODY studies. Nirsevimab demonstrated 
significant efficacy compared to placebo in the primary 
endpoint of LRTI associated with physician-assisted 
RSV, with a relative risk reduction of 79.5%. In infants 
with risk conditions such as chronic pulmonary disease, 
CHD, or extreme preterm delivery (MEDLEY), serum 
exposures to Nirsevimab were like those of the general 
study population, with above-target exposures in more 
than 80% of cases [34].
The MUSIC study (NCT04484935) is a 12-month 
Phase 2 study in which a single dose of Nirsevimab 
was administered. This uncontrolled, open-label study 
was conducted to examine safety, pharmacokinetics, 
and the occurrence of anti-drug antibodies (ADA) 

Tab. I. Dosage, administration, and usage recommendations. 

Patient Type Schedule Notes

Infants < 8 months at first RSV season* and < 5 kg 50 mg For infants born just before or during the RSV 
season (within the first week of life), it is advisable to 
administer the dose before discharge from the hospital 
or during their initial outpatient visit

Children < 8 months at first RSV season and ≥ 5 kg 100 mg

Children between 8 and 19 months to second RSV 
season

1 dose**
(50 or 100 mg)

Recommended for the second RSV season but may be 
given up to 24 months of age for children considered 
at high risk

Children who have received fewer than five doses 
of Palivizumab during the season

1 dose**
(50 or 100 mg)

It is recommended to switch to Nirsevimab if not 
enough doses of Palivizumab have been received

Children entering the second season of RSV after 
receiving Palivizumab in the first season

1 dose**
(50 or 100 mg)

It is recommended to switch to Nirsevimab in the 
second season; otherwise, continue with Palivizumab

Children who have received Palivizumab (less than 
five doses) and can receive Nirsevimab

1 dose**
(50 or 100 mg)

Giving one dose of Nirsevimab instead of additional 
doses of Palivizumab is recommended

Children £ 24 months at high risk of severe RSV 
disease in their second RSV season or undergoing 
cardiac surgery/cardiopulmonary bypass

2 doses**
(50 or 100 mg each)

Two doses were administered simultaneously.
In children undergoing cardiac surgery/
cardiopulmonary bypass who have received a first 
dose within 90 days, the additional dose should 
be administered as soon as the child is stable after 
surgery [16]

* In temperate regions of the Northern Hemisphere, the RSV season typically spans from October to early May, experiencing its peak between December 
and February. ** 1 dose 50 mg/0.5 ml for children < 5 kg; 1 dose 100 mg/ml for children ≥ 5 kg.
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in immunocompromised children aged ≤ 24 months. 
It  was observed that children who were ADA-positive 
at day 361 tended to have lower Nirsevimab levels than 
those who were ADA-negative, especially between day 
151 and day 361, suggesting an influence of ADA on 
pharmacokinetics.
Nirsevimab serum concentrations at day 151 were like 
those shown to be effective in preventing RSV LRTI in 
healthy patients enrolled in the Phase 3 MELODY study. 
In addition, some children with underlying conditions 
involving protein loss showed a rapid decline in serum 
concentrations of Nirsevimab [33].

Real-world effectiveness data
The EMA approved the use of Nirsevimab shortly before 
the 2022-2023 RSV season (one year before the US FDA 
authorisation). Due to the short period between the EMA 
authorisation and the start of the RSV season, public 
health policies on universal immunisation of newborns 
have not been finalised. This delay has postponed the 
implementation in the relevant European countries until 
the 2023-2024 season [16]. 
However, during the 2022-2023 RSV season, a phase 
3b efficacy study under real-world conditions on 
Nirsevimab - HARMONIE (NCT05437510) [35] - was 
initiated involving several European countries: the UK, 
France, and Germany. This pragmatic study evaluated 
Nirsevimab in the prevention of hospitalisation due 
to RSV-associated LRTI in neonates. Infants with 
gestational age ≥ 29 weeks were randomised openly 
in a 1:1 ratio to receive a single dose of Nirsevimab 
(<  5 kg 50 mg; ≥ 5 kg 100 mg) or no intervention 
(standard of care) before or during the RSV season. 
In the primary analysis of 8,058 healthy infants, an 
efficacy of 83% (95%  CI: 67.8-92.0) was observed 
against hospitalisations for RSV-related LRTIs and 
76% (95%  CI: 32.8-92.9) against very severe LRTIs 
confirming consistency with the efficacy endpoints of 
randomised clinical trials. Furthermore, 58% (95% CI: 
39.7-71.2) efficacy prevented real-world hospitalisation 
for all causes of LRTIs [35].
For the 2023-2024 RSV season, the global implementation 
of Nirsevimab was very successful in several countries. 
In Europe, France and Spain were the first countries to 
adopt a seasonal program. For logistical convenience, 
the UK opted for an annual immunisation programme 
with mAb or maternal vaccination. In the US, the CDC 
recommend the seasonal use of Nirsevimab or maternal 
vaccination against RSV, with no clear preference for 
one method over the other [36]. 
Early results on the effectiveness of Nirsevimab come 
from Luxembourg  [37], Spain  [38-43], the US  [44], 
France [45], and Italy [46] (Tab. II).

Luxembourg
In July 2023, the Luxembourg Infectious Diseases 
Advisory Group recommended prophylaxis with one 
dose of Nirsevimab in all infants born between October 
1, 2023, and March 30, 2024 (weeks 39/2023 - 13/2024); 
infants born between 1 January and 30 September 

2023 for catch-up immunisation; and children under 
2 years of age with risk factors for severe respiratory 
infections. A national immunisation campaign followed 
this recommendation in October 2023. Vaccination 
coverage was calculated weekly by dividing the doses 
of Nirsevimab administered in hospital maternity and 
neonatology wards by the number of births during 
the corresponding period. Between October and mid-
December 2023, national coverage was estimated at 
84% (1277 doses per 1524 births), varying from 66% 
to 94% between maternity wards, with no reports of 
adverse events associated with immunisation. However, 
in other contexts, coverage could not be monitored due 
to the absence of a vaccination register.
Results: by comparing weeks 39-52/2022 with the same 
weeks of the 2023/2024 RSV season, a reduction of 
38% in cases of hospitalisation for RSV infection was 
observed in children under 5 years of age (389 cases in 
2022 and 241 cases in 2023) and 69% in infants under 
6 months of age compared to the previous season (232 
(59.6%) in 2022 and 72 (29.9%) in 2023). In particular, 
during the study periods, the average age of children 
hospitalised in 2023 was significantly higher than in 
2022 (14.4 months in 2023 compared to 7.8 months in 
2022). Of the children admitted in 2023, 213 (88.4%) 
had not been immunised with Nirsevimab, and of 
these 47 (65.3%) were aged ≤ 6 months. The average 
length of hospital stay was significantly reduced in 
2023 compared to 2022, especially in infants aged 
≤  6 months, as well as in the total number of RSV-
related hospitalisation days. In 2023, most infants who 
required oxygen supplementation or high-flow nasal 
therapy had not been immunised. The proportion of 
hospitalised children under 5 years of age admitted to 
PICUs decreased from 9.3% (36/389) in 2022 to 6.2% 
(15/241) in 2023.
Strengths: this study provides the first solid evidence 
that immunisation with Nirsevimab protects infants 
against severe RSV disease in the context of relatively 
high immune coverage, as previous clinical studies have 
shown similar efficacy of Nirsevimab against LRTIs 
caused by RSV only in healthy patients.
Limitations: the comparison was only made between 
two seasons, hence it would be important to examine a 
broader period. Furthermore, the intensity of the 2022 
epidemic could be influenced by the reduced circulation 
of RSV due to immunity depletion [37]. 

Spain
At the end of September 2023, Spain introduced 
universal prophylaxis against RSV in its national 
immunisation program for all infants born on or after 1 
April 2023 [38]. Consequently, most of the effectiveness 
results stem from this country.
The initial results originate from a hospital-based 
multicentre active surveillance conducted in nine 
hospitals across three autonomous regions in Spain 
(five hospitals in Valencia, three in Murcia, and one in 
Valladolid) [38]. The study population included all infants 
born on or after 1 April 2023 eligible for immunisation 
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Tab. II. Real-world effectiveness data with a single dose of Nirsevimab.

Country Study Details Population Main Results Strengths

Luxembourg

Ernst et al. 
2024 [36]

Paediatric RSV-H 
in children ≤ 5 
years

Infants born 
between Oct. 1, 
2023, and Mar. 31, 
2024: N = 1524

4 hospitals, the 
entire country

nIC coverage with Nirsevimab from 
Oct to mid-Dec.: 1277/1524 (84%)
Reduction in RSV-H: children ≤ 5 years 
-38%, infants < 6 months -69%
Reduction in the proportion of 
hospitalised children < 5 years in 
PICUs: 2022: 36/389 (9.3%), 2023: 
15/241 (6.2%)
Increase in the average age of 
children hospitalised in 2023: 7.8 
months in 2022, 14.4 months in 2023

First real-world data on the 
effectiveness of Nirsevimab in 
protecting infants from severe 
RSV disease

Spain

Lopez-Lacort et al. 
2024 [38]

Paediatric RSV-
LRTI-H in infants 
< 9 months

Infants during their 
first RSV season 
(born on or after 
Apr. 1, 2023)
N = 15676

9 hospitals, 3 
regions (Valencia, 
Murcia, Valladolid) 

nIC with Nirsevimab ranges from 
78.7% to 98.6% 
Effectiveness in preventing RSV-LRTI-H 
in infants < 9 months: 70.2% (95% CI: 
38.3-88.5)
Valencia: 69.3% (95% CI: 36.4-86.2), 
Murcia: 86.9% (95% CI: 77.1-92.9), 
Valladolid: 97.0% (95% CI: 87.7-99.6)
Effectiveness in preventing LRTI-
negative RSV admissions: 32.4% 
(95% CI: -27.5-63.4).
Reduction in RSV-H in infants: 70.2% 
(95% CI: 38.3-88.5)

Uniform methodology to detect 
hospitalised RSV cases in three 
Spanish regions
Simultaneous use of screening 
approach and test-negative 
design
Active surveillance of respiratory 
infections in all nine hospitals

Ezpeleta et al. 
2024 [39] 

Paediatric RSV-H 
in children born in 
Navarra

Infants born 
between Oct. 2023 
and Jan. 2024 
N = 1771

All hospitals, 1 
region (Navarra)

nIC with Nirsevimab from Oct 2023 to 
Jan.2024: 1083/1771 (92%)
Effectiveness in preventing RSV-H in 
infants: 88.7% (95% CI: 69.6-95.8)
Reduction in the risk of RSV-H: 
Immunised 8/1083 (0.7%), Non-
immunised 8/94 (8.5%)
Reduction in the risk of RSV-ICU 
admission: Immunised 3/1083 (0.3%), 
Non-immunised 2/94 (2.1%)
Vaccination of infants born from 
Sep. 2023 to Jan. 2024 prevents one 
hospitalisation per 15.3 immunized 
infants and avoids 77.5% (95.4/121.5) 
of the hospitalisations

Effectiveness and impact of 
the prospective immunisation 
strategy against RSV-H
Provides a benchmark to 
compare the effectiveness of 
different immunisation strategies 
against RSV

Martinón-Torres 
et al. 2023 [37] 

Mallah et al. 
2024 [40]

Ares-Gómez et al. 
2024 [41]

Paediatric RSV-
LRTI-H in children
Very severe 
RSV-LRTI ICU 
admissions
LRTI admission for 
all causes

Infants born 
between Sep. 25, 
2023, and Mar. 31, 
2024
N = 10259

14 hospitals, 1 
region (Galicia) 

nIC with Nirsevimab ranges from 
81.4% to 97.5%
Effectiveness in preventing RSV-LRTI-H 
in infants: 82.0% (95% CI 65.6-90.2%) 
Reduction in the risk of RSV-
LRTI-H: Immunised 30/9408 (0.3%), 
Non‑immunised 16/851 (1.9%)
Effectiveness in preventing RSV-LRTI-H 
in ICU: 86.9% (95% CI 69.1-94.2%) 
Reduction in the risk of RSV-LRTI 
ICU admission: Immunised 15/9408 
(0.16%), Non-immunised 10/851 
(1.18%)
Average RSV-LRTI-H prevented per 
1000 infants: 407 (Effectiveness: 
89.84%)

Rapid and effective 
implementation of Nirsevimab in 
the Galician neonatal population
A robust information and 
education campaign and 
a flexible booking system 
facilitated high adherence
Demonstration of Nirsevimab’s 
effectiveness in preventing 
RSV-LRTI-H and hospitalisations 
for all causes, consistent with 
previous clinical and real-world 
studies [28, 34, 38]

Coma et al. 
2024 [42]

Effectiveness 
against:
RSV infection
Primary care 
attended 
bronchiolitis
Viral Pneumonia
Hospital 
Emergency Visit
Hospital 
admission
ICU admission 

Infants born 
between Apr. and 
Sep. 2023 
N = 26525

All hospitals, 1 
region (Catalonia) 

nIC with Nirsevimab: 23127/26525 
(87.2%)
Reduction in the risk of RSV-related 
hospital and ICU admissions:
Hospital admission: 87.6% (95% CI: 
82.1-91.4%) 
ICU admission: 90.1% (95% CI: 
76.3‑95.9%)
Reduction in the risk of:
RSV Infection: 68.9% (95% CI: 
51.7‑80%) 
Primary care attended bronchiolitis: 
48.1% (95% CI: 42.4-53.3%)
Viral Pneumonia: 60.7% (95% CI: 
24.2‑79.7%)
Hospital Emergency Visit: 55.4% 
(95% CI: 48.4-61.5%)

Use of an integrated database 
allowing comprehensive analysis 
of the impact of the Catalan 
immunisation program on 
the reduction of RSV-related 
outcomes
The analysis included a wide 
range of outcomes, offering a 
comprehensive evaluation of 
the efficacy of Nirsevimab across 
different levels of healthcare



A. ORSI ET AL.

E178

with Nirsevimab during their first RSV season, totalling 
15,676 infants (6.4% of the Spanish child population 
eligible for immunisation). The surveillance period 
was from 1 October 2023 to 31 December 2023 or 10 
January 2024, depending on the hospital.
Results: a total of 166 LRTI admissions were included, 
of which 95 were positive for RSV and 73 were between 
0 and 3 months old. Among all 95 RSV cases, 56 
(59%) had received immunisation. Population coverage 
with Nirsevimab was high, varying from 78.7% to 
98.6% depending on the hospital. The effectiveness of 
immunoprophylaxis with Nirsevimab was assessed by 
region, resulting in 69.3% (95% CI: 36.4-86.2), 86.9% 
(95% CI: 77.1-92.9), and 97.0% (95% CI: 87.7-99.6) in 
Valencia, Murcia, and Valladolid, respectively. By using 
a test-negative design (TND), the immunisation odds 
of infants testing RSV-positive by PCR (N = 77) were 
compared to those of infants who tested negative (N = 71). 
The overall effectiveness of Nirsevimab in preventing 
RSV-LRTI hospitalisations was 70.2% (95% CI: 38.3-
88.5). In a sensitivity analysis, the effectiveness in 
preventing LRTI-negative RSV admissions was 19.6% 
(95%  CI: -180.8-82.3) in Valencia, 27.5% (95%  CI: 
-47.3-66.2) in Murcia and, considering both regions, 

32.4% (95% CI: -27.5-63.4). Data from Valladolid was 
not included due to the lack of RSV-negative cases.
Strengths: the study integrated data from three Spanish 
regions using a uniform methodology to detect 
hospitalised RSV cases. A screening approach and a 
TND were applied simultaneously, including cases with 
a negative outcome. Nirsevimab coverage in the eligible 
cohorts in the participating regions was high in the first 
three months, averaging around 90%, and effectiveness 
estimates in immunisation candidate infants (under 
9 months of age) were above 70%. In addition to the 
clinical trial data, a significant reduction in RSV-related 
hospitalisations in infants under real-world conditions, 
was demonstrated. Active surveillance of respiratory 
infections in all nine hospitals provided reliable estimates 
of Nirsevimab’s effectiveness.
Limitations: variations in RSV circulation, hospital 
admission policies, and case definitions between 
hospitals and regions influenced the reported 
effectiveness estimates. Due to the short period since the 
implementation of the immunisation program and the 
limited number of cases, it was not possible to assess 
regional effectiveness using the TND [39]. 
A second Spanish study aimed to examine the 

Tab. II. Real-world effectiveness data with a single dose of Nirsevimab.

Country Study Details Population Main Results Strengths

United States

Moline et. Al 
2024 [43]

RSV-H among 
infants in their 
first RSV season

Infants born after 
Oct. 1, 2023, or 
aged less than 8 
months on Oct. 1, 
2023, N = 699

7 paediatric 
academic medical 
centres (Missouri, 
Ohio, New York, 
Washington, Texas, 
Pennsylvania, 
Tennessee) 

nIC with Nirsevimab: High- Risk 
conditions 46% (18/39), No risk 
conditions 6% (41/660)
Reduction in RSV-H: 90% (95% CI: 
75‑96%) 
Time elapsed between Nirsevimab 
administration and onset of ARI 
symptoms:
7-127 days; Median= 45 days 
(IQR = 19-76 days)

Inclusion of infants according to 
a standardised definition of ARI, 
ensuring uniformity of inclusion 
criteria
Systematic testing for the 
presence of RSV reduces the 
risk of misdiagnosis or missed 
diagnosis

France

Paireau et al. 
2024 [44]

RSV bronchiolitis 
hospitalised in 
ICU from Sep. 15, 
2023, to Jan. 31, 
2024 (TND)

Infants (0-8 
months) admitted 
to ICU in the period 
Sep. 15, 2023, to 
Jan. 31, 2024
N = 288

20 PICUs, 
metropolitan 
areas of the entire 
country 

nIC with Nirsevimab: 58/288 (20.1%)
Effectiveness in preventing severe RSV 
bronchiolitis in neonates admitted to 
the PICU: 75.9% (95%CI 48.5-88.7%)

Use TND to quickly estimate 
effectiveness based on 
surveillance data, reducing 
confounding bias and providing 
meaningful results

Italy

Consolati et. Al 
2024 [45]

RSV-H among 
infants in their 
first RSV season 
2023-2024

Infants born 
between May 1, 
2023, and Feb. 15, 
2024, N = 537

1 hospital, 1 region 
(Valle d’Aosta)

nIC with Nirsevimab: in RSV season 
77/89 (86%), out of RSV season 
292/448 (65%)
Reduction in hospitalisation cases 
for RSV bronchiolitis: -54% (47 cases 
in 2022-2023 season vs 18 cases in 
2023‑2024)
Hospitalisations for bronchiolitis 
during the RSV season 2023-2024 
after Nirsevimab introduction: Treated 
with Nirsevimab 0/369 (0%), No 
Prophylaxis 14/168 (8.3%)

Demonstration of the 
effectiveness and safety of 
universal prophylaxis with 
Nirsevimab in infants, with a 
marked reduction in the risk of 
RSV-H 

RSV-H: RSV-related hospitalisation; RSV-LRTI-H: RSV-LRTI paediatric hospitalisation; nIC: neonatal immunisation coverage.
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effectiveness of Nirsevimab was conducted in the region 
of Navarra  [40]. Also, in Navarra, immunoprophylaxis 
with Nirsevimab was publicly funded and it was offered 
prospectively to all infants born in maternity wards 
between October 2023 and January 2024 and to those 
born abroad but residing in Navarra during the period 
under review. The follow-up of infants ended after two 
consecutive weeks without hospitalisation for RSV or 
after eight weeks without further hospitalisation (28 
January 2024). The study design included an analysis of 
epidemiological and immunisation data, a prospective 
cohort to assess the effectiveness of Nirsevimab, and an 
integration of the results to compare the immunisation’s 
impact with other strategies. The proportion of 
hospitalisations for confirmed RSV infection in infants 
was calculated according to immunisation status with 
Nirsevimab.
Results: of the 1,177 infants examined, 1,083 (92.0%) 
received Nirsevimab and 21 went to the emergency 
room for RSV infection (11 immunised and 10 not). 
Only 16 babies were hospitalised (8 immunised and 8 
not) and of these, 3 immunised and 2 non-immunised 
babies were transferred to intensive care. The estimated 
effectiveness of Nirsevimab was 88.7% (95% CI: 69.6-
95.8), with a significantly lower risk of hospitalisation 
for RSV in immunised (8/1083) infants than in non-
immunised (8/94) infants (0.7% and 8.5%, respectively). 
Vaccination of infants born between September 2023 
and January 2024 prevents one hospitalisation per 
15.3 vaccinated infants and avoids 77.5% (95.4/121.5) 
hospitalisations. In a prospective analysis combining the 
immunisation of babies born from September to January 
and the recovery of those born from April to August, the 
estimate was 81.8% (94.4/115.3). These results support 
immunisation with Nirsevimab at birth, to prevent 
severe RSV infections and alleviate paediatric hospital 
resource overload. The absence of reported adverse 
effects confirms the safety of this immunoprophylaxis.
Strengths: the study evaluates the efficacy of Nirsevimab 
and the impact of the use strategy against RSV-related 
hospitalisations, providing an important evaluation of the 
effectiveness of this immunoprophylaxis. The efficiency 
of the prospective immunisation strategy is evident, as 
only few doses of Nirsevimab were sufficient to prevent 
hospitalisation. Although the study’s statistical power 
was limited by the low number of parents who refused 
vaccination, it allowed accurate estimates to be obtained. 
These results provide a good benchmark for comparing 
the effectiveness of passive immunisation of children and 
vaccination of pregnant women with new RSV vaccines.
Limitations: the absence of complete information 
on comorbidities and prematurity for all infants may 
influence the study to evaluate the efficacy of Nirsevimab 
and the impact of the use strategy against RSV-related 
hospitalisations, providing an important evaluation of 
the effectiveness of this immunoprophylaxis. Overlaps 
with other high-risk groups were not considered, limiting 
the understanding of efficacy in these populations. The 
potential impact of immunoprophylaxis was estimated 
considering immunisation coverage and the observed 

epidemiological pattern, which may vary in future years. 
There is the possibility of variability in the distribution 
of childhood hospitalisations for RSV according to 
the month of birth, but extending immunoprophylaxis 
to children born in different months could cover a 
significant proportion of infants at risk. Although the 
study was conducted in a specific region and season, 
the results could be valid for other similar scenarios. 
The analysis of emergency room patients may be 
biased due to intermittent routine testing for RSV, 
although the results are consistent with other findings of 
hospital admissions. Finally, while the effectiveness of 
immunoprophylaxis is high, the cost of Nirsevimab may 
require economic evaluation to determine the optimal 
use strategy in different national settings.
The NIRSE-GAL (NCT06180993) study is an 
impressive prospective longitudinal initiative in the 
Galicia region, Spain, with a follow-up period of three 
years [38, 41, 42]. Galicia offers a public health system 
with universal access, facilitating the involvement 
and monitoring of study participants. In 2022, 14,495 
births occurred in Galicia, with a paediatric vaccination 
coverage rate of 90%. The Galician public health system 
(SERGAS), provides care through 14 public hospital 
complexes and a fully digital, centralised system.
For the 2023-2024 season, RSV cases were actively 
monitored from 25 September 2023 to 31 March 
2024. The campaign end date was decided based on 
the expected conclusion of the RSV season, using data 
from the previous 12 seasons (excluding those during 
the 2020/2021 and 2021/2022 COVID-19 pandemic). 
Testing for RSV is routinely performed in hospital 
and emergency room settings, and a primary health 
surveillance program was developed for NIRSE-GAL 
that retrieves data on all eligible study participants 
from several registries in the SERGAS information 
system. Thanks to this continuous surveillance system, 
it will be possible to change the start and end dates of 
the campaigns in the coming years. RSV cases will be 
identified through hospital registers and laboratory tests, 
with a thorough evaluation by public health specialists. 
All the necessary electronic documents for NIRSE-
GAL are updated weekly through the Galician Regional 
Surveillance Information System [47]. 
The NIRSE-GAL study involves approximately 14,000 
children per RSV season, divided into three categories 
seasonal group (infants born during the RSV season), 
catch-up group (children aged less than six months at the 
start of the RSV season), and high-risk group (children 
aged between 6 and 24 months at the start of the RSV 
season who have CHD, BPD, severe immunosuppression, 
congenital metabolic disorders, neuromuscular diseases, 
severe pulmonary diseases, genetic syndromes causing 
significant respiratory problems, trisomy 21, cystic 
fibrosis, palliative care patients). If the immunisation 
recommendation changes in future seasons, the 
stratification strategy will be adjusted accordingly to the 
updated recommendation.
Nirsevimab is administered through the SERGAS 
network of public hospitals and primary health centres, 
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with an educational campaign for health workers and the 
general public. Infants will receive a dose of Nirsevimab 
depending on weight and risk conditions. Depending on 
the children’s specific situation, the follow-up period 
varies from the immunisation date until the event of 
interest, death, or end of the observation period.
The primary objective of the NIRSE-GAL study is to 
evaluate the effectiveness of Nirsevimab on RSV-related 
LRTI admissions during the 2023-2024, 2024-2025, and 
2025-2026 RSV seasons in the different patient groups. 
Secondary objectives, again subdivided according to 
enrolment group, includes: (I) to assess the effectiveness 
of Nirsevimab against 4 key secondary endpoints (a) very 
severe RSV-related LRTI (Padmissions), (b) very severe 
LRTI related to RSV is defined by the label of severity, (c) 
LRTI admission for all causes, (d) hospitalisation for any 
cause); (II) to assess the impact of Nirsevimab on primary 
care for any reason, primary care for respiratory disease, 
acute otitis media diagnosis, pneumonia diagnosis, acute 
respiratory diagnosis and antibiotic use in children; (III) 
to evaluate the impact of Nirsevimab on RSV-related 
visits in emergency departments and all-cause visits in 
emergency departments; (IV) longitudinal assessment 
of Nirsevimab’s effect on wheezing and asthma; (V) 
safety evaluation of Nirsevimab and reporting of adverse 
events; (VI) assessment of absorption.
There are also composite endpoints including various 
respiratory conditions and infections along with 
exploratory objectives. These include evaluation of 
the RSV-related LRTI hospitalisation rate in infants 
and subsequently in children, exploring the impact of 
different primary and secondary endpoints, Nirsevimab’s 
impact evaluation on bacterial respiratory infections, 
study of the reinfection/readmission rate and duration 
of hospitalisations for RSV and evaluation of trends in 
the duration of hospitalisations for RSV. Therefore, the 
results of this study will be significant for the conduct of 
appropriate cost-effectiveness studies [38, 41].
Results: preliminary results of the NIRSE-GAL 
study were published 3 weeks after the beginning 
of the immunisation campaign (31 October 2023). 
Immunisation adherence in infants born since the 
start of the campaign (seasonal group) reached 92.6% 
(1,104/1,192). In the recovery and high-risk infant 
groups, coverage was 81.4% (5,820/7,150) and 97.5% 
(317/325), respectively. No serious adverse effects were 
reported in this first analysis.
A second part of the results of the first season of the study, 
were published in May 2024  [42]. These were based 
on data collected done by 15 December 2023. 10,259 
infants were eligible for Nirsevimab administration: 
6,919 (67.4%) in the recovery group and 3,340 (32.6%) 
in the seasonal group; of these, 9,408 (91.7%) received 
Nirsevimab: 6,220 (89.9%) in the recovery group and 
3,188 (95.4%) in the seasonal group. Immunisation 
was also offered to 360 high-risk infants achieving a 
coverage rate of 97.0% (348/360). 83.8% of infants in 
the recovery group, 96.4% in the high-risk group, and 
92.6% in the seasonal group were vaccinated before the 
start of the RSV season (by 20 October 2023). Most of the 

missed vaccinations were due to missed appointments. 
Only 2.0% of households refused vaccination, with no 
significant differences between the seasonal and catch-
up groups. The distribution by sex and age was even, 
with an average gestational age at birth of 4 months. 
656 (6.6%) of the infants were premature, but 93.9% 
(616/656) still received Nirsevimab.
During the reporting period, 46 RSV-LRTI hospital-
isations (30 in immunised and 16 in non-immunised 
children) and 25 ICU admissions (15 immunised and 
10 non-immunised children) were observed. The effec-
tiveness of Nirsevimab against RSV-related LRTI hos-
pitalisations was 82.0% (95%  CI: 65.6-90.2) and 86.9 
(95% CI: 69.1-94.2). In addition, protection was found 
for both all-cause and LRTI hospitalisations. Sensitivi-
ty analysis confirmed these results. The 2023-24 RSV 
season showed significantly lower hospitalisation rates 
in infants treated with Nirsevimab compared to previ-
ous seasons. The immunisation campaign prevented an 
average of 407 RSV-related LRTI hospitalisations per 
1,000 infants, with an effectiveness of 89.84% (IQR 
87.58-90.30). Only five adverse events were reported, 
none of these related to Nirsevimab. The high-risk group 
was not included in the efficacy analysis because of the 
sample size (including only 12 in the non-Nirsevimab 
group) and the low number of events in this group: 22 
all-cause hospitalisations, nine LRTI hospitalisations for 
all causes and three RSV-related LRTI hospitalisations.
Strengths: rapid and effective implementation of Nir-
sevimab occurred in the Galician neonatal population, 
with more than 90% of eligible infants immunised with-
in 3 months of the campaign’s start. The effectiveness of 
Nirsevimab in preventing RSV-related LRTI admissions 
and hospitalisations for all causes is comparable to the 
results of previous clinical and real-world studies  [29, 
31, 35, 39]. Finally, the use of historical RSV season 
data, which incorporates the variability of viral circula-
tion over time, was essential to provide adequate context 
for the results.
Limitations: the report is based on data from the first 
3 months of the immunisation campaign; therefore, 
the results may be unrepresentative of the entire 
2023-24 RSV season. It was impossible to assess 
specific endpoints (e.g. ICU admissions or mechanical 
ventilation) to estimate the effectiveness of Nirsevimab 
in these conditions. Limitations related to sample size 
and missing data for some variables at birth, could 
influence the interpretation of the results (prematurity, 
birth weight, and gestational age at birth). Finally, while 
the data support the effectiveness of Nirsevimab, the 
analysis has not yet considered the cost-effectiveness, 
which will be evaluated in the future.
A final Spanish study is conducted in Catalonia 
by Coma et al. from 1 October 2023 to 31 January 
2024  [43]. The study analysed the effectiveness of 
Nirsevimab against RSV infection and its potential 
severity using data collected from different Catalan 
healthcare databases from October 1, 2023, to January 
31, 2024. In this retrospective cohort study, 26,525 
infants born between April and September 2023 resident 
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in Catalonia and registered in the health databases were 
included. Several outcomes related to RSV infection and 
severity were examined including primary care-assisted 
bronchiolitis, RSV infection, viral pneumonia, hospital 
emergency room visits, and RSV-related hospital or 
ICU admissions. Other infectious diseases were also 
examined for unmeasured confounders. Covariates 
included sociodemographic data such as age, gender, 
residence, nationality, rurality, and socioeconomic 
status. The study included both infants immunised with 
Nirsevimab and non-immunised infants, following them 
until the event of interest, death, or the end of the study.
Results: 23,127 infants (87.2%) included in the study, 
were immunised with Nirsevimab. Vaccine coverage 
was rapid, with 76.3% immunised infants within the first 
month of the immunisation campaign. The control and 
Nirsevimab groups were adjusted by gender, rurality, 
and socio-economic status, but differed in age and 
nationality. In the control group, higher incidence rates 
for all outcomes were observed, especially severe cases, 
such as hospital and ICU admissions.
Nirsevimab demonstrated significant effectiveness in 
reducing the risk of hospitalisation and ICU admission, 
with an adjusted hazard ratio (HR) of 0.124 (0.086-
0.179; immunised 52/control 76) and 0.099 (0.041-
0.237; immunised 8/control 17), respectively. Higher 
incidence rates were also observed in the control group 
for all other outcomes: RSV infection HR 0.311 (0.2-
0.483; immunised 71/control 31), primary care attended 
bronchiolitis HR 0. 519 (0.467-0.576; immunised 1560/
control 617), viral pneumonia HR 0.393 (0.203-0.758; 
immunised 42/control 14), emergency room visits HR 
0.446 (0.385-0.516; immunised 604/control 354). 
The estimated effectiveness of Nirsevimab was 90.1% 
(95% CI: 76.3-95.9) versus ICU admission and 87.6% 
(95% CI: 82.1-91.4) versus hospital admission. Impetigo 
diagnoses were used as negative controls and were similar 
in the two groups. A sensitivity analysis confirmed the 
Nirsevimab’s effectiveness in preventing hospitalisation 
for bronchiolitis caused by other pathogens.
Two deaths were reported in the study population, both 
in infants who were not immunised with Nirsevimab and 
unrelated to RSV infection. Therefore, these deaths were 
not considered significant study outcomes.
Strengths: the study utilises a linked database that 
integrates primary care and hospital data (including 
intensive care), allowing a comprehensive analysis 
of the impact of the Catalan immunisation program 
on the reduction of RSV-related outcomes. It offers a 
comprehensive view of Nirsevimab’s impact across 
a wide range of outcomes of different severity and 
across all levels of care. The robustness of the results 
is confirmed by the comparability of the cohorts, which 
includes unobserved covariates. The conclusions are 
strengthened by the absence of an association between 
immunisation with Nirsevimab and impetigo, used as a 
negative control outcome.
Limitations: the analysis may be subject to confounding 
due to the observational nature of the data. A 
comprehensive analysis of less specific outcomes, 

such as bronchiolitis diagnosed in primary care or 
viral pneumonia, was not included due to the lack of 
complete testing for all patients in these settings. The 
analysis is based on the RSV epidemic period 2023-
2024, potentially limiting the extensibility of the results 
to other periods.

United States 
In the United States, the New Vaccine Surveillance 
Network (NVSN) evaluated the efficacy of Nirsevimab 
against RSV-associated hospitalisation among infants in 
their first RSV season during the period 1 October 2023-
29 February 2024 at the seven US academic paediatric 
medical centres. Each site included in the analysis, had to 
have enrolled at least five infants who were treated with 
Nirsevimab at least 7 days before symptom onset [44]. 
The analysis involved infants who were born after 
1 October 2023 or were less than 8 months of age 
on 1 October 2023, and who were admitted with an 
ARI and received the drug Nirsevimab. Infants who 
received Palivizumab maternal RSV vaccination or had 
inconclusive RSV test results were excluded.
The efficacy of Nirsevimab in avoiding RSV-related 
hospitalisation was evaluated in a TND case-control 
study. Cases included infants with positive RSV 
test results, while controls had test negative results. 
Effectiveness was calculated using multivariable logistic 
regression models, controlling age at recruitment, month 
of illness, enrolment site, and medical conditions at high 
risk for severe RSV disease. Prematurity status and 
insurance type were examined as potential confounding 
factors, but did not influence the estimates and therefore 
were not included in the final model.
Results: among the 1,036 eligible infants, 699 infants 
from four sites met the inclusion criteria: 146 preterm 
births (< 37 weeks), 551 term births 2 with unknown 
gestational age, and 39 with at least one risk factor. 
There were 407 (58%) patients with a positive RSV test 
result (cases) and 292 (42%) patients with a negative 
result (controls). Nirsevimab administration was 
more common among infants with high-risk medical 
conditions (18/39; 46%; p < 0.001) than among healthy 
infants 41/660 (6%). No significant differences were 
found in the frequency of Nirsevimab administration 
according to prematurity status or insurance type. The 
time elapsed between Nirsevimab administration, 
and the onset of ARI symptoms ranged from 7 to 127 
days with a median of 45 days (IQR = 19-76 days). 
The effectiveness of Nirsevimab in preventing RSV-
associated hospitalisation was 90% (95% CI: 75-96).
Strengths: infants were included according to a 
standardised definition of ARI, ensuring uniformity 
of the inclusion criteria. The presence of RSV was 
systematically tested, reducing the risk of misdiagnosis 
or missed diagnosis. The presence of Nirsevimab 
in the immunisation computer systems or medical 
records of all newborns was verified, ensuring adequate 
recording of treatments. Estimating the effectiveness of 
Nirsevimab under real-world conditions was crucial, 
especially for children at high risk of severe disease 
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(aged between 8 and 19 months) for whom Nirsevimab 
administration before the start of the second RSV season 
is recommended.
Limitations: only a small proportion of infants hospitalised 
with ARI received Nirsevimab, likely due to delayed and 
intermittent supply availability, as well as selection criteria 
favouring infants with baseline conditions. This prevented 
stratified estimates based on time since Nirsevimab 
administration. Some infants may have contracted RSV 
before receiving Nirsevimab, which could impact the 
estimated effectiveness of the drug. Since the dosage of 
Nirsevimab has not been established, it was impossible 
to assess dose-related effectiveness. Finally, effectiveness 
was only evaluated in preventing RSV-associated 
hospitalisation, without considering other outcomes such 
as outpatient and emergency room visits, which could be 
equally significant.

France
In France, in response to the increased intensity of 
recent RSV outbreaks, bronchiolitis surveillance has 
been reinforced for the 2023-2024 season through a 
multicentre network of volunteer PICUs coordinated by 
Santé Publique France [45]. 
Using surveillance data from this network, a case-control 
study based on the TND was conducted to evaluate the 
effectiveness of Nirsevimab in PICU hospitalisation for 
RSV bronchiolitis in metropolitan France between 15 
September 2023 and 31 January 2024. Infants aged 0 to 
8 months (including premature and comorbid) who had 
received Nirsevimab were included (319). Infants who 
tested positive for RSV were considered cases, while 
negative infants were considered controls. Exclusion 
criteria included lack of etiological research, unknown 
prior treatment against RSV other than Nirsevimab, 
unknown comorbidities/ prematurity, or missing data. In 
the main analysis, 31 infants who had received Nirsevimab 
<8 days before PICU admission or those with an unknown 
date of receipt were excluded. A second sensitivity 
analysis included 312 infants (aged > 1 month) in whom 
Nirsevimab administration had occurred more than 8 
days before PICU admission. A final sensitivity analysis 
included all infants (319) who had received Nirsevimab, 
regardless of the time elapsed between administration and 
PICU admission. Two periods were defined based on RSV 
detection rates: low circulation from 15 September to 29 
October 2023 and high circulation from 30 October 2023 
to 07 January 2024. The effectiveness of Nirsevimab was 
estimated with a logistic regression model, adjusted for 
age group, gender, comorbidity, prematurity, and period.
Results: among the 542 reported cases of severe 
bronchiolitis, 288 infants admitted to 20 PICUs were 
included in the main analysis, of whom the majority 
(91%) were aged 0-3 months and 55% were male. RSV 
was identified in 83% of the infants, while rhinovirus was 
the most common pathogen in the controls. The cases 
were younger and had fewer males than the controls. 
During the study, 20% of the infants had received 
Nirsevimab at least 8 days before PICU admission, with 
an average delay of 35 days.

In the main analysis, the adjusted effectiveness of 
Nirsevimab against RSV bronchiolitis cases admitted to 
the PICU was estimated at 75.9% (95% CI: 48.5-88.7). 
In sensitivity analyses, the effectiveness of Nirsevimab 
was estimated at 80.6% (95% CI: 61.6-90.3%) for SA1 
and 80.4% (95% CI: 61.7-89.9%) for SA2.
Strengths: the study found the high effectiveness of 
Nirsevimab in preventing severe RSV bronchiolitis in 
infants admitted to the PICU, with estimates ranging 
from 75.9% (95%  CI: 48.5-88.7) to 80.6% (95%  CI: 
61.6-90.3) depending on the assumptions (≤ 8 days vs 
≥  8 days) in line with results from other clinical and 
surveillance studies. The TND allowed rapid estimation 
of effectiveness based on surveillance data, reducing 
confounding bias and providing meaningful results.
Limitations: The small sample size, especially for 
controls, limited the ability to perform subgroup analyses 
or to match cases and controls, thereby reducing the 
precision of the estimates. Although sensitivity analyses 
were conducted, there could be a bias if administration 
dates and prior treatment were reported less frequently 
when the pathogen was not RSV, leading to an 
underestimation of effectiveness. Furthermore, while 
the TND reduced confounding bias, bias may still exist 
if the use of healthcare differs between infants treated or 
not treated with Nirsevimab depending on the severity 
of the disease.

Italy
This is prospective observational cohort study examines 
the incidence of hospitalisation for RSV bronchiolitis 
or pneumonia in two groups of children, one receiving 
Nirsevimab prophylaxis and the other not  [46]. The 
objectives include assessing Nirsevimab’ safety and 
optimising its distribution. In Italy Nirsevimab became 
available from 20 December 2023, however, all children 
born in Valle d’Aosta between 1 May 2023 and 15 
February 2024 (556) were included in the study, excluding 
those with risk factors already treated with Palivizumab 
and non-residents  [20]. The subjects were categorised 
into in-season RSV births (95, for those born between 
19/12/2023 and 15/02/2024) and out-of-season RSV births 
(461, for those born between 01/05/2023 and 18/12/2023). 
Eligibility for prophylaxis was determined via local 
information systems, and distribution was ensured by 
the Service of Hygiene and Public Health. Telephone 
interviews were conducted 7 and 14 days after Nirsevimab 
administration to monitor side effects, while data on 
hospitalisations for RSV bronchiolitis were obtained 
from local information systems. This approach allowed 
a comprehensive evaluation of the efficacy and safety of 
Nirsevimab, providing crucial information on its impact 
on hospitalisations and RSV-related adverse events.
Results: 69% of the 537 candidates for Nirsevimab’s 
prophylaxis (89 born in the RSV season and 448 born 
out of RSV season) adhered with a coverage rate of 86% 
(77/89) in in-season births and 65% (292/448) in out-
of-season births. During the RSV season 2023-2024, 
29 RSV bronchiolitis hospitalisations occurred (18 
recorded for children born after May 1, 2023), compared 
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to 61 (47 recorded for children born after May 1, 2022) 
in the previous season. Up to 20 December 2023, no 
infants treated with Nirsevimab were hospitalised for 
bronchiolitis, compared to 8.3% (14/168) of those not 
treated. Side effects of Nirsevimab were mild and short-
lived, with no cases of serious complications. These 
results suggest effective prevention of RSV infections 
and good tolerability of Nirsevimab in the study 
population.
Strengths: the study demonstrates the effectiveness 
and safety of universal prophylaxis with Nirsevimab in 
infants, positioning Valle d’Aosta as pioneering Italian 
region in extending universal prophylaxis to infants 
without risk factors for RSV complications. Infants who 
received Nirsevimab showed a significant reduction 
in the risk of RSV-related hospitalization compared to 
those who did not, consistent with findings from other 
countries. No infants immunised with Nirsevimab 
required hospitalisation for RSV bronchiolitis, indicating 
robust effectiveness in preventing RSV infections in 
this vulnerable population. The universal prevention 
approach emerges as a compelling strategy, ensuring 
broad coverage and equitable access, and significantly 
improving health protection of infants and children. 
Evidence is the significant drop in hospitalisations for 
RSV infection in children not in their first epidemic 
season, suggesting that the program has had a real impact 
regardless of the reduction in epidemic frequency. 
The cost-effectiveness of universal prophylaxis 
with Nirsevimab is underlined by the direct savings 
resulting directly from the hospitalisation reduction 
and the discontinuation of selective prophylaxis with 
Palivizumab, as well as by the indirect savings resulting 
from decreased social care costs incurred by parents for 
RSV-infected children.
Limitations: the study was conducted in a small Italian 
region, so it may not fully reflect the complexities 
of larger and more diverse populations. Despite the 
promising results, further economic evaluations are 
needed to assess the cost-effectiveness of Nirsevimab 
compared to standard therapy. While the results are 
encouraging, it is important to continue surveillance to 
monitor any emergent patterns of resistance or changes 
in RSV epidemiology following the widespread adoption 
of Nirsevimab prophylaxis.

Trials in Progress
There are ongoing clinical trials evaluating efficacy 
and effectiveness: JUBILUS (NCT06042049) – 
Japan  [48] CHIMES (NCT05110261) – China  [49]; 
ENVIE (NCT06030505) – France  [50]; EPINIR-
BRON (NCT06185647) – France  [51] and BEAR 
(NCT06325332) – US [52].
The JUBILUS (NCT06042049) clinical trial is a phase 
3, single-arm, open-label study aimed at evaluating the 
safety, pharmacokinetics, and immune response to the 
administration of two doses of Nirsevimab to infants 
with immunodeficiency, CLD, CHD, Down syndrome 
or premature birth. The goal is to recruit 33 patients by 
April 2025, excluding those with a seizure disorder, on 

respiratory support, scheduled for cardiac surgery within 
six months [48].
The CHIMES study (NCT05110261) is a phase 3, 
double-blind, placebo-controlled trial evaluating the 
efficacy and safety of a single dose of Nirsevimab in 
healthy preterm and term infants in the first year of life. 
It is expected to enrol 800 children, with an estimated 
completion date of November 2025. Subjects meeting 
the criteria for treatment with Palivizumab are excluded 
from the study [49].
ENVIE (NCT06030505) is an observational case-
control study to assess the effectiveness of Nirsevimab 
in children hospitalised with RSV bronchiolitis. The 
study plans to enrol 963 children < 12 months treated 
for RSV bronchiolitis (cases) and hospitalised for other 
causes (controls). Subjects who received Palivizumab 
or maternal RSV vaccination were excluded from 
the study. Enrolment started on October 17, 2023, 
with an estimated completion date of July 15, 2026. 
Secondary outcomes included the proportion of children 
hospitalised for RSV bronchiolitis requiring invasive or 
non-invasive ventilation, the duration of hospitalisation, 
the time between immunisation with Nirsevimab and 
hospitalisation for RSV bronchiolitis, the monthly 
frequency of hospitalisation for RSV bronchiolitis, 
and the proportion of children hospitalised for RSV 
bronchiolitis with concomitant viral detection or other 
than RSV on nasopharyngeal swab [50].
The retrospective observational study EPINIR-BRON 
(NCT06185647) started on October 14, 2023, and 
ended on February 29, 2024. The aim is to evaluate the 
Nirsevimab’s ffectiveness in a real-life setting in the use 
of emergency rooms to treat bronchiolitis and to reduce 
hospitalisations in France. For the study, all infants aged 
< 12 months were enrolled, and two separate analyses 
were performed: a comparative analysis between infants 
who received Nirsevimab and those who did not receive it 
before their ER visit for bronchiolitis, and a comparison 
between infants diagnosed with bronchiolitis who 
received Nirsevimab and those who did not, to assess 
the drug’s effectiveness on ER use and hospitalisation. 
The results have not yet been made public [51].
Lastly, the BEAR trial (NCT06325332) conducted in 
the United States (start 01/4/2024 and end 01/04/2025), 
involves the inclusion of 33000 infants born ≥ 37 weeks’ 
gestation and aged 0-12 months facing their first season 
of RSV, with no significant medical history. The study 
is a retrospective observational cohort investigation 
designed to evaluate the effectiveness of Nirsevimab in 
preventing RSV-related medical visits and healthcare 
utilisation in infants facing their first season of RSV in 
the United States. Current primary outcome measures 
include the incidence of PCR-confirmed first RSV 
episodes with an ICD-identified diagnosis of LRTD, 
along with the number of physician visits associated with 
these episodes. Current secondary outcome measures 
assess the number of respiratory and LRTD-related 
physician visits, along with the effect of Nirsevimab on 
RSV confirmation by PCR, otitis media diagnoses, and 
antibiotic prescribing [52].
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Conclusions

Studies examining the effectiveness of Nirsevimab in 
preventing  hospitalisations  due to RSV infections in 
infants provide a detailed overview of the benefits of 
this immunoprophylaxis. 
Consistently high immunisation coverage rates with 
Nirsevimab have been reported, indicating successful 
implementation of immunisation programs with efficient 
and effective distribution among target populations in 
different countries. 
Effectiveness estimates slightly varied from region to 
region, but demonstrated significant protection against 
RSV hospitalisations.  Data on a meaningful reduction 
in hospitalisations for RSV infection among immunised 
infants were reported in all studies. In particular, the 
Spanish – Galician and Catalan – studies reported 
significant effectiveness of Nirsevimab in reducing the 
risk of hospitalisation and admission to PCIU for RSV- 
LRTIs, with variations from 86.9 % (95% CI: 69.1-94.2) 
to 90.1% (95% CI: 76.3-95.9) against PICU admissions 
and from 82.0% (95% CI: 65.6-90.2) to 87.6% (95% CI: 
82.1-91.4) against hospital admissions [42, 43].  
All the studies reviewed provide evidence of the 
effectiveness of immunisation with Nirsevimab in real-
world settings, beyond the controlled conditions of 
clinical trials, and highlight its safety and feasibility. Once 
again, the Galician study -NIRSE-GAL- and the Catalan 
study stood out as they integrated primary care data with 
hospital data allowing a comprehensive analysis of the 
impact of the immunisation program on the reduction 
of RSV-related outcomes. Specifically, the NIRSE-GAL 
study established and utilised a primary care surveillance 
program that retrieves data on all participants eligible 
for Nirsevimab from several registries in the SERGAS 
information system [38, 41-43].
Although the studies provide valuable insights into the 
efficacy of Nirsevimab, there are limitations to consider. 
Delayed and intermittent availability of Nirsevimab 
supply, selection criteria favouring infants with underlying 
conditions, and small sample sizes limited the ability to 
conduct subgroup analyses or match cases and controls in 
some studies. Furthermore, despite efforts to standardise 
inclusion criteria and verify the presence of Nirsevimab 
in immunisation registries, hospital admission policies, 
and case definitions differed between countries. Potential 
confounding due to the observational nature of the data 
and the limited duration of the analysis should also be 
considered, resulting in a lack of long-term data that 
could limit the understanding of Nirsevimab’s long-term 
effectiveness.  Another consideration is the variation in 
RSV circulation across seasons.  To achieve effective 
immunisation, it will be essential to accurately determine 
the beginning and end of the RSV season, which could 
be complicated, as evidenced by the disruptions caused 
by the COVID-19 pandemic  [53]. As it is already the 
case in Galicia, ongoing surveillance will be necessary 
to comprehensively assess the circulation of RSV and 
monitor any emerging patterns of resistance or changes in 
RSV epidemiology following widespread vaccine uptake.

Our work has not included and examined cost-
effectiveness studies: a thorough economic evaluation 
will be necessary to ensure the best use of Nirsevimab in 
different settings. Additional data that could complement 
and confirm the already proven effectiveness of the 
product are represented by long-term effects and 
epidemiological trends of RSV.
To comprehensively evaluate the effectiveness of 
Nirsevimab, it is essential to emphasise the importance of 
continuous research and surveillance in various settings. 
The results of ongoing clinical trials will be crucial, as they 
will examine the effectiveness of Nirsevimab in several 
different medical situations and conditions. Specifically, 
the JUBILUS trial in Japan will provide data on the 
safety, pharmacokinetics, and immune response of two 
doses of Nirsevimab administered to high-risk newborns. 
Similarly, the CHIMES trial in China will provide valuable 
information on effectiveness in preterm infants [48, 49].
Most of the results summarised in this work were 
instrumental in enabling international health authorities 
to promote the recommendation of Nirsevimab use in all 
infants and children in their first season of RSV. The first 
countries to recommend its use were the USA [21, 25, 26], 
France  [54], Luxembourg  [37], Spain  [55], Chile  [56] 
and Australia [57]. For the 2024/2025 season, seven other 
countries followed suit, recommending the universal 
implementation of Nirsevimab: Netherlands  [58], 
England [59], Germany [60], Austria [61], Canada [62], 
Belgium [63] and Italy [64].
In particular, in Italy, the Italian Society of Hygiene, 
Preventive Medicine and Public Health (SItI) and the 
Italian Society of Infectious and Tropical Diseases 
(SIMIT) suggest considering the availability of 
Nirsevimab as an important universal preventive 
tool against RSV diseases. They emphasise the need 
to consider Nirsevimab immunisation as a vaccine 
programme in regulatory and organisational documents, 
intended to cover the entire cohort of infants, recognising 
Nirsevimab as prevention and not treatment [65].
Overall, available data provide valuable insights into 
the efficacy, safety, and impact of immunisation with 
Nirsevimab in preventing severe RSV infections in 
infants, highlighting its potential to reduce the burden 
of RSV-related hospitalisations and improve paediatric 
health outcomes.
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Background

In the last 2 years in Italy and worldwide, several 
epidemics of bronchiolitis that significantly stressed 
health care facilities and services, due to bed saturation 
in wards and intensive care units were observed. Most 
of these kinds of hospitalisations concern infants in their 
first year of life [1].
Bronchiolitis is a viral lower respiratory tract infection 
characterized by obstruction of small airways and 
terminal bronchioles caused by acute inflammation, 
oedema, increased mucus production and necrosis of the 
epithelium composing the small airways [2].
The main cause of Bronchiolitis is Respiratory 
Syncytial Virus (RSV); it has been estimated that 
this pathogen infects more than 60% of all children 
during their first year of life, reaching almost 100% of 
them by the time they turn 2  [3]. Human Rhinovirus 
(HRV), human Parainfluenza virus (HPIV), human 
Metapneumovirus (HMPV), Influenza virus (IAV, IBV), 
and human Adenovirus (HAdV), alone or in the form of 
co-infection, have also been reported [4].
The estimated global impact of RSV-caused infections 
in infants younger than 5 years of age was reported being 

approximately 33 million children (range: 21.6‑50.3 
million), with 3.2 million hospitalizations (range: 2.7-3.8 
million), and 120,000 deaths (range: 94,000-149,000) 
per year [5].
During the pre-pandemic years, analysing the medical 
databases of national RSV surveillance of 27 countries 
worldwide reports, the RSV wave started cyclically every 
year roughly between March and June in the Southern 
Hemisphere. In the Northen Hemisphere, waves began 
sometime between September and December. Decrease 
in RSV activity was observed from August to October 
in Southern Hemisphere and from February to May in 
Northen Hemisphere each year, estimating an average 
of5-6 months for every RSV wave [6]. 
In March 2020, global SARS-CoV-2 pandemic was 
declared  [7]. In Italy, following this declaration, a 
lockdown was carried out: all non-essential facilities 
and activities were shut down  [8]. During most 2020 
and 2021, in Italy, social interactions were limited, and 
schools were occasionally closed, replaced by distance 
learning activities [9].
During the 2020/2021 cold season a significant reduction 
in the incidence of bronchiolitis patient accessing the 
Emergency Ward was observed, alongside a general 
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Summary

Introduction. Acute bronchiolitis is one of leading causes of 
lower respiratory tract infection and hospitalisation in children 
less than one year old worldwide. The aim of our study is inves‑
tigating the impact of bronchiolitis in children paediatric to the 
Emergency Department (ED) of Teaching Hospital (AOUS), 
Santa Maria alle Scotte of Siena, Tuscany (Italy).
Methods. A retrospective observational study was conducted on 
the accesses performed at the ED of the AOUS of Siena by chil‑
dren under 18 years of age suffering from bronchiolitis from Sep‑
tember 2018 to April 2023. 
Results. There were 36,031 patients between 0 and 18 years old 
in the Emergency Department, 383 of which presented bronchi‑
olitis (age 4.8 months C.I.:3.5-6 months.; 54% male). Those who 
accessed the ED with a higher priority code were more likely to be 

subsequently admitted (O.R.:2.6; C.I.:1.3-5.1; p < 0.01). Those 
who accessed the ED with symptoms of bronchiolitis during the 
weekend were less likely to have been sent from community medi‑
cine services or professionals (O.R:0.1; C.I:0.0-0.5; p < 0.001). 
Children below 1 year old were more likely to access the ED with 
respiratory distress symptoms (O.R.:2.6; C.I.:1.5-4.3; p < 0.001). 
Finally, those who accessed the ED with bronchiolitis were more 
likely to be admitted than those who accessed for other conditions 
(O.R:24.5; C.I.:19.4-31; p < 0.001).
Conclusions. It is necessary to invest protocols integrating hospi‑
tal services and community medicine in order to achieve a timely 
diagnosis and to reduce the accesses to the ED of children pre‑
senting mild, non-severe form of bronchiolitis in order to avoid 
the overload of hospital services.
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decrease in the incidence of acute respiratory tract 
infection among the population, leading to a decrease in 
hospitalized patients in Italy [10]. It is also worth noting 
that no cases of Influenza were recorded during winter 
2020-2021, not even during the “flu season”, identified 
as the timeframe between the 42nd week and the 17th 
week of the following year [11].
An increase in cases of bronchiolitis has been detected 
in Italy from September 2021, anticipating the seasonal 
peak compared to previous years [12,10]. For that reason, 
a surveillance has been introduced for RSV through the 
InfluNet & RespiVirNet operating protocol [13].
In Italy, currently, in the age group 0-4 years the 
incidence of influenza syndromes is 13.17 cases per 
thousand patients. In 2022/2023 season, in subjects 
under two years of age, 54.9% of the samples positive 
for a respiratory virus detected RSV, 30.4% influenza 
and 2.6% SARS-CoV-2 [11].
Bronchiolitis’ diagnosis is based on directed history 
and physical examination. Neither laboratory tests nor 
radiological exams are usually indicated for the routine 
work-up of infants with bronchiolitis [1, 14, 15].
Laboratory and instrumental investigations are not 
routinely recommended [14]. Bronchiolitis may present 
with a wide range of symptoms and severity, from a mild 
upper respiratory tract infection (URTI) to impending 
respiratory failure [5].
Diagnostic criteria for the disease include, but are not 
limited to, the following [1, 5]: onset with rhinorrhoea 
and/or upper respiratory tract infections; first episode 
of respiratory distress associated with: crackles and/or 
wheezing, use of accessory muscles or lower chest wall 
retractions, low O2  saturation levels, high respiratory 
rate, skin colour alterations, nasal flaring, fever.
Risk factors for severe bronchiolitis are [14] also known 
premature birth (<  35 weeks’ gestation); being less 
than 3 months old; decreased hydration and feeding 
(<  50% of usual fluid intake in preceding 24 h); 
hemodynamically significant cardiac disease; chronic 
lung disease; neurological disorders; immunodeficiency 
and environmental factors, such as exposure to tobacco 
smoke and or air pollution.
Moderate-to-severe cases and risk factors associated 
with severe bronchiolitis must be considered for hospital 
admission [14].
Severity classification is based on: respiratory rate, 
respiratory effort, oxygen saturation, feeding, apnoea, 
wheezing, crackles, effort, inspiration to expiration 
ratio [14].
Most children with acute bronchiolitis may be 
adequately managed in the outpatient setting by primary 
care paediatricians, parents or caregivers able to provide 
assistance and monitoring [14-16].
Bronchiolitis lasts 12 days (average) in children under 
24 months; after 21 days about 18% still have the disease 
and after 28 days 9%  [16]. Most infants who contract 
bronchiolitis recover without sequelae; however, up to 
40% may have subsequent wheezing episodes up to their 
fifth year of age and approximately ten percent will have 
wheezing episodes after that timeframe [16-19]. 

In addition to its impact on children, bronchiolitis also 
has a major impact in terms of hospitalisation costs 
even for mild and moderate forms [20]. Moreover, the 
need for intensive care almost doubles the necessary 
costs [20].
The aim of our study is to assess the impact of this 
condition in the emergency services and the severity of 
the cases that lead to hospitalisation. 

Materials and methods

An observational retrospective pilot study was conducted 
in the Emergency Department (ED) of Teaching Hospital 
of Siena, Tuscany, inall children under 18 years of age 
who had a diagnosis of bronchiolitis at the time of 
discharge from the ED of the Teaching Hospital of Siena 
by from September 2018 to April 2023 were included in 
the study.
All children under 18 years of age who had a diagnosis 
of bronchiolitis at the time of discharge from the ED 
were included in the study.
Clinical examination and anamnesis were performed to 
confirm the diagnosis of bronchiolitis. 
Data were taken from the ED software management 
'Aurora'. 
The "Aurora" management software is the management 
software that is used in the ED to register entering 
patients Master data, triage, medical and nursing diary 
and discharge diagnosis are entered in the management 
software. 
Of all patients, gathered variables included gender, 
residence, age, during which day of the week they 
accessed the ED, how were patients sent to ED or how 
they reached it, whether they had previously been seen 
by community medicine services, admission code, 
access symptoms, admission and ward in which they 
were admitted.
Statistical analysis was performed with STATA 17. 
The tests performed were X2 test to see if there was a 
statistically significant correlation between two variables 
and the Odds Ratio to see how likely one variable 
influenced the other.
No ethics committee approval was required as for 
epidemiological studies using health care administrative 
databases and anonymized data for researcher purpose.

Results

A total of 382 patients visited the emergency department 
for bronchiolitis.
54.7% were male and the average age was 4.8 months 
(C.I: 3.5-6.0 months).
The highest number of accesses, 175, occurred in the 
2022/2023 season as shown in Figure 1. Only 1 case was 
recorded in the 2020/2021 season.
The annual distribution of accesses for bronchiolitis 
shows a progressive increase in cases, in particular 10 
cases was recorded in 2018, 80 in 2023, with a peak of 
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124 cases in 2022, only in 2020, where the accesses wee 
only 31.
Most of our samples (89.8%) came from the province 
of Siena and 26.7% of them were admitted to the ED 
during the weekend.
Only 14.1% accessed the emergency room referred by 
the paediatrician or the doctor on duty.
The most commonly reported symptoms were fever 
(33.5%), cough (41.1%), but mainly respiratory 
difficulties in 74.3%.
Most of our sample accessed the ED with code 3, while 
21.8% accessed with a higher severity code (1 and 2).
72.8% of our sample were subsequently hospitalised, 
17.6% of them in an intensive care unit. 
A statistically significant correlation was found between 
the presence of bronchiolitis and the season being either 
autumn or winter (p < 0.001).
 A statistically significant correlation was found between 
the year of admission and hospitalisation (p  <  0.05), 
with an increase in admissions in the post-COVID-19 
lockdown. Those who accessed the ED with symptoms 
of bronchiolitis during the weekend were less likely to 
have been referred from community medicine services 
or professionals (O.R: 0.1; C.I: 0.0-0.5; p < 0.001). 
Children below 1 year of age were more likely to access 
the ED with respiratory distress (O.R.: 2.6; C.I.: 1.5-4.3; 
p < 0.001).
Those who accessed the ED with bronchiolitis were 
more likely to be hospitalizedthan those who accessed 
for other conditions (O.R: 24.5; C.I.: 19.4-31; p < 0.001).

Discussion

In our sample, the average age of children which 
were most affected by bronchiolitis and accessed the 
Emergency Department was less than 1 year, in line with 
national and international data in literature [1, 16]. 
Like most parainfluenza viruses, the trend of bronchiolitis 

waves is seasonal  [5, 15]. The results of our study 
highlight seasonal incidence peaks from November to 
February. Our results are in fact in line with previous 
Italian studies, which peaked between November and 
February [21, 22].
It’s worth highlighting that from November 2020 to 
February 2021 there was only 1 case of bronchiolitis 
in Siena Hospital and 3 cases occurred in July 2021. 
In addition to that, it’s important to point out that from 
March 2020 the SARS-CoV-2 pandemic began  [23], 
which brought Health Authorities to recommend social 
distancing measures and regulated the mandatory use 
of masks  [24], providing protection not only from 
SARS-CoV-2, but also from several airborne diseases 
such as influenza and parainfluenza, causing a decrease 
in their diffusion [25-27]. An increase in cases during 
the summer season was also reported in a British 
study, possibly due to the relaxation of restrictive 
measures  [28]. Many countries have reported a 
lack of RSV cases during the expected peak season, 
followed by an out-of-season surge upon relaxation of 
NPI use. These dynamics have disrupted traditional 
RSV disease patterns and assumptions, while also 
provide a unique opportunity to learn more about the 
transmission of RSV and other respiratory viruses in 
order to tackle future RSV preventive strategies  [29]. 
The InfluNet report also shows an incidence of 0.8 
cases per thousand of influenza syndromes (ILI) by 
sentinel physicians and out of a total of 6818 samples 
analysed, none were found positive for influenza in the 
2020/2021 season [30].
The 2022/2023 season has registered the most severe 
increase in incidence of the timeframe of our study, 
reporting 175 bronchiolitis incidents. This increase has 
not only occurred in our study, but has been reported 
throughout Europe, so much so that the ECDC issued 
a note highlighting this scenario, leading to increased 
pressure on hospitals and thus recommending enhanced 
surveillance measures [31].

Fig. 1. Number of accesses for bronchiolitis in Emergency Department (ED), (September 2018- April 2023).
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As previously stated, bronchiolitis is the first cause of 
hospitalisation in children aged 1 year or lower: most of 
the children in our study were hospitalised and children 
aged < 1 year presented respiratory distress symptoms 
on admission to the emergency department. 
Those who accessed the emergency department during 
the weekend were less likely to have been visited by the 
family paediatrician or out-of-hours service doctors. We 
hypothesized this might occur due to the lack of available 
paediatricians in community services on Saturdays 
and Sundays, which can manage and treat mild cases 
before they get worse, thus gatekeeping the emergency 
department when possible [32].
This public health scenario is important to address 
because, as already mentioned, bronchiolitis has a big 
impact on the cost of emergency room services and 
admissions [20]. 
Italy is currently developing a reform of territorial and 
community medicine with the goal to allow patients to 
be treated mainly at home, with the vision of “home 
as the first and main healthcare location” [33]. Among 
the various actions identified to achieve this goal, a 
huge part of it is the implementation of telemedicine 
and telemonitoring services. During the COVID-19 
emergency, positive patients with mild to moderate 
symptoms were monitored at home by devices capable 
of detecting vital parameters in real time and transmitting 
them to the territorial emergency services [34]. This type 
of telemonitoring could also be impractical in paediatric 
patients with parental/caregiver support. However, 
one possible prevention strategy currently available 
is a monoclonal antibody (mAb) indicated in a subset 
of preterm infants or those with comorbidities, hence 
leaving the majority of the infant population unprotected 
against this virus. Therefore, development of prevention 
strategies against RSV for all infants entering their first 
RSV season constitutes a large unmet medical need [35].
In the next future, it is likely that new possibilities of 
prevention will add, including use of more potent and 
longer-acting monoclonal antibodies, implementation 
of maternal vaccination in pregnancy, and active 
immunization in children [36, 37]. 
In 2023, the European Union approved the first RSV 
vaccine suitable for protecting infants up to six months 
of age as well as two vaccines for older adults. When 
given to a mother during pregnancy, the antibodies 
generated in response to the vaccine can cross the 
placenta to the foetus, protecting the child for up to six 
months following birth [38].
Despite all the efforts, prevention remains, to date, the 
most effective strategy to reduce RSV-related morbidity. 
Among the current prevention strategies, strict hygiene, 
breastfeeding and passive immunization with the 
monoclonal antibody and maternal vaccination are the 
cornerstone.
The limitations of our study are that the children 
enrolled were taken from the ED computerised system, 
so they were not followed up during their admission and 
the diagnosis is based on the clinic and the objective 
examination. Yet, we were still able to observe the 

trends of admission in the ER departments and future 
studies tackling samples of children followed after the 
ER discharge can be a relevant research issue to tackle. 
Moreover, the limitations of this study are given above 
all by the very small sample. In the Region of Tuscany, 
the paediatric hub hospital is the Meyer Hospital in 
Florence. About the University Hospital of Siena, 
the specific catchment area is structured, for basic 
activities, on 17 Municipalities of the Sienese Area with 
approximately 120,000 inhabitants, and for specialist 
services on 36 Municipalities of the Province of Siena 
with approximately 254,000 inhabitants. The study is 
a preliminary study to evaluate the trend of paediatric 
patients' accesses for RSV, subsequently the study will 
be extended.

Conclusions

In conclusion, our study also supports evidence 
confirming the increasing trend of bronchiolitis cases 
in the 2022/2023 season. Our study also highlights the 
importance of taking preventive action to avoid the spread 
of viruses that cause bronchiolitis, such as RSV, through 
surveillance and vaccine development. Furthermore, it 
is necessary to invest in hospital-territory integration 
pathways for timely diagnosis and to reduce the number 
of children with bronchiolitis with minor codes entering 
the ED, thus overburdening hospital services. RSV has 
been identified as a major global priority but a solution 
to tackle this unmet need for all children has yet to be 
implemented.
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Introduction

Chronic Energy Deficiency (CED) occurs due to a 
long-term lack of nutrients which causes underweight 
or thinness  [1]. Women of Childbearing Age (WRA) 
are said to be CED if the Upper Arm Circumference 
(MUAC) is < 23.5 cm. CED in WRA will have an impact 
during pregnancy, risking a decrease in muscle strength 
during delivery  [34]. Pregnant women with CED are 
at risk of giving birth to Low Birth Weight (LBW) and 
have a risk of death for both mother and child [5].
World Health Organization (WHO) data for 2017 the 
percentage of CED in pregnancy globally is 35-75% and 
deaths in developing countries related to CED are 40%. 
National Health Research Data for 2018, the percentage 
of CED in WRA who are not pregnant nationally reaches 
14,5% [6]. The prevalence of CED in Bengkulu province 
is 11,10% (4533 people), with the prevalence for 
Bengkulu City itself being 14,59% (661 people). Data 
Bengkulu City Health Office for 2021 number WRA 
in Bengkulu City is 84.506 WRA. The highest CED 
problem was found in the Kandang Health Center in 
Bengkulu City, which was 46,8% (277 WRA) [7]. This 
study aims to determine the interaction risk between 
protein intake and the number of family members with 
Chronic Lack of Energy in Women of Childbearing Age.

Method

This study used a cross-sectional approach by examining 
the dynamics and risk factors and their impacts through 
direct observation and data collection. This research 
was conducted for 3 months (January-March 2023). 
The population used in this study were all Women of 
Reproductive Age (WRA) between 20-45 years at 
Kandang Health Center, Bengkulu City, with a population 
of 7,183 WRA. The minimum sample size required 
in this study was calculated by the application of the 
Sample Size in Health Study (Lwanga and Lemeshow) 
to test the proportion difference hypothesis to test the 
hypothesis that the proportion of children not vaccinated 
is 50% or more, at the 5% level of significance. The 
number of samples, namely 143 WRA in the Kandang 
Health Center, Bengkulu City. The inclusion criteria 
consisted of WRA Kandang Health Center, WRA aged 
20-49 years, the sample lived permanently and was 
registered as residents in the Kandang Health Center, 
WRA was willing to be interviewed and used as research 
samples, WRA was in good health during the research, 
and exclusion criteria during the research process WRA 
moved house in the Kandang Health Center, WRA was 
sick, WRA was not willingly interviewed and not willing 
to be sampled. The sampling technique uses convenience 
sampling as a non-probability sampling method where 
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Summary

Background. Chronic Energy Deficiency (CED) is a condition in 
which the body is underweight or thin and the body has insufficient 
reserves of energy intake, this condition occurs due to a lack of 
nutrients. A person’s condition can be said to be CED if the Mid-
Upper Arm Circumference (MUAC) is low or < 23,5 cm. Women of 
Reproductive Age (WRA) who experience CED will have an impact 
on pregnancy. Based on the 2017 World Health Organization 
(WHO) the percentage of CED in pregnancy globally is 35-75% 
and deaths in developing countries related to CED are 40%.
Methods. Research design Descriptive analytic cross-sectional 
approach. The population WRA with a population of 7,183 the 
sample being 143 WRA. The analysis is univariate, bivariate (Chi-
square), and multivariate (Regression Logistic)
Results. Found that the determinants of CED were factors affecting 

CED for WRA in the Kandang Health Center in Bengkulu City in 
2023 are age (p-value = 0.018; ORa95% CI=2,495: 1.171‑5.317), 
energy intake (p-value = 0.013; ORa95% CI = 2.990: 1.256‑7.117), 
and the interaction of protein intake by several family members 
(p-value  =  0.03; ORa  95%CI  =  21.327: 1.343‑338.671). The 
dominant factor is the interaction between protein intake and the 
number of family members. WRA with large families when protein 
intake is not enough risk 21 times to experience chronic lack of 
energy compared to adequate protein intake.
Conclusions. Health workers need to make promotive and pre‑
ventive efforts that can be done through community empower‑
ment through health education about nutritional intake and fam‑
ily planning, so WRA understands about prevention of Chronic 
Energy Deficiency.



CHRONIC ENERGY DEFICIENCY IN WOMEN OF CHILDBEARING AGE

E195

units are selected for inclusion in the  sample due to 
convenience. 
Data collection of Chronic Energy Deficiency (CED) 
by measuring Mid-Upper Arm Circumference (MUAC) 
with MUAC tape, WRA is declared CED if the size of 
MUAC < 23.5 cm. Collection of WRA characteristic 
data by conducting interviews using structured 
questionnaires. The age of WRA is categorized into 
risky (> 35 years) and not at risk (20-35 years)  [41], 
WRA education is categorized as low (elementary and 
secondary) and high (diploma and bachelor education), 
employment status is categorized as working (getting 
treatment) and not working, the number of family 
members is categorized as a large family (> 4 people) 
and small family (≤ people)  [14], history of infectious 
diseases (diarrhea, upper respiratory tract infection, 
malaria, tuberculosis) in one month is categorized as 
ever and never  [42]. Nutritional intake was collected 
using Semi Food Frequency Questionnaire (S-FFQ) 
forms, food photo books, and measuring tape. The 
research procedure began by asking questions on a 
questionnaire and the S-FFQ form using a food photo 
book to clarify household size followed by measuring 
arm circumference. Categorization of nutritional intake 
based on Daily Value (DV) for Indonesians. Energy 
intake (Kcal), carbohydrate intake (gr), protein intake 
(gr), and fat intake (gr) are categorized as insufficient 
(<  80% DV) and sufficient (≥  80% DV)  [32]. Eating 
frequency data is the main eating frequency collected 
by interviews using questionnaires then categorized 
into good (≥ 3 times a day) and less good (< 3 times a 
day) [42].
Data analysis used univariate analysis to describe 
the characteristics of each research variable (age, 
occupation, education, number of family members, 
history of infectious disease in the last 1 month, energy 
intake, protein intake, fat intake, carbohydrate intake, and 
frequency of main meals in a day). Bivariate analysis used 
the Chi-Square test to determine the relationship between 
independent variable (age, occupation, education, 
number of family members, history of infectious disease 
in the last 1 month, energy intake, protein intake, fat 
intake, carbohydrate intake, and frequency of main meals 
per day) with CED. If the bivariate analysis results show 
a p-value < 0.25, it will be included in the multivariate 
analysis. Multivariate analysis uses multivariate logistic 
regression to determine the most influential variable the 
determinants of CED.
Before the research was carried out, there was an ethics 
research permit. The permit was first submitted to the 
Health Research Ethics Commission of the Ministry of 
Bengkulu Health Polytechnic with the Ethical Clearance 
Number No. KEPK.BKL/054/02/2023. Respondents 
who had been involved in this study had previously 
given written informed consent after explanation. The 
explanation given is in the form of the researcher’s 
name, institution of origin, aims, and objectives as well 
as asking for approval regarding the availability of being 
a respondent.

Results

Table I shows that the individual characteristics show 
that most of the WRA age group are not at risk (51.7%), 
do not have work outside the home (83.9%), have low 
education (83.2%), lived with a small number of family 
members (65.7%), multipara parity (74.1%), and had no 
history of infection in the last 1 month (65%).
Table II shows that the description of intake and 
frequency of main meals in the day shows the most 
intake of good energy (67.8 %) with an average energy 
intake of 1840.4  kcal with a range between 1332.2-
2606.5  kcal. Protein intake was mostly adequate 
(87.4%) with an average of 57.6 g with a range between 
57.6±9.6 gr. Fat intake was mostly Not enough (66,4%) 
with an average of 77.2 g, ranging between 47-129.9 gr. 
Carbohydrate intake was mostly Not enough (88,8%) 
with an average of 231.8 g with a range between 153.4-
370.1 gr, and most of the frequency of main meals in a 
day is good (62.2%).
Table III shows that 37.8% of WRA in the Kandang 
Health Center in Bengkulu City have experienced CED. 
The average size of MUAC WRA is 26.4 cm, with a 
range between 18.6 cm to 33 cm. 
Table IV shows the results of the analysis with Chi-
Square to determine the relationship of each independent 
variable with the incidence of CED and as a selection 
stage of independent variables that will be candidates 
for multivariate analysis (p-value  = 0.25). The results 
showed there was a significant relationship between 
age (p-value  =  0.037; ORc  =  2.082) and number of 
family members (p-value = 0.046; ORc = 2.048) with 
the incidence of CED, but WRA characteristics based 
on maternal occupation (p-value = 0.748; ORc = 0.858), 
education (p-value = 0.069; ORc = 2.248), and a history 
of infection in the last 1 month (p-value  =  0.259; 
ORc = 0.668) was not significantly associated with the 
incidence of CED. The prevalence of Chronic Energy 
Deficiency was higher in WRA aged  ≤  35 years (29%) 
compared to WRA aged > 35 years (45.9%), WRA not 
working (38.3%) compared to WRA working (34.8%), 
WRA higher education (54.2%) compared to WRA 
lower education (34.5%), extended family (49%) 
compared to small families (31.9%), and WRA who 
have experienced infectious diseases (44%) compared to 
those who have not experienced infectious diseases in 
the last 1 month (34.4%). Table IV also shows that the 
independent variables that are candidates for multivariate 
logistic regression analysis are WRA age, number of 
family members, and WRA education.
Table V shows a significant relationship between energy 
intake (p-value = 0.014; ORc = 2.436) and carbohydrate 
intake (p-value = 0.027; ORc = 4.853) with the incidence 
of CED, but no significant relationship between protein 
intake (p-value  =  0.252; ORc  =  0.562) and fat intake 
(p-value = 0.016; ORc = 2.781) with the incidence of 
CED. The prevalence of CED was higher. WRA with 
less energy intake (52.2%) than adequate energy intake 
(30.9%), insufficient protein intake (50%) compared to 
adequate protein intake (36%), fat intake less (100%), 
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less carbohydrate intake (40.9%) compared to adequate 
carbohydrate intake (12.5%), fat intake was less (35.9%) 
than adequate fat intake (18.1%), and the frequency of 

eating was good (24.5%) compared to the frequency 
of eating was not good (13.3%). Table V also shows 
that the independent variables that are candidates for 
multivariate logistic regression analysis are WRA age, 
number of family members, and WRA education.
Table VI shows that the factors affecting CED for 
WRA in the Kandang Health Center in Bengkulu City 
in 2023 are age (p-value = 0.018; ORa95% CI = 2,495: 
1.171-5.317), energy intake (p-value = 0.013; ORa95% 
CI = 2.990: 1.256-7.117), and the interaction of protein 
intake by several family members (p-value  =  0.03; 
ORa95%CI  =  21.327: 1.343-338.671). The dominant 
factor for CED is the interaction between protein intake 
and several family members, meaning the interaction 
between protein intake with family members this means 
that the number of family members influences the 
amount of WRA protein intake. WRA who have less 
protein intake, the risk of the number of small family 
members experiencing CED is 3,643 times (OR = e-1,767 + 

3,060 = 3,643) compared to the number of extended family 
members. For those at WRA who have good protein 
intake, the risk of the number of large family members 
for CED occurring is only 0.17 times (OR = e-1,767 = 0.17) 
compared to the number of extended family members. 
This shows that protein deficiency is a precondition 
for the effect of the number of family members on the 
incidence of CED.
The results of the multivariate analysis obtained the last 
model as shown in Table VI the regression equation is 
as follows:
Logit P (CED Occurrence)  =   -1.024 + (0.914*at risk 
age) + (1.095*deficient energy) + (-0.849*deficient 
proteins) + (-1.767*small number of family members) + 
(3.060*protein intake*number of family members)

Based on the P = 81.3%, it means that 81.3% of the 
variation in the incidence of Chronic Energy Deficiency 
in. WRA is explained by risk age factors (> 35 years), 
less energy intake, less protein intake, large families, 
and interactions between less protein intake with large 
families. The remaining 18.7% variation in CED events 
in WRA is explained by other factors. 

Tab. I. Women of reproductive age characteristics.

Characteristics
Frequency Statistics

n % Min-Max X ± SD
Age (year)
Risk (> 35 years)
No risk (≤ 35 years)

69
74

48.3
51.7

21-48 34 ± 6.69

Work
Not Working 
Work

120
23

83.9
16.1

- -

Education
Low (Primary and 
Secondary)
Hight (Diploma and 
Bachelor)

119

24

83.2

16.8

- -

Number of family 
members
Small (≤ 4 person)
Big (> 4 person)

94
49

65.7
34.3

2-8 4 ± 1.22

Parity
Primipara (1 child)
Multipara (1-3 children)
Grandemultipara  
(> 3 children)

35
106

2

24.5
74.1

1.4

0-5 2 ± 0.96

History of infectious 
disease
Ever
Never

50
93

35.0
65.0

- -

Tab. II. Overview of intake and frequency of eating women of child-
bearing age.

Intake and 
Frequency of 
Eating

Frequency Statistics

n % Min-Max X ± SD

Energy Intake 
(Kcal)
Not enough  
(< 80% DV)
Good (≥ 80 DV)

46
97

32.2
67.8

1332.2-2606.5 1840.4 ± 230

Protein Intake 
(gr)
Not enough  
(< 80% DV)
Good (≥ 80 DV)

18
125

12.6
87.4

47-129.9 57.6 ± 9.6

Fat Intake (gr)
Not enough  
(< 80% DV)
Good (≥ 80 DV)

95
48

66,4
33,6

47-129.9 77.2 ± 14

Carbohydrate 
Intake (gr)
Not enough 
(< 80% DV)
Good (≥ 80 DV)

127
16

88.8
11.2

153.4-370.1 231.8 ± 37.5

Main Meal 
Frequency 
(times/day)
Not enough  
(< 3 times/day)
Good (≥ 3 times/
day)

54

89

37.8

62.2

2-4 2.7 ± 0.6

DV: Daily Value

Tab. III. Overview of chronic energy deficiency.

Size of Mid-Upper 
Arm Circumference 
(MUAC)

Frequency Statistics

n % Min-Max X ±SD

CED
(MUAC < 23.5 cm)
No CED 
(MUAC ≥ 23.5 cm)

54

89

37,8

62,2

18,6-33.0 26,4 ± 3,57

CED: Chronic Energy Deficiency; MUAC: Mid-Upper Arm Circumference
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Discussion

Age and Chronic Energy Deficiency

This study found a significant relationship between age 
and incidence of CED. This happened because at the 
time the study was carried out on WRA who were in the 
Puskesmas, out of 143 WRA who were classified as at 
risk. This study is in line with research in Pati Regency, 
which obtained p = 0.003 which indicates an effect of 
age on the incidence of CED [8]. In addition, research 
in Betung Bay, Bandar Lampung Sari City, obtained a 
p-value = 0.000 which indicates the relationship between 
age and incidence of CED [9]. However, it is different 
from research in Central Kluet District, South Aceh 

Regency, which obtained p-value = 0.399 and shows no 
relationship between age and incidence of CED [10]. 

Age (35-49 years) is said to be vulnerable to CED events 
because besides this age there is aging and decreased 
body functions where at that age WRA still have young 
children which adds to the workload. In the old category 
(35-49 years) the metabolic process gradually decreases 
regularly so that the need for nutrients cannot be fully 
met  [11, 12]. Apart from that, at this age, it is also 
susceptible to disease because the organs of the body are 
getting older and weaker, as well as the aging process 
that is starting to appear [8]. Affects during pregnancy, it 
requires a lot of energy. Then it takes additional energy 
sufficient to support the ongoing pregnancy [13]. 

Tab. IV. Relationship between women of childbearing age characteristics and chronic energy deficiency.

Variable
Chronic Energy Deficiency Events

P-valuesa ORc (95% CI)CED No CED Total
n % n % n %

Age (year)
Risk (> 35 years)
No risk (≤ 35 years)

20
34

29.0
45.9

49
40

71.0
54.1

69
74

100
100

0.037* 2.082 (1.042-4.162)

Work
Not Working 
Work

46
8

38.3
34.8

74
15

61.7
65.2

120
23

100
100

0.748 0.858 (0.337-2.182)

Education
Low (Primary and Secondary)
Hight (Diploma and Bachelor)

41
13

34.5
54.2

78
11

65.5
45.8

119
24

100
100

0.069* 2.248 (0.926-5.461)

Number of Family Members
Small (≤ 4 person)
Big (> 4 person)

30
24

31.9
49.0

64
25

68.1
51.0

94
49

100
100

0.046* 2.048 (1.009-4.159)

History of infection in the Last 1 Month
Ever
Never

22
32

44.0
34.4

28
61

56.0
65.6

50
93

100
100

0.259 0.668 (0.330-1.349)

ORc: Odd Ratio Crude. *Candidate for multivariate analysis. a Chi-Square Test.

Tab. V. Relationship between intake and frequency of main meals with chronic energy deficiency.

Variable

CED events

P-valuesa ORc (95% CI)CED No CED Total

n % n % n %

Energy Intake (kcal)
Not enough (< 80% DV)
Good (≥ 80 DV)

24
30

52.2
30.9

22
67

47.8
69.1

46
97

100
100

0.014* 2.436 
(1.185-5.011)

Protein Intake (grams)
Not enough (< 80% DV)
Good (≥ 80 DV)

9
45

50.0
36.0

9
80

50.0
64.0

18
125

100
100

0.252* 0.562
 (0.208-1.519)

Fat Intake (grams)
Not enough (<80% DV)
Good (≥ 80 DV)

43
11

35.9
18,1

52
37

59.129.9
95
48

100
100

0.016* 2.781 
(1.269-6.098)

Carbohydrate Intake (grams)
Not enough (< 80% DV)
Good (≥ 80 DV)

52
2

40.9
12.5

75
14

59.1
87.5

127
16

100
100

0.027* 4.853 
(1.058-22.262)

Main Meal Frequency Per Day
Not enough (< 3 times/day)
Good (≥ 3 times/day)

19
35

13.3
24.5

35
54

24.5
37.8

54
89

100
100

0.620
1.194 

(0.592-2.409)

DV: Daily Value; ORc: Odd Ratio Crude; * Candidate for multivariate analysis; a Chi-Square Test.
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Interaction Number of Family Members 
and Protein Intake
This study found a significant relationship between 
the interaction number of family members and protein 
intake with the incidence of CED (p-value  =  0.03; 
ORa95% CI = 21.327: 1.343-338.671). The interaction 
between protein intake with family members means that 
the number of family members influences the amount 
of WRA protein intake. WRA with large families when 
protein intake is not enough risk 21 times to experience 
chronic lack of energy compared to adequate protein 
intake. Based on the results of research in the field where 
WRA who live with a small number of family members 
experience as much as 31.9%. This is because a small 
family has just married and the family economy is not yet 
stable. The results of this study are in line with research 
in Tuban Regency, which obtained p-value  =  0.000 
which shows that the number of family members is 
related to the incidence of CED [17]. This is different 
from research in a large-scale unbalanced district with 
p-value  =  0.4 which shows that the total number of 
household members is not related to the occurrence of 
CED [18]. It is also different from studies in the City 
of Kupang and the City of Bengkulu, which obtained 
p-value = 0.302, which has no relationship between the 
number of family members and incidence [19]. 

Dependents are WRAs who are still related to the family 
or are considered family and their lives are borne. The 
number of dependents is determined by the number of 
family members living in a household [20]. Even though 
in this study the majority of family members from WRA 
were ≤4 person, which means that the number of children 
they had was only 1 or 2 person, nutrition fulfillment was 
still on WRA is still neglected. Even though the number 
of family members at WRA averages ≤ 4 people, which 
is not balanced with sufficient income will determine 
the nutritional status of WRA  [21]. A heavy workload 
will increase the body’s energy needs which can cause 
fatigue [22].
The results of this study found that protein intake was not 
directly related to the incidence of CED, but depended on 
the number of family members. WUS in this study have 
good protein consumption, this can be seen in habits 

of protein consumption and the portions consumed. 
Almost every WRA consumes 2-3x protein every week, 
especially animal protein. In addition, the availability of 
these foodstuffs is not difficult to obtain. This study is in 
line with research in the Terbanggi Besar District, Central 
Ampang Regency, which obtained p-value = 0.230 which 
indicated that there was no relationship between protein 
intake and incidence of CED. did not have a significant 
relationship with the incidence of CED [32]. In contrast 
to the study in Palembang, p-value = 0.004 was obtained 
which indicated that there was a relationship between 
protein intake and the risk of CED [29]. 

Foods that contain a lot of protein are tofu, tempeh, 
chicken, fish, eggs and milk. Protein has an important 
function for the body, protein is a source of energy 
after glycogen, besides that protein is also used as a 
constituent of tissue cell structures. There a person must 
have sufficient protein intake because this can have an 
impact on the health of WRA if it lasts for a long time. 
Protein intake that is less or more does not affect changes 
in body weight because excess protein intake is not 
stored by the body as occurs due to excess energy [32]. 

Energy Intake and Chronic Energy 
Deficiency
This study found a significant relationship between 
energy intake and incidence in WRA Kandang Health 
Center, Bengkulu City in 2023. This research is in 
line with research in Hibun village, Sanggau Regency, 
which obtained a p-value =  0.009 which indicates the 
relationship between energy intake and risk  [28]. In 
addition, the study in Palembang obtained p-value = 0.004 
which showed that there was a relationship between 
energy intake and the risk  [29]. Just like the study in 
Makassar, it obtained a p-value = 0.011 which showed 
that there was a relationship between energy intake and 
the risk of Chronic Energy Deficiency [30].
The energy in the human body is the result of burning 
proteins, fats, and carbohydrates. Energy results can 
be stored by the body in adipose tissue. This energy 
reserve will be used if the intake of protein, fat, and 
carbohydrates is insufficient. Therefore, muscle mass is 
influenced by the intake of macronutrients, especially 
energy and protein. If energy reserves are continuously 
used for a long time, it will result in changes in nutritional 
status [31].

Carbohydrates and Chronic Energy 
Deficiency
This study found a significant relationship between 
carbohydrate intake and the incidence of CED. This 
is because most WRA have less carbohydrate intake, 
whereas a high-carbohydrate food ingredient that is often 
consumed is rice. In addition, the consumption of high-
carb foodstuffs did not vary, they were rarely consumed 
even if only a small amount was consumed. This study is 
in line with research in Tapung District, Kampar Regency, 
Riau, which obtained p-value = 0.027 which indicated 
that there was a relationship between carbohydrate 
intake and incidence of CED  [33]. In contrast to the 

Tab. VI. Determinants of chronic energy deficiency.

Variable B P-valuesa ORa (95% CI)

Age* 0.914 0.018 2.495 (1.171-5.317)
Energy intake* 1.095 0.013 2.990 (1.256-7.117)
Protein intake* -0.849 0.192 0.428 (0.119-1.533)
Number 
of family 
members*

-1.767 0.185 0.171 (0.013-2.327)

Protein 
intake*number 
of family 
members*

3.060 0.030 21.327 (1.343-338.671)

Constant -1.024
multivariateLogistic Regression Test with categorical data scales; ORa: Odd Ra-
tio Adjusted.
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study in Palembang, p-value = 0.094 was found which 
showed no relationship between carbohydrate intake 
and the risk of CED [29]. The results of this study were 
also different from studies in Central Lampung Regency, 
which obtained p-value  =  0.455 indicating that there 
was no relationship between carbohydrate intake and 
incidence [32].
In the human body, there are specific cells such as 
neurons that require high glucose [37].Glucose is found 
in food sources of carbohydrates. The most consumed 
foods contain high carbohydrates such as rice, 
bread, noodles, corn, wheat flour, tubers, and others. 
Carbohydrate consumption generally comes from staple 
foods. Energy consumption that does not vary will affect 
energy intake. Where carbohydrates function as the main 
source of energy, carry out and carry out fat metabolism, 
and others. Carbohydrate intake was as much as 88.8% 
with an average of 231,8 g and was not sufficient for the 
daily RDA according to the standard [32]. 

Occupational and Chronic Energy Deficiency
This study found no significant relationship between 
work and incidence of CED. This can be a factor in 
the occurrence of CED. Even though the results of this 
study stated that there was no relationship, CED was 
often found in WRA who did not have jobs outside 
the home. This study is in line with research in Kediri 
Regency, which obtained p = 0.269 which indicated that 
the mother’s occupation was not related to the incidence 
of CED  [14]. In addition, research in the District of 
Central Kluet, South Aceh District with p=0.686 showed 
that there was no relationship between work and. the 
incidence of CED [10]. In contrast to research in Tuban 
Regency, p-value = 0.008 was obtained which indicated 
that there was a relationship between work and incidence 
of CED [2]. 

Stress is a condition that occurs due to a gap between 
physiology and psychology in a situation that originates 
from a person’s biological, psychological, or social 
origins  [15]. A person is inevitably very vulnerable 
to stress caused by various problems. Stress triggers 
themselves can be from within or outside the body which 
can influence a person’s behavior towards food. WRA 
who work outside the home or do not have different 
stress factors. For example, for WRA who work stress 
factors can be caused by work outside the home not to 
mention work at home, while WRA who do not work 
outside the home have to think about housework, caring 
for children, and others [16]. 

Education and Chronic Energy Deficiency
This study found no significant relationship between 
education and incidence of CED. The results of this 
study also indicate that there are samples with low 
education that have normal MUAC sizes. Even though 
the results of the study stated that education had no 
relationship with the incidence of CED in WRA, CED 
was often found in WRA with low education.
This research is in line with research in Kediri Regency, 
which obtained p = 0.689 which indicated that 
education was not related to the incidence of CED [14]. 

In addition, research in Indramayu District obtained 
p-value = 1,000 indicating that education was not related 
to the nutritional status of pregnant women [16]. Tuban 
obtained p-value = 0.013 which shows the relationship 
between education and incidence [2]. 

Education affects nutritional status because a high level of 
education will participate in determining or influencing 
a person to receive nutrition information. Nutrition and 
health problems often occur due to ignorance and lack 
of information about fulfilling nutrition for health. This 
will have an impact on awareness and willingness to 
behave regarding health in everyday life [13]. 

However, the facts on the ground found that WRA 
with a high level of education experienced CED. What 
causes this to happen is that WRA who have a low 
level of education are not necessarily less able to meet 
their needs for nutrients and food compared to WRA 
who have a high level of education. Even though WRA 
have low education, they do not necessarily have low 
knowledge about nutrition and health, this is because 
health information is not only obtained by taking 
education. Apart from that, it could be because higher 
education provides opportunities for WRA to work with 
strenuous activities outside the home which can have an 
impact on workload which can become a burden on the 
mind (stress), and irregular eating patterns which can put 
WRA at risk of experiencing [13]. 

History of Infection and Chronic Energy 
Deficiency
This study found no significant relationship between a 
history of infection and the incidence of CED. Results 
of interviews WRA who experienced. on average did 
not have a history of infection in the last 1 month. 
Even though infectious diseases can affect nutritional 
status, the history of illness experienced by WRA in 
the field is susceptible to a long period with the MUAC 
measurements carried out, besides that the history of 
illness experienced does not last for a long time. The 
most common infectious disease is upper respiratory 
tract infection, where if you are sick, you will go to the 
Puskesmas for treatment at the WRA so that the illness 
does not last long.
This research is in line with the study in Purwokerto, 
which obtained p = 0.121 which indicated that there was 
no relationship between. and infectious diseases  [23]. 

In addition, the research conducted in Purwokertal has 
p-value = 0.156 which shows that contagious diseases are 
not related to Chronic Energy Deficiency Among Non-
pregnant and Non-lactating Women of Reproductive 
Age [24]. The city of Bogor obtained p = 0.000 which 
indicated a relationship between infectious diseases and 
incidence [25]. 

Infectious disease is one of the factors that can affect 
the nutritional status of WRA. There is a relationship 
between infectious diseases and nutritional status [26]. 
Infectious diseases are closely related to malnutrition or 
undernutrition where there is a reciprocal relationship, 
namely infectious diseases can worsen the nutritional 
condition of WRA, and vice versa WRA who are in 
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poor nutritional conditions will make it easier for them 
to get infected  [27]. WRA who suffer from infectious 
diseases will have an impact on the nutritional status of 
the WRA, this is because infectious diseases affect food 
intake which often decreases [26]. 

Fat Intake and Chronic Energy Deficiency
This study found no significant relationship between fat 
intake and the incidence of CED. Results of interviews 
with WRA, the average WRA often consume foods that 
contain lots of fat, such as coconut milk and fried dishes 
that are cooked by themselves or bought outside the 
home. The habit of consuming foods that are high in fat 
will make fat intake sufficient.
This study is in line with the study in Makassar, which 
obtained p-value = 0.595 which indicated that there 
was no relationship between fat intake and CED  [30]. 

In addition, this study is also in line with research in 
Bandar Lampung, which obtained p-value = 0.204 
which indicated that there was no relationship between 
fat intake and incidence of CED  [34]. In contrast to 
the study in Palembang, p-value = 0.031 was obtained 
which showed that there was a relationship between fat 
intake and the risk [29]. 

Frequency of main meals in a day and Chronic 
Energy Deficiency
This study found no significant relationship between 
the frequency of main meals in a day and the incidence 
of CED. In this study, there were WRA whose eating 
frequency was in the good category but experienced, 
which was 24,5%. This can happen because the main 
eating frequency is not a factor causing it.
This can be caused by intake or food consumed does not 
meet the nutritional adequacy rate (RDA). In addition, 
imbalanced intake, type and variety of food consumed, 
nutrient content, meal portions, and frequency can 
affect whether intake is fulfilled or not. So even though 
the main meal frequency is good, in terms of intake it 
cannot be fulfilled or is not adequate for a long period, 
it does not rule out the possibility that the WRA will not 
experience [35]. 

This study is in line with research in Makassar City, which 
obtained p-value=0.667 which indicated no relationship 
between the frequency of the main meals in a day and 
the incidence of CED  [20]. In addition, research in 
Kediri Regency obtained p-value=0.383 which showed 
that there was no relationship between eating frequency 
and incidence of CED [14]. In contrast to research in the 
city of Lampung, p-value=0.015 was obtained which 
showed that there was an effect of eating frequency on 
the incidence of Chronic Energy Deficiency (CED) in 
Pregnant Women [36]. 

Based on the researcher’s direct experience in this research 
process, there are several limitations experienced and 
there can be several factors that future researchers can 
pay more attention to in further perfecting their research 
because this research itself certainly has shortcomings 
that need to be continuously improved. Further research, 
for example, needs to increase the number of samples, 

use the cohort method, and collect consumption data 
using more valid instruments. Several limitations in this 
research include: the number of respondents was only 
143 people, which is certainly not enough to describe 
the actual situation; the research object only focuses on 
WRA who are only aged 20-49 years; in the process of 
collecting data, the information provided by respondents 
via S-FFQ sometimes does not show the actual condition 
of the respondents, this happens because sometimes 
respondents do not remember what food they consumed 
in the last month as well as other factors such as the 
honesty factor in filling out the questionnaire.

Conclusions

Factors associated with the incidence of Chronic Energy 
Deficiency (CED) in Women of Reproductive Age 
(WRA) 20-45 years are age, energy intake, protein intake, 
number of family members, and the interaction between 
protein intake and the number of family members. The 
dominant factor is the interaction between protein intake 
and the number of family members. The effect of protein 
intake on the incidence of CED depends on the number 
of family members. In large families, WRA with less 
protein intake are at higher risk of developing CED 
compared to WRA from small families. Relevant health 
workers need to make promotive and preventive efforts 
that can be done through community empowerment 
through health education about nutritional intake and 
family planning, so WRA understands about prevention 
of chronic lack of energy through family planning, 
meeting nutritional needs, especially energy and protein 
intake. For future researchers, they can conduct further 
research on other factors in WRA such as culture, family 
income, socioeconomic status, age at marriage, and 
others.
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Introduction 

Anemia is a condition in which the number of healthy 
hemoglobin (Hgb) level (and consequently their 
oxygen-carrying capacity) is insufficient to meet the 
body’s physiologic needs  [1]. Anemia is diagnosed 
when a blood hemoglobin concentration is 120 g/dL for 
non-pregnant women and below 110 g/dL in pregnant 
women [2].
The magnitude of anemia differs according to geographic 
areas, Sub-Saharan Africa (SSA) and South Asia had the 
highest prevalence of anemia in all age groups. Women 
of 15-49 years are physiologically more susceptible 
to anemia because of continues menstrual blood loss 
and the demands of frequent pregnancy [3]. In eastern 
Africa, the prevalence of anemia in women of 15- 49 
years age is higher, which ranges from 19.2% in Rwanda 
to 49% in Zambia [1].
According to different studies done worldwide; age [4, 
5], educational level  [6-8], wealth status  [6, 7, 9, 10], 
type of toilet facility and source of drinking water [6, 10], 
current pregnancy status [5, 7, 10], and residence [2, 11], 
are associated with anemia in women of 15- 49 years. 
Previous studies have reported pregnancy status [11, 12], 

lower nutritional status [13], repeated childbearing [14]
haemoglobin < 11 g/dl for pregnant women, lactation/
breastfeeding  [12], helminths infection  [15] and 
malaria [16]frequently leading to anaemia. Plasmodium 
falciparum causes the most severe and profound anaemia, 
with a significant risk of death. This cannot be explained 
simply by the direct destruction of parasitized red blood 
cells at the time of release of merozoites, a process shared 
by all these species. In this review, Clara Menendez, Alan 
Fleming and Pedro Alonso focus on recent advances in 
our knowledge of the pathophysiology, epidemiology, 
management and prevention of anaemia from falciparum 
malaria. Copyright (C were found to be important causes 
of anemia among women age 15-49 years.
However, the progress made in decreasing the 
magnitude of anemia is far less than the expected and 
its socioeconomic burden, particularly in resource-poor 
countries, is still a major concern [17]. To achieve the 
World Health Organization global nutrition targets 2025 
and nutrition targets of the Sustainable Development 
Goals-2030, it is important to generate adequate 
evidence on contextual determinants of anemia to 
contribute to the development of timely interventions in 
anemia prevention. 

Non-comunicable disease

Spatial distribution and determinant factors of anemia 
among women age 15-49 years in Burkina Faso;  

using mixed-effects ordinal logistic regression model
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Summary

Background. Anemia is a condition in which the number of 
healthy red blood cells/ hemoglobin (Hgb) level (and conse‑
quently their oxygen-carrying capacity) is insufficient to meet 
the body’s physiologic needs. Thus, the current study is aimed to 
assess the spatial distribution and determinant factors of anemia 
among women aged 15-49 in Burkina Faso. 
Methods. A secondary data analysis was done based on 2021 
Burkina Faso; Demographic and Health Surveys. Total weighted 
samples of 5655 women’s were included. Data processing and 
analysis were performed using STATA 14; ArcGIS 10.1 and SaTS‑
can 9.6 software. 
Result. The spatial distribution of anemia in Burkina Faso among 

women aged 15-49.was found to be clustered (Global Moran’s 
I = 0.25, p value < 0.0001). In the multivariable mixed-effect ordinal 
regression analysis; Age 25-29 years [AOR = 1.31 ; 95% CI: 1.06 
1.61], rich wealth status [AOR = 1.32 ; 95% CI: 1.08 1.62], regions 
Cascades [AOR = 1.62 ; 95% CI: 1.16 2.25],Hauts-bassis [AOR = 
1.40; 95% CI: 1.06 1.84], Plateau central [AOR = 0.72 ; 95% CI: 
-0.54 0.96 and Sahel[AOR = 0.42 ; 95% CI: 0.28 0.63], were signifi‑
cant predictors of anemia among women aged 15-49.
Conclusions. A significant clustering of anemia among women 
aged 15-49 were found in Burkina Faso. Age, wealth index, 
regions Cascades, Hauts-bassins, Plateau central, and Sahel were 
significant predictors of anemia. 
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In addition, assessing the geographic distributions of 
anemia and its determinant factors across the regions in 
Burkina Faso can inform the national policy in designing 
prevention and intervention programmes to address 
anemia. More-over, mapping the spatial distribution 
of anemia by regions can help focus resources for 
prevention and treatment in the hot spot areas that is 
areas with elevated incidence or prevalence of anemia 
among women age 15-49 years in Burkina Faso. 
Although previous studies have attempted to estimate 
the prevalence of anemia in Burkina Faso, no studies in 
Burkina Faso have utilized nationally representative data 
to investigate the spatial distribution and determinant 
factors of anemia among women age 15-49 years in 
Burkina Faso. Therefore, this study aims to assess the 
spatial distribution and determinant factors of anemia in 
Burkina Faso among women aged 15–49. 

Methods

Study setting and data source
Burkina Faso is one of the sub-Sahara African countries 
which contained thirty National, Regional states: 
namely Boucle du mouhoun,Cascades,Centre,Centre 
Est,Centre Nord,Centre Ouest,Centre Sud,Est,Hauts-
bassins,Nord,Plateau central,Sahel and Sud-Ouest 
This study was a secondary data analysis based on 
2021 Burkina Faso Demographic and Health Surveys 
(BFDHS). The 2021 BFDHS provides reliable estimates 
at the national level, for urban and rural areas, and for 
each of the 13 regions [18]. The BFDHS 2021 applied 
a stratified two-stage cluster sampling technique. 
Stratification was realized by separating each region 
into urban and rural areas. In the BFDHS 2021, Blood 
specimens for anemia testing were collected from 
women aged 15-49 that voluntarily consented to be 
tested. Blood samples were drawn from a drop of blood 
taken from a finger prick and collected in a micro 
cuvette. Hemoglobin analysis was carried out on site 
using a battery-operated portable HemoCue analyzer. 
The full sampling procedure and the Anemia testing data 
are accessible in the full 2021 BFDHS report [18]. The 
total weighted samples of 5655 women aged 15–49 were 
included in this study.

Study variables
The outcome variable for this study was hemoglobin 
level in the blood, a key indicator for Anemia. Age, place 
of residence, region, wealth index, and type of toilet 
facility were included as independent variables in this 
study (Tab. I).

Operational definition
Wealth index
It is the percent distribution of population by wealth 
quintiles. It was classified as Poorest, Poorer, Middle, 
and Richer & Richest.

Improved sanitation facility
Includes flush or pours flush toilets flowing to a piped 
sewer system, septic tank, or latrine, ventilated pit 
latrine, pit latrine with slab, and compositing toilet. 
Based on the type of sanitation facility, a household was 
classified as having or not having an improved sanitation 
facility [19, 20].

Improved water sources
If a household used piped water (in to dwelling, 
compound, yard or plot, piped to neighbor, public tap/
standpipe), tube well/borehole, protected well, protected 
spring and rain water collection for drinking purposes.it 
is considered as using improved water sources [20, 21].

Data source and extraction
First, authorization was obtained through online request 
after submitting the objectives of our study. Then, the 
data was accessed from the demography heath survey 
(DHS) program official database www.measuredhs.com 
and we have extracted the outcome and independent 
variables.

Data processing and management
Data processing and analysis were performed using 
STATA 14; ArcGIS 10.1 and SaTScan 9.6 software. 
Cross tabulations and summary statistics were conducted 
to describe the study population.

Ethics approval and consent to participate
The study does not contain the collection of information 
from subjects. We sent a one-page proposal abstract 
of the study to the DHS program office. They gave 
permission to access the data.

Spatial analysis
Spatial autocorrelation analysis
In this study, the existence of spatial autocorrelation 
was checked using Global Moran’s index (Moran’s I). 
Global Moran’s index (Moran’s I) was used to identify 
the presence of spatial auto correlation. Moran’s I 
value ranges from-1 to 1 [22]. A value close to 1 shows 
a strong positive spatial autocorrelation (disease/
event clustered), whereas a value close to -1 shows a 

Tab. I. Measurement of outcome variable used in the Analysis.

Pregnancy status 
Anemia status

Mild anaemic Moderate anaemic Sever anaemic Not anaemic
Pregnant women 10.0-10.9 g/dl 7.0-9.9 g/d < 7.0 g/dl ≥ 11.0 g/dl
Non Pregame women 11 and 11.9 g/dL 8 and 10.9 g/dL <8 g/dL ≥ 12.0 g/dl,
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strong negative spatial autocorrelation (disease/event 
dispersed). If Moran’s I is close to 0, it indicates that 
there is no spatial autocorrelation. A statistically 
significant Moran’s I (p < 0.05) led to the rejection of 
the null hypothesis (anemia is randomly distributed) and 
showed the presence of spatial autocorrelation. Hot- spot 
analysis was made using Gettis-OrdGi*statistics.

Spatial scan statistical analysis
Spatial scan statistics were applied to identify a 
significant Primary (most likely) and secondary 
cluster of anemia using Kuldorff’s SaTScan software. 
SaTScan™ works with a moving window and requires 
fixing of the window size that moves across the study 
area. Since the dependent variable (anaemic and not 
anaemic) has a Bernoulli distribution, the Bernoulli 
model was employed for purely spatial analysis. To fit 
the Bernoulli model, women age 15-49 years who were 
anaemic (mild, moderate, and severe) were considered as 
cases and those who were not anaemic were considered 
as controls. The default maximum spatial cluster size 
of < 50% of the population was considered as an upper 
limit, which permitted both small and large clusters to be 
identified and ignored clusters that contained more than 
the maximum limit. Areas with high Log Likelihood 
Ratio and significant p-value were taken as high anemic 
areas compared to areas outside of the window.

Statistical analysis
Since the BFDHS data have a hierarchical nature, women 
15-49 years age within a cluster may be more similar to 
each other than with women 15-49 years age in another 
cluster. Due to this, the assumption of independence of 
observations and equal variance across clusters might 
be violated. Therefore, an advanced statistical model 
is required to take into account the between cluster 
variability to get a reliable standard error and unbiased 
estimate. Furthermore, by taking the ordinal nature 
of the outcome variable into account, ordinal logistic 
regression and mixed effect ordinal logistic were fitted. 
Model comparison was done based on Akaike and 
Bayesian Information Criteria (AIC and BIC). Mixed 
effect model with the lowest Information Criteria (AIC 
and BIC) was selected.  Adjusted Odds Ratio (AOR) 
with a 95% Confidence Interval (CI) and p-value 0.05 
in the multivariable model was declared as determinant 
factors of anemia. The assumption of proportional odds 
was checked and the results tell that the assumption of 
proportional odds is plausible at 5% level of significance 
for all considered covariates in the model. 
Clusters were accounted in the analysis using mixed-
effect ordinal logistic regression, by including region 
in random effect model and all other variables in fixed 
effect model.

Results

Characteristics of study population
In this study, a total of 5655 women 15-49 years age 

were included. Among these respondent, more than 
half of them were uneducated (67.1%) and poorest 
(17.0%) in wealth index and more than half (64.7%) 
of them were rural residents. Four hundred ninety three 
(8.9%) of the study participants were in the age range 
of 15 to 19 years. Concerning the marital status, 5025 
(90.8%) respondents were married while 100 (1.8%) 
respondents were never married. Five hundred eighty 
eight (10.6%) of the study participants were from 
Hauts-bassins region. 3676 (66.4%) of the respondents 
had improved toilet facility, whereas 3349 (60.5%) of 
the study participants used improved drinking water 
(Tab. II). Regarding, the current pregnant, majority 
of women (90.4%) were not pregnant or don’t know 
whether they are pregnant or not.

Spatial analysis of anemia
Spatial distribution of anemia
The highest number of anemia cases were found in 
Centre and Hauts-bassins regions (Fig. 1).
The spatial distribution of anemia in Burkina Faso 
among women age 15-49 years was identified to be 
clustered (Global Moran’s I = 0.25, p value < 0.0001). 
Given the z-score of 10.9016137606, there is a less than 
1% likelihood that this clustered pattern could be the 
result of random chance (Fig.2).

Gettis-OrdGi statistical analysis of anemia

Based on the Gettis-OrdGi statistical analysis, this study 
identified hotspots and cold spot areas of anemia in 
Burkina Faso among women aged 15–49. Accordingly, 
the red colors indicate the significant hotspot area 
(higher cluster of anemia), which were found in Boucle 
du mouhoun, Centre, Hauts-bassins,Nord, Centre Ouest, 
Plateau central, and Centre Est regions. In contrast, 
the blue color indicates significant cold spot areas 
(low cluster of anemia), located in Sahel and Cascades 
regions (Fig. 3).

Interpolation of space
For the prediction of anemia prevalence in untested 
women age 15-49 years in different locations of, Burkina 
Faso. We employed standard Kriging interpolation. 
Based on geostatistical Kriging analysis, Boucle du 
mouhoun, Centre Ouest, Centre Sud, Centre and 
Cascades regions is 3.91-4.77 number of cases, border of 
Boucle du mouhoun, Hauts-bassins, border of Sahel and 
Plateau central regions the predicted anemia prevalence 
for untested women age 15-49 years is 7.35-8.21 number 
of cases and for inside Boucle du mouhoun, Centre 
Ouest, Centre and Centre Sud regions the predicted 
anemia prevalence for untested women age 15-49 years 
is highest which is 9.93-10.79 number of cases (Fig. 4).

Spatial SaTScan analysis of Anemia 
(Bernoulli based model)
A spatial scan statistical analysis recognized a total of 
123 significant primary and secondary clusters. Among 
these, 116 clusters were primary (most likely) clusters 
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which were located in the Plateau central, Centre 
Nord, half of Est, half of Nord, and Sahel regions at 
14.122803 N, 0.062321 W, with 228.21 km radius, a 
Relative Risk (RR) of 1.32, and Log-Likelihood Ratio 
(LRR) of 51.483251, at p-value < 0.01 (Tab. III). This 

tells us that women’s within the spatial window had 1.32 
times higher risk of experiencing anemia as compared 
to women’s outside the spatial window. The secondary 
cluster were found in half of Boucle du mouhoun, 
border of Centre Ouest, and border of Nord regions at 

Tab. II. Characteristics of women 15-49 years age in Burkina Faso, 2021 (N = 5,655)

Variables
Anemia level (weighted frequency)

Total
Weighted 
percentSevere Moderate Mild Not anemic

Age
15-19 5 165 102 221 493 8.9%
20-24 6 257 207 412 882 15.9%
25-29 9 238 236 476 959 17.3%
30-34 11 250 252 485 998 18.0%
35-39 12 259 211 424 906 16.4%
40-44 11 210 183 322 726 13.1%
45-49 10 185 143 233 571 10.3%
Marital; status 
Never married 3 25 21 51 100 1.8%
Married 54 1428 1219 2324 5025 90.8%
Widowed 6 86 73 157 322 5.8%
Divorced 1 25 21 41 88 1.6%
Educational level
No education 53 1101 919 1639 3712 67.1%
Primary, secondary, Higher 11 452 411 911 1785 32.2%
Don’t know 0 11 4 23 38  0.7%
Type of place of residence
Urban 19 494 458 981 1952 35.3%
Rural 45 1070 876 1592 3583 64.7%
Region
Boucle du mouhoun 6 141 119 214 480 8.7%
Cascades 1 70 51 183 305 5.5%
Centre 9 171 140 361 681 12.3%
Centre Est 0 150 124 236 510 9.2%
Centre Nord 8 112 95 144 359 6.5%
Centre-Ouest 4 136 113 234 487 8.8%
Centre Sud 4 102 85 188 379 6.8%
Est 5 84 76 131 296 5.3%
Hauts-bassins 5 119 151 313 588 10.6%
Nord 5 136 116 184 441 8.0%
Plateau central 5 157 109 140 411 7.4%
Sahel 8 82 47 43 180 3.3%
Sud-Ouest 4 104 108 202 418 7.6%
Wealth index
Poorest 20 290 250 381 941 17.0%
Poorer 15 302 261 425 1003 18.1%
Middle 11 346 276 485 1118 20.2%
Richer 8 319 246 630 1203 21.7%
Richest 10 307 301 652 1270 22.9%
Type of toilet facility
Improved 33 1029 851 1763 3676 66.4%
Not Improved 31 535 483 810 1859 33.6%
Source of drinking water
Not Improved 27 644 522 993 2186 39.5%
Improved 37 920 812 1580 3349 60.5%
Currently pregnant
No/don’t know 57 1388 1206 2314 4965 90.4%
Yes 6 168 118 233 525 9.6%
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Fig. 1. Spatial distribution of anemia across regions among women age 15-49 years in Burkina Faso, 2021.

Fig. 2. Spatial autocorrelation analysis of anemia among women age 15-49 years in Burkina Faso, 2021.
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11.845827 N, 3.836225 W), with 39.61 km radius, a 
Relative Risk (RR) of 1.50, and Log-Likelihood Ratio 
(LRR) of 12.782125, at p-value = 0.0019. This tells us 
that women’s within the spatial window had 1.50 times 
higher risk of experiencing anemia as compared to 
women’s outside the spatial window (Fig. 5). 

Determinant factors of anemia
Based on multivariable mixed-effects ordinal logistic 
regression model, Age, wealth index, regions Cascades, 
Hauts-bassins, and Plateau central were significantly 
associated with the level of anemia among women age 
15-49 years in Burkina Faso at p-value 0.05 (Tab. IV).

Fig. 3. Hotspot and Cold areas of anemia across regions among women age 15-49 years in Burkina Faso, 2021.

Fig. 4. Spatial interpolation of anemia across regions among women age 15-49 years in Burkina Faso, 2021.
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Making other variables constant, the likelihood of 
experiencing severe anemia among among women that 
were in age group of 25-29 years (relative to moderate, 
mild or non-anemic) were 1.31 times higher than those 
in the age group of 15-19 years [AOR = 1.31 ; 95% CI: 
1.06 1.61]. The likelihoods of rich women aged 15 to 
49 developing severe anemia (compared to moderate, 
mild or non-anemic) were 1.32 times higher than poor 
women aged 15–[AOR = 1.32 ; 95% CI: 1.08 1.62] while 
holding other variables constant. Regarding region, the 
odds of severe anaemic (opposed to moderate, mild or 
non-anemic) were increased by 62%, and 40% among 

women aged 15-49 residing in Cascades and Hauts-
bassins respectively as compared with women aged 15-
49 residing in Boucle du mouhoun and the odds of severe 
anaemic (opposed to moderate, mild or non-anemic) 
were decreased by 72%, and 42% in Plateau central and 
Sahel respectively as compared with women aged 15-49 
residing in Boucle du mouhoun. 

Discussion

This study is aimed to investigate the spatial distribution 
and determinants of anemia among women age 15-49 in 

Tab. III. Significant spatial clusters with high rate of Anemia among women age 15-49 years in Burkina Faso, 2021

Cluster Enumeration area (cluster) identified
Coordinate

(radius
Population Case RR LLR P- value

1

473, 469, 467, 466, 468,470, 474, 472, 471, 313, 315, 314, 
318, 312, 204, 311, 309, 209, 310, 201, 316, 199, 306, 

215, 203, 317, 216, 211, 212, 213, 205, 210, 214, 188, 208, 
477, 475, 476, 78, 200,202, 221, 308, 190, 207, 307, 206, 
220, 195, 192,193, 194, 432, 218, 217, 191, 197, 222, 219, 
437,458, 166, 457, 189, 433,446, 196, 330, 198, 331,332, 
175, 170, 439, 418 434, 438, 176, 392, 179,177, 450, 178, 
456, 455, 403, 171, 453, 440, 454, 442, 414, 174, 167, 172, 
444, 441, 173, 436, 419, 452, 391, 415, 448, 169, 420, 435, 

449, 320, 428, 416, 443, 447, 451, 445, 115

14.122803 N, 
0.062321 W) / 

228.21 km
1281 843 1.32 51.483251 < 0.001

3 10, 9, 380, 367, 381, 37, 17 
11.845827 N, 
3.836225 W) / 

39.61 km
84 67 1.50 12.782125 0.0019

Fig. 5. Primary and secondary clusters of Anemia among women age 15-49 years in Burkina Faso, 2021.
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Burkina Faso. The spatial analysis result showed that the 
spatial distribution of anemia among women age 15-49 was 
significantly varied across the country. In multivariable 
mixed-effect ordinal regression analysis; Age, wealth 
index, regions Cascades, Hauts-bassins, Plateau central, 
and Sahel were significant predictors of the level of anemia 
among women age 15-49 in Burkina Faso.

The present study documented that the spatial distribution 
of anemia among women age 15-49 significantly varied 
across the country this implies that anemia is unevenly 
distributed in all regions of Burkina Faso. Significant 
hotspot areas of anemia were identified in the Boucle du 
mouhoun, Centre, Hauts-bassins, Nord, Centre Ouest, 
Plateau central, and Centre Est regions this implies that 

Tab. IV. Bi-variable and multivariable mixed-effects ordinal logistic regression model of anemia among women age 15-49 in Burkina Faso, 
2021 (N = 5,655).

Variables
Crude odds ratio

OR 95% CI P-value

Adjusted odds ratio

OR 95% CI P-value

Region

1) Boucle du mouhoun

2) Cascades

3) Centre

4) Centre Est

5) Centre Nord

6) Centre Ouest

7) Centre Sud

8) Est

9) Hauts-bassins

10) Nord

11) Plateau central

12) Sahel

13) Sud-Ouest

Ref Ref Ref

1.82 1.31 2.53 < 0.001

1.49 1.14 1.93 0.003

1.10 0.83 1.46 0.485

0.88 0.65 1.20 0.443

1.11 0.84 1.47 0.442

1.20 0.89 1.63 0.215

0.99 0.72 1.38 0.993

1.55 1.18 2.03 0.001

0.89 0.67 1.19 0.462

0.71 0.53 0.96 0.026

0.47 0.31 0.70 < 0.001

1.16 0.86 1.55 0.316

Ref Ref Ref 

1.62 1.16 2.25 0.004 

1.22 0.93 1.60 0.145 

1.04 0.79 1.37 0.754 

0.86 0.64 1.16 0.344 

1.10. 0.83 1.46 0.472 

1.21 0.90 1.64 0.201

1.01 0.73 1.39 0.940 

1.40 1.06 1.84 0.015 

0.88 0.66 1.17 0.382 

0.72 0.54 0.96 0.027 

0.42 0.28 0.63 < 0.001

1.17 0.87 1.56 0.285

Type of place of residence

Urban 

Rural

Ref Ref Ref

 0.74 0.65 0.84 < 0.001 0.87 0.74 1.03 0.120 

Toilet facility

Yes

No

Ref Ref Ref

0.86 0.77 0.97 0.015 1.04 0.91 1.19 0.480 

Wealth index

1) Poorest

2) Poorer

3) Middle

4) Richer

5) Richest

Ref Ref Ref

1.03 0.86 1.22 0.733 

1.06 0.89 1.26 0.338 

1.48 1.25 1.77 < 0.001

1.53 1.28 1.84 < 0.001

1.00 0.84 1.19 0.951 

1.001 0.83 1.20 0.988 

1.32 1.08 1.62 0.007 

1.24 0.97 1.59 0.075

Age

1) 15-19

2) 20-24

3) 25-29

4) 30-34

5) 35-39

6) 40-44

7) 45-49

Ref Ref Ref

1.13 0.91 0.24 0.243 

1.34 1.09 1.65 0.005 

1.19 0.97 1.47 0.088 

1.08 0.88 1.34 0.432 

1.02 0.82 1.27 0.817 

0.87 0.69 1.10 0.262 

1.09 0.88 1.34 0.403

 1.31 1.06 1.61 0.011 

 1.16 0.95 1.43 0.140 

 1.07 0.87 1.32 0.491 

 1.03 0.83 1.28 0.770 

 0.87 0.69 1.10 0.266 

Random intercept

Var (cons) -- -- -- 0.12 0.08 0.20 --

AOR: Adjusted Odd ratio; COR: Crude Odd Ratio; CI: Confidence interval.
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these regions have higher prevalence of anemia than 
other regions of Burkina Faso. Significant cold spot 
areas of anemia (low cluster of anemia), located in Sahel 
and Cascades regions this implies that this regions have 
low prevalence of anemia than other regions of Burkina 
Faso.
116 clusters were primary (most likely) clusters which 
were located in the Plateau central, Centre Nord, half 
of Est, half of Nord, and Sahel regions at 14.122803 
N, 0.062321 W, with 228.21 km radius, a Relative 
Risk (RR) of 1.32, and Log-Likelihood Ratio (LRR) 
of 51.483251, at p-value < 0.01 (Tab. III). This tells 
us that women’s within the spatial window had 1.32 
times higher risk of experiencing anemia as compared 
to women’s outside the spatial window. The secondary 
cluster were found in half of Boucle du mouhoun, 
border of Centre Ouest, and border of Nord regions at 
11.845827 N, 3.836225  W), with 39.61 km radius, a 
Relative Risk (RR) of 1.50, and Log-Likelihood Ratio 
(LRR) of 12.782125, at p-value = 0.0019. This tells us 
that women’s within the spatial window had 1.50 times 
higher risk of experiencing anemia as compared to 
women’s outside the spatial window.
Regarding region, the odds of severe anaemic (opposed 
to moderate, mild or non-anemic) were increased by 
62%, and 40% among women aged 15-49 residing in 
Cascades and Hauts-bassins respectively as compared 
with women aged 15-49 residing in Boucle du mouhoun 
(p values < 0.05) and the odds of severe anaemic 
(opposed to moderate, mild or non-anemic) were 
decreased by 72%, and 42% in Plateau central and 
Sahel respectively as compared with women aged 15-
49 residing in Boucle du mouhoun (p values < 0.05) 
This spatial variation might be due to the difference 
in socioeconomic status, dietary diversity and food 
security  [23]. Infectious disease like Malaria  [24, 25]
accounting for 18% of all deaths before five years of age. 
Clinical manifestations of severe falciparum malaria 
vary according to transmission in-tensity and typically 
present as one or more life-threatening complications, 
including: hy-perparasitemia; hypoglycemia; cerebral 
malaria; severe malarial anemia (SMA, HIV [23].
The likelihoods of rich women aged 15-49 developing 
severe anemia (compared to moderate, mild or non-
anemic) were 1.32 times higher than poor women aged 
15 [AOR = ;1.32; 95% CI: 1.08, 1.62, p values < 0.05] 
while holding other variables constant. This is in 
contrast with previous studies [2, 6, 7, 9-11] but similar 
with a study in Nepal [3] which showed that women in 
poorer wealth status were less likely to be anemic. The 
possible reasons listed in previous study conducted in 
Nepal is being an agrarian-based country and the same 
eating pattern for all. Most of the people consume iron-
rich staple foods regardless of wealth status [3] and the 
same reason might apply to Burkina Faso. This finding 
may be surprising because maintaining food security is 
a big issue among poor families [26].
The current study revealed that the chances of women 
in age group of 25-29 years developing severe anemia 
(versus moderate, mild or non-anemic) were higher 

than the chances of women in age group of 15-19 
years (p  values < 0.05). This is similar with previous 
studies [4, 5]. The possible explanations for such results 
might be due to this specific group 25-29 years is in the 
phase of puberty growth spurt, when there is increasing 
need for the intake of iron, imposed by the expansion of 
cellular mass and by the growth of tissues, as well as by 
menstrual loss, with a direct influence on metabolism 
and the need for iron [4] as compared to women in age 
group of 15-19 years. Besides, inadequate intake of iron-
rich foods and consequence of unhealthy dietary choices 
lead to anemia [27]. Therefore, the iron-deficiency intake 
– associated with menstrual losses and other factors – 
may lead to higher risks for adolescents to develop iron-
deficiency anemia [28].
The current study has some strengths and limitations 
that need to be kept in mind while interpreting the result. 
The first strength of the current study was using large 
population-based data with a large sample size, which is 
representative at national and regional levels, so it can 
be generalized to women aged 15-49 years in Burkina 
Faso. Secondly, the combined use of both ArcGIS and 
Sat Scan statistical tests facilitated to identify similar 
and statistically significant areas with a high cluster of 
anemia (hot spot area). Furthermore, by considering the 
ordinal nature of the outcome variable and the cluster 
nature of data, the current study applied an advanced 
model (mixed effect ordinal logistic regression) to get 
reliable standard errors and parameter estimates. The 
first limitation of the present study was using secondary 
data, some important variable like dietary intake, 
Plasmodium falciparum parasite rate and hook- worm 
were not included in the analysis.

Conclusions

A significant clustering of anemia among women aged 
15-49 were found in Burkina Faso and the significant 
hotspot areas with high cluster anemia were identified 
in Boucle du, mouhoun, Centre, Hauts-bassins, Nord, 
Centre Ouest, Plateau central, and Centre Est regions. 
Besides, Age, wealth index, regions Cascades, Hauts-
bassins, Plateau central, and Sahel were significant 
predictors of anemia. Therefore, effective public 
health intervention and nutritional education should be 
designed for the identified hotspot areas and risk groups 
in order to decrease the incidence of anemia.
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Introduction 

Osteoarthritis (OA) is one of the most common 
degenerative joint diseases, involving all joints [1]. The 
nature of this disease is the progressive destruction of the 
joint, characterized by the progressive degeneration of 
articular cartilage and subchondral bone involvement [2]. 
While knee osteoarthritis (KOA) is one of the main 
causes of disability in the knee joint, this manifests itself 
with symptoms such as knee pain and stiffness, joint 
inflammation and degeneration, also has a major impact 
on disability and reduces quality of life  [3]. The risk 
factors of this disease, include increasing age, obesity, 
female sex, and inflammation of the knee joint  [4,5]. 
The knee is the most common joint affected by arthritis 
among the Iranian population. The prevalence of this 
disorder in Iran is estimated at 15.5% [6]. According to 
a study, knee osteoarthritis in Iran ranks ninth in terms 
of disease burden after accidents, natural disasters, 
cardiovascular diseases, etc. [7]. 
So far, many studies have been presented on the 
treatment methods of osteoarthritis such drug 
treatments, interventional methods, and auxiliary 
treatment regimens  [8, 9]. Non-surgical measures 
are the first step to control patients' knee pain, which 
includes weight loss, specific exercise regimens, 
lifestyle changes, physical therapy, use of non-steroidal 

anti-inflammatory drugs, painkillers, and intra-articular 
injections of corticosteroids, gels, etc.  [10,  11]. 
Meanwhile, acetaminophen, non-steroidal anti-
inflammatory drugs, and corticosteroids have analgesic 
and sometimes anti-inflammatory effects. However, the 
occurrence of common side effects in the use of such 
drugs limits their use in many patients. Gastrointestinal 
complications, aggravation of heart failure, increased 
blood pressure  [12], liver disorders  [13], kidney 
problems [14], exacerbation of asthma [15], and the risk 
of osteoporosis [16] in long-term use are common side 
effects of anti-inflammatory drugs.
The ability of cartilage to regenerate itself is 
unfortunately limited due to the lack of blood vessels 
and innervation, as well as its isolation from the body's 
systemic circulation, so the intra-articular injection 
of a drug or drug combination with the property of 
regeneration and repair of cartilage tissue has always 
been of interest to researchers  [17]. In recent years, 
intra-articular injection of platelet-rich plasma (PRP) 
in knee osteoarthritis has attracted the attention of 
researchers  [18,  19]. This injection contains PRP, 
which has a higher concentration of platelets than 
normal blood. PRP is an environment rich in high 
concentrations of cytokines and various growth factors 
that are obtained through blood centrifugation and can 
be considered a new solution to stimulate mesenchymal 
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Summary

Introduction. Osteoarthritis (OA) is one of the most common 
degenerative joint diseases which involved all joints. It is very 
important to choose a treatment method with high efficiency to 
reduce the pain and disability of patients and also to improve 
their quality of life. The current study aimed to investigate the 
therapeutic effects of intra-articular injection of PRP and hya‑
luronic acid (HA) in the knee of people with knee osteoarthritis 
(KOA).
Methods. In this randomized clinical trial study, 90 patients with 
KOA were randomly divided into two groups of intra-articular HA 
and PRP. The patients of the two groups were followed up for 
five months and different outcomes were recorded. The McMaster 
index (WOMAC) evaluated all patients at rest and during move‑

ments. Measurements were taken at the beginning and after the 
third month of follow-up.
Results. Three month after the last injection (5th month) and after 
adjusting of baseline value using analysis of covariance, the mean 
of knee pain, stiffness, physical function and finally total score 
in the PRP group, was significantly lower than the HA group. 
Regarding the Osteoarthritis grade, the mean of knee pain, Stiff‑
ness, Physical function and finally total score in the PRP group 
was significantly lower than the HA group in all Osteoarthritis 
grades. Also, there were no complications in the studied groups.
Conclusions. The results of the current study showed that pain 
and stiffness reduction as well as physical function of the knee 
joint in the PRP group was better than in the HA group.
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cells to replicate and regenerate damaged tissues [20]. 
Samples from patients with knee osteoarthritis show 
that the number of mesenchymal cells in the synovial 
fluid of these people has significantly decreased 
compared to healthy individuals, as a result of PRP 
injection as a stimulating factor for the regeneration 
and replication of this cell can be effective in the 
treatment of arthritis  [21]. Increasing the presence 
of mesenchymal cells in the synovial fluid of sick 
people can play a modulating role in the responses 
of the immune system, which accelerates the healing 
process  [22]. The current study aimed to investigate 
the therapeutic effects of intra-articular injections of 
PRP and hyaluronic acid (HA) in patients with knee 
osteoarthritis.

Methods 

In the current randomized clinical trial study, 90 patients 
with painful knee arthritis with radiological grades one to 
three of the Kellgren and Lawrence radiological criteria 
were included. More details were shown in figure1.

Inclusion criteria
Patients aged 40 to 65 years, history of knee pain for 
at least three months, knee osteoarthritis grade 1 to 3 
based on the Kellgren and Lawrence criteria (based on 
knee osteoarthritis criteria of the American College of 
Rheumatology) were included.

Exclusion criteria
Patients suffering from diseases such as diabetes, 
rheumatoid arthritis, hemophilia, dysfunction of 
blood platelets, any infection or active wound at the 
injection site, taking antiplatelet or anticoagulant 
drugs in the last ten days before injection, taking non-
steroidal anti-inflammatory drugs, having history of 
intra-articular corticosteroid injection in the previous 
three weeks or systemic corticosteroid use in the last 
two weeks, peripheral blood platelet count less than 
150,000 per microliter, patients with drug or alcohol 
addiction and abnormal ESR or CRP levels were 
excluded.
After selection of the cases, their basic information 
including age, sex, height, weight, and body mass index 
was recorded and patients were divided into the PRP and 
HA groups using simple random allocation methods.

Interventions 
PRP group
After taking the patients' history, examining them, and 
performing routine monitoring such as blood pressure, 
heart rate, and electrocardiogram (if necessary), 30-35 
ml of the patient's venous blood was taken from the upper 
limb with an 18G needle under sterile conditions and 
placed in special centrifuge kits (produced by Royagen, 
Iran) containing 5 ml of acid citrate dextrose solution-A 
to prepare platelet-rich plasma. This solution was placed 

in a centrifuge for 15 minutes with a rotation speed of 
1600 rpm. The Buffy coat and plasma layer of the solution 
inside the test tube was separated and centrifuged again 
for 7 minutes with a rotation speed of 2800 rpm. Finally, 
5 ml PRP was prepared for intra-articular injection. 
Anesthetic injections may also affect platelet activation 
by changing the PH of the environment, so no local 
anesthetic was injected. Instead, patients were given a 
single dose of acetaminophen and codeine two hours 
before injection. Under sterile conditions, a 22-gauge, 
50 mm needle was inserted from the upper external area 
of the knee patella (suprapatellar) and the outside to the 
inside of the knee joint and the prepared plasma was 
injected inside the knee joint. In our study, the frequency 
of intra-articular injection of PRP was three times at 
one-month intervals.

Hyaluronic Acid group
In this group, HA (Hyalgan®) was injected. Hyalgan 
produced by Fidia Farmaceutici S.p.A., Abano Terme, 
Italy, is a viscous solution consisting of a high molecular 
weight (500,000-730,000 Da) fraction of purified 
natural sodium hyaluronate in buffered physiological 
sodium chloride, having a PH of 6.8-7.5. The sodium 
hyaluronate is extracted from rooster combs. Hyalgan 
was supplied as a sterile, non-pyogenic solution in 
2 mL pre-filled syringes containing 20 mg of sodium 
hyaluronate, 17  mg of sodium chloride, 0.1  mg of 
monobasic sodium phosphate, 1.2 mg of dibasic sodium 
phosphate, and up to 2  cc water for injection. After 
resting for 15-20 minutes, the patients were asked to 
flex and extend their knees to ensure even distribution of 
the HA in the joint space. The patients were monitored 
in the clinic for one hour after the injection and were 
discharged with written instructions regarding the 
following issues if no side effects occurred. Hyaluronic 
acid injections were administered three times at one-
week intervals.

Study outcomes
The intensity of pain, dryness, and knee function of 
the patients before the first injection and three months 
after the last injection were evaluated using the Western 
Ontario and McMaster Universities Arthritis Index 
(WOMAC) scores. The WOMAC criterion consists of 
three parts: pain level, joint stiffness level, and knee 
function level. Scoring in each case is from 0 to 4 and 
the total score of this scale is from 0 to 96.

Statistical analysis
Descriptive statistics including mean ± standard and 
frequency (percentage) was used to present quantitative 
and qualitative findings. Data were analyzed using the 
independent sample t-test, paired sample t-test, Chi-square, 
or Fisher exact test and Analysis of covariance (ANCOVA) 
test. The statistical significance level was considered at: 
0.05. All data were analyzed using SPSS, version 22.0, 
Armonk, NY, USA: IBM Corp. Released 2015.



O. GHORBANI ET AL.

E216

Results 

Baseline characteristics 
Regarding the gender, 26(63.4%) and 26(59.1%) of 
cases in the PRP and Hyaluronic Acid groups were 
females respectively (P: 0.682). Mean of age in the PRP 
and Hyaluronic Acid groups were 60.24  ±  1.97 and 
61.90 ± 2.06 and the difference between two groups was 
statistically significant (P: 0.001). The mean of BMI in 
the PRP and Hyaluronic Acid groups were 29.47 ± 1.52 
and 28.78 ± 1.39 and the difference between two groups 
was statistically significant (P: 0.032) (Tab. I).

Main outcomes 
Within groups comparison 
PRP group
In this group, the knee pain score three months after 

intervention decreased significantly from 13.66 ± 3.60 
to 6.44  ±  1.42(P:  0.001), also the knee stiffness score 
decreased from 3.10 ± 0.80 to 1.80 ± 0.93 (P: 0.001). 
Regarding the knee physical function score, this 
score decreased significantly from 36.07  ±  6.71 to 
18.85  ±  6.70 (P:  0.001), and finally the total score 
decreased significantly from 52.37 ± 9.19 to 27.10 ± 8.46 
(P: 0.001) (Tab. II, Fig. 1).

Hyaluronic Acid
In this group, the knee pain score decreased significantly 
from 11.93 ± 1.59 to 10.61 ± 1.17 (P: 0.001) in three 
months after the intervention compared to baseline. 

Tab. I. Descriptive characteristics of understudied cases.

Variables PRP (n: 41) Hyaluronic Acid (n: 44) p
Gender
Females 26(63.4%) 26(59.1%) 0.682
Osteoarthritis grade

1 14(34.1%) 15(34.1%)
2 14(34.1%) 14(31.8%)
3 13(31.7%) 15(34.1%) 0.961

Age Mean ± SD Mean ± SD
60.24 ± 1.97 61.90 ± 2.06 0.014

BMI
29.47 ± 1.52 28.78 ± 1.39 0.032

Tab. II. Comparison of different outcome scores within groups over 
the time.

Group N Outcome Baseline

Three 
months 
after the 

intervention

Mean ± SD Mean ± SD p

PRP

41.00 Pain 13.66 ± 3.60 6.44 ± 1.42 0.001

41.00 Stiffness 3.10 ± 0.80 1.80 ± 0.93 0.001

41.00
Physical 
function

36.07 ± 6.71 18.85 ± 6.70 0.001

41.00 Total 52.37 ± 9.19 27.10 ± 8.46 0.001

Hyaluronic 
acid

44.00 Pain 11.93 ± 1.59 10.61 ± 1.17 0.001

44.00 Stiffness 2.91 ± 0.86 2.52 ± 0.73 0.001

44.00
Physical 
function

35.36 ± 6.42 33.05 ± 6.41 0.001

44.00 Total 50.20 ± 8.41 46.18 ± 7.90 0.001

Fig. 1. Flow diagram of the study. N: number of patients, KOA: Knee osteoarthritis; PRP: platelet-rich plasma; HA: hyaluronic acid.
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Also the knee stiffness score decreased significantly 
from 2.91 ± 0.86 to 2.52 ± 0.73 (P: 0.001). Regarding 
the knee physical function score, this score decreased 
from 35.36 ± 6.42 to 33.05 ± 6.41 (P: 0.001), and finally 
the total score decreased from 50.20 ± 8.41 to 46.18 ± 
7.90 (P:0.001) (Tab. II, Fig. 2).

Between groups comparison 
Three months after the intervention, the mean of knee 
pain, stiffness, physical function and finally total score 
in the PRP group, was significantly lower than the 
Hyaluronic Acid group. More details were shown in the 
Table III. Regarding the Osteoarthritis grade, the mean 
of knee pain, Stiffness, Physical function and finally 
total score in the PRP group was significantly lower 
than the Hyaluronic Acid group in all Osteoarthritis 
grades (Tab. IV). Also, there were no complications in 
the studied groups.

Discussion

One of the effective factors in the development and 
progression of knee arthritis is inflammation, which 

aggravates the symptoms. Therefore, the use of 
treatments that have an anti-inflammatory effect can 
have an effective role in reducing the symptoms of the 
disease as well as the side effects of osteoarthritis of 
the joints. One of these treatments is the use of blood 
derivatives such as PRP, which can play an important 
role in reducing symptoms. PRP.as an anti-inflammatory 
factor can affect various cells, including mesenchymal 
stem cells, and as a result, it can modulate various 
cellular activities [23-25]. Another property of PRP is 
the absorption of other cells effective in treatment [23]. 

 Fig. 2. The trend of changes in different outcome scores in studied interventions.

Tab. III. Comparison of different outcome scores between groups 
three month after the intervention.

Outcome PRP (n: 41)
Hyaluronic 
acid (n: 44)

Partial eta 
squared

P

Mean ±SD Mean ± SD

Pain 6.44 ± 1.42 10.61 ± 1.17 0.82 0.001

Stiffness 1.80 ± 0.93 2.52 ± 0.73 0.41 0.001

Physical 
function

18.85 ± 6.70 33.05 ± 6.41 0.95 0.001

Total 27.10 ± 8.46 46.18 ± 7.90 0.98 0.001
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This multifaceted property of PRP has made this drug 
play an important role in reducing joint inflammation 
and play an important role in improving function and 
reducing pain in people with osteoarthritis [26, 27]. It 
is believed that intra-articular injection of PRP and HA 
can reduce pain and improve quality of life in patients 
with OA [28-30]. Due to the importance of the issue the 
current study aimed to assess the short-term effect of 
intra-articular hyaluronic acid and platelet-rich plasma 
injections in knee osteoarthritis in a randomized 
clinical trial study.
Our results showed that the knee pain, knee stiffness, 
physical function and total WOMAC scores decreased 
significantly from baseline to three months after 
the intervention in both PRP and HA groups. Also, 
three months after the intervention the mean of knee 
pain, stiffness, physical function and finally total 
WOMAC scores in the PRP group, was significantly 
lower than the HA group. Regarding the osteoarthritis 
grade, the mean of knee pain, stiffness, physical 
function and finally total score in the PRP group, was 
significantly lower than the hyaluronic acid group in 
all osteoarthritis grades. This finding indicates that 
the PRP as well as HA improved OA indices, but the 
amount of changes in the PRP group was significantly 
more than HA group.
Several studies have been conducted comparing the 
effectiveness of PRP, and HA in the treatment of 
osteoarthritis  [31-33]. In the study of Lana et al., they 
concluded that PRP has a greater effect on reducing 
patients' pain scores compared to HA at different times 
after treatment  [34]. The results of Sampson et al.'s 
study indicated a significant reduction in pain within one 

year after PRP injection in patients with OA [35]. The 
study by Sanchez et al showed a reduction in knee pain 
intensity for 5 weeks after PRP [36].
The findings of the meta-analyses conducted in this 
field also indicate the superiority of PRP over HA, and 
in reducing pain  [27, 37, 38]. The results of the meta-
analysis showed that the greatest effectiveness of PRP 
in reducing WOMAC pain and VAS pain outcomes was 
observed 6 months after treatment  [32]. The results of 
other studies in this field indicate that the effectiveness 
of drug injection is not stable and usually decreases over 
times [37]. 
The results of our study indicated that PRP is more 
effective in reducing the stiffness and function of 
patients. Also, there were no significant complications 
among patients, and most of the patients only 
experienced brief pain at the injection site, which 
improved within a short time after the intervention. 
Other studies also support this finding. The meta-
analysis results showed that pain, stiffness, and 
WOMAC performance in the PRP group improved 
the most in the 12 months after injection  [32]. These 
results have been confirmed in other studies that have 
shown that after PRP injection, a drug effect lasts up 
to 12 and even 24 months  [27, 39]. Another study 
showed improvement in patients' quality of life in 12 
months after injection of PRP and HA [30]. Tucker et 
al.'s study results showed that the pain stiffness and 
functional scores, improved significantly in the PRP 
group compared to the control group [40]. Therefore, 
as mentioned, the findings of various studies indicate 
that PRP is more effective in reducing knee joint pain 
than HA. In justification of these findings, it can be 
said that PRP has anti-inflammatory properties. Indeed, 
PRP reduces inflammation by inducing a more targeted 
and controlled anti-inflammatory response, modulating 
the immune response, and increasing angiogenesis and 
re-epithelialization  [41]. Also, PRP can potentially 
reduce the impact of other underlying knee joint 
diseases  [42-44]. In fact, by promoting tissue repair 
and regeneration, PRP can reduce the impact of these 
diseases on the progression of osteoarthritis [32]. 

Limitations of the study
The present study had limitations, including the small 
sample size and the short follow-up period of the 
patients.

Conclusions

The results of the study indicate a significant improvement 
in pain, stiffness, and physical function of the knee joint 
in patients with arthritis especially in the PRP group. 
Due to its positive effect, safety, and availability, PRP 
has attracted the interest of Physician in the treatment of 
knee arthritis and it can be concluded that PRP injection 
can be considered a more effective treatment than HA in 
patients with knee osteoarthritis.

Tab. IV. Comparison of different outcome scores between groups 
three month after the intervention by Osteoarthritis grades.

Outcome PRP (n: 41)
Hyaluronic 
acid (n: 44)

Partial 
eta 

squared
P

Pain 

Osteoarthritis 
grade

Mean ± SD Mean ± SD

1.00 4.93 ± 0.73 9.73 ± 0.80 0.96 0.001

2.00 6.86 ± 1.10 10.71 ± 0.73 0.81 0.001

3.00 7.62 ± 0.65 11.40 ± 1.24 0.96 0.001

Stiffness

1.00 1.07 ± 0.73 1.93 ± 0.26 0.60 0.001

2.00 1.71 ± 0.61 2.29 ± 0.47 0.33 0.001

3.00 2.69 ± 0.63 3.33 ± 0.49 0.17 0.03

Physical function

1.00 13.21 ± 1.97 27.60 ± 1.80 0.39 0.001

2.00 16.79 ± 1.63 31.36 ± 2.98 0.50 0.001

3.00 27.15 ± 5.08 40.07 ± 5.23 0.98 0.001

Total 

1.00 19.21 ± 1.97 39.27 ± 2.43 0.98 0.001

2.00 25.36 ± 2.71 44.36 ± 3.59 0.75 0.001

3.00 37.46 ± 5.84 54.80 ± 6.29 0.99 0.001
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Introduction

The most prevalent malignancy of women in the world 
is breast cancer [1]. Globally, there were 2.3 million new 
instances of breast cancer in 2020, and this disease claimed 
685,000 lives [2]. By 2040, it is expected that there will be 
more than 3 million new cases and 1 million deaths due 
to breast cancer worldwide  [3]. Breast cancer has been 
identified as the fifth-leading cause of mortality among 
Iranian women  [4]. In Iran, 15,492 new cases of breast 
cancer were diagnosed in 2022, making up 11.3% of all new 
cancer cases [5]. The exact causes of breast cancer are still 
unknown, but there are both modifiable and non-modifiable 
risk factors associated with this malignancy [6]. Some of the 
main non-modifiable risk factors include aging [7], being 
a woman [8], having a family history of breast cancer [9], 
possessing certain genetic mutations [10], late menopause, 
and early menarche  [11]. On the other hand, modifiable 
risk factors for breast cancer include obesity [8], alcohol, 
smoking [12], postmenopausal hormone therapy [13], and 
being single [14].
Early detection of breast cancer can lead to lower 
treatment costs and more effective treatment. Thus, 
knowledge about the main risk factors that affect this 
mysterious cancer is a crucial task [15]. 

Machine learning algorithms have a significant impact 
on the healthcare system by analyzing large data sets, 
and assisting to make decisions about a patient’s health 
status, disease progression, and optimal treatment 
plans  [16]. Several machine learning algorithms are 
used in the medical field for prediction and classification 
including Decision Trees (DTs), Logistic Regression 
(LR), random forests (RFs), Principal Component 
Analysis (PCA), and Support Vector Machines 
(SVMs) [16]. Decision trees use a tree-like structure to 
represent decisions and their potential outcomes  [17], 
while logistic regression predicts the probability of 
an observation belonging to a specific class  [18]. 
Random forest is a method that improves the accuracy 
and robustness of predictions by combining multiple 
decision trees [19]. Principal component analysis is an 
algorithm that reduces the number of dimensions in large 
datasets with many features, making the data simpler 
to analyze and interpret  [20]. By accounting for time-
varying information and managing multiple predictors, 
interactions, and missing values, these models can 
improve the accuracy of clinical risk predictions [21].
Unfortunately, the majority of women in developing 
countries know little about the principal factors that 
escalate the risk of breast cancer. Moreover, breast 
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Summary

Background. Low survival rates of breast cancer in developing 
countries are mainly due to the lack of early detection plans and 
adequate diagnosis and treatment facilities.
Objectives. This study aimed to apply machine learning tech‑
niques to recognize the most important breast cancer risk factors.
Methods.  This case-control study included women aged 17-75 
years who were referred to medical centers affiliated with Mash‑
had University of Medical Science between March 21, 2015, and 
March 19, 2016. The study had two datasets: one with 516 sam‑
ples (258 cases and 258 controls) and another with 606 samples 
(303 cases and 303 controls). Written informed consent has been 
observed. Decision Tree (DT), Random Forest (RF), Logistic 

Regression (LR), and Principal Component Analysis (PCA) were 
applied using R studio software.
Results. Regarding the DT and RF, the most important features 
that impact breast cancer were family cancer, individual history 
of breast cancer, biopsy sampling, rarely consumption of a dairy, 
fruit, and vegetable meal, while in PCA and LR these features 
including family cancer, pregnancy number, pregnancy tendency, 
abortion, first menstruation, the age of first childbirth and child‑
birth number.
Conclusions. Machine learning algorithms can be used to extract 
the most important factors in the diagnosis of breast cancer in 
developing countries such as Iran.
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cancer is diagnosed at a younger age in many developing 
countries such as Iran, Tunisia, and Pakistan  [22,  23]. 
Determining the inhibitory policies and decisions from 
responsible people to diminish the occurrence of breast 
cancer requires having knowledge of the risk factors of 
this cancer. Reviews on risk factors of breast cancer from 
various published articles in developed countries may 
not provide a practical solution, since the findings of 
these studies cannot be applied to women in developing 
countries. To the best of our knowledge, despite the 
importance of risk factors associated with this disease, 
few studies have been conducted in Iran using machine 
learning methods. Thus, the aim of this study was to 
determine the most important risk factors of breast 
cancer using machine learning algorithms in Mashhad, 
northeastern Iran.

Materials and methods

Study population
In this case-control study, data was collected from two 
different data sets. All women aged 17-75 years who 
were referred to medical centers affiliated with Mashhad 
University of Medical Science (MUMS) between 
March 21, 2015, and March 19, 2016, were enrolled. 
From these women, the case group was composed of 
individuals who had positive mammography and were 
confirmed to have breast cancer through histology. 
Women without breast cancer were selected as the 
control group. The smaller data set contained 516 
samples, divided into 258 cases and 258 controls. The 
larger data set contained 606 samples, divided into 
303 cases and 303 controls. To account for the effect 
of age, frequency matching was performed for group 
matching. However, other factors were not matched in 
order to measure their effects [24].

Data preprocessing
Data preprocessing involves several steps. In the parsing 
step, individual data elements were identified in the 
source files and isolated in the target files. These parsed 
data elements were then corrected using sophisticated 
data algorithms in R, and the data was standardized and 
transformed into its preferred format.
To handle missing data, imputation methods such as mice 
in R were used to fill in missing values. The missing data 
was also removed to compare the results of these two 
approaches, and the results were found to be the same. 
As a result, removing the missing data was chosen as the 
preferred method for proceeding with the analysis.

Breast cancer prediction models
This paper proposes a method that combines feature 
selection techniques with machine learning methods 
to predict prospective cases. Four different methods 
were used to extract features. The first method is the 
information.gain decision tree algorithm, which selects 
the best combination of features based on their correlation 

with class attributes using a function based on entropy. 
The second method is the Elastic net algorithm, which 
balances between LASSO and ridge penalties to address 
over-regularization. This is achieved by setting a hyper-
parameter called Alpha, where Alpha = 1 results in a 
LASSO model and Alpha = 0 results in a ridge model. 
This technique, known as Elastic net, is a regularization 
regression that uses the cv.glmnet function with the 
family set to ‘binomial’. 
The third method used in this paper is Random Forest, 
which uses the built-in random Forest function to 
extract important variables using the importance 
function. This feature selection method falls under the 
category of embedded methods. Each random forest 
contains 4 to 12 hundred decision trees, each built 
using a random sample of observations and features 
from the dataset. Each individual tree consists of a 
sequence of yes-no questions based on single or 
combined features. 
The fourth method used is principal component analysis, 
which is a widely recommended method for reducing 
a dataset with many variables. This is achieved by 
projecting the data onto fewer variables using linear 
combinations of the original variables, using the prcomp 
function in the latest version of R Studio software.

Results 

When using the Information.gain algorithm on a small 
sample size of the data set, the 10 most important factors 
that had an effect on breast cancer were identified and 
ranked according to their coefficients. These factors, 
in order of importance, were: family cancer, scancerb 
(Individual history of breast cancer), sampling B 
(Biopsy sampling), rarely consumption of a dairy meal, 
fruit meal, and vegetable meal daily, table salt, fast 
food consumption, oil consumption and type of job. As 
shown in Figure 1, the results for this method using a 
large sample size of the data set are the same as those 
for a small sample size, with the exception of the type 
of job. For the larger sample size, age with a coefficient 
of 0.05 was identified as an important factor instead of 
type of job.
As shown in Figure 2, the Elastic net results identified 
the 10 most effective factors on breast cancer as family 
cancer, pregnancy number, pregnancy tendency, first 
menstruation, abortion, childbirth (the age when they 
gave birth to the first child), childbirth number, stillbirth, 
scancerb (Individual history of breast cancer), sampling 
B (Biopsy sampling).
The results for the Elastic net algorithm were the same 
for both large and small sample sizes of the dataset. 
According to the Random Forest algorithm, for the 
small sample size, the 10 most important factors 
that affected breast cancer were identified as family 
cancer, sampling B, scancerb, rarely consumption of 
dairy, fruit, and vegetable meals daily, job type, table 
salt, fast food consumption, and first menstruation 
(Fig. 3).
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For the large sample size of the dataset using the Random 
Forest algorithm, two different factors were identified as 
important: age and number of pregnancies, instead of 
type of job and age at first menstruation. 
When using Principal component analysis, as shown in 
Figure 4, the 10 most important risk factors for breast 
cancer were identified as the same in both sample 
sizes including pregnancy tendency, first menstruation, 
pregnancy number, childbirth number, childbirth (the 
age of first giving birth), abortion, stillbirth, scancerb, 
sampling B and family cancer (Fig. 4).

Discussion

This case-control study investigated the most important 
risk factors associated with breast cancer among Iranian 
women. Four machine learning methods were performed 
in this study including Decision Tree (DT), Random 
Forest (RF), Logistic Regression (LR), and Principal 

Component Analysis (PCA). Based on all 4 machine 
learning algorithms, family history of cancer, biopsy 
sampling, and individual history of breast cancer were 
the most important risk factors for breast cancer.
A case-control study indicated that family and personal 
history of breast cancer were the most important risk 
factors for breast cancer [25]. Women with two or more 
persons of breast cancer in their family among women 
younger than 50 years, or three or more persons at any age, 
but who do not have BRCA mutations, are about 4 times 
more likely to have breast cancer [26]. These studies are 
consistent with the findings of all four machine learning 
methods in our research. Thakur P et.al found that early 
menstruation increases the risk of breast cancer by more 
than two times [27]. Numerous other studies have also 
corroborated this finding [28, 29]. Based on the RF, LR, 
and PCA in our study, early menarche was among the 
top 10 associated risk factors of breast cancer. However, 
a cohort study found no association between early 
menstruation age and the risk of breast cancer [30].

Fig. 1. The 10 most important risk factors of breast cancer in the larger sample selected by Information.gain function from the Decision 
Tree algorithm.

Fig. 2. The 10 most important risk factors of breast cancer selected by the Elastic Net algorithm.
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According to a case-control study, the risk of breast cancer 
is inversely related to the number of children born. Women 
who have had five or more children have a 50% lower 
risk of developing breast cancer compared to women who 
have never given birth [31]. Also, a systematic review and 
meta-analysis in the Eastern Mediterranean region found 
that having no history of live birth was among the factors 
that had the largest odd ratios for breast cancer [32]. Our 
observations showed that the number of pregnancies was 
only in LR and PCA models among the 10 risk factors 
associated with breast cancer. 
Diet can play an important role in the prevention and 
management of many diseases, including breast cancer. 
A systematic review and meta-analysis showed that there 
was only an association between milk consumption and 
breast cancer among dairy products. Consumption of 
more than 450 grams of milk per day was associated 
with an increased risk of breast cancer. Also, a diet rich 
in vegetables, fruits, and soy products, and low in red 
meats, has been associated with a lower risk of breast 

cancer  [33]. Our DT and RF models showed that low 
consumption of dairy products, fruits, and vegetables 
was associated with breast cancer risk. However, 
Patricia M et al. found that there was no significant 
relationship between dairy consumption and the risk of 
breast cancer [34].
It is important to note that this study has some limitations 
that should be considered. First, we only used four 
machine learning models in our study. Second, the data 
for this study was collected from hospitals affiliated with 
Mashhad University of Medical Sciences. As a result, 
there is uncertainty about whether the prediction model 
developed in this study can be applied to other datasets 
from different populations or regions.

Conclusions

Our study showed that the use of machine learning 
methods can play an effective role in predicting breast 

Fig. 3. The 10 most important risk factors of breast cancer selected by the Random Forest algorithm.

Fig. 4. The 10 most important risk factors of breast cancer selected by the Principal Component Analysis algorithm.
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cancer risk factors in Iranian population with large 
sample size and different characteristics. Future research 
could involve using classification techniques to train 
machine learning models on the data. These models 
could then be used to make predictions or classifications 
based on the patterns and relationships identified in the 
data.
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Introduction

Cervical cancer is a significant global health concern 
characterized by the abnormal growth of cells in the 
cervix. The primary risk factor associated with its 
development is the human papillomavirus (HPV), 
mainly transmitted through sexual contact [1]. Moreover, 
HPV and its associated diseases impact both males and 
females, manifesting frequently in males as warts on 
various organs, including the penis and oropharyngeal 
tract  [2]. Less commonly, HPV can lead to cancers of 
the penis, anus, and oral cavity  [2]. The role of HPV 
in causing cervical cancer is attributed to dysplasia, 
an uncontrolled proliferation of cells surrounding the 
cervix [1]. Among the various HPV strains, HPV 16 and 
HPV 18 account for 70% of cervical malignancies [1, 3].
Several other factors also contribute to the risk of cervical 
cancer, including a history of multiple sexual partners, 
a family history of the disease, smoking, and early 
initiation of sexual activity, among others [4]. However, 
the early stages of cervical cancer often present without 
noticeable symptoms, making it challenging to detect. 
As the disease progresses and metastasizes, visible 
symptoms such as vaginal bleeding and changes in 
vaginal discharge become more apparent [5].
To combat the spread of HPV and facilitate early 
detection, various screening techniques are employed, 

including the Pap smear, Visual Inspection with Acetic 
Acid (VIA), and HPV-DNA  [6]. The Pap smear has 
been widely used for screening purposes, particularly 
in Germany  [7]. Additionally, HPV vaccinations are 
available and recommended, with higher effectiveness 
demonstrated when administered at an earlier age [8].
Despite advancements in screening and treatment, 
cervical cancer remains a significant global health 
burden, with approximately 529,800 new cases and 
275,100 deaths reported each year  [9]. Importantly, 
there is a considerable disparity in incidence rates 
between industrialized and developing countries. 
Developed nations have witnessed a gradual decline 
in cervical cancer incidence and mortality rates due 
to effective screening programs and HPV vaccination 
campaigns  [9]. In Germany, cervical cancer screening 
has undergone changes over the years. From 1971 to 
2019, annual opportunistic Pap test screenings were 
supported by the statutory health insurance system for 
women aged 20 and above. Since January 1, 2020, a 
coordinated screening program has been implemented, 
involving annual Pap testing for women aged 20-34 and 
co-testing (Pap test + HPV test) every three years for 
women aged 35 and older [10].
The impact of cervical cancer in Germany is profound, 
with thousands of new diagnoses and deaths annually. 
However, advancements in screening and treatment have 
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Summary

Introduction. Cervical cancer is a global health concern primar‑
ily caused by human papillomavirus (HPV). It has a significant 
impact in Germany, with thousands of new diagnoses and deaths 
annually. Despite advancements in screening and treatment 
leading to improved survival rates of 65% for invasive cervical 
tumors, the financial burden remains substantial. 
Aims. The study aims to assess the impact of gender and educa‑
tion of Wiesbaden students towards cervical cancer and its associ‑
ated health policies. Data was collected through an online ques‑
tionnaire distributed with 54 students in Wiesbaden, Germany 
participating in the study. Statistical analysis was performed 
using SPSS, including one-way ANOVA, t-tests, Kruskal-Wallis, 

and chi-square tests. The respondents’ average age was 28.24 
years, with a higher female participation. 
Results. Education level did not significantly influence perceptions 
of ideal vaccination age (p < 0.581). Females and males perceived 
a lower number of vaccine doses (< 3) required compared to the 
standard. Education level showed a moderate association with 
knowledge of long-term complications, and gender had a moderate 
correlation with information sources (rho  =  27, p  =  0.090). 
Conclusion. Gender disparities did not significantly impact 
knowledge of cervical cancer. Public health programs should con‑
sider education levels and tailor interventions to all age groups 
and genders. 
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led to improved survival rates, with a relative 5-year 
survival rate of 65% for invasive cervical tumors  [11]. 
Nonetheless, the financial burden of cervical cancer 
remains substantial, with costs ranging from 1,055 
euros to over 10,000 euros, depending on the stage of 
the disease  [12]. There is therefore the need to assess 
how sociodemographic background like gender and 
education affects policies implemented to tackle the 
disease.
The study aims to assess the impact of gender and 
education of Wiesbaden students towards cervical 
cancer and its associated health policies. This will aid to 
contribute to the development of cost-effective strategies 
for public health budgets and inform the evaluation of 
essential elements for an effective public health policy 
for the Hessen state in Germany.

Methods

Study design
The study was a cross-sectional survey. Data was 
collected through an online questionnaire hosted 
on “SurveyPlanet.” To ensure the questionnaire’s 
comprehensibility and effectiveness, a trial sample of 
5 questionnaires was initially tested among potential 
participants. Following adjustments based on feedback, 
the final questionnaire was distributed, consisting of 21 
questions grouped into three categories: demographic 
background, cervical cancer awareness, and knowledge 
of treatment and screening programs. The online survey 
was active for a duration of 30 days, from July 4, 2022.

Study population and area
The study involved 54 participants from 12 to 38 years 
old. The study targeted students in Wiesbaden, located 
in the German state of Hessen. To comprehensively 
assess knowledge disparities, the study refrained from 
imposing limitations based on other demographic 
parameters, such as age and gender.

Data entry and analysis
Data analysis was performed using IBM Statistical 
Package for the Social Sciences (SPSS) version 28. 
To address the research questions and test hypotheses, 
various statistical tests were employed, including 
one-way ANOVA, one-sample t-test, Kruskal-Wallis, 
and chi-square tests. These tests were used to assess 
associations and determine statistical significance, with 
a significance level set at p < 0.05.

Ethical consideration
Participants were voluntary and provided informed 
consent. The purpose and processes of the study were 
explained on the first page of the questionnaire. Participants 
remained anonymous, ensuring confidentiality, and their 
data could not be linked to individual submissions. The 
study posed no social risk to participants.

Results

The average age of respondents (N = 54) who took part 
in the survey was 28.24 years (SD = 4.73) with the age 
ranging from 12 years to a maximum of 51 years. Of the 
population, half of the population’s age was less than 
27 years, and the other half was more than 27 years. 
The distribution of the age wasn’t normally distributed 
with skewness of -0.18 (SE  =  0.33) and kurtosis of 
1.596 (SE = 0.12). With regards to gender, there were 
more female respondents (n  =  34) than that of male 
respondents (n  =  20). The male respondents had an 
average age of about 28 years (SD = 5.88) which was 
similar to that of the females average age of 28 years 
(SD = 4.00). The most occurring age for males was 1 
year lesser (25 years) than that of the female respondents 
(26 years) as seen in Table I.
As highlighted in Figure 1 below, a one-way analysis of 
variance (ANOVA) shows that there was no significant 
difference in terms of respondents’ level of education and 
perception of ideal age one should start taking the HPV 
vaccine. With respondents with high school education 
(n = 5) choosing an average of 20 years (SD = 17.49), 
respondents with bachelors (n  =  22) choosing an 
average age of 17 years (SD = 5) and respondents with 
a postgraduate (n = 25) choosing an average of 19 years 
(SD = 8.39), F (2,49) = 0.55, p < 0.581. 
In comparison to the recommended 3 doses of the 
HPV vaccine, there was a significant difference in the 
perception of the number of doses amongst females and 
males as shown in Figure 2. Female respondents (n = 32), 
on average, chose 2.6 doses (SD = 0.62), t (31) = 3.74, 
p < 0.001, d = 0.66. Similarly, among male respondents 
(n  =  22), there was a significant difference in their 
perception of the number of doses required compared to 
the standard of 3. Male respondents chose an average of 
2.4 doses (SD = 0.68), t (18) = 4.03, p < 0.001, d = 0.92. 
A Kruskal Wallis test indicates that there is no significant 
difference between respondents’ level of education and 
their response to how often one should take a pap smear 
screening df = 1, p = 0.173 (two-tailed), Kruskal-Wallis 
H  =  3.51. A chi-square test statistic indicates that for 
females, there was no difference between their response 
to which gender cervical cancer affects and the body 

Tab. I. Age distribution of respondents.

Participants Description Statistic Std. Error

All respondents Mean (years)
28.24 

(SD = 4.73)
0.64

Minimum(years) 12.00
Maximum (years) 38.00

Mean (years)
28.35 

(SD = 3.99)
0.69

Females Minimum(years) 22.00
Maximum (years) 38.00

Mean (years)
28.05 

(SD = 5.88)
1.32

Male Minimum(years) 12.00
Maximum (years) 38.00
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part it affects (X2(1, N = 34) = 0.14, p = 0.711). Similar 
significance of difference was also observed for males 
(X2(1, N = 20) = 1.25, p = 0.264).
There was also an observed moderate association 
between respondents’ level of education and their 
knowledge of the long-term complications of cervical 
cancer, Spearman’s Rho (53)  =  -0.27, p  =  0.090. 
Similarly, for gender, there was a moderate correlation 
between their response on where they heard of cervical 
cancer, Contingency Coefficient (53) = 0.32, p = 0.439. 
Although with regards to gender, most males and females 
chose health personnel as their source of knowledge, 
there were differences with regards to the other 
sources of information (shown in Tab. II). In response 
to knowledge on age one is supposed to take the HPV 
vaccine, the study showed a weak positive association of 
respondent’s knowledge on age for HPV vaccination and 
their age, Pearson’s R (53) = 0.20, p = 0.144.

Discussion

The observation that more women than men responded to 
the survey suggests that women exhibit a greater concern 
for cervical cancer and related issues. This finding aligns 

Tab. II. Respondents source of information on learning about cer-
vical cancer.

Source of Information Female Male Total
Health Personnel (HP) 8 8 16
Tv Programs (TV) 4 1 5
Internet (IT) 3 3 6
Friends/Relatives (FR) 5 3 8
2 of either HP, TV, IT,FR 4 2 6
3 of either the HP, TV, IT,FR 6 0 6
All of HP, TV, IT,FR 4 2 6
Total 34 19 53

IT: Internet; HP: Health Personnel; TV: Television; FR: Friends/Relative.

Fig. 1. Bar chart showing educational level of participants and their average response to vaccination age.

Fig. 2. Histogram of gender and their average response to doses to complete vaccination.
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with other studies that reported a similar observation 
regarding women’s higher interest in reproductive 
health  [13]. Consequently, it is important to design 
campaigns aimed at improving reproductive health in a 
way that also addresses men’s interests, thus increasing 
their participation in reproductive health surveys. This 
inclusive approach will help inform governmental 
policymaking to reflect the diverse gender groups.
The tests of significance revealed that there was no 
significant difference between respondents’ education 
level and their beliefs regarding the appropriate age 
for vaccination and awareness of routine pap smear 
screening. This indicates that when developing public 
health programs focused on education, lower levels 
of education should be taken into consideration. It is 
noteworthy that vaccination knowledge does not vary 
significantly with education level. Therefore, HPV 
vaccination programs’ education and sensitization in 
Wiesbaden should encompass all tiers of education.
Despite the German government efforts to promote 
HPV vaccination through mass education campaigns 
and absorbing the vaccination cost for state insurers, 
the study revealed a significant difference between 
genders, in terms of the perception of the maximum 
number of vaccine doses, which is three  [14]. This 
finding suggests that men and women hold differing 
views on the recommended dosage for HPV vaccination. 
Additionally, a weak relationship was found between 
respondents’ age and their knowledge about the age 
for cervical cancer vaccination. The implications of 
this disparity are crucial for designing targeted public 
health initiatives to ensure comprehensive vaccine 
understanding and uptake across all genders and age 
groups.
The study found no significant difference in gender with 
regards to general knowledge about cervical cancer, 
including understanding of the gender at risk and the 
affected biological body part. This indicates that gender 
has no impact on the assimilation of cervical cancer 
information. In Wiesbaden, Germany, public health 
initiatives for awareness seem to effectively reach 
various gender subgroups of the student community.
Lastly, the study highlighted that health personnel 
are the most common source of information for both 
males and females. This highlights the effectiveness 
of providing health personnel with enhanced cervical 
cancer education materials. Furthermore, the study 
indicated that other sources of information, such as 
television programs and the internet, are underutilized, 
resulting in lower promotion rates. Therefore, additional 
campaigns utilizing these sources should be employed to 
increase their effectiveness in disseminating knowledge 
about cervical cancer.
Limitations of the study include the relatively small 
sample size of 54 participants from a specific student 
population in Wiesbaden limits the generalizability of the 
results to a broader context. Additionally, the voluntary 
nature of participation might introduce selection bias, 
as participants with a higher interest or awareness of 
cervical cancer could have been more likely to respond. 

Furthermore, the self-reported nature of data collection 
through an online questionnaire may lead to recall bias 
and social desirability bias.

Conclusions

The study found that disparities in various subgroups, 
such as gender, do not make a significant difference in 
students’ knowledge of cervical cancer in Wiesbaden, 
Germany. This is also true for educational level and 
age. According to the findings of the study, student 
disparities are not a major factor in knowledge and 
awareness barriers. As a result, promotional materials 
should always be curated to be representative of all 
subgroups in society. In terms of effective promotion 
sources, health personnel are the most effective 
source of public health promotion on cervical cancer. 
Other sources of information, such as the internet 
and television programs, are currently underutilized. 
In the long-term, education and other public health 
promotion interventions should be tailored to various 
societal subgroups. Furthermore, such promotions 
should use other sources, such as the internet and 
television programs, to accommodate changes in 
societal trends.
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Introduction

Emergency and urgent surgery accounts for an increasing 
proportion of surgical activities performed in hospitals 
and requires a significant commitment from hospital staff 
to meet clinical needs [1, 2]. In daily practice, general and 
specialist surgeons deal with many surgical emergencies, 
scheduling and providing care both for patients arriving at 
the emergency room and for those admitted to the various 
units for elective surgery [3]. San Martino IRCCS Hospital 
in Genoa, Italy, is the regional tertiary adult acute-care 
reference hospital. It has 1,400 beds and two daytime 
operating theatres for emergency surgery. In the absence of 
a universal classification defining the timing of emergency 
and urgent surgery, the National Confidential Enquiry into 
Patient Outcome and Death (NCEPOD) classification [4], 
which is applicable to all surgical disciplines, is adopted. 
According to this classification, surgical cases are divided 
into the following two categories, to which a colour –code 
is assigned [5]: 
•	 EMERGENCY – (Colour code: RED) “Emergency 

surgery to be performed within minutes”.  This 
category comprises life-saving, organ-saving or limb-
saving interventions or critical situations in which 

surgery is concurrent with resuscitation manoeuvres 
(performed within 1 hour); 

•	 URGENCY – (Colour code: YELLOW) “Urgent 
surgery to be performed within hours”. This includes 
situations with acute onset or clinical deterioration or 
situations that potentially threaten the life, organ or 
limb of the patient, or conditions that require surgery 
for fracture fixation, relief of pain or other stressful 
symptoms (performed within 6-12 hours) [6].

In this context, it is essential that the emergency surgical 
team gets clear and complete information from the 
proposing surgeon  [7, 8]. It is therefore necessary to 
ensure rapid and effective communication, in order to 
minimize the time between referral and surgery [9]. 

Methods 

Up until April 2023, requests for E/U surgery at the San 
Martino IRCCS Hospital were based exclusively on the 
information provided on a paper form; text fields had to 
be handwritten by the proposing surgeon and the form 
was sent to the anaesthetist and the surgeon on call. In 
order to meet the demand for E/U intervention quickly 
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Summary

Introduction. At San Martino IRCCS Hospital in Genoa, Italy, 
emergency and urgent surgery is classified according to the 
National Confidential Enquiry into Patient Outcome and Death 
(NCEPOD) classification, whereby cases are divided into two 
categories and colour-coded accordingly: - EMERGENCY – 
(Colour-code: RED) “Surgery to be performed within minutes”; 
- URGENCY – (colour-code: YELLOW) “Surgery to be performed 
within hours”. In this context, it is essential that the emergency 
surgical team gets clear and complete information from the pro‑
posing surgeon, in order to complete the surgical list. 
Methods. Between 14th April 2023 and 23th July 2023, a new 
method of requesting urgent and emergency surgery by filling out 
an online form was tested.

Results. A total of 406 online requests were made, resulting in 
367 E/U surgeries. The greatest number of emergency operations 
concerned thoracic-abdominal surgery (45%), followed by urol‑
ogy (19%). The requests analysed classified 18% of cases as red 
and 71% as yellow. The remaining 11% contained compilation 
errors. Moreover, 11% of the interventions were not performed 
within the time limits defined according to the severity code.
Conclusions. By means of this new tool, San Martino IRCCS 
Hospital’s Healthcare Management Unit can monitor requests 
for surgery in real time, thereby achieving greater efficiency and 
implementing corrective measures in the use of Operating Room 
resources.
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and efficiently, the paper form contained the following 
information: the patient’s personal details, suspected 
diagnosis and planned surgery, severity code (colour code 
class), date and time of report, proposing surgical unit, 
and the name and signature of the proposing surgeon. 
Subsequently, a new method of requesting urgent and 
emergency surgery was introduced; this involved filling 
out an online form. The clinical information reported on 
the online form is the same as that previously handwritten 
on the paper form. This online form is filled in by the 
proposing surgeon, but is promptly accessible to other 
crucial healthcare personnel, such as anaesthesiologists, 
other surgeons and nurses. The surgical team can access 
the form through the IT application used to compile the 
surgical register. 
A three-month period of analysis and monitoring followed 
the introduction of the online form, with the aim of testing 
the new method and identifying any major criticalities and 
shortcomings. From April to July 2023 an experimental 
period was run, during which both communication 

methods, i.e. both paper and online forms, were available 
at the same time and used in parallel. 

Results 

E/U surgery requests submitted in the period between 
14th April 2023 and 23th July 2023 were analysed: a 
total of 406 requests were made, resulting in 367 E/U 
surgeries (Fig. 1).
Some of the remaining patients were rescheduled for 
elective surgery, after medical re-evaluation, while 
others experienced a deterioration of their clinical 
conditions, prompting the decision that surgery was no 
longer appropriate for them.
Analysis of the data collected enabled us to identify 
the percentage distribution of the surgical disciplines 
involved. Thoracic-abdominal surgery accounted for 
the greatest number of emergency operations (45%), 
followed by urology (19%), neurosurgery (13%), 

Fig. 1. E/U surgery requests submitted in the period between 14th April 2023 and 23th July 2023. The distribution of the surgical disciplines 
that sent requests for E/U surgery which was subsequently not performed is also shown.

Fig. 2. E/U surgery requests submitted in the period between 14th April 2023 and 23th July 2023 in San Martino IRCCS Hospital in Genoa, 
categorized by surgical disciplines.
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orthopaedics (10%), oral and maxillofacial surgery 
(9%), and vascular surgery (4%) (Fig. 2).
The requests analysed reported colour-code classes 
with the following frequency: 18% were classified as 
red, and 71% as yellow. The remaining 11% of requests 
contained compilation errors (Fig. 3). The most frequent 
compilation errors were: omission of the colour-code 
class field on the paper form, changes or deletions on 
the form, and selection of an invalid colour-code class.
Analysis of the data obtained revealed the following 
critical issues: 
•	 11% of requests incorrectly reported the severity 

code (colour-code class); 
•	 11% of the surgical interventions were not performed 

within the time limits defined according to the 
severity code (colour-code class).

Discussion 

The main limit of using paper forms is that information 
is available only to a small number of health workers; 
moreover, incomplete and/or illegible forms may give 
rise to doubts in interpretation or analysis  [10]. This 
does not allow an accurate global picture of the number 
of requests for E/U interventions as well as the number 
of cases with similar colour-code class presented in the 
same time [11].
In order to avoid any misunderstandings and ensure 
proper interpretation, it is essential to limit handwritten 
healthcare data and to use electronic tools and standardized 
data management systems [12]. Indeed, if all emergency 
surgery workers use the same reporting system, the 
effectiveness of communication may improve and delays 
in the management of patients may be reduced [1].
To the best of our knowledge, similar digitalization 
trials have been conducted in other Italian hospitals, 
for example at the Azienda Ospedaliera Universitaria 
Integrata (AOUI) in Verona. In that facility, a digital 

request form for elective surgery was introduced in order 
to track the request and ensure that all mandatory fields 
were filled in [13].

Conclusions 

In order to solve the problems observed, a dedicated tab 
for emergency/urgency operations was introduced into 
the online form in May 2023; this obliges users to enter 
the essential information contained in the previously 
used paper forms. 
After a three-month experimental period, during which 
both reporting tools were used in parallel, paper forms 
were entirely replaced by online forms. 
This latter tool ensures the standardisation and accuracy 
of the data reported and allows traceability of the 
E/U pathway. Indeed, San Martino IRCCS Hospital’s 
Healthcare Management Unit can monitor requests for 
surgery in real time, thereby achieving greater efficiency 
and implementing corrective measures in the use of 
Operating Room resources.
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Introduction

The recent COVID-19 pandemic has highlighted critical 
limitations and challenges within the Italian National 
Health Service (NHS), especially regarding disparities 
in access for the most fragile and vulnerable population 
groups. To mitigate these issues and improve overall 
health outcomes, primary healthcare (PHC) has proven 
to be a key tool, due to its inclusiveness, equity, and cost-
effectiveness in achieving universal health coverage. 
Strengthening PHC could bolster the resilience of the 
healthcare system, enabling it to better prepare for, 
respond to, and recover from future shocks and crises [1].
The World Health Organization (WHO) emphasizes the 
importance of PHC in consolidating and strengthening 
national health systems, bringing health services closer 
to communities [2]. The existing literature demonstrates 
that health systems with robust primary and proximity 
care services tend to exhibit better population health 
outcomes  [3]. This comprehensive approach enables 
health systems to support person-centred health needs 
in various settings: from health promotion to disease 
prevention, treatment, rehabilitation, palliative care, 
etc. [2].
After a decade of cost-containment policies, the Italian 
NHS is in evident need of reform, in order to address 
the above-mentioned challenges effectively  [1, 4]. In 
this regard, proximity structures and telemedicine for 

territorial healthcare assistance could help to reduce 
inequalities in healthcare access and improve overall 
healthcare services.
In the context of rethinking and redesigning the NHS and 
building on the critical role of primary healthcare, the 
National Recovery and Resilience Plan (Piano Nazionale 
di Ripresa e Resilienza, NRRP), which is embedded in 
the Next Generation EU (NGEU) programme, plays a 
pivotal role in shaping new organizational models that 
are consistent with the health needs and preferences 
of citizens  [1, 4]. The programme is divided into six 
missions and has a duration of six years, from 2021 to 
2026, with provisions for grants. One mission focuses 
specifically on “Health” (Mission 6), while the others 
address: 1) Digitalisation, Innovation, Competitiveness, 
Culture and tourism; 2) The “Green Revolution” and 
Ecological Transition; 3) Infrastructure for Sustainable 
Mobility; 4) Education and Research, and 5) Inclusion 
and Cohesion.
For Mission 6, a total of € 18.5 billion (€ 15.6 billion 
from the Recovery and Resilience Facility and € 2.9 
billion from the Fund) is allocated to reinforcing 
proximity networks, facilities, and telemedicine for 
territorial healthcare  [5]. The aim is to enable more 
effective management of social care needs and better 
identify priorities for action, which are closely related 
to the integration of primary healthcare, hospitals and 
specialist care networks.
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Summary

After years of cost-containment policies, the Italian National 
Health Service (NHS) has now the chance to change and improve, 
especially thanks to the National Recovery and Resilience Plan 
(NRRP). The plan serves as a catalyst for reform, allocating sub‑
stantial funds to reinforce proximity networks, facilities, and tel‑
emedicine for territorial healthcare. Mission 6, specifically dedi‑
cated to health, focuses on integrating primary healthcare, hospi‑
tal, and specialty care networks, underscoring the importance of a 
robust primary healthcare system.In alignment with NRRP objec‑
tives, the Ligurian model introduces innovative structures, such 
as Community Houses (CdCs), Community Hospitals (OdCs), 
and Territorial Operation Centres (COTs). These interconnected 
components form a dynamic network designed to enhance health‑
care accessibility, prevent inappropriate hospital admissions, and 

facilitate efficient patient transitions. The model prioritizes multi‑
disciplinary collaboration, community engagement, and the inte‑
gration of socio-healthcare services. Despite substantial NRRP 
funding for infrastructure, challenges related to staffing and 
human resources persist. The social and epidemiological context 
highlights concern about the economic feasibility of the reform, 
potential workforce shortages, and the imperative for updated 
regulatory frameworks. The strategic reallocation of personnel 
from acute hospitals to new facilities is crucial, requiring meticu‑
lous workforce planning, role definitions, and trainingIn conclu‑
sion, the Ligurian model emerges as a proactive response to the 
structural vulnerabilities exposed by the pandemic, aligning with 
international trends in emphasizing primary care, prevention, and 
community-based services.
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The reform is targeted at reinforcing the primary 
healthcare system, and focuses specifically on enhancing 
the district, which is the territorial branch of the Local 
Health Agency (LHA) and is now responsible for the 
local management and coordination of health services. 
The LHA works towards promoting integration among 
healthcare facilities and providing a continuous response 
to the evolving healthcare needs of the population, as 
well as guaranteeing equality in access to care and 
ensuring uniformity of Essential Levels of Assistance 
(Livelli Essenziali d’Assistenza, LEAs). These latter are 
the services that the Italian NHS is required to provide 
for all citizens, either free of charge or on payment of 
a fee (ticket), using public resources obtained from 
general taxation [6].
In May 2022, the Italian health minister issued a new 
Decree (DM77 - “Defining models and standards for 
the development of primary care in the national health 
service”), to address some of the major challenges 
outlined by the National Recovery and Resilience 
Plan [1], which emphasizes the need for an innovative 
“regional care pathway system”. While concerns persist 
regarding structuring and implementing a single model 
in a highly diversified regional landscape like Italy's, 
standards have been defined for some of the cornerstone 
structures of this new model.
Among those, Territorial Operation Centres (“Centrali 
Operative Territoriali” in Italian, COTs) coordinate 
patient care by establishing connections between the 
services and professionals involved in the various 
care settings, while Community Houses (“Case della 
Comunità”, CdC) and Community Hospitals (“Ospedali 
di comunità”, OdC) are among the sites of response to the 
issues addressed by the Italian government through the 
NRRP. These facilities are interconnected with hospices 
and other hospital-related structures and manage 
selected patients in need of specialist hospital services, 
particularly those with complex chronic conditions that 
necessitate frequent hospitalizations [7].
The care pathway must be articulated across the various 
settings, which are closely interconnected to allow 
flexible transitions according to the individual's needs 
and stage of life. The goal is not only to keep patients at 
home and to delay or prevent institutionalization, but also 
to ensure uniformity and appropriateness throughout the 
regional territory. Additionally, it is essential to improve 
digital interconnection with the territorial and hospital 
socio-healthcare system.
This overview aims to shed light on the primary 
healthcare model in Liguria, a region in North-
western Italy, and its evolutions. It delves into critical 
considerations such as structural components, financing, 
increased costs, the current state of advancement, human 
resource requirements and training priorities for district 
managers.

The ligurian territorial healthcare model 
As of January 1, 2023, the resident population of the 
Liguria Region was 1,502,624 (723,806 males and 
778,818 females), with a general trend of declining births 

and gradual ageing of the population. The average age of 
Ligurians is 49.3 years, and the percentage of individuals 
aged 65 and over is 28.8% of the total population (23.5% 
in Italy). The current sociodemographic structure and 
its future projection highlight a prevalence of chronic-
degenerative pathologies. The socio-healthcare system 
will therefore be increasingly called upon to respond to 
the health needs of Ligurians; this will require profound 
changes in its organizational model.

The territorial network
In recent decades, in Liguria, like other places  [8,9], 
an increasing interest in improving the organization of 
primary care was seen, with particular emphasis being 
placed on reducing unnecessary visits to the emergency 
department (ED) for non-severe conditions and hospital 
admissions of chronically ill patients. Initiatives 
to reinforce the healthcare network have included 
extending the opening hours of general practitioners' 
(GPs) group practices and out-of-hours care and 
considering expanding the range of facilities to offer a 
broader spectrum of acute and chronic medical services.
The National Recovery and Resilience Plan offers 
a significant opportunity to improve integration 
and strengthen the healthcare framework. Regional 
Government Resolution 1223/2022 incorporates the 
directives of the NRRP and DM77, providing a revision 
of the territorial network of various professionals, 
including Family or Community Nurses (IFoC), 
whose collaboration is necessary for the functioning 
of Community Houses, Community Hospitals and 
Territorial Operation Centres to promote “proximity 
prevention”. In this way, the community ceases to be a 
passive spectator and, thanks to empowerment processes, 
becomes an active subject in building proposals to 
improve the health conditions of the community and 
evaluate local socio-health policies.
The advance of telemedicine emerges as a critical 
element in the reorganization of territorial care. Indeed, 
telemedicine can:
•	 reduce the distance between healthcare providers and 

patients and among healthcare providers themselves;
•	 enable the early diagnosis of acute events and timely 

intervention for patients treated at home and/or in 
emergency situations;

•	 streamline care services in remote or disadvantaged 
areas, optimizing resources by offering proximity 
services that enhance appropriateness and therapeutic 
adherence;

•	 coordinate interventions for integrated care between 
the hospital and primary care settings, thereby 
facilitating de-hospitalization processes;

•	 promote collaboration among professionals belonging 
to different hospital and territorial care networks, 
particularly in contexts where multidisciplinarity is 
essential for the proper care and management of the 
patient.

Figure 1 shows the offer of primary care, the facilities 
envisioned by the new model and their functional 
connections.
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Community house
In accordance with the NRRP, Community Houses serve 
as hubs in a reorganized territorial network, and act as 
reference points for proximity medicine, reception and 
orientation to primary care services  [10]. Indeed, the 
overall integration of social, and health care services for 
the promotion of health and the comprehensive care of 
the community is enhanced through the implementation 
of physically identifiable facilities. These serve as points 
of reference for proximity assistance and as hubs for 
receiving and orienting citizens to primary healthcare 
services of a health, socio-health and social nature; they 
ensure interdisciplinary interventions through the spatial 
contiguity of services and the integration of professional 
communities (multi-professional and interdisciplinary 
teams) that operate according to integrated models, 
both within healthcare services (territory-hospital) and 
between health and social services.
The reference standard mandates the presence of at 
least 1 CdC for every 50,000 inhabitants  [1]. These 
facilities generally offer a range of services, including 
medical examinations, reception, services for continuity 
of care, general medicine, polyclinics, first aid, first-
line diagnostic services, sampling points, rehabilitation, 
home care services, primary care paediatricians, 
vaccination centres, screening, social healthcare services 
and telemedicine [5].
The mission of the CdCs is multi-faceted, encompassing 
standardizing healthcare pathways, promoting 
prevention and health among individuals and in the 
community, managing chronic conditions, conducting 
comprehensive assessments of individual needs, 
and ensuring coordination with local health services 

for continuity of care  [11]. Their activities include 
inter-professional and multidisciplinary work and 
the coordination of interventions among General 
Practitioners (GPs), Paediatricians (PLSs), Outpatient 
Specialists, Family and Community Nurses, social 
workers and other healthcare and social professionals. 
As the multi-professional team involves Family Nurses 
and GPs and PLSs working in group practices, the skills 
of these professionals are enhanced, and professional 
isolation is avoided [12].
In Liguria, the recently approved 2023-2025 regional 
health and social plan outlines the roles and functions 
of Hub and Spoke CdCs. One of the main goals is to 
enhance citizens' access to services by identifying the 
“doorways” to a unified pathway of health and social 
assistance. Specifically, the organization of the CdCs 
envisioned in the Ligurian model aims to ensure the 
maximum proximity and capillarity and is characterized 
by the presence of the NHS Hub CdCs and Level I 
(basic) and Level II Spoke CdCs. 
Level I Spokes are individual GP ambulatories; their 
reference centre within their district is the Hub CdC, 
with which they are interconnected through the COT. 
GPs guarantee the availability of services according 
to the time commitment envisaged by the evolving 
regulatory framework. Additionally, GPs can negotiate 
the allocation of the remaining hours directly with 
the District Director; these hours may be dedicated to 
district activities, including activities within the Hub 
CdC. The District Director will evaluate whether to 
extend the opening hours of the medical practice, or 
to allocate these hours either to covering neighbouring 
areas that may be experiencing shortages or to 

Fig. 1. Scheme of the primary healthcare system in the Liguria Region (Community House, Community Hospital).
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collaboration with other professionals within the CdC.
Level II Spoke centres must guarantee the presence of 
GPs, specialist outpatient services and basic-level home 
care services. Their aim is to take care of 5% of the over-
65s assisted by each GP belonging to the Level II Spoke. 
Table I reports the regional objectives for CdCs.

Community hospital
Along with the Community House, the Community 
Hospital will play a pivotal role in the healthcare network 
by empowering the community to engage in prevention, 
proximity, and management functions. This approach 
aims to prevent inappropriate hospital admissions of 
patients with complex and urgent conditions, while 
ensuring appropriate responses to their needs [13].
The OdC is an intermediate care health facility designed 
for short hospital stays. It caters for patients who 
require a period of clinical stabilization or monitoring 
and remodulation of therapy after discharge from acute 
departments, as well as individuals coming from home 
who present worsening of a chronic pathology and/or the 
need for a clinical-diagnostic and therapeutic pathway 
that cannot be managed on an outpatient basis. 
Effective networking with other care settings and a 
functional connection with hospitals and territorial 
services are thus crucial. Prompt activation of home 
care services and caregiver training are essential for 
safe patient transitions home. This necessitates well-
defined operational procedures to ensure continuity of 

care, in which the coordinating role played by the COT 
is fundamental.
It must be emphasized that the Community Hospital 
neither duplicates nor replaces existing structures for 
patient care; it is not one of the residential facilities 
covered by the essential levels of assistance approved in 
2017 (DPCM 12/01/2017) [14]. Instead, it complements 
other healthcare models.
The reference standard requires the presence of at least 1 
Community Hospital with 20 beds per 50,000 - 100,000 
inhabitants that operates 7 days a week. One or two 
further modules, each with 15-20 beds, may be added 
to ensure consistency with the purposes, recipients, and 
management methods of the OdC [1].
The OdC is designed to receive those patients who 
require low-intensity treatments following a minor 
or acute episode of worsening of chronic pathologies; 
while these treatments are potentially available at home, 
the patient is admitted on account of the (structural and/
or familial) unsuitability of the home setting. OdCs 
offer continuous nursing care, including overnight 
surveillance, that is not available at home [15].
These healthcare facilities are affiliated to the 
local territorial area and carry out an intermediate 
function between home/community-based care and 
hospitalization, catering for short-term admissions for 
low- to moderate-intensity care. Unlike other health 
structures, OdCs are territorial facilities where stays 
should not exceed 30 days. Daily tariffs fall between 

Tab. I. Regional CdCs envisaged by the NRRP.



F. ANSALDI ET AL.

E240

those of hospitals and socio-sanitary residential 
facilities. OdCs are intended to deliver health care for 
patients with functional deficits and/or stable chronic 
conditions, who may come from hospitals, residential 
care facilities, or their own homes. Subjects that may 
benefit from admission to an OdC include: elderly 
individuals with multiple chronic conditions who 
experience a sudden worsening of symptoms at home 
and require close monitoring and management, but 
not acute hospitalization, and patients receiving a 
new therapy (such as those with a spinal cord injury 
who are discharged home with a urinary catheter and 
medications for pain management, or those for whom 
peritoneal dialysis has recently been prescribed) who 
need training and support in order to adhere to catheter 
care and medication. In summary, the main categories of 
eligible patients are:
a)	 frail and/or chronic patients coming from home 

who experience worsening of a pre-existing clinical 
condition and for whom hospital admission is 
inappropriate;

b)	 patients (mainly with multiple morbidities) requiring 
continuous nursing care after being discharged from 
hospital facilities following acute or rehabilitative 
treatment;

c)	 patients requiring assistance in administering 
medications or managing aids and devices, and who 
require support and patient and caregiver training 
before returning home;

d)	 patients in need of support for rehabilitation/re-
education involving assessments and proposals of 
strategies for maintaining functions and residual 
capacities; those requiring therapeutic support, and 

those with motor, cognitive or physical disabilities 
who need training. Physiotherapy interventions are 
part of protocols already activated in the department 
of origin to facilitate return home.

While Community Hospitals constitute a model of 
Intermediate Care, there remains a need for monitoring 
and assessment processes, to evaluate patient 
characteristics and care effectiveness. This will involve 
the continuous monitoring of the quality of healthcare 
services and the timely detection of any critical issues 
that may arise. In this regard, e-health and telemedicine 
services will be fundamental to improving the quality 
of care and access to care and will reduce costs by 
favouring the treatment of chronic diseases outside 
hospitals, which can then be dedicated to the treatment 
of acute cases [16].
Table II reports the regional objectives for OdCs.

Territorial operation centre (COT)
The design outlined elucidates the functioning of the 
organizational model implemented by the Territorial 
Operations Centre (COT) – a back-office service that 
facilitates the activation and continuity of care through 
a common platform integrated with key corporate 
management applications and interconnected with 
all entities/structures within the territory. The COT 
ensures coordination and alignment between the nodes 
of different networks and professionals; it therefore 
serves as a crucial “organizational hub” for the efficient 
management of continuity of care during patients' 
transition from the hospital to the territory. The COT 
provides digital and logistical support for healthcare 
workers, coordinating the various healthcare services 

Tab. II. Regional OdCs broken down by LHA.
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offered by the District and integrating social healthcare 
activities in the various settings. Its activities are 
linked to the registration of data on health needs and 
communication with the emergency network.
DM77 specifically suggests the creation of an Operations 
Centre (i.e. 116 117), a regional structure that facilitates 
the population's access to non-urgent medical care. It 
provides patients with telephone assistance, directs them 
to local assistance structures by transferring their calls 
to the COT, and transmits urgent requests for medical 
assistance to the emergency number (118). DM 77/2022 
designates the unique number 116 117 as one of the 
channels that will progressively become an ordinary 
mean of access to the NHS. It serves various purposes, 
including obtaining information, receiving initial 
guidance on services, ensuring continuity of care and 
accessing socio-sanitary services. Regional Government 
Resolution 715/2023 has approved the “Project for the 
gradual activation of the Harmonized European Number 
(NEA) for social purposes 116 117 in the Liguria 
Region”. Table III reports the regional objectives for the 
COTs, broken down by LHA.

Human resources dedicated to primary care 
services
The NRRP calls for a substantial transformation 
of primary and community care, in order to offer 
patients more accessible services closer to home and 
to allow hospitals to focus only on acute care. Indeed, 
expensive technologies and professional expertise 
need to be concentrated in hospitals to exploit clinical 
and organizational learning and economies of scale. 
However, while the new facilities require staff and 
other resources to become operational, the NRRP 
lacks provisions for extra funding in this regard, 
as it only funds capital expenditure (buildings, 
technologies, digital infrastructure)  [17]. The most 
feasible strategy, despite resistance from most 
professionals, involves reallocating a portion of the 
staff working in acute hospitals to these new facilities. 
Thus, it is very important to decide how to deploy the 
proximity network workforce and how to specifically 
coordinate the activities of primary care professionals, 
hospital professionals, GPs, Paediatricians and new 
professionals.

Tab. III. Regional COTs, broken down by LHA.
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In this regard, several questions remain unanswered: 
What is the staffing standard for the new territorial 
organization? Are there shortages of professionals? 
What roles and training are required? Is a shift from 
hospitals to the territory truly feasible?
Figure 2 shows some examples of human resource needs 
(or workforce requirements).
On average, Italy has a higher number of physicians than 
other EU countries. The number of practising physicians 
has steadily increased since the 2000s, reaching 412 per 
100,000 population in 2021 (the EU average is 397) [16]. 
However, the number of public hospital physicians and 
GPs is declining, potentially leading to future shortages. 
Notably, shortages are more pronounced in specific 
sectors, particularly in emergency/urgency/on-call 
activities. Moreover, it is noteworthy that more than half 
of the physicians working in the public system are aged 
over 55 years, a value that is among the highest in the EU. 
In 2020 and 2021, the COVID-19 pandemic necessitated 
a rapid increase in the recruitment of medical and other 
support staff, to meet the needs of the emergency. In 
Italy, however, comprehensive planning for the training 
of health professionals, especially physicians and 
nurses, has generally been suboptimal. In order to tackle 
the problem of staff shortages, the number of medical 
specialization contracts for a full cycle of studies (5 
years) has been increased by approximately 4200 since 
the academic year 2020/2021 by allocating funds from 
the NRRP.
However, the utilisation of NRRP funds for this purpose 
has sparked a renewed discussion on task-shifting, 
a concept overlooked for decades in Italy. Indeed, 

the Italian regulatory framework on the division of 
tasks among health professions (e.g. doctors, nurses, 
pharmacists) is obsolete and does not reflect changes in 
technologies and professional training. This regulation 
should be updated in the light of the best international 
experiences. Such a shift could also increase the appeal 
of nursing as a profession and would generate savings 
for the NHS, given the differences in salaries between 
nurses and doctors [17]. 
Primary care services are a fundamental part of the 
healthcare network of assistance, prevention, and health 
promotion  [18]. Apart from a few regions, the Italian 
NHS has no functioning CdCs or OdCs yet. Where to 
carry out 1st and 2nd level outpatient activities remains 
a pertinent question and could be informed by studies 
aimed at investigating optimal locations for outpatient 
services in healthcare systems that face similar 
challenges.

Discussion and conclusion
The global response to the COVID-19 pandemic 
presented a unique opportunity to tackle the structural 
weaknesses of the Italian economy and guide the country 
towards an ecological and environmental transition. The 
pandemic highlighted the necessity for preventive and 
proactive measures, as well as a supply system capable 
of integrating health and social services.
In this context, implementing new organizational 
models for territorial health care becomes crucial. 
Such models ensure a unified socio-health assistance 
pathway, multidimensional care, and continuity of 
interventions across various care settings. The recent 

Fig. 2. Some examples of human resource needs. 
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reform approved in Italy aims to establish an integrated 
primary healthcare model nationwide, by transitioning 
primary care to community care, thereby reducing 
geographical disparities and enhancing service 
effectiveness [1].
After years of focusing on cost rationalization and 
efficiency, the current emphasis is on innovation and 
new, more integrated, and digital organizational models 
supported by increased resources and investments. 
Investing in the health system is seen as crucial to 
socioeconomic development, although using EU funds, 
and investment funds in general, presents challenges, 
particularly as the technical capacities to design and 
implement sound projects are lacking; it is therefore 
essential to invest in these capacities [17].
The NRRP has allocated € 2 billion to the creation of 
1288 CdCs by the first half of 2026. However, economic 
resources, especially within the NRRP, do not adequately 
cover current spending, and general funding will not 
increase significantly in the future.
A very relevant issue is the need to monitor and assess 
patient characteristics and the effectiveness of care in the 
new facilities [19]. Indeed, there is a risk of increasing 
the inter-regional gap in terms of the ability to provide 
timely high-quality care, with some regional clinical-
organizational models being rewarded and others being 
penalised, according to how far their outcome/process 
indicators are from the benchmark.
Further unresolved questions concern the needs of 
the new territorial organization, potential shortages 
of healthcare professionals, training requirements 
and pathways of the shift from hospital to community 
care. A critical point concerns the number and type of 
professionals required for the new structures, given the 
overall shortage of well-trained healthcare professionals. 
The difficulty of retaining nurses and physicians in 
service poses potential challenges in implementing the 
new territorial healthcare model [18].
The current budget allocation might prove insufficient, 
given Italy's GP shortage and the ageing population of 
healthcare professionals. Consequently, there may be 
insufficient personnel to staff CdCs and, especially, 
OdCs. The economic feasibility of the territorial 
healthcare reform is therefore questionable unless 
additional budget expenditures are allocated.
Achieving an equitable distribution of medical 
practitioners for the entire population is paramount. 
E-health and telemedicine services will play a 
fundamental role in enhancing the quality of care, 
facilitating access to assistance and reducing costs [20]. 
These services will support the treatment of chronic 
diseases outside hospitals, thereby allowing hospitals to 
focus on acute cases [21, 22].
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Introduction

Influenza, a leading cause of upper and lower respiratory 
tract infections, holds significant epidemiological, 
clinical and socioeconomic implications for public 
health  [1]. The seasonal epidemic trend of influenza 
is well-documented and the disease ranges from mild, 
self-limiting forms to acute respiratory conditions 
requiring hospitalization and, in critical cases, assisted 
ventilation [2]. 
There are four types of viruses (A, B, C, and D), with A 
and B causing acute disease in humans. Type A viruses, 
which are capable of major antigenic shifts, have been 
responsible for severe global pandemics and, as they 
cause high levels of morbidity and mortality, have the 
potential to pose a significant health risk and disrupt the 
community both socially and economically [3]. 
Both type A and, to a lesser extent, type B, can accumulate 
mutations, leading to variations in surface glycoproteins 
and resulting in the emergence of immunologically 
distinct viral strains (antigenic drift). Consequently, 
seasonal epidemics recur, and vaccines need to be 
updated according to the circulating mutated strain [4].
While type C viruses cause sporadic human cases, the 
more recently identified type D viruses infect swine 
and cattle; their involvement in human infections is 
unclear  [5], though a study on human serum samples 
found an increase in the prevalence of antibodies against 
virus D following epidemics in animals [6].

Given its mutable nature and pandemic history, 
influenza poses a significant threat to all of us. Indeed, 
experts predict that a major influenza pandemic is 
likely to occur in the future, prompting global efforts in 
pandemic preparedness [7]. Moreover, the World Health 
Organization (WHO) has noted that the pandemic 
risk has increased, owing to population growth, closer 
human-animal proximity, and more frequent travel. 
Thus, in addition to establishing definitions to classify 
pandemic phases, since the late 1990s the WHO has 
urged member countries to develop pandemic response 
plans [8, 9]. 
Three major influenza pandemics occurred in the 20th 
century: in 1917, 1957 and 1968. The latest influenza 
pandemic, in 2009-2010, and the COVID-19 pandemic 
have further highlighted the ongoing risk and the 
unpredictability of pandemic events, emphasizing the 
need for comprehensive preparedness at local, national 
and global levels. The availability of a pandemic 
response plan offers the opportunity to strengthen 
preparations for the management of influenza and 
similar health threats. Coordinated regional actions 
and national communication are essential during a 
pandemic, as emphasized by the European Centre for 
Disease Prevention and Control [10].
A pandemic vaccine is crucial to reducing the impact of 
the disease, alongside interventions such as hand hygiene 
and the use of personal protective equipment, the primary 
goal being to prevent severe and complicated forms 
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Summary

As known, influenza presents a multifaceted challenge to public 
health, causing disease that ranges from mild cases to severe pan‑
demics with significant morbidity and mortality. Effective pan‑
demic preparedness demands a comprehensive strategy that inte‑
grates research, surveillance, response coordination and commu‑
nity engagement, to mitigate the impact of future health emergen‑
cies. The pandemic preparedness cycle involves dynamic, cyclical 
phases of preparation and response aimed at enhancing response 
capacity. Italy's 2021-2023 National Strategic-Operational Plan 
for Pandemic Influenza (PanFlu) incorporates lessons learned 
from past pandemics and serves as a framework for regional 

plans, such as Liguria's. The Ligurian plan delineates govern‑
ance structures, surveillance strategies, healthcare services 
and communication measures necessary for effective pandemic 
management. It emphasizes the need to strengthen links between 
emergency structures, to avoid duplication and to adopt flexible 
approaches to scale actions appropriately and highlights the 
need for risk/benefit analysis to support evidence-based decision-
making as well as clear guidance on data collection and com‑
munication activities. By integrating these elements, the region's 
overall readiness and resilience against influenza pandemics are 
expected to be reinforced.
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of influenza and reduce premature mortality among 
individuals at risk of severe disease  [11]. Moreover, 
several antiviral drugs that reduce symptom duration, 
infectious complications and influenza-associated 
mortality are available  [12] and can be stocked by 
governments for use in the event of a pandemic. 
Recently, Italy drew up its 2021-2023 National Strategic-
Operational Plan for Pandemic Influenza (PanFlu) to 
replace previous pandemic influenza plans. Since then, 
each region, including Liguria, has had to contextualize 
the national document and formulate its own regional 
pandemic influenza plan. Here, we briefly present 
Liguria's regional pandemic influenza preparedness 
plan. Although not updated before COVID-19, it has 
now undergone revisions to address the ongoing risk and 
enhance regional readiness for future pandemics. 

Influenza preparedness

In recent decades, there has been an increase in both 
smaller-scale outbreaks and large-scale pandemics 
caused by emerging infectious diseases, and scientists 
anticipate a rise in such events in the coming years [13]. 
Some evidence suggests that the probability of another 
pandemic occurring within our lifetime is about 17% 
and may increase to 44% within the next couple of 
decades [14]. 
Hospitals and health professionals are accustomed to 
dealing with emergencies every day. However, sudden 
surges in the number of people seeking help, either from 
mass-casualty events or from outbreaks of infectious 

disease, are challenging to manage. Therefore, 
all hospitals and health agencies have established 
emergency plans to deal with such events. The possibility 
of a pandemic adds an extra dimension to emergency 
planning, potentially affecting the whole of society and 
requiring national coordination.
The WHO has initiated a global scientific process to 
update the list of priority pathogens/agents that can 
cause outbreaks or pandemics, in order to guide global 
investment, research and development, especially with 
regard to vaccines, tests and treatments. Targeting 
priority pathogens and virus families for research and the 
development of countermeasures is essential for a rapid 
and effective epidemic and pandemic response  [15], 
although researchers agree that it is difficult to determine 
what pathogen will cause the next pandemic [16].
A pandemic will increase the demand for specialist 
skills, particularly in acute care, emergency medicine, 
patient transport services and intensive care, and 
will require dedicated staff, such as anaesthetists, 
emergency medicine specialists and intensive care 
nurses. There could also be an increased demand for 
specialist equipment, such as extracorporeal membrane 
oxygenation (ECMO). In the event of a pandemic, the 
demand for basic healthcare will also rise.
Pandemic preparedness, tailored to infectious disease 
emergencies of interest to Public Health, includes 
activities aimed at minimizing the risks posed by 
infectious diseases and mitigating their impact during 
a public health emergency, regardless of the extent of 
the event (local, regional, national, international). The 
pandemic preparedness cycle is a dynamic, cyclical 

Fig. 1. Pandemic preparedness cycle from ECDC.
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pathway of preparation for and response to emergencies. 
It involves the implementation of specific activities in 
the various pre- and post-emergency phases in order to 
improve response capacity (Fig. 1).
This continuous cycle is part of a broader system of 
prevention, response, recovery and mitigation of the 
emergency event. In each country, planning, coordination, 
timely diagnosis, assessment, investigation, response, 
and communication skills are required during a public 
health infectious emergency  [17]. Indeed, pandemic 
preparedness requires comprehensive efforts right from 
the earliest stages of research to enable the effective 
development of countermeasures, monitor pandemic 
threats and coordinate the pandemic response in real time. 
Influenza pandemics are characterised by the global 
spread of a novel type of virus and may cause 
unusually high morbidity and mortality for an extended 
period  [18]. A severe pandemic can overwhelm the 
resources of a society, owing to the exceptional number 
of people affected. However, it is crucial that action be 
initiated during non-pandemic times, as this enables 
a more effective response in subsequent phases of 
emergency  [19]. The WHO defines four phases of the 

progression of an epidemic: inter-pandemic, alert, 
pandemic and transition phases. Each phase involves 
specific activities and responses.
In the inter-pandemic phase, normal epidemiological 
surveillance of influenza-like syndromes and influenza 
virology activities are expected. In the alert phase, once 
a new subtype of influenza virus has been identified in 
humans, higher levels of epidemiological and virological 
surveillance and careful risk assessment are required. 
If a potentially pandemic strain is not detected, such 
activities may be stepped down to the level of the inter-
pandemic phase.
The transition between the inter-pandemic, alert and 
pandemic phases may occur rapidly or gradually, as 
indicated by global risk assessment, which is primarily 
based on virological, epidemiological and clinical data. 
The pandemic phase corresponds to the period of global 
spread of human influenza caused by a new subtype and 
requires precise actions.
The transition phase occurs with the decrease in global 
risk, and allows a de-escalation of actions, a reduction 
in national epidemic response activities and a shift 
towards recovery actions, based on country-specific risk 

Tab. I. The main activities of the preparedness and response phases.
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assessments. Table I reports the main activities, broken 
down by phases.
The COVID-19 pandemic revealed the need for clear, 
consistent, and reliable communications, especially in 
periods when misinformation goes viral. If people refuse 
vaccines or ignore public-health safety precautions, all 
other preparations become ineffectual. Thus, in order 
to ensure an effective, coordinated response to the 
next pandemic, it is necessary to foster public trust in 
the authorities that manage pandemic responses and 
in scientific and medical leaders. Those in power must 
therefore implement better, clearer and more coordinated 
communications than they did during the COVID-19 
pandemic. Equally important is gaining broad agreement 
among policymakers that responding to public health 
crises requires working in partnership. The building of 
trust requires funding, commitment, intention and time, 
and must begin immediately if there is to be an effective 
response to the next pandemic [20, 21].
The impact of a pandemic on the community depends 
on factors such as clinical severity, transmissibility, and 
the healthcare system's ability to respond efficiently. 
Planning and coordination are therefore crucial to 
ensuring an effective response [22, 23]. In this context, 
the State-Regions Conference, in its session of January 
25, 2021, sanctioned the agreement between the 
Government, the Regions and the autonomous Provinces 
of Trento and Bolzano on the national strategic-
operational plan for preparation and response to an 
influenza pandemic (PanFlu 2021-2023) [24].
The overall goal of the Pandemic Influenza Plan is to 
enhance preparedness at the national and local levels so 
to protect the population, healthcare workers, essential 
services and economic activities. The plan updates and 
replaces previous Pandemic Influenza Plans and was 
prepared in conformity with the WHO recommendations. 
At the national level, it is based on the 2020-2025 
National Prevention Plan and the 2017-2019 National 
Vaccine Prevention Plan. 
To implement the plan, an extensive multidisciplinary 
and multi-sector institutional working group was 
formally established. Subsequently, considering the 
lessons learned from the 2009 pandemic and the 
COVID-19 pandemic, the document was collectively re-
evaluated and revised by the main actors involved. This 
activity produced the final form of the document [24].
The 2021-2023 Pandemic Influenza Plan identifies 
the key actions to be implemented in the various 
operational areas over three years and defines the roles 
and responsibilities of the National Health Service in 
preparing for and responding to an influenza pandemic. 
This plan focuses on preparing for pandemic scenarios 
caused by influenza viruses. Four scenarios are 
envisaged: Rt < 1, Rt = 1, Rt > 1.4, Rt > 1.7.
This is an innovative, transitional plan that operates within 
a pandemic context in which international guidelines for 
pandemic preparedness are evolving; it therefore sets up 
new networks and introduces new ways of working. The 
regional pandemic plans derived from it are also recent. 
The Liguria Region’s plan is based on the 

recommendations laid down in the national plan  [25]. 
The experience gained during the health emergency 
caused by COVID-19 constituted the basis of the 
regional plan to prepare the response to an influenza 
pandemic. To support decision-makers, the document 
specifies the key public health measures to be applied in 
Liguria during the various phases.
Since knowledge of any new influenza virus will 
be acquired over a variable timeframe, and the 
epidemiological scenario will be influenced by both 
the evolution of the epidemiological framework and the 
availability of new vaccines and effective technologies 
for detecting the new pathogen, these areas of primary 
interest will be periodically reviewed in order to ensure 
updated and comprehensive information.
Among the actions recommended, the epidemiological 
surveillance of influenza syndrome cases plays a crucial 
role in monitoring the pandemic's impact on the population 
and its evolving characteristics. This involves adopting 
the most effective control measures and assessing their 
efficacy. Equally important are the utilization and 
enhancement of the regional health system (RHS) and 
governance mechanisms and the exploitation of existing 
systems of prompt response to seasonal influenza.
The key principles guiding the plan are: (i) the 
strengthening of links between all the structures dedicated 
to emergencies by capitalizing on existing systems and 
avoiding unnecessary duplication; (ii) application of the 
plan in case the burden on healthcare facilities due to 
seasonal influenza increases), in order to preserve the 
RHS; (iii) the adoption of a flexible approach, whereby 
actions are scaled according to the phases and modulated 
to adapt to contingent needs; (iv) the implementation of 
risk/benefit analysis of the main public health measures 
that could be applied during the pandemic phase to 
support “evidence-based” decision-making; (v) the 
adoption of clear and detailed guidance on the collection 
of epidemiological and virological surveillance data, 
with particular emphasis on communication as a major 
component of response management.
A One Health approach to surveillance includes a 
dedicated focus on pathogens in wildlife, livestock 
and pets. Such surveillance provides early warnings of 
pathogens that have a pandemic potential and which 
could jump from animals to humans. In this regard, 
comprehensive monitoring systems need to provide 
accurate, timely and comprehensive information [26]. 
To support an integrated and coordinated response, the 
plan provides guidance on the roles and responsibilities 
of key health sectors. Additionally, it constitutes a 
reference for decision-makers and will be used to 
develop local operational plans.

Ligurian Plan

The regional technical committee for the "Strategic Op-
erational Plan for the Preparation and Response to an In-
fluenza Pandemic (PanFlu) 2021-2023" was established 
(A.Li.Sa. Resolution N° 165/2021) to contextualize the 
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actions to be implemented in Liguria and to draw up the 
regional influenza planning document [25].
Through A.Li.Sa. (Ligurian Health Agency), Liguria 
Region conducts activities of coordination and guidance 
for the various local health agencies (Aziende Sanitarie 
Locali, ASL), which are responsible for providing 
services throughout the Region in accordance with 
common guidelines. Additionally, it makes use of the 
activities of the Inter-Agency Regional Department 
(D.I.A.R.), which serves as the organizational tool for 
strategic planning, inter-organization integration and 
various activities of healthcare and social assistance.
The Regional Pandemic Committee coordinates the 
activities outlined in the 2021-2023 National Strategic 
Operational Plan for the Preparation and Response to an 
Influenza Pandemic (PanFlu) at the local level through 
constant cooperation with the Health Directors and 
General Directors of the Health Agencies.
For each phase, macro-areas of action, references, 
and types of activities have been defined, including 
governance, epidemiological and virological 
surveillance, preventive healthcare services, territorial 
healthcare assistance services, clinical management, 
hospital healthcare services, infection prevention and 
control measures, training and communication activities, 
and research and development [26].
After the adoption of Liguria Regional Plan, revision 
phases are expected. The preparedness cycle is a 
dynamic, cyclical process of preparation and response 
to emergencies and involves specific activities aimed at 
enhancing readiness in various pre- and post-emergency 
phases [12]. The WHO defines readiness as the ability 
to respond promptly and effectively to emergencies by 
implementing previously prepared actions. A simulation 
exercise, as defined by the European Centre for Disease 
Prevention and Control, is an activity guided by an 
evolving scenario, designed to practice the response, 
or elements of response, to an emergency event. 
PanFlu simulations are therefore carried out within 
the preparedness cycle. These simulation exercises are 
integral to the preparedness cycle, with the objective of 
assessing the 2021-2023 strategic-operational plan for 
preparation and response to an influenza pandemic.
The “Mosaico” simulation exercise is the first national, 
pandemic and public health simulation exercise of its 
kind in Italy and is expected to yield valuable insights 
for the future. Between January 16 and 19, 2023, the first 
of two simulation exercises (SIMEX), "Mosaico", took 
place, involving regional delegates, including those from 
Liguria. This was a national command-post simulation 
exercise (also known as functional) which enabled 
participants to remotely access and test existing systems, 
such as communications and computer tools. The goal of 
the simulation was to test the mechanisms for activating 
pandemic alerts and the functions of situation analysis 
and risk assessment. The “Mosaico” exercise allowed 
protocols to be revised and will result in a revision of 
the plan itself.
International guidelines for pandemic preparedness 
are evolving, with the WHO shifting its focus from 

influenza to respiratory pathogens. Although PanFlu 
remains valuable even in the event of pandemics caused 
by other X viruses, given the many overlaps, protocols 
are expected to evolve according to this new focus.

Conclusions

In conclusion, effective pandemic preparedness requires 
a comprehensive approach, ranging from the initial stages 
of research for the development of countermeasures to 
the continuous monitoring of potential pandemic threats 
and real-time coordination of response efforts. 
Enhancing pathogen surveillance and monitoring 
is crucial for enabling early warnings and timely 
interventions The surveillance infrastructure should 
facilitate accurate, rapid and harmonised global reporting 
of data concerning novel viruses. As seen in the case 
of the COVID-19 pandemic, the benefits of global 
collaboration and data sharing around an emerging virus 
must be preserved and strengthened.
Epidemic risk monitoring will be achieved through 
the integration of surveillance systems that deal with 
epidemiological and virological data, healthcare service-
related flows and positive-case mapping.
Proactive measures during non-pandemic periods are 
imperative to ensure a more robust response during 
emergencies. Accurate planning for primary healthcare, 
hospital response, the procurement of personal 
protective equipment, and comprehensive training and 
communication strategies is fundamental. Many of the 
recommendations may also apply to local and regional 
responses to other health emergencies, from smaller-
scale disease outbreaks to biosecurity threats and 
weather-related catastrophes.
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Introduction

Italy, like other developed countries, has an aging 
population  [1, 2]. Moreover, in Northern Italy, the 
prevalence of people aged over 65 years is slightly 
higher than the national average. A similar trend can also 
be seen in the Piedmont Region [3]. This demographic 
evolution is expected to have an influence on morbidity, 
with an increase in the prevalence of chronic diseases 
and an impact on the National Health Service (NHS), 
which already faces significant challenges in treating 
chronic pathologies  [4-7]. The growing complexity of 
chronic illnesses and their socio-economic implications 
emphasize the need to ensure continuity in care pathways 
and patient management. In this regard, a critical aspect 
is the accurate selection of the care setting and of the most 
suitable professionals, not only to ensure the efficiency 
of healthcare services but also to guarantee the overall 
quality of care and to improve the relationship between 
the healthcare service and those who receive medical 
treatments.
Haggerty et al. [8] have identified three forms of healthcare 
continuity: a) continuity of information, which involves 
the use of patient history to tailor treatments to specific 
needs; b) continuity of management, which involves 
adopting a consistent and appropriate approach to coping 
with disease in such a way as to meet evolving patient 
needs; c) relational continuity, which means fostering 
an uninterrupted therapeutic relationship between the 

patient and one or more healthcare providers. The actual 
achievement of these objectives is challenging because, 
in addition to considerable personal contact with 
patients, it would require a substantial revision of how 
healthcare services are delivered and the adoption of 
strategies for both hospital and community care [9‑11]. 
In order to implement an effective governance project 
in this context, it is essential to adopt a systemic and 
integrated approach by involving the stakeholders of 
the healthcare system and by requiring coordinated 
collaboration among all parties involved [12]. The Italian 
healthcare organization, despite its good intentions, is 
still predominantly “hospital-centered”. Diseases which 
require healthcare continuity are on the rise, while the 
current service organization struggles to efficiently 
manage early patient discharges.
To ensure economic efficiency and the overall quality 
of care, the accurate selection of the care setting and 
of professionals is fundamental, and must consider 
both professional expertise and access to technologies 
and services. Moreover, overcoming the traditional 
opposition between hospitals and community care 
facilities requires cultural, organizational and operational 
changes in order to promote a more integrated approach 
in all healthcare contexts. 
However, in this scenario of demographic changes and 
healthcare challenges, opportunities arise from the Next 
Generation EU Program and the promotion of a “One 
Health” approach [13]. Indeed, within the framework of 
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Summary

Introduction. The management of chronic diseases poses a chal‑
lenge to the National Health Service (NHS), but it can also offer 
an opportunity for a radical renovation of healthcare provision. 
To improve the appropriateness of healthcare settings, it is essen‑
tial to adopt integrated approach in all healthcare settings.
Methods. This study was conducted at San Giovanni Bosco Hos‑
pital, in the area of the “Città di Torino” Local Health Author‑
ity, between June 2021 and December 2022. Its main goal was to 
manage hospital patient flows in an integrated manner in order to 
improve the efficiency of the entire healthcare system. The data were 
examined in terms of effectiveness in optimizing hospital flows.
Results. The data indicated that hospital outpatient activities can 
become more specialized by leveraging the greater technological 

potential that a hospital possesses. At San Giovanni Bosco Hospi‑
tal, the hub of the “Città di Torino” Local Health Authority (ASL), 
differential patient pathways were established in order to enhance 
the efficiency of the entire system by deploying hospital staff in 
a community setting. Implementation of the Otorhinolaryngology 
pathway avoided the hospitalization of 249 patients, who would 
otherwise have added strain to the overall organization of the hub 
hospital, which is currently short of space.
Conclusions. A significant effort is needed in order to build an 
integrated network that provides patients with reliable and stable 
references. The approach adopted at San Giovanni Bosco Hos‑
pital resulted in an improvement in the use of both hospital and 
territorial facilities.
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Mission 6 Health in the National Recovery and Resilience 
Plan (PNRR), which is part of the next generation EU 
program, Component 1 (Proximity Networks, Facilities 
and Telemedicine for Territorial Healthcare) aims to 
establish proximity networks to enhance territorial 
healthcare, in accordance with a “One Health” approach. 
Planned initiatives already include various actions to 
create and/or enhance local healthcare facilities and 
establish new standards for territorial healthcare  [14]. 
For example, new Community Houses will be built: 
places where citizens will have rapid and easy access 
to primary healthcare services or other basic clinical 
services (e.g. physiotherapy, dietology, radiology, blood 
tests). The planned initiatives also include Community 
Hospitals – facilities that play an intermediate role 
between home care and hospital admission – with 
the aim of avoiding unnecessary hospitalizations or 
facilitating safe discharge to places more suited to the 
patient’s clinical condition.
To implement this strategy, it is necessary to establish 
a suitable institutional and organizational framework, 
the main goal being to integrate the National Health 
Service into a broader context of well-being, as per the 
European standards. In this regard, a promising strategy 
is to establish dedicated outpatient clinics. Indeed, 
adopting integrated organizational approaches among 
different care settings can significantly improve the 
appropriateness of care by directing hospital outpatient 
activities towards specialized functions and by fully 
leveraging the technological potential of hospital 
facilities  [14]. This solution is essential to creating 
integrated care pathways between the community and 
the hospital, offers a variety of care settings and reduces 
hospital overcrowding.
To move beyond the dual hospital-community structure 
of care, it is necessary to effect cultural, organizational 
and operational changes. What has been done at San 
Giovanni Bosco Hospital, the hub of the “Città di 
Torino” Local Health Authority (ASL), is aimed at 
designing targeted pathways, in order to streamline 
hospital flows and ensure optimal patient management 
at the territorial level. A further aim is to enable hospital 
personnel to work within community houses and with 
healthcare professionals who operate in this setting, thus 
promoting greater cohesion between the hospital and 
community care.

Methods

This study was conducted at San Giovanni Bosco 
Hospital, in the “Città di Torino” Local Health Authority. 
Its main goal was to design and manage patient flows in 
an integrated manner, so as to improve the efficiency of 
the entire healthcare system by focusing on the hospital 
and the community.
Several healthcare pathways were created in order to 
reduce patient flows in the hospital: the establishment 
of outpatient clinics for the Continuity of Oncological 
Care, Cardio-oncology, Hematology (2 clinics), Endo-

metriosis, managed by a hospital gynecologist, Clinical 
Psychology, Audio-Vestibology and Otorhinolaryngolo-
gy (ENT). 
To assess the impact of these healthcare pathways, we 
analyzed the access records of patients with a diagnosis 
of neoplasia and the number of examinations and 
diagnostic tests performed. These data were examined in 
terms of effectiveness in optimizing hospital flows and 
ensuring better patient care.

Results

The main goal was to design and manage patient flows 
in such a way as to optimize the overall efficiency of 
the healthcare system through the involvement of the 
hospital staff at a territorial level.
The healthcare pathways under study necessitated the 
establishment of several outpatient clinics:
a Continuity of Oncological Care clinic, managed by a 
hospital oncology specialist and a psycho-oncologist; 
a Cardio-oncology clinic, which focuses on monitoring 
cardiotoxicity induced by chemotherapy: patients 
requiring routine checks for this specific issue are managed 
in this outpatient context; two Hematology clinics: one 
is dedicated to chronic patients with a priority class of P 
or D, indicating that treatment is to be provided within 
120 and 30 days, respectively, while the other is reserved 
for patients with a priority class of B or U, indicating 
treatment to be administered within 10 days and within 72 
hours, respectively; an Endometriosis clinic managed by a 
hospital gynecologist; a Clinical Psychology clinic, which 
provides a service both for oncology patients already 
followed up and supported during hospitalization and for 
grieving caregivers; an Audio-Vestibology clinic for the 
care and follow-up of patients and for the surveillance of 
the most vulnerable subjects, with patients being referred 
to second-level hospital audiology when necessary; and 
an ENT clinic managed by hospital staff, for the follow-
up of oncology patients.
The ENT Outpatient Clinic emerged as the most 
successful, in that a third of oncology patients were 
involved were redirected to a community care facility. 
Specifically, one third of the patients with an ENT 
oncological desease diagnosed in San Giovanni Bosco 
Hospital were examined in the community outpatient 
facilities, which had been established to improve patient 
flows and the efficiency of the healthcare system by 
deploying hospital staff in a community setting. Starting 
from June 9, 2021, 249 examinations involved patients 
diagnosed with neoplasia who underwent follow-up 
visits and related diagnostic tests, such as laryngoscopy, 
at the outpatient clinics of the North-West District of 
the Local Health Authority of the City of Turin. This 
initiative helped to significantly reduce the number of 
patient admissions to the hospital, thereby improving its 
overall organization, especially since this hub hospital 
has space limitations. The experience terminated on 
December 21, 2022, in order to allow refurbishment 
work in the community clinics to enhance their capacity 
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to accommodate a growing number of patients. In 
January 2024, the new outpatient clinic dedicated to 
oncology patients became available and is managed by 
the medical staff of San Giovanni Bosco Hospital.

Discussion

Ongoing demographic changes in Italy are profoundly 
reshaping the national healthcare system, which is upon to 
cope with a notable increase in the prevalence of chronic 
diseases. Consequently, the National Health Service is 
faced with an increasingly heavy burden. To alleviate 
this burden, greater efforts should be made to improve 
the healthcare system’s ability to manage certain patient 
categories. Moreover, the recent COVID-19 pandemic 
acted as a catalyst, impacting on the organization of 
both hospital and territorial healthcare [15-18]. Indeed, 
it is well documented that hospital admissions and 
examinations, also for oncological patients, decreased, 
especially during the first pandemic wave  [26-30]. 
Despite the gradual post-COVID improvements, many 
challenges persist, and the current healthcare scenario 
remains far below pre-pandemic levels. 
Moreover, general underfunding of the National Health 
Service is contributing to its progressive deterioration, 
which makes it difficult to ensure essential services. 
Indeed, waiting lists are getting longer, while emergency 
rooms are increasingly crowded and there is often a delay 
in providing timely assistance. The increased admission 
rate during the post-pandemic period, which has resulted 
in an increased patient flow in hospital facilities, could 
be partially offset by focusing on territorial care [2, 19]. 
In San Giovanni Bosco Hospital, we have tried both to 
redirect the growing patient flow resulting from efforts 
to tackle the backlog of services not performed during 
the pandemic and to respond to new health needs. This 
has involved the use of facilities other than hospital ones, 
albeit with the deployment of hospital staff.
Managing complex patients within a continuum of 
care requires a transitional approach that includes a set 
of actions aimed at ensuring continuity of care when 
patients are transferred from one location to another, 
or moved through different levels of care within the 
same setting [20]. The Ministry of Health has strongly 
supported the need to identify organizational models 
for managing patients in chronic rehabilitative phases 
by using alternative healthcare settings and not just 
dedicated facilities  [21]. In addition to demographic 
changes and the increase in the elderly population, there 
has been a clear transformation in healthcare demand. 
Local settings must therefore ensure sufficient care for 
all patients, especially those who are chronic, disabled or 
elderly, and must in turn seek to strengthen primary care 
systems [22, 23]. New, highly integrated services have 
therefore emerged, in order to avoid excessive hospital 
admissions and to take care of patients by providing the 
best support to meet their needs [9, 14].
In this scenario, particularly within San Giovanni Bosco 
Hospital, a more holistic approach to healthcare has 

been adopted, which overcomes the traditional hospital-
community care dichotomy. Certain strategies can be 
implemented in order to reduce hospital overcrowding, 
shorten waiting times in specific subgroups, minimize 
the possibility of errors and improve the perceived 
quality of assistance  [24, 25]. A key goal of hospital-
territory integration is to provide specialized outpatient 
care, which must be organized within a perspective of 
unity and continuity.
The positive experience of the ENT clinic can serve 
as an example of successful management, as a third 
of oncology patients were effectively involved in 
a territorial care program. The implementation of 
dedicated clinics supported by hospital staff improved 
the appropriateness of care settings, reduced hospital 
overcrowding and ensured better patient care. However, 
building an integrated network within which the patient 
has reliable and stable references requires considerable 
effort and clear criteria regarding who should be taken 
care of, by whom, and in which facilities. Indeed, 
through the integration of hospital specialists into 
territorial healthcare, patients who do not necessarily 
need hospital treatment can receive appropriate care. 
Moreover, this approach ensures the professional quality 
of specialists outside hospital facilities, which will, in 
turn, promote greater cohesion between the hospital and 
the territory. The hospital physician who interacts with 
the territorial network and with professionals in the field 
will contribute to the much-needed pooling of skills and 
resources.
A possible limitation of this study is that the data 
concerned a specific hospital context and may not be 
generalizable to all healthcare settings.

Conclusions

The positive result obtained at the ENT outpatient clinic 
is likely to serve as the foundation for future expansions, 
and even more effective and systematic patients care 
is envisioned. This goal will be achieved through the 
introduction of a multidisciplinary team in outpatient 
activities, for instance through the integration of the 
upcoming Community House.
These results indicate that the creation of outpatient care 
pathways in the community care setting can improve 
the management of hospital resources, increase access 
to healthcare services and ensure more comprehensive 
care for oncology patients. Another important element 
is patients’ perception that territorial facilities can 
provide the quality of care that is normally available in a 
hospital, and therefore that they do not need to go to the 
hospital. Furthermore, by working in territorial facilities, 
the hospital specialist can experience the territorial 
reality and collaborate with local professionals, such 
as the general practitioner (GP), and other non-medical 
healthcare personnel. In sum, this approach promotes 
greater cohesion between the hospital environment and 
the territory, and contributes to a more integrated and 
patient-centered healthcare system.
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Introduction

Violence against healthcare workers has adverse effects 
on the quality of their work, causing psychological 
stress and sleep disturbances, and negatively impacting 
healthcare provider-patient relationships. Indeed, it 
significantly affects healthcare settings and the overall 
quality of care   [1-5]. The European Observatory on 
Risks of the European Agency for Safety and Health 
at Work (EU-OSHA) has identified violence and 
harassment as emerging psychosocial risks in terms of 
safety and health, especially in the healthcare sector, 
where staff are often exposed to threats and aggressions. 
In EU member States, workplace violence often goes 
unrecognised [6]. However, systematic reviews indicate 
that 60-70% of healthcare workers encounter violence, 
either physical or psychological, with approximately 
one-third suffering physical violence [7, 8]. These data 
underscore the urgent need to address this issue.

Interestingly, the frequency and the reporting of episodes 
of violence in healthcare settings vary markedly from 
one country to another. Anglo countries, such as 
Australia, Canada, England, Ireland, New Zealand, 
Scotland, and the United States show higher reporting 
rates; this may be due to greater awareness, and lower 
tolerance of the phenomenon [7]. In Europe, by contrast, 
reporting rates are lower, which may reflect a different 
culture or lower awareness of workplace violence. In 
this regard, a systematic review conducted in Spain 
has confirmed that, despite an increasing trend in 
recent years, episodes of violence are rarely reported 
and recorded [1-5, 7, 9]. In the United States, violence 
against healthcare workers is particularly problematic 
in Emergency Departments, with about one-quarter of 
physicians experiencing physical violence, and 78% 
of emergency room physicians reporting some form of 
violence in the past year [10-13]. In Italy, according to 
the Ministry of Health’s data, reports of violent acts have 
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Summary

Background. Violence against healthcare workers is an esca‑
lating public health concern, affecting the quality of care, and 
causing significant psychological and physical effects on health‑
care professionals. This study analysed the trend in aggressions 
in healthcare settings in the pre-pandemic, pandemic, and post-
pandemic periods.
Methods. An observational descriptive study was conducted to 
analyse reports of violence against healthcare workers from Janu‑
ary 2018 to June 2023 at a Local Health Authority “ASL3” in the 
Liguria region of Italy. The study considered variables such as the 
severity of aggression, professional category involved, and loca‑
tion of incident. Episodes of violence were classified according 
to severity by means of a colour-coded system. We used multi‑
nomial logistic regression to examine any associations between 
the pandemic phase and the various factors, while controlling for 
relevant variables.
Results. The number of reported aggressions rose from 48 in 2018 
to 90 in 2022, with a partial count of 35 in the first half of 2023. 
The pandemic phase saw a rise in incidents classified as Green 

codes, which accounted for 58.3%, and a significant involvement 
of District Services. The post-pandemic phase showed a rever‑
sion to pre-pandemic levels but with an increase in Yellow codes 
(5.6%). Nurses were the most frequent victims, with figures rang‑
ing from 50.8% to 95.6% over the years. The Emergency Depart‑
ment and Psychiatric Services emerged as the most critical set‑
tings of aggressions, with incidents recorded in these areas con‑
stituting over half of the total number. However, an increase in 
violence was also recorded in district healthcare settings during 
the post-pandemic phase.
Conclusions. There is an urgent need for comprehensive strat‑
egies for the prevention of violence in healthcare settings. The 
increasing trend in violence, especially during the pandemic, 
necessitates integrated approaches that encompass training, psy‑
chological support, security policies, and a strong organizational 
culture to promote safety and respect. Protecting healthcare 
workers is crucial to their wellbeing and the quality of healthcare 
delivery.
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dramatically increased in the last 15 years, suggesting 
that the phenomenon is growing. The occurrence of a 
single case of violence is sufficient to trigger an audit, as 
it indicates organizational deficiencies and insufficient 
awareness of the potential danger of violence within 
healthcare facilities [14].
A crucial aspect is the widespread underreporting 
of incidents  [15]. According to previous literature, 
only a small fraction of incidents is reported to the 
authorities  [16]. Underreporting may be due to the 
perception that the risk of violence is a normal part of 
healthcare work  [17-22], to the lack of organizational 
support [10, 23-25], and to the fear of consequences of 
reporting. Some healthcare workers may also feel too 
ashamed or afraid of the judgment of others to report 
being victims of violence [18, 26-28]. A study conducted 
in Istanbul revealed that about 80% of nurses did not 
report episodes of violence and felt more supported by 
their colleagues than by the healthcare authorities [29]. 
Additionally, healthcare staff may be unaware of 
reporting policies and procedures [30, 31].
To effectively address these issues, an integrated 
approach is necessary; this must include awareness-
raising, training, and the promotion of a culture of 
safety. Moreover, it is essential to ensure the availability 
of accessible and confidential reporting procedures 
nationwide. In response to these needs, in 2007, 
the Italian Ministry of Health drafted the document 
“Recommendation for Preventing Acts of Violence 
against Healthcare Workers” [32]. During the COVID‑19 
pandemic, healthcare professionals played a central role 
in safeguarding public health, especially in emergency 
situations. Paradoxically, this increased the risk of 
aggression and violence [33, 34].
This observational study investigated trends in violence 
against healthcare workers in a Local Health Authority 
in the Liguria region from 2018 to 2023, focusing on 
pandemic-related changes.

Materials and methods

Study design
We conducted an observational descriptive study on 
violent episodes against healthcare workers in a Local 
Health Authority in Liguria, Italy, from 2018 to 2023, 
and compared the data collected before, during and after 
the COVID‑19 pandemic. The study used data that were 
completely anonymised and routinely collected by the 
healthcare organisation for administrative and reporting 
purposes. The research adhered to robust research 
practices, and was aligned with the principles of the 
Declaration of Helsinki.

Collection of reports
In Local Health Authority 3 (ASL3) - Liguria Region 
Healthcare System, a specific procedure for reporting and 
managing acts of aggression against healthcare workers 
has been implemented, as outlined in the resolution 
“Recommendations for Preventing Acts of Violence 

Against Healthcare Workers” (“Raccomandazioni per 
prevenire atti di violenza nei confronti degli operatori”; 
third revision published on December 24, 2019).
The reporting procedure involves filling in a form, 
which is available on the corporate intranet. In cases 
of violence, affected healthcare workers complete this 
form, and send it to several key individuals within the 
organization, including the Director/Manager of their 
own Operational Unit, the Director of the Department 
concerned, the Manager of the Prevention and Protection 
Service, and the secretariats of the various Departments 
involved, depending on the location of the incident.
Upon receiving the report, the Director/Manager of 
the Operational Unit where the incident occurred 
is responsible for organizing an internal audit. This 
audit involves all relevant personnel and the safety 
representative. It is aimed at analysing the incident 
and identifying preventive and corrective strategies. 
The Prevention and Protection Service, upon receiving 
the report, plans, and activates corrective actions, 
which may include meetings at the location of the 
incident. Furthermore, in the presence of a “sentinel 
event”, the Service sends a formal communication 
to the Clinical Risk Management Department. The 
Clinical Risk Management Department, in response 
to a sentinel event, activates the procedures outlined 
in the Ministerial Recommendation “Reporting and 
Management of Sentinel Events” [14].

Study variables
The study analysed reports collected by ASL3 from 
January 1, 2018, to June 30, 2023. From these reports, 
we extracted data on the number of individuals 
assaulted in cases of aggression involving more than 
one healthcare worker in a single incident. The data 
collected from the reporting form included details such 
as the context of the event (location, date, time), the roles 
and qualifications of the healthcare workers involved, 
whether the aggressor was previously known to the 
service, and the types of aggression experienced. Roles 
and qualifications are listed as: Medical Doctors, Nurses, 
Health Care Assistants, and Other Health Staff, such 
as prevention technicians, pharmacists, psychologists, 
radiology technicians, social workers, security guards, 
and administrative staff. 
Within the Local Health Authority’s jurisdiction, there 
are 6 Health Districts, each with outpatient services 
and facilities. The area is served by 4 hospitals, which 
include a variety of wards; one of these hospitals has 
an emergency department. Psychiatric services are 
available in all 6 districts: in 2 of the hospitals, and in 
various care centres throughout the territory [35].
In Italy, COVID‑19 was declared an emergency on 
January 31, 2020  [36], signalling the beginning of the 
pandemic phase; the state of emergency was revoked on 
March 31, 2022  [37]. To ensure a coherent analytical 
framework and facilitate a consistent annual comparative 
analysis, considering that access to healthcare services 
can vary with the change in seasons and annual period, 
we divided the study period into three phases; the first 
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phase (2018 and 2019) was defined as pre-pandemic, 
i.e. before the pandemic’s extensive socio-economic 
and public health ramifications; the second phase (2020 
and 2021) was defined as the pandemic phase, i.e. when 
stringent emergency measures were in force, notably 
social distancing and mobility restrictions; the third, or 
post-pandemic phase, encompassed the years 2022 and 
2023, when restrictions were substantially relaxed and 
large-scale vaccination had significantly mitigated the 
pandemic’s public health impact.

Classification of violent episodes 
Violent episodes were classified according to severity by 
means of a colour-coded system: White code (for verbal 
aggression, possession of dangerous objects, without 
use), Green code (brandishing objects, personal insults 
or threats), Yellow code (non-violent physical contact), 
and Red code (actual physical violence), in addition to 
any other damage caused by the aggressor within the 
facility (Tab. I).

Statistical Methods
To analyse the data collected, we adopted a descriptive 
approach in order to provide a clear and detailed 
overview of violent episodes, and their characteristics. 
To investigate the relationship between the phase of the 
pandemic and profession, place, and colour code, we 
conducted a multinomial logistic regression analysis. 
We controlled for month of the year, time of day, and 
whether the aggressor was known to the healthcare staff. 
Additionally, we controlled for profession, place, and 
colour code, but only when these were not the specific 
outcome variable under investigation. Results are 
presented as regression coefficients (Coeff.), and 95% 
confidence intervals (95% CI). Analyses were performed 
by means of Stata 15.0 MP.

Results

The characteristics of aggressions are presented in 
Table II.

Description of incidents over the years
In 2018, 48 incidents of aggression were reported. These 
incidents were classified by severity codes: White codes 
(20.8%), Green codes (39.6%), Yellow codes (18.8%), 
and Red codes (20.8%). The majority of the personnel 
involved were Nurses (87.5%), followed by Medical 
Doctors (8.3%), Health Care Assistants (2.1%), and 
Other Healthcare Staff (2.1%). A significant portion 
of these incidents (58.3%) occurred in the Emergency 
Department, with others happening in Psychiatric 
Services (37.5%) and District Services (4.2%). Notably, 
in approximately 60.4% of cases, the aggressor was 
already known to the healthcare service.
In 2019, 107 incidents of aggression were recorded: 
White codes (22.4%), Green codes (38.3%), Yellow 
codes (17.8%), and Red codes (21.5%). The personnel 
involved varied, with 64.5% being Nurses, 18.7% 
Medical Doctors, 5.6% other health staff, and 11.2% 
Health Care Assistants. These incidents occurred in 
various healthcare settings, including the Emergency 
Department (18.7%), Psychiatric Services (50.5%), 
District Services (8.4%), and Hospital Wards (22.4%). 
In 76.6% of cases, the aggressor was known to the 
healthcare service.
In 2020, 63 incidents of aggression were registered: 
White codes (19.1%), Green codes (47.6%), Yellow 
codes (7.9%), and Red codes (25.4%). The majority 
of personnel affected were Nurses (50.8%), followed 
by Medical Doctors (34.9%), Health Care Assistants 
(12.7%), and Other Healthcare Staff (1.6%). Incidents 
occurred in various healthcare settings, including the 
Emergency Department (14.3%), Psychiatric Services 
(71.4%), District Services (12.7%), and Hospital Wards 
(1.6%). In 82.5% of cases, the aggressor was known to 
the healthcare service.
In 2021, 52 incidents of aggression were reported: 
White codes (9.6%), Green codes (71.2%), Yellow codes 
(5.8%), and Red codes (13.5%). The personnel involved 
were: Nurses (50.0%), Medical Doctors (30.8%), 
Health Care Assistants (9.6%), and Other Healthcare 
Staff (9.6%). The majority of these incidents occurred 
in District Services (38.5%), followed by Psychiatric 
Services (30.8%), the Emergency Department (11.5%), 
and Hospital Wards (19.2%). In 2021, 76.9% of 
aggressors was known to the healthcare service.
In 2022, there were 90 documented incidents of 
aggression: White codes (13.3%), Green codes (54.4%), 
Yellow codes (5.6%), and Red codes (26.7%). Nearly 
all the personnel involved were Nurses (95.6%), with 
a smaller percentage of Medical Doctors (4.4%). 
Incidents occurred in various healthcare settings: the 
Emergency Department (31.1%), Psychiatric Services 
(22.2%), District Services (24.4%), and Hospital Wards 
(22.2%). In 63.3% of cases, the aggressor was known to 
the healthcare service.
In the first half of 2023, there were reports of 36 
incidents of aggression: White codes (36.1%), Green 
codes (47.2%), Yellow codes (5.6%), and Red codes 
(11.1%). The personnel involved were Nurses (58.3%), 
Medical Doctors (30.6%), Health Care Assistants 

Tab. I. Colour-coded classification of aggression against healthcare 
workers.

Colour-coded 
categories 

Description

White
Verbal aggression.
Possession of dangerous objects, without 
use.

Green
Brandishing objects, personal insults, or 
threats.

Yellow Non-violent physical contact.
Red Actual physical violence.

Colour-coded classification of aggression against healthcare workers in 
accordance with “Recommendations for Preventing Acts of Violence 
Against Healthcare Workers” of Local Health Authority (ASL) 3 - Liguria Re-
gion Healthcare System
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(5.6%), and Other Healthcare Staff (5.6%). These 
incidents took place in various locations: District 
Services (27.8%), the Emergency Department (27.8%), 
Psychiatric Services (22.2%), and Hospital Wards 
(22.2%). In 58.3% of cases, the aggressor was known 
to the healthcare service.

Description of aggressions during the 
pandemic phases
Trends in the characteristics of aggressions during 
the various phases of the pandemic are illustrated in 
Figure 1.
In the pre-pandemic phase, 155 incidents of aggression 
were reported; these were classified as White codes 
(21.9%), Green codes (38.7%), Yellow codes (18.1%), 
and Red codes (21.3%). Nurses were the most frequently 
involved professionals (71.6%), followed by Doctors 

(15.5%), Health Care Assistants (8.4%), and Other 
Healthcare Staff (4.5%). The majority of incidents 
occurred in Psychiatric Services (46.5%) and the 
Emergency Department (31.0%), with District Services 
(7.1%) and Hospital Wards (15.5%) accounting for 
the remainder. Known aggressors were involved in the 
majority of cases (71.6%).
During the pandemic phase, 115 incidents were 
recorded: White codes (14.8%), Green codes (58.3%), 
Yellow codes (7.0%), and Red codes (20.0%). Most 
victims were Nurses (50.4%) or Doctors (33.0%), though 
other health staff (5.2%), and Health Care Assistants 
(11.3%) were also involved. Psychiatric Services saw 
the majority of incidents (53.0%), followed by District 
Services (24.4%), the Emergency Department (13.0%), 
and Hospital Wards (9.6%). The proportion of known 
aggressors was the highest (80.0%).
In the post-pandemic phase, 126 incidents were 

Tab. II. Characteristics of reported aggressions. 

Total 2018 2019 2020 2021 2022 2023
Pre-

pandemic
Pandemic

Post-
pandemic

χ2 test

N 396 48 107 63 52 90 36 155 115 126  
Colour Code
White 76 10 24 12 5 12 13 34 17 25

0.003

% 19.2 20.8 22.4 19.1 9.6 13.3 36.1 21.9 14.8 19.8
Green 193 19 41 30 37 49 17 60 67 66
% 48.7 39.6 38.3 47.6 71.2 54.4 47.2 38.7 58.3 52.4
Yellow 43 9 19 5 3 5 2 28 8 7
% 10.9 18.8 17.8 7.9 5.8 5.6 5.6 18.1 7.0 5.6
Red 84 10 23 16 7 24 4 33 23 28
% 21.2 20.8 21.5 25.4 13.5 26.7 11.1 21.3 20.0 22.2
Professional 
Doctor 77 4 20 22 16 4 11 24 38 15

< 0.001

% 19.4 8.3 18.7 34.9 30.8 4.4 30.6 15.5 33.0 11.9
Nurse 276 42 69 32 26 86 21 111 58 107
% 69.7 87.5 64.5 50.8 50.0 95.6 58.3 71.6 50.4 84.9
Care Assistant 28 1 12 8 5 0 2 13 13 2
% 7.1 2.1 11.2 12.7 9.6 0.0 5.6 8.4 11.3 1.6
Other Health 
Staff

15 1 6 1 5 0 2 7 6 2

% 3.8 2.1 5.6 1.6 9.6 0.0 5.6 4.5 5.2 1.6
Place
District Service 71 2 9 8 20 22 10 11 28 32

< 0.001

% 17.9 4.2 8.4 12.7 38.5 24.4 27.8 7.1 24.4 25.4
Hospital Ward 63 0 24 1 10 20 8 24 11 28
% 15.9 0.0 22.4 1.6 19.2 22.2 22.2 15.5 9.6 22.2
Emergency 
Department

101 28 20 9 6 28 10 48 15 38

% 25.5 58.3 18.7 14.3 11.5 31.1 27.8 31.0 13.0 30.2
Psychiatric 
Service

161 18 54 45 16 20 8 72 61 28

% 40.7 37.5 50.5 71.4 30.8 22.2 22.2 46.5 53.0 22.2
Aggressor Identity
Unknown 115 19 25 11 12 33 15 44 23 48

0.008
% 29.0 39.6 23.4 17.5 23.1 36.7 41.7 28.4 20.0 38.1
Known 281 29 82 52 40 57 21 111 92 78
% 71.0 60.4 76.6 82.5 76.9 63.3 58.3 71.6 80.0 61.9
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documented: White codes (19.8%), Green codes (52.4%), 
Yellow codes (5.6%), and Red codes (22.2%). Incidents 
involving Nurses (84.9%), Doctors (11.9%), Other 
Healthcare Staff (1.6%), and Health Care Assistants 
(1.6%) were recorded. Increases were observed in the 
Emergency Department (30.2%) and District Services 
(25.4%), with Hospital Wards (22.2%) also reported, 
while aggressions in Psychiatric Services decreased 
(22.2%). Known aggressors showed a decline from the 
pandemic phase (61.9%).
The χ² test revealed significant differences across the 
pandemic phases, in terms of the colour codes of the 
incidents, the professional groups involved and the 
locations of the aggression. Additionally, the ratio of 
known to unknown aggressors differed significantly, 
with the number of known aggressors increasing during 
the pandemic phase.

Statistical analyses
We observed that, during the pandemic phase, the 
probability of having a Green code was higher than that 
of having a White code (Coef. 0.836, p-value 0.029, 
95% CI 0.084 to 1.59). Conversely, in the post-pandemic 
phase, the probability of having a Yellow code was lower 
than that of having a White code (Coef. -1.174, p-value 
0.034, 95% CI -2.260 to -0.087) (Fig. 2).
Regarding professions, when comparing trends with 
those concerning assaults on doctors, nurses were 
less likely to be involved during the pandemic phase 
(Coef. -0.807, p-value 0.023, 95% CI -1.504 to -0.110). 

Moreover, Other Health Staff were less involved during 
the post-pandemic phase (Coef. -2.394, p-value 0.040, 
95% CI -4.677 to -0.112) (Fig. 2).
Regarding the place of aggression, the probability of 
aggression occurring in a Hospital Ward was lower than 
in District Services during the pandemic phase (Coef. 
-1.452, p-value 0.014, 95% CI -2.616 to -0.289). In the 
Emergency Department, a decrease was observed both 
during (Coef. -1.684, p-value 0.004, 95% CI -2.839 to 
-0.528) and after the pandemic (Coef. -1.387, p-value 
0.009, 95% CI -2.426 to -0.347). Additionally, in 
Psychiatric Services, the probability was lower during 
(Coef. -1.113, p-value 0.030, 95% CI -2.117 to -0.110) 
and after the pandemic (Coef. -2.050, p-value < 0.001, 
95% CI -3.081 to -1.019) (Fig. 2).
Multinomial logistic regression analysis was conducted 
to assess the association between the Pandemic Phase 
and Colour Code, Profession, or Place of aggression. 
This analysis was controlled for the month of the year, the 
time of day when the event occurred, aggressor identity, 
and for professional category, place, and colour code, 
if these were not the outcome. Results are presented 
as regression coefficients (Coef.) and 95% confidence 
intervals (95% CI).

Discussion

The data on reported aggressions against healthcare 
workers in Genoa’s ASL3 from January 2018 to June 

Fig. 1. Description of aggressions by pandemic phases.

A: Location of the aggression; B: Colour code of reported aggressions; C: Professional involved in the aggression; D: Aggressor known to the Health-
care Service. The Y-axis shows the absolute number of cases on the left, the percentage on the right; the X-axis presents the phase of the pandemic.
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2023 show a significant increase: from 48 in 2018 to 
90 in 2022, with a partial count of 35 in the first half 
of 2023. This local pattern also reflects a global trend, 
where verbal violence is more prevalent than physical 
violence  [38]. The classification of aggressions into 
colour-coded categories of severity provides further 
insight into the nature of the violence, underscoring 
the higher frequency of verbal incidents [34]. During 
the pandemic phase, Green codes increased, while 
in the post-pandemic phase, the types of aggressions 
reverted to a pattern similar to that observed in the 
pre-pandemic phase, but with a significant increase in 
Yellow codes.
The predominant incidence of aggressions against 
nursing staff – ranging from 50.8% to 95.6% in 
the years under review – highlights the particular 
vulnerability of these healthcare workers. This finding 
aligns with global trends and calls for specific attention 
to the safety of this professional category. Indeed, 
targeted prevention strategies are needed in order 
to ensure a safe working environment. This pattern, 
which has been observed in various settings, healthcare 
systems and countries [9, 25, 39-45], suggests that the 
greater exposure of Nurses to violence may be due to 
their closer contact with patients and their families. In 
our analysis, nurses consistently emerged as the group 
most frequently targeted throughout the study period. 
During the pandemic phase, however, we observed 
a marked decrease in both the absolute numbers, 
and the percentages of nurses involved in aggressive 

incidents. This was probably because of the reduced 
patient and family interactions due to pandemic-related 
restrictions  [46]. In the post-pandemic phase, the 
frequency of aggressions involving healthcare workers 
returned to pre-pandemic levels, with nurses again 
constituting the majority of victims, albeit in a slightly 
higher proportion than during the pre-pandemic phase. 
Remarkably, the incidence of aggression towards 
physicians significantly increased during the pandemic 
but reverted to lower levels in the subsequent post-
pandemic phase. It is also noteworthy that non-medical 
and non-nursing HCWs, including administrative, and 
support staff, consistently accounted for only a small 
fraction of cases of aggression, a trend that further 
declined over time.
Of particular interest are the data regarding the locations 
of aggression. The majority of violent episodes were 
recorded in the Emergency Department and Psychiatric 
Services, a trend consistent with the previous 
literature  [8]. During the pandemic phase, however, 
District Services saw a significant increase in aggressive 
behaviour, while other healthcare settings, particularly 
emergency services, registered a decrease. This could 
be attributed to the reduced use of emergency services 
during the pandemic, and patients’ preference to avoid 
the Emergency Department and the hospital setting 
whenever possible  [47]. In the post-pandemic phase, 
the picture that emerged was significantly different 
from that seen during the pre-pandemic phase, in that 
the hospital setting and territorial services were more 

Fig. 2. Association of Pandemic Phase with Colour Code, Professional Category, and Place of Aggression.
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frequently involved. Clearly, there is a need for specific 
preventive and safety measures in these areas, so as to 
reduce the risk of aggression, and improve staff safety. 
Future trends will also need to be monitored in order to 
understand how to adapt measures to counteract emerging 
phenomena in new healthcare settings, especially in light 
of the changes that will be implemented by the National 
Recovery and Resilience Plan [48].
The high percentage of aggressors already known to 
healthcare services, which increased from 60.4% to 
76.9%, indicates the need for a proactive approach to 
managing relationships, and preventing conflictual 
situations. In this regard, the early identification 
of individuals at risk of committing violence can 
significantly contribute to prevention and staff 
protection [45]. These data are particularly interesting, 
as they show that aggressive behaviour is enacted even 
when the perpetrator is not protected by anonymity, 
and deliberately risks legal repercussions. The peak of 
known aggressors was recorded during the pandemic 
phase; this could have been due to entry screening, and 
greater control of patient flows [36, 46].
When analysing the phenomena associated with the 
various pandemic phases, we observed a greater 
involvement of nursing staff during the post-pandemic 
phase, along with an increase in Green and Red codes 
during the pandemic phase. The increased involvement 
of nurses during the post-pandemic phase aligns 
with previous literature  [9, 25, 39-45], but further 
investigation is needed in order to explain this significant 
increase. Also interesting is the increase in Green and 
Red codes, compared with White codes, during the 
pandemic  [33]. Despite the reduction in non-urgent 
services provided during the pandemic, the level of 
reporting remained largely unchanged, and the severity 
seemed to increase [47].
There are several areas that require further research. 
Indeed, it would be useful to explore regional or 
national differences in experiences of violence, and 
to assess the effectiveness of specific prevention 
and intervention strategies. Research should also 
investigate the long-term impact of violence on 
healthcare staff, including effects on staff turnover 
and the quality of care.

Strengths and limitations
The primary limitation of this study is its reliance on 
self-reported data on incidents of aggression, which 
may have resulted in underreporting. Indeed, voluntary 
reporting may be prone to errors and inaccuracies [49]. 
Secondly, although the study focused on the specific 
context of ASL3, the findings seem to be applicable 
to similar settings, given the substantial number of 
healthcare workers and patients involved and the 
diversity of facilities and services provided. Moreover, 
this study did not explore the extent of underreporting, 
nor did it examine the reasons behind the decision to 
report or not report incidents. Additionally, the study 
did not analyse the frequency of reports or estimate the 
overall prevalence of incidents of aggression. Lastly, 

regarding 2023, only data from the first semester were 
available, and we did not conduct analyses of prevalence 
or incidence; however, on comparing the first and 
second semesters of each year, the proportions of events 
were consistent. Despite this, the study is based on the 
most complete and credible official data available for the 
healthcare setting considered.

Policy
The systematic collection and analysis of incidents 
of aggression against healthcare workers are crucial 
to comprehending the risks faced by these people 
and highlight significant ethical and social concerns. 
Establishing a secure and respectful working environment 
for healthcare professionals is imperative and tackling 
the underlying causes of violence in healthcare settings, 
including societal, economic, and cultural factors, is a 
collective responsibility. Training staff to recognise, 
manage and de-escalate potentially violent situations is 
pivotal, and implementing specific training programmes 
can empower staff with effective conflict management 
skills, thereby mitigating the risk of escalation and 
augmenting overall safety. However, an efficacious 
approach to managing violence in healthcare settings 
demands a collaborative, interdisciplinary strategy 
that incorporates the expertise of psychologists, social 
workers, and other specialists. The present research 
underscores the need for healthcare policies that address 
violence against healthcare workers by integrating 
preventive strategies into policy planning and ensuring 
that sufficient resources are allocated for staff safety and 
welfare. The overarching aims are to raise collective 
awareness of this issue, and to enact effective strategies 
prevention, in order to guarantee a safe working 
environment for individuals who are dedicated to the 
care of others.

Conclusions

The data collected from January 2018 to June 2023 
reveal an escalating trend of violence against healthcare 
workers, particularly in new healthcare settings, such as 
District Services, which have been enhanced due to the 
COVID‑19 pandemic. While no significant difference 
emerged between the post-pandemic and the pre-
pandemic phases, in terms of the type of aggression or 
personnel involved, the pandemic phase saw a shift in 
aggressions in terms of severity, healthcare settings, and 
staff involved.
This analysis underscores the urgent need for effective 
prevention policies and strategies to safeguard 
healthcare workers. Its findings offer a robust foundation 
for developing targeted interventions and emphasize 
the importance of an integrated approach that includes 
not just physical security but also organisational 
improvement and staff training. Ensuring that healthcare 
workers operate in a safe and protected environment is 
paramount in order to deliver high-quality healthcare 
and guarantee patient safety.
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Introduction

Nurses are at the forefront of patient care. In this regard, 
hand hygiene in nurses is the most effective factor 
in controlling nosocomial infections, reducing costs, 
complications and mortality rate  [1-3]. There is some 
evidence that the rate of hand hygiene compliance in 
nurses is not satisfactory and 70% of health care workers 
do not routinely observe hand hygiene [4, 5]. A review 
of 61 studies showed that the hand hygiene rate, with 
an average of 59.6% in the Intensive Care Unit, was 
significantly lower than the desired international targets. 
It is also around 64.5% in high-income countries, 
compared to 9.1% in low-income countries. This rate is 
43.4% for nurses, 32.6% for physicians and 53.8% for 
other medical staff  [6]. Chang et al. found that nurses 
observed less hand hygiene before intensive care than 
after that. In other words, nurses protect themselves 
more than patients, and do not follow methods 
in providing care that reduce the rate of infection 
transmission to patients. These conditions increase the 
risk of nosocomial infections in patients [7]. Evidence in 
health centers in Iran is somewhat similar to the statistics 
of other countries; in a study, the rate of hand hygiene by 

physicians was reported by 32% and nurses by 48% [8]. 
Nouri et al. reported that the average hand hygiene rate 
of Iranian nurses was 40.5%  [9]. Ziasheikholeslami 
reported that the average hand hygiene in Intensive 
Care Unit nurses was 44.5% [10]. Mohanty et al. in a 
study on 171 medical and nursing students and faculty 
members at several teaching hospitals in India showed 
that although 66.4% of the participants had sufficient 
knowledge of hand hygiene, only 32% observed hand 
hygiene in the situations required [11]. Evidence at the 
international rate shows that despite the improvement of 
employees’ knowledge to observe hand hygiene, the rate 
of hand hygiene compliance is not optimal yet. In other 
words, the main challenge is not lack of awareness, but 
the lack of commitment and adherence to hand hygiene 
in the treatment staff [12]. The study of Neda Khairkhah 
showed that while education using film screening has 
increased awareness and belief change in nursing 
students, but has not changed the performance of hand 
hygiene in them  [13]. Farias also showed that despite 
sufficient knowledge of nurses, they are not committed 
to hand hygiene in clinical situations. There is a need for 
interventions that turn nurses’ knowledge into positive 
behavior [14]. Numerous studies in the investigation of 
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Summary 

Introduction. Hand hygiene in nurses is the most effective factor 
in controlling nosocomial infections. The objective of this study 
was to assess the effectiveness of motivational interviews and 
teach-back on the rate of hand hygiene compliance in Intensive 
Care Unit nurses.
Methods. A quasi-experimental study with pre-test and post-test 
design was performed. Three Intensive Care Units with 88 nurses 
were randomly divided into three study groups. The control group 
received only the usual hospital teaching in hand hygiene, the 
experimental groups 1 and 2, in addition to the usual teaching, 
they received motivational interview and teach back in five weekly 
sessions, respectively. The rate of hand hygiene compliance in 
nurses was measured by Hand Hygiene Practices Inventory.

Results. There was a statistically significant difference for the 
rate of hand hygiene compliance before and after the interven‑
tion in the study groups with p < 0.001. In comparison before and 
after, in experimental group 1, the rate of hand rub increased from 
8% to 18.5% and the rate of hand wash from 1.5% to 22%; and 
in the experimental group 2, these values increased from 4% to 
19.5% in hand rub and from 3.5% to 17% in hand wash, respec‑
tively. However, in the control group, the rate of hand hygiene 
compliance before and after the test did not show a statistically 
significant difference with p > 0.05.
Conclusions. Motivational interview and teach back methods 
were effective in promoting hand hygiene compliance in nurses 
and thus improve the control of nosocomial infections.
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the causes of hand hygiene non-compliance showed that 
barriers such as lack of positive attitude, negligence and 
underestimation of hand hygiene, lack of motivation, 
internal commitment or professional commitment, 
poor understanding of the negative consequences of 
non-compliance with hand hygiene, high workload, 
disproportion of the number of nurses to the patient, 
the type of organizational culture, the facilities of each 
ward as well as common skin problems are effective 
in adhering to hand hygiene in nurses  [15-17]. Some 
researchers divided the unfavorable situation in hand 
hygiene into several areas of knowledge, attitude, 
motivation and practice and believe that promoting 
hand hygiene in nurses is a complex and multifaceted 
behavior change process that requires the combination of 
educational and motivational interventions and change 
in systems structure  [18]. Interventions in this area 
should lead to behavior change by increasing nurses’ 
motivation and professional commitment along with 
a supportive and empathetic environment  [3, 19]. So 
far, various educational interventions are implemented 
to improve nurses’ adherence to the principles of 
hand hygiene, but the impact of these teachings on 
increasing nurses’ adherence is still disputed, so that 
some report the effectiveness of teaching and some 
report its ineffectiveness [20]. One of the most common 
educational methods is the transfer of information 
by lecturing method, the results of scientific research 
indicate that in this method, 40 to 80% of information is 
forgotten almost immediately after hearing it, plus half 
of the information that nurses remember, is incorrect, 
so appropriate teaching methods should be selected that 
lead to behavior change [21]. Some researchers consider 
the use of motivational approaches in this area to be 
more effective and some others the use of educational 
approaches, and less study has compared the effect 
of two educational and motivational approaches in 
promoting hand hygiene [22]. Various researches show 
that behavior change depend on the analysis and removal 
of internal contradictions, doubts in individuals, and 
changing these conditions is not possible with advice and 
education, but appropriate motivational interventions 
should be used [17, 23]. In contrast, experts in the field 
of education believe that education leads to behavior 
change when it is properly understood and internalized 
and a person is able to self-assess and transfer their 
knowledge to others [24-26]. Two famous interventions 
are based on theories of behavioral change, motivational 
interview, and teach back  [27-29]. Motivational 
interview is one of the most effective behavioral change 
approaches developed in 1983 by William Miller and 
Stephen Rolnick. And was quickly used in various areas 
of behavior change  [29, 30]. Motivational interview 
helps to strengthen the intrinsic motivation to change 
behavior in individuals by discovering, identifying 
and resolving doubts and ambivalence. A significant 
advantage of motivational interview is its flexibility 
and applicability in different areas of behavior [30, 31]. 
Several studies have confirmed the effectiveness of 
motivational interviewing in changing behavior [32‑34]. 

A study by Östlund et al. on the effectiveness of 
motivational interview on patients’ lifestyle changes 
showed that nurses who use motivational interview in 
the patient education process had more positive effects 
on patients’ lifestyle changes  [35]. Teach back is a 
well-known educational and interactive intervention to 
acquire health-promoting behaviors that combines three 
aspects of learning, teaching and evaluation, in which a 
person while mastering his/her perceptual problems, has 
reached a degree of mastery in skills and performance 
that teaches behavior in practice to others [36]. Pawase 
et al. studied the effectiveness of teach back method on 
the knowledge and performance of students in schools 
regarding hand hygiene. Their results have shown the 
positive effects of this method on the improvement of 
students’ knowledge and performance in hand hygiene 
techniques [37]. Considering the sensitivity of Intensive 
Care Units and the inevitable need to improve hand 
hygiene behavior in nurses with effective motivational 
and educational approaches, this study is designed and 
implemented to assess the effectiveness of motivational 
interviews and teach-back on the rate of hand hygiene 
compliance in Intensive Care Unit nurses.

Methods

A three-group quasi-experimental study with pre-test and 
post-test design was performed from May to September 
2020 in a selected hospital in Tehran. Out of 9 Intensive 
Care Units of the hospital, 3 Intensive Care Units were 
randomly selected. Then the nurses working in selected 
ICUs were measured and statistically analyzed in terms of 
variables affecting the outcomes of the interventions such 
as age, gender, education level, work experience in ICU, 
marital status, and there was no statistically significant 
difference between all groups in terms of the mentioned 
variables with p < 0.05 (Tab. I). So the selected wards were 
randomly assigned to 3 study groups including: control 
group, experimental group 1 with motivational interview 
intervention and experimental group 2 with teach back 
intervention. The control group received only the usual 
hospital teaching in hand hygiene, but in the experimental 
groups 1 and 2, in addition to the usual teaching, they 
received motivational interview intervention and teach 
back in five weekly sessions, respectively. Inclusion 
criteria were having a bachelor’s degree or higher in 
nursing and at least 1 year of experience in the Intensive 
Care Unit, and exclusion criteria included not attending 
more than 20% of sessions. 
The study instrument consisted of two parts, the first 
part of the demographic information questionnaire 
including age, sex, degree of education, work 
experience and the second part, standard checklist 
(Hand Hygiene Practices Inventory (HHPI)) approved 
by the Ministry of Health and Medical Education to 
assess hand hygiene behaviors which is used equally 
for all medical centers across the country. According 
to the checklist, each nurse was examined in an open 
and direct observation with a time interval of 20 ± 10 



HAND HYGIENE COMPLIANCE IN ICU NURSES

E267

minutes in terms of hand hygiene compliance in 5 
defined positions including: (before contact with 
the patient, before aseptic procedures, after contact 
with the patient’s secretions, after physical contact 
with the patient and after contact with the patient’s 
environment) and in terms of hand hygiene including 
three types of performance: hand washing with soap 
and water (Hand Wash), rubbing with an alcohol-based 
solution (Hand Rub) and hand hygiene non-compliance 
or acting in an incorrect way. All observations were 
performed equally by a trained and experienced nurse 
in measuring hand hygiene behaviors in the morning 
and evening work shifts. The presence of the observer 
in the study sections was informed by the nurses. 
Based on the above checklist, the rate of hand hygiene 
compliance in the nurses under study was presented 
with the number and percentage based on the type of 
action taken in each observed position. Pre-test was 
performed within two weeks before the intervention 
and post-test was performed 4 weeks (follow-up 
stage) after the intervention. Data were analyzed using 
SPSS 24 software. For the nominal variables, we 
conducted descriptive analysis by using frequencies 
and percentages as well as inferential analysis was 
carried out using the Chi-square test. The normally 
distributed continuous variables (e.g., age) were 
analyzed by using mean (M) and standard deviations 
(±) also ANOVA test. 

Method of intervention
The executive model of motivational interview sessions 
is based on the relevant literatures [38, 39] and the outline 
of teach back sessions is based on the model proposed 
by Bodenheimer and Anderson  [36, 40]. and was 
performed after obtaining the experiences of previous 

researchers and expert approval (consisting of 6 people 
with specialties of PhD in Health Education, Nursing 
Faculty, Infection Control Supervisor). To perform 
the interventions, a nurse participated in a special 
teaching course and was trained and the interventions 
were performed by a qualified nurse (certified) and 
under the supervision of the research team. Sessions 
in both types of interventions included 5 sessions in 5 
consecutive weeks, which were held in accordance with 
the conditions and needs of nurses in different shifts in 
the morning and evening. The content of motivational 
interview sessions is: Session 1: Familiarity and 
agreement between nurses and the interviewer, Session 2: 
Identifying emotions and its effect on behavior, Session 
3: Determining healthy and unhealthy behaviors and the 
need to change behavior, Session 4: Explaining personal 
values and goals, Session 5: Discovering doubts and 
ambiguities and being ready to change and determine 
the perspective. The duration of the sessions is between 
20 to 45 minutes and in each session, special worksheets 
are provided to the samples to record their feelings, 
attitudes, thoughts, ambiguities and doubts, personal and 
professional values. After completing the next session, 
the necessary feedback was given to the samples. 5 teach 
back sessions included 3 individual sessions and 2 group 
sessions and the duration of the sessions was between 
20-30 minutes. In individual sessions, educational 
concepts were presented and incorrect perceptions 
were corrected by receiving frequent feedback from 
the nurse. In the group meetings, in addition to the 
exchange of concepts between the instructor and the 
nurses, among the members of the group, an exchange 
took place so that each nurse repeated the correct 
concept to his colleague and created an atmosphere of 
participation, collective acceptance, empathy, emotional 
support, self-evaluation and mutual evaluation. 

Tab. I. Comparison of Demographic Variables among Nurses in the study groups.

Statistic tests
TotalControl

Experimental 2
(Teach back)

Experimental 1
(Motivational 

Interview)

Group
→

Number 
(percent)

Number 
(percent)

Number 
(percent)

Number 
(percent)

Variable

Chi-square = 3.75
P Value = 0.440

61 (69.3%)19 (67.9%)23 (79.3%)19 (61.3%)Male
Gender

27 (29.5%)9 (32.1%)6 (20.7%)12 (38.7%)Female

Chi-square = 2.78
P Value = 0.249

83 (94.3%)26 (92.9%)29 (100%)28 (90.3%)Married
Marital status

5 (5.7%)7 (7.1%)0 (0%)3 (9.7%)Single

Chi-square = 7.53
P value = 0.110

71 (80.7%)27 (96.4%)20 (69%)24 (77.4%)BS

Educational 
attainment* 14 (15.9%)1 (3.6%)7 (24.1%)6 (19.4%)MS

3 (3.4%)0 (0%)2 (6.9%)1 (3.2%)PhD

Chi-square = 
3.213

P Value = 0.217

48 (54.5%)19 (67.9%)13 (44.8%)16 (51.6%)< 7 years
Employment 
history 40 (45.5%)9 (32.1%)16 (55.2%)15 (48.4%)>7 years

ANOVA
F = 1.88

P value = 0.159

Mean ± SDMean ± SDMean ± SDMean ± SD
Age

40.96 ± 10.8837.82 ± 11.8641.68 ± 11.4543.12 ± 8.99

Educational attainment* including: BS (Bachelor of Science), MS (Master of Science), PhD (Doctor of Philosophy).
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After the interventions, 4 weeks of follow-up and 
continuous exchange of information between the 
instructor and the samples in a WhatsApp group for both 
experimental groups continued, and after 4 weeks of 
follow-up, the post-test phase was measured.

Results

All 88 nurses of the mentioned wards met the inclusion 
criteria and were fully present until the end of the 
intervention. The number of samples was 31 in the 
motivational interview group, 29 in the teach back group 
and 28 in the control group (Fig. 1). The age range of 
nurses participating in the study was between 25 and 61 
years. There was no Statistically significant difference 
between the groups in terms of demographic variables 
such as age (p = 0.159), gender (p = 0.440), marital 
status (p = 0.249), educational attainment (p = 0.110), 
employment history (p = 0.217) (Tab. I).
 In the pre-test stage, 200 positions in each study group 
were observed for hand hygiene compliance and in 
the post-test, 200 positions were observed, so a total 
of 600 positions were observed in the pre-test and 
600 positions after the test. The rate of hand hygiene 

compliance in both stages of the assessment and in all 
three study groups was lower than the standard rate set 
by the Ministry of Health and Medical Sciences, i.e. 
50%. In the pre-test stage, there was no statistically 
significant difference with p = 0.158 in all 3 groups in 
terms of hand hygiene. However, after the intervention, 
in the experimental group 1, the rate of hand hygiene 
compliance in the use of alcohol-based solution (hand 
rub) raised from 8% in the pre-test to 18.5% in the 
post-test and the rate of hand washing with soap and 
water (hand wash) increased from 1.5% to 22% and 
these values in experimental group 2, increased from 
4% to 19.5% in hand rub and from 3.5% to 17% in 
hand wash, respectively. Chi-square test showed that 
the rate of hand rub and hand wash before and after the 
intervention in the experimental groups was statistically 
significant with p < 0.001. But in the control group, 
the rate of hand hygiene with two methods of hand rub 
and hand wash in the pre-intervention stage was 5.5% 
and 5%, respectively, which after the intervention was 
1% and 2.5%, respectively. There was not a statistically 
significant difference in the rate of hand hygiene before 
and after the intervention in the control group (Tab. II).

Fig. 1. CONSORT Flow Diagram for the study.
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Discussion

The present study was conducted with the aim of 
investigating the effectiveness of motivational interviews 
and teach-back on the rate of hand hygiene compliance in 
Intensive Care Unit nurses. The average age of the nurses 
participating in this study was 40.96 ± 10.88 years. The 
majority of them were male (69.3%), married (94.3%) 
with a bachelor’s degree in nursing (80.7%) and (54.5%) 
had less than 7 years of work experience in the ICU. In 
the wards under our study, due to the need for greater 
physical strength and endurance as well as sufficient 
knowledge and skills, the majority of nurses are men with 
a bachelor’s degree or higher. In a similar study, Salamati 
et al. showed the effectiveness of the motivational 
interviews following lecture teaching on hand hygiene 
behaviors in 128 nurses working in a pediatric hospital. 
The mean age of the nurses was 35.83 ± 7.184 years, also 
the majority of them were married (82.8%) and (76.6%) 
had a bachelor’s degree or higher. But unlike our study, 
(90.6%) were female [41]. This could be due to the fact 
that the research environment was a pediatric hospital. 
However, despite the different gender distribution in 
both studies, the results were similar and consistent. 
Results of this study showed that both motivational 
interview and teach back were effective in promoting 
health compliance, but motivational interview was more 
effective that teach back on hand hygiene in Intensive 
Care Unit nurses. Numerous studies examined the 
positive effects of motivational interview [42-44] or teach 
back [26, 37, 45, 46] on behavior change separately, but 
the comparative study of the effect of both in one study 
was very small. Despite the need to promote behaviors 
related to hand hygiene in health workers, less of these 
two methods are used.
So, we had to use similar studies in other fields for 
comparison. Zabolipour et al. in comparing the effect of 

two methods of motivational interview and teach back on 
adherence of patients with hypertension to the treatment 
regimen showed that both methods are effective in 
increasing patients’ adherence to the treatment regimen 
but the rate of adherence to the treatment regimen in 
the motivational interview group was higher than the 
teach back group  [47]. In their study, Najjar Nasab et 
al. showed the positive effect of motivational interviews 
on behavior change and lifestyle in women with eating 
disorders  [48]. These findings indicate the facilitative 
effect of motivational interview on changing health-
promoting behaviors.
In fact, no one is 100% unmotivated to change, but 
to motivate the individual to change requires internal 
conflicts to be resolved in an empathetic and supportive 
environment which is provided by a motivational 
interview. Real motivation is also enhanced by the 
successful experience that a person freely acquires in the 
right course of action [49]. It is noteworthy that although 
most studies emphasize the positive effect of motivational 
interview on behavior change, its persistence is still 
questionable. Dorstyn et al. investigated the effects of 
motivational interviewing on 987 patients with multiple 
sclerosis for their health care management. They found 
that motivational interview may improve rehabilitation 
care for these patients. However, evidence for persisting 
benefits to health outcomes and behavior is currently 
limited [50]. A meta-analysis study examining the effect 
of motivational interview on treatment adherence in 
962 patients with chronic pain showed that the effect of 
motivational interview is limited and short-term and more 
studies are needed for long-term effect and change in 
patient self-management behavior [51]. In other words, the 
time and follow-up in an effective motivational interview, 
increases it. Numerous studies showed that most of the 
effects of motivational interview are mostly high in the 
first few months, but decrease over time, and this decrease 
is not due to a decrease in the effect of motivational 

Tab. II. Comparison of Nurses performance in the study groups in 200 position of hand hygiene compliance in each stage of measurement.

Chi-square test
Control

Experimental 2
(Teach back)

Experimental 1
(Motivational 

Interview)

Group
→

Number (percent)Number (percent)Number (percent)VariableStage

Chi-square = 6.603
P value = 0.158

10 (5%)7 (3.5%)3 (1.5%)Correct HW*

Pre Test
11 (5.5%)8 (4%)16 (8%)Correct HR*

179 (89.5%)185 (92.5%)181 (90.5%)Non/incorrect*

200 (100%)200 (100%)200 (100%)Total

Chi-square = 85.512
P value < 0.001

5 (2.5%)34 (17%)44 (22%)Correct HW

Post Test
2 (1%)39 (19.5%)37 (18.5%)Correct HR

193 (96.5%)127 (63.5%)119 (59.5%)Non/incorrect

200 (100%)200 (100%)200 (100%)Total

Correct HW*: correct hand washing with soap and water (Hand Wash); Correct HR*: correct rubbing with an alcohol-based solution 
(Hand Rub); Non/ incorrect*: hand hygiene non-compliance or acting in an incorrect way.
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interview, but to the fact that behavior changes requires 
appropriate contexts and other co-treatments in addition 
to motivational interview [52, 53]. Therefore, combining 
different methods of behavior change, such as teach back, 
motivational interview and follow-up care can be effective 
in perpetuating behavior change.
Numerous studies emphasized the effectiveness of 
teach back in changing health-promoting behaviors 
and the need to use it in various therapies. However, 
in the field of behavior, hand hygiene received less 
attention [54, 55]. Some studies showed that, when more 
information is provided, less information is remembered 
and almost half of the information remembered is 
incorrect. The use of teach back method has a great 
effect on strengthening and consolidating educational 
content and their application [21]. In one project, using 
teach back, 300 members of a multidisciplinary team 
(including intensive care nurses, emergency, surgical 
nurses, nutritionists, respiratory care practitioners, 
and occupational and physical therapists) were shown 
that the teach back method was able to enhance the 
quality and safety of the care provided by the team 
members [56]. Despite the effectiveness of teach back, 
the lasting effects cannot be definitively stated. In 
their study, Rahmani et al. showed that teach back was 
effective on knowledge, practice, reducing readmission 
and quality of life in patients with chronic hepatitis in 
the short term after the intervention, but its effect was 
reduced in the long term [57]. Although both teach back 
and motivational interview methods improved the rate 
of hand hygiene compliance in nurses in the present 
study, but the persistence of its desired effects still 
needs further investigation. On the other hand, context 
factors and working conditions such as the high volume 
of tasks assigned, non-observance of the standard ratio 
of nurse to patient, lack of attention of officials to the 
proper performance of a nurse, weakness of incentive 
systems play a significant role in reducing nurses’ 
motivation to maintain and adhere to the correct behavior 
and adherence to it; as well as failure in performing 
continuous visits in the field of measuring the rate of 
hand hygiene compliance, lack of nurses’ knowledge 
about the prevalence of nosocomial infections in the 
workplace and inappropriate access to facilities required 
for hand hygiene, including (low quality of solutions 
with an alcohol base, unsuitable wash basin and poor 
quality soap for washing hands) can significantly reduce 
the effects of these educational methods. Therefore, in 
order to study the durability and greater effectiveness 
of these methods, in addition to solving the problems 
raised, long-term studies and foresight are needed. Lack 
of follow-up and lack of understanding of support can 
reduce the effectiveness of interventions over time. One 
of the limitations of the present study is the lack of long-
term follow-up and measuring the duration of the effect 
of motivational interview variables and teach back on the 
rate of hand hygiene compliance in nurses and also the 
limitation of the research environment to Intensive Care 
Units. Another limitation of the study was that nurses’ 
awareness of observing and measuring hand hygiene 

behaviors could have an effect on their performance and 
interfere with the results.

Conclusions

Findings showed that although both teach back and 
motivational interview methods are effective in promoting 
hand hygiene in nurses, the effect of motivational interview 
is more than teach back. Findings can help health policy 
makers in educational planning to improve nurses’ health 
behavior. Utilizing motivational interviews and teach 
back in medical centers can be a step in improving the 
performance of nurses in the field of hand hygiene and 
reduce nosocomial infections, treatment costs and length 
of hospital stay and death of patients.
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Introduction 

Surgical site infections (SSIs) are among the most 
frequent complications arising from medical care. 
These infections result in a significant increase in 
hospitalization duration, costs and mortality [1].
Given their potentially devastating consequences  [3], 
postoperative infections constitute highly serious events, 
both for the individual patient and for society [2]. The 
treatment of such infections often involves prolonged 
hospitalization, the use of targeted, sometimes 
prolonged, antibiotic treatments and, in many instances, 
additional surgical procedures. The implications of all 
this, in terms of the patient's prognosis and healthcare 
costs, are evident [3].
The infection rate after prosthetic knee surgery ranges from 
approximately 0.8 to 1.9%, while for total hip prostheses, 
infection rates are between 0.3 and 1.7% [4]. A different 
scenario emerges in the case of infections associated 
with osteosynthesis devices, with incidence rates varying 
from 1-2% for closed fractures to 30% or more for open 
fractures [4]. Moreover, mortality in elderly patients with 
prosthetic infections is estimated to be around 5-10% [4].
The contamination of joint prostheses results from an 
intricate interplay between bacterial elements, prostheses 
and host-related factors. Various bacteria adhere to 

prosthetic material in several ways, and adhesion is 
influenced by the type of material employed and the 
smoothness of its surface [3].
Bacterial infections may occur early through direct 
contamination of prostheses during surgical procedures 
and/or diffusion from surrounding areas, or later, through 
hematogenous spread from other foci (20-30%)  [3]. 
Prostheses can be contaminated directly during surgery 
if pathogens are present in the operating room, on the 
patient's skin, or on medical staff. Hematogenous 
sources of infection include skin ulcerations, periodontal 
infections, and bacteremias from urological procedures. 
Late infections arise after the first year post-surgery and 
are often due to hematogenous infections from other 
foci or skin lesions. These latter infections are more 
difficult to diagnose, owing to their less evident clinical 
presentation [3].
Coagulase-negative Staphylococci (CoNS) are the 
microorganisms most frequently involved in prosthetic 
infections, with S. epidermidis and S. aureus being 
predominant in early infections and other bacterial 
species in late infections. Anaerobic bacteria are less 
frequently responsible for these infections, and fungal 
and mycobacterial infections are even less frequent [3].
Risk factors for the development of prosthetic infections 
can be categorized in three groups: 1) host-related 
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Summary

Introduction. Surgical site infections (SSIs) are among the most 
frequently encountered complications in prosthetic surgery, and 
are associated with increased hospitalization, costs and in-hospi‑
tal mortality. There is no national system for the comprehensive 
monitoring of the incidence of SSIs.
Methods. All patients undergoing orthopedic prosthetic surgery 
from April 1 to June 30, 2023 were enrolled. Clinical evaluation of 
the surgical site was conducted at 30 days, and a follow-up tele‑
phone interview was carried out by means of a specially designed 
questionnaire at 90 days.
Results. A total of 59 patients were included. Surgery was per‑
formed on the knee in 71.19% and on the hip in 28.81%. The 

patients' mean BMI was 28.25 ± 2.97, and their mean ASA score 
was 2.67 ± 0.58. Six patients had diabetes mellitus. The incidence 
of SSIs was 5.08%; two infections occurred in knee prosthesis 
surgery and one in hip surgery. Analysis of the data revealed that 
diabetes was the main risk factor for the development of infection. 
Conclusions. Although based on a small number of patients, 
these results are encouraging, especially considering that the 
patients had an average ASA score of more than 2 and a high 
BMI. However, to further reduce the risk of infection, improved 
hygiene measures have now been implemented in the operating 
room and the antibiotic prophylaxis protocol has been updated to 
take into account the potential for MRSA colonization.
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factors (including advanced age, uncontrolled diabetes, 
neoplasms, rheumatoid arthritis, sickle cell anemia and 
previous joint replacement procedures); 2) intraoperative 
factors (including the use of large prostheses, hematoma 
formation in the surgical wound and poorly aligned skin 
incisions); 3) postoperative factors (including the spread 
of infections from other sites or the presence of skin 
ulcers) [3].
The implementation of intervention programs reduces 
the risk of SSIs. Indeed, such programs continue to be 
a prominent focus in the surveillance of healthcare-
associated infections in Europe. The ECDC initiated SSI 
surveillance in July 2008. In Italy, the National Surgical 
Site Infection Surveillance System (SNICh) utilizes 
voluntary participation by regional authorities and 
healthcare institutions in order to gather epidemiological 
data, which are then transmitted to the ECDC. The 
primary goal of SSI surveillance is to standardize data 
collection, thereby promoting comparability among 
participating operational units and institutions at the 
regional, national and international levels [1].

Methods

From April 1, 2023, to June 30, 2023, we enrolled 
patients in a prospective study on surgical site 
surveillance in prosthetic surgery. The surgical site 
was inspected on the 30th day after the procedure. As 
part of surgical site infection surveillance, a telephone 
interview was conducted after 90 days by means of a 
specially formulated questionnaire. The questionnaire 
was designed to take into account the epidemiological 
surveillance needs of the hospital's surgical setting, 
according to the items in Table I. 

Statistical analysis
All characteristics were expressed as means with standard 
deviations, medians and ranges for continuous variables, 
and, for categorical variables, as absolute values and 
percentages. As the data did not display a normal 
distribution, every possible numerical transformation of 
the data was evaluated. As none of these transformations 
was able to reduce the effect of skewness, the data were 
analyzed by means of non-parametric tests. The Kruskal-
Wallis test was used to compare means, while the Chi-
square test was used to assess independence between 
variables. All tests were two-sided, and a p-value of less 
than 0.05 was considered statistically significant. All 
statistical analyses were performed by means of Stata/SE 
14.2 software (StataCorp LP, College Station, TX, USA).

Results

A total of 59 patients, with an average age of 74 ± 8 years 
(median 75, range 53-90), were enrolled in the study. Of 
these, 42 (71.19%) were women. The average BMI of 
the patients enrolled was 28.56 ± 4.52 (median 28.68, 
range 18.65-38.80).

Concerning the types of prosthetic procedures, 42 
patients (71.19%) underwent knee prosthesis surgery, 
which was performed by means of either traditional or 
robotic techniques, while 17 (28.81%) underwent hip 
prosthesis surgery (Tab. II). All hip prosthesis procedures 
were conducted by means of traditional surgical 
methods, whereas 52.38% of knee prosthesis procedures 
(22 patients) utilized robotic techniques, and 47.62% 
(20 patients) employed traditional surgical approaches. 
Patient classification according to the American Society 
of Anesthesiologists (ASA) revealed that 34 patients 
(57.63%) were classified as ASA 2, and 42.37% (25 
patients) as ASA 3 (Tab.  II). Regarding comorbidities, 
10.17% (6 patients) had a history of diabetes. Only one 
patient had nasal colonization with MRSA, and was 
treated with mupirocin before surgery [5].
Surgical prophylaxis during the procedures involved 
the administration of cefazolin in 69.49% (41 patients), 
levofloxacin plus teicoplanin in 27.12% (16 patients), 
and teicoplanin alone in 3.39% (2 patients). The median 
number of operators present in the operating room was 6.
The mean duration of the procedures was 98.29 ± 23.05 
minutes, with a median of 94 (85-116) minutes, and the 
average length of hospital stay was 6.39  ±  3.23 days, 
with a median of 5 (4-8) days.
Only three patients (5.08%) developed an infection; 
specifically, two infections occurred in knee prosthesis 
procedures (4.76%) both after robotic surgery, and one 
after hip prosthesis surgery (5.9%)
The average age of patients who developed an SSI was 
76.33 ± 5.03 years, with a mean BMI of 28.25 ± 2.97 
and an ASA score of 2.67 ± 0.58. The mean duration of 

Tab. I. Demographic and surveillance characteristics.

Age
Gender
Type of discharge Alive or deceased in hospital
Type of surgery Hip or knee
Date of surgery
ASA classification
BMI

Comorbidity
Diabetes, COPD, 
hypertension

Cigarette smoking

Antibiotics
Type of antibiotics, time of 
administration

Hair removal Clipper or razor

Skin preparation
2% chlorhexidine gluconate 
(CHG) in 70% isopropyl 
alcohol antiseptic solution

Perioperative glucose 
monitoring
Number of operators in the 
operating room
Procedure duration
Surgical site infection Date and microorganism
MRSA Surveillance Nasal swab

ASA: American Society of Anesthesiologists; BMI: body mass index; MRSA: 
methicillin-resistant staphylococcus aureus; COPD: Chronic obstructive 
pulmonary disease.
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procedures was 97.67 ± 11.24 minutes, and an average 
of 6.33 ± 0.58 operators were present in the operating 
room. The average length of hospital stay of those with 
SSI was 10.33 ± 6.11 days (Tab. III).
Regarding risk factors, only diabetes was found to be 
significantly associated with the risk of developing a 
Healthcare-Associated Infection (Tab. IV). Furthermore, 
analysis of the relationship between the number of 

operators in the operating room and the risk of developing 
an SSI revealed an odds ratio (OR) of 1.44 (95% CI 0.43-
4.86) for each additional operator present; however, this 
association was not statistically significant.
Demographic characteristics and intrinsic and extrinsic 
risk factors were evaluated for each patient who 
developed an SSI. 
Patient 1: a man 71-year-old underwent hip prosthesis 
surgery; the procedure lasted 95 minutes and a 
maximum of 7 operators were simultaneously present 
in the operating room. The patient's risk factors were: 
ASA 3, BMI 31.47 and impaired glucose tolerance. 
He was hospitalized for 9 days; 28 days post-
surgery, he developed an early infection according to 
current definitions, caused by Methicillin-Resistant 
Staphylococcus epidermidis (MRSE).
Patient 2: a man 81-year-old underwent knee prosthesis 
surgery; the procedure lasted 88 minutes and a 
maximum of 6 operators were simultaneously present in 
the operating room. The patient's risk factors were: ASA 
2, BMI 27.68 and diabetes. He was hospitalized for 5 
days and developed an early infection without culture 
isolation 3 days post-surgery.
Patient 3: a man 77-year-old patient underwent knee 
prosthesis surgery; the procedure lasted 110 minutes and 
a maximum of 6 operators were simultaneously present 
in the operating room. The patient's risk factors were: 
ASA 3, BMI 25.6. He was hospitalized for 17 days and 
developed an MRSE infection 27 days post-surgery.
All three patients had received prophylactic cefazolin, 
with correct timing and dose.

Discussion

Post-surgical infections in orthopedic prosthetic surgery 
carry serious disabling sequelae for the patient. Moreover, 
their treatment often necessitates re-operation or prolonged 
antibiotic therapy, with a potential impact on the onset of 
microbial resistance, and increases hospitalization costs. 
For these reasons, surveillance programs have been 
introduced into clinical practice, at both local and national 
levels. Indeed, SSI surveillance improves the quality of 
care, as it reduces the risk of infection [6]. In the SENIC 

Tab. II. Characteristics of patients and procedures.

% (N°)

Type of surgery
Mako robotic arm-assisted 37.29% (22)

Non-robotic 62.71% (37)

Type of prosthesis
Hip 28.81% (17)

Knee 71.19% (42)

Diabetes
Yes 10.17% (6)
No 89.83% (53)

N. operating room 
operators

5 28.81% (17)
6 52.54% (31)
7 10.17% (6)
8 5.09% (3)
9 3.39% (2)

Surgical prophylaxis

Cefazolin 69.49% (41)
Levofloxacin plus 

teicoplanin
27.12% (16)

Only teicoplanin 3.39% (2)

Trichotomy
No 5.08% (3)
Yes 94.92% (56)

ASA score
2 57.63% (34)
3 42.37% (25)

Tab. III. Patient- and procedure-related features.

SSIs No SSI p
Age (years) 76.33 ± 5.03 74.12 ± 7.81 NS
BMI 28.25 ± 2.97 28.58 ± 4.61 NS
Procedure duration 
(min)

97.67 ± 11.24 98.32 ± 23.58 NS

Hospital stay (days) 10.33 ± 6.11 6.18 ± 2.95 NS
ASA score 2.67 ± 0.58 2.41 ± 0.50 NS
Number of operators 
in operating room

6.33 ± 0.58 6 ± 0.97 NS

NS: not significant.

Tab. IV. Patient- and procedure-related risk factors.

No SSI Yes SSI p

Type of surgery 
Mako robotic arm-assisted 90.91% (20) 9.09% (2) 

NS
Open 97.30% (36) 2.70% (1)

Site of surgery
Hip 94.12% (16) 5.88% (1)

NS
Knee 95.24% (40) 4.76% (2)

Diabetes
Yes 66.67% (4) 33.33% (1)

< 0.001
No 98.11% (52) 1.89% (2)

Antibiotic prophylaxis
Cefazolin 92.68% (38) 7.32% (3)

NSLevofloxacin + teicoplanin 100% (16) 0
Only teicoplanin 100% (2) 0

Trichotomy
No 100% (3) 0

NS
Yes (hair removal cream) 94.64% (53) 5.36% (3)

NS: not significant.
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study, for instance, SSI surveillance programs, combined 
with a control and feedback program for surgeons, were 
found to be associated with a reduction in the incidence 
of SSIs  [7]. Moreover, a systematic literature review 
suggested that participating in a surveillance program 
could improve patient outcomes by reducing SSIs; this 
may be due either to a “surveillance effect” or to the 
implementation of evidenced - based practice aimed at 
preventing SSIs [8].
The Surgical Site Infections Surveillance Service in the 
United Kingdom reported the chronological development 
of SSIs from surgery to infection over a maximum one-
year monitoring period  [9]. In the years 2010/2011 
1,221 infections detected in 72,000 patients who had 
undergone hip and knee replacement procedures. 
Of the 1,221 infections detected in 72,000 patients who 
had undergone hip and knee replacement procedures 
in 2010/11 on considering inpatient monitoring, 
readmissions and post-discharge follow-up, most 
infections (85%) were manifested within 30 days 
following surgery, with an average time to infection 
of 14 days  [9]. Of these infections 42% were labeled 
as superficial, 43% as deep incisional, and 15% as 
organ/space infections, with occurrences of superficial 
incisional infections being documented only within 30 
days post-surgery [9]. 
Data from an observational study conducted in California 
on 25 patients who experienced an infection after hip 
surgery between March 2001 and December 2002 
showed that referrals owing to a diagnosis of infection 
after total hip arthroplasty significantly increased over 
five years (p  =  0.0083), while rates of non-infection-
related revisions remained steady (p  =  0.3910)  [10]. 
Deep infection, which is a severe complication, occurred 
in about 0.5 to 3% of primary total hip arthroplasties and 
in 4 to 6% of revisions [10].
SSI prevention includes a set of actions that are 
implemented during the preoperative, intraoperative 
and postoperative phases. In our case series, all patients 
underwent preoperative hair removal with depilatory 
cream, and in all the procedures observed, 2% 
chlorhexidine gluconate in 70% isopropyl alcohol [11] in 
single-dose dispensers was used as an antiseptic for skin 
preparation immediately before surgery (evidence 1A).
To date, no specific risk factors for the onset of SSIs in 
prosthetic surgery have been identified in the literature. 
Among the various risk factors described in the literature, 
with regard to the preoperative phase, we considered 
the ASA score, BMI, diabetes, immunosuppressive 
therapies, trichotomy (performed or not), nasal carriage 
of methicillin-resistant Staphylococcus aureus (MRSA), 
and blood glucose control. Concerning the intraoperative 
phase, we considered the administration of perioperative 
prophylaxis at appropriate times and in appropriate 
ways, the duration of surgery, and the number of 
operators present in the operating room. The only factor 
that proved to be significantly associated with SSIs was 
diabetes, the impact of which was greater than that of 
BMI or ASA score. This evidence is even more crucial in 
clinical practice, and emphasizes the need for intensive 

monitoring of blood glucose levels, both preoperatively 
and postoperatively, in order to keep blood glucose 
below 140 mg/dL. Monitoring should be consistently 
performed, even in non-diabetic patients. Unfortunately, 
however, monitoring is not consistently performed, even 
in diabetic patients 

Conclusions

In our study, surveillance of surgical site infections 
enabled us to identify only one risk factor that 
significantly impacted the development of postoperative 
infections, namely the presence of diabetes. In the three 
patients who developed an infection, blood glucose 
levels were not intensively controlled in the perioperative 
period, and in only one case was blood glucose tested 
before the procedure; the value recorded was 184 mg/
dL, which is well above the recommended cutoff. Once 
orthopedic surgeons had been informed of our findings, 
glycemia testing was routinely undertaken in both 
diabetic and non-diabetic patients. This adjustment to 
evidence-based practice was made possible only through 
active and prospective surveillance, which highlights the 
importance of such surveillance not only in numerical 
terms but also in terms of clinical impact. In the coming 
year, we plan to enroll further patients, in order to assess 
their outcomes and adherence to the newly implemented 
measure and to evaluate the impact of this measure on 
the incidence of infections.

Conflict of interest statement

The authors declare no conflict of interest.

Authors' contributions

All authors contributed to the writing of the manuscript. 
Data collection: MP, SB. Statistical analysis: MS. 

References

[1]	 Bandini L, D’Ancona F, Creti R, Ricchizzi E, Moro ML, 
Gagliotti C, Vecchi E, Fabbri E, Cavazzuti L, Tedeschi S. 
Protocollo Sorveglianza Nazionale delle Infezioni del sito 
chirurgico (SNICh2) e indicatori di prevenzione negli Ospe-
dali. (versione 1.0 - 12 ottobre 2022). Documento tecnico 
0050406-15/12/2022-DGPRE-DGPRE-P.

[2]	 Romanini E, Tucci G, Zanoli G, Ascione T, Balato G, Baldini 
A, Borre S, Capanna R, Da Rin De Lorenzo F, Drago L, Falez 
F, Fantoni M, Galluccio P, Maccauro G, Macri E, Marsella L.T, 
Meani E, Molendini L.O, Momoli A, Mongardi M, Mugnai-
ni M, Nocco L, Pellegrini A.V, Piccioli A, Riccio G, Romano 
C, Salomone C, Sandrone C, Schiavone Panni A, Sciortino R, 
Sessa G, Tarantino U, Tartaglia R, Venditti M, Zagra L, Pavan 
L. Linee Guida SIOT: prevenzione delle infezioni in chirurgia 
ortopedica - SISTEMA NAZIONALE LINEE GUIDA DELL’I-
STITUTO SUPERIORE DI SANITÀ- Società Italiana di Orto-
pedia e Traumatologia. 21 maggio 2021. Available at: https://
siot.it/wp-content/uploads/2021/06/LG-366-SIOT-Prevenzio-



SURVEILLANCE OF SURGICAL SITE INFECTIONS IN ORTHOPEDIC PROSTHETIC SURGERY

E277

ne-delle-infezioni-in-chirurgia-ortopedica.pdf (Accessed on 
06/12/2023).

[3]	 Lazzarini L, de Lalla F. Treatment and prevention of prosthetic 
joint infections. Trends Med 2003;3:75-82. Pharma Project 
Group srl.

[4]	 AMCLI ETS. Percorso Diagnostico Le infezioni di protesi arti-
colari e mezzi di osteosintesi. - Rif. 2023-14, rev. 2023. Avail-
able at: https://www.amcli.it/wp-content/uploads/2023/05/14_
PD-protesi_def16mag2023-tabelle-def.pdf (Accessed on: 
06/12/2023).

[5]	 Borchardt RA, Tzizik D. Update on surgical site infections: 
The new CDC guidelines. JAAPA 2018;31:524. https://doi.
org/10.1097/01.JAA.0000531052.82007.42.

[6]	 Marchi M, Pan A, Gagliotti C, Morsillo F, Parenti M, Resi 
D, Moro ML; Sorveglianza Nazionale Infezioni in Chirurgia 
(SNICh) Study Group. The Italian national surgical site infection 
surveillance programme and its positive impact, 2009 to 2011. 
Euro Surveill 2014;19:20815. https://doi.org/10.2807/1560-
7917.es2014.19.21.20815.

[7]	 Hughes JM. Study on the efficacy of nosocomial infection control 
(SENIC Project): results and implications for the future. Chem-
otherapy 1988;34:553-61. https://doi.org/10.1159/000238624.

[8]	 Abbas M, Tartari E, Allegranzi B, Pittet D, Harbarth S. The 
Effect of participating in a Surgical Site Infection (SSI) Sur-
veillance Network on the time trend of SSI rates: a systematic 
review. Infect Control Hosp Epidemiol 2017;38:1364-6. https://
doi.org/10.1017/ice.2017.186.

[9]	 Lamagni T. Epidemiology and burden of prosthetic joint infec-
tions. J Antimicrob Chemother 2014;69(Suppl 1):i5-10. https://
doi.org/10.1093/jac/dku247.

[10]	 Bozic KJ, Ries MD. The impact of infection after total hip 
arthroplasty on hospital and surgeon resource utilization. J 
Bone Joint Surg Am 2005;87:1746-51. https://doi.org/10.2106/
JBJS.D.02937.

[11]	 Darouiche RO, Wall MJ Jr, Itani KM, Otterson MF, Webb AL, 
Carrick MM, Miller HJ, Awad SS, Crosby CT, Mosier MC, 
Alsharif A, Berger DH. Chlorhexidine-alcohol versus povidone-
iodine for surgical-site antisepsis. N Engl J Med 2010;362:18-
26. https://doi.org/10.1056/NEJMoa0810988.

Received on December 8, 2023. Accepted on January 18, 2024.

Correspondence: Martina Porretto, Health Directorate Galliera Hospital, Genoa, Italy, Department of Health Sciences, University of Genoa, 
Genoa, Italy. E-mail: martina.porretto@gmail.com

How to cite this article: Porretto M, Parente F, Del Puente F, Parisini A, Tigano S, Nelli M, Mazzola C, Damiani G, Adriano G, Sartini 
M, Pontali E, Cristina Ml, Boni S. Surveillance of surgical site infections in orthopedic prosthetic surgery: a tool for identifying risk factors 
and improving clinical practice. J Prev Med Hyg 2024;65:E273‑E277. https://doi.org/10.15167/2421-4248/jpmh2024.65.2.3141

© Copyright by Pacini Editore Srl, Pisa, Italy

This is an open access article distributed in accordance with the CC‑BY‑NC‑ND (Creative Commons Attribution‑NonCommercial‑NoDerivatives 4.0 International) license. 
The article can be used by giving appropriate credit and mentioning the license, but only for non‑commercial purposes and only in the original version. For further infor‑
mation: https://creativecommons.org/licenses/by‑nc‑nd/4.0/deed.en



 OPEN ACCESS   J PREV MED HYG 2024; 65: E278-E284

https://doi.org/10.15167/2421-4248/jpmh2024.65.2.3148E278E278 E278

Introduction

Information and Communication Technologies (ICT) are 
a set of technologies that provide access to information 
via telecommunications and enable users to create and 
exchange contents. The advent of ICT in the 1990s and 
their subsequent worldwide diffusion have influenced 
human life, improving the quality of services and 
activities and reducing their costs. Their widespread 
applications have brought changes to the functioning of 
the public, private and non-profit sectors, including that 
of public health organizations [1].
According to the DIGITAL 2023 report, approximately 
64.4% of the world’s population has access to the 
Internet; 91% of online users access the web from 
smartphones, while 65.6% also connect from laptop 
or desktop computers. Users aged from 16 to 64 years 
access the Internet for the following main reasons: 
to find information, to stay in touch with friends and 
family, to keep up to date with news and events, to watch 
videos, TV programmes and movies, and to find out how 
to do things [2]. 
In Italy, 86.1% of the population access the Internet; 
94% of users between 16 and 64 years of age do so 
from smartphones, and 77.3% also from laptops or 

desktops. Their main reasons are: to find information, 
to keep up to date with news and events, to find out how 
to do things, to find new ideas or inspiration, to gather 
information on places and to organise vacations and 
travel  [3]. Moreover, 52.23% of Italians seek health-
related information online [4]. However, 52.4% of adults 
(> 18) are concerned about online misinformation [3, 5].
Since the early 2000s, online health information has 
proliferated, and attitudes toward physicians and 
health organizations have changed. As individuals 
now feel more empowered and actively involved in 
taking decisions regarding health issues, many turn to 
the Internet as their primary source of health-related 
information before seeking medical attention  [6]. 
However, the quality of online health information can 
vary enormously, ranging from professionally reviewed 
and evidenced-based information to personal opinions 
and conspiracy theories  [7,  8]. Moreover, individuals 
do not always have the skills to understand whether 
online information is reliable or not. This can lead to 
unnecessary distress and can increase the tendency to 
self-diagnose and self-treat. By contrast, if online health 
information is used with awareness, it can also have a 
positive impact, as improving the patient-physician 
relationship [9, 6, 10]. 
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Summary

Introduction. Appropriate communication models and strategies 
are crucial in order to strengthen preventive and health promotion 
interventions via digital platforms. Today, 52.23% of the Italian 
population use the Internet as a source of health-related infor‑
mation. The aim of the “Insegna Salute” project was to create a 
website that would enable people to satisfy their knowledge health 
needs and increase their awareness in the field of prevention.
Methods. To develop the website, a qualitative literature research 
was carried out to collect an overview of effective online health 
communication strategies and tools before, during and after the 
COVID-19 pandemic. Further, we implemented the website inse‑
gnasalute.it according to the one-to-many (screen-to-face) com‑
munication model. The second part of the research focused on 
identifying tools to ensure the constant update of the platform. 
Finally, we proceeded with the creation of the visual identity.
Results. The research resulted in 28 sources regarding health 

communication, vaccine hesitancy, online health information 
seeking, visual identity, current digital and social trends and 
mis/disinformation. Many publications reported that healthcare 
professionals (HCPs) are the main providers of evidence-based 
information and the most effective agents against misinformation. 
Furthermore, most of the articles advocated the use of digital 
technologies, such as social media and websites, along with pro‑
active and targeted communication strategies.
Conclusions. Vaccination hesitancy and other health prevention 
issues require accurate tools to build trust-based relationships 
between users and healthcare professionals. In line with the pre‑
ventive guidelines issued by the Italian Ministry of Health, new 
tools, such as “Insegna Salute”, integrate health knowledge with 
communication strategies. In the wake of the COVID-19 pan‑
demic, preventive measures are essential to protect the population 
from misinformation spread and the probability of getting ill.
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Since 2020, following the COVID-19 pandemic, an era 
of unprecedented “infodemic” has emerged. Indeed, the 
World Health Organization (WHO) has identified the 
“uncontrolled spread of false information”, including 
misinformation on vaccines, as one of its pressing health 
concerns for the coming decade [11, 12]. In this regard, 
studies carried out in Italy have reported that people 
who access the available evidence-based information 
and institutional websites display greater acceptance 
of vaccination. By contrast, individuals who use social 
media or the Internet as their first source of information 
are more likely to be vaccine hesitant, owing to the 
frequent incorrectness of such sources [13, 14]. Indeed, 
in navigating the web, e-health literacy skills have 
become crucial, as they can mitigate the effects of false 
information on vaccination. Providing health literacy 
skills and implementing certified online evidence-based 
sources are therefore essential to fight the “infodemic” 
phenomenon [15, 16, 10]. 
Historically and consistently, healthcare professionals 
(HCP), healthcare organizations and academic institu-
tions have played a leading role in driving vaccination 
acceptance. Furthermore, HCP-led messaging via social 
media platforms has been proven to be beneficial during 
recent public health crises and vaccination campaigns. 
Pro-active strategies that focus on effectively and safely 
engaging HCPs via social media foster collaboration be-
tween medical and public health communities, thereby 
spreading accurate information and correcting misin-
formation online. These initiatives offer promising ap-
proaches to improve vaccination coverage and prevent 
health problems [16, 17, 12].
To be successful, communication strategies aimed 
at countering misinformation must be targeted 
to specific subgroups, as enhanced specificity in 
interventions can efficiently mitigate the spread of 
the infodemic  [8]. For instance, large-scale research 
indicates that approximately half of online health-
related search sessions do not concern the individual’s 
own health, but rather that of another person. Searches 
are more likely to occur when there is a significant 
emotional connection between the individuals involved, 
particularly in intrafamily relationships such as parent-
child relationships. The results of these studies indicate 
that parents worldwide frequently rely on the Internet 
to seek information regarding their child’s health-related 
symptoms and guide their decisions  [18]. According 
to a recent survey, 60% of parents in Italy stated that 
they would use the Internet to search for information on 
vaccines [19]. 
Meta-analyses indicate that fact-checking or debunking 
can serve as effective methods of rectifying misinfor-
mation  [20]. Developing platform-based interventions 
that verify the source and quality of information is a 
potentially effective approach to tackle widespread mis-
information. Public organisations are among the main 
stakeholders involved in implementing these interven-
tions [20]. 
A valid example of a successful preventive platform is 
the Italian VaccinarSì project. Created in 2013 by the 

Italian Society of Hygiene and Preventive Medicine 
(SItI), this vaccine communication website was designed 
to fight vaccination hesitancy. Following the success of 
the national website, several Italian Regions began to 
develop their own regional versions [19]. 
In this setting, the project “Insegna Salute” was developed 
by the Department of Health Sciences of the University 
of Genoa (Italy), with the aim of creating a website to 
share all the health promotion and preventive actions 
targeting the population, such as informative health and 
vaccination campaigns. The website provides a source of 
evidence-based information that allows users to satisfy 
their knowledge health needs and raise awareness in the 
field of prevention, by combating misinformation and 
teaching the skills needed to recognise reliable sources. 

Materials and methods

To develop the website, previous studies on the 
implementation of online awareness-raising projects 
on health topics were sought via the main search 
engines: PubMed, Scopus and Google Scholar. The 
topics of interest and analysis mainly concerned health 
communication, vaccine hesitancy, communication 
models and strategies, website design and the target 
populations of the projects. 
The methodology adopted for the research was 
qualitative, with the intention of collecting information 
regarding the online seeking behaviour of the population 
from a socio-communicative point of view. During the 
harvesting process, the research group paid special 
attention on effective communication interventions and 
strategies applied in contexts comparable to “Insegna 
Salute”. The primary literature search did not include 
any geographical criteria, whereas the secondary 
search was restricted to Italian contents. Overall, the 
investigation was limited to data published since 2015, 
in order to obtain a perspective before, during, and after 
the COVID-19 pandemic. 
Each source collected was verified and applied 
coherently with the specific case, in order to determine 
the most effective approach to the development of the 
website and its content.
Regarding websites designed for information and 
educational purposes, the one-to-many (screen-to-
face) communication model is the most widely used. 
Therefore, this tool will be used and combined with 
other specific targeted communication strategies to 
achieve the goal stated above.
The second part of the research process concerned the 
identification of tools that would allow the platform to 
be constantly updated over time. Tools such as Google 
analytics and questionnaires are implemented in order 
to verify its effectiveness, by analysing the number of 
visitors and their satisfaction with the platform and to 
ascertain individuals’ online health information seeking 
tendencies. 
Another crucial step in the “Insegna Salute” project 
was the creation of the visual identity, which started by 
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Tab. I. Summary of the medical papers selected in the present article.

Authors
Publication 

year
Main Theme/Topic Main conclusions

Methods of 
evaluation

Yifeng Hu 
[5]

2015
Online health 
communication

Technologies can be implemented as tools to improve 
health communication.

Systematic 
review

Tan SS et 
al. [6]

2017

Patient-Physician 
Relationship
Online health 
communication

Internet health information seeking can improve the 
patient-physician relationship.

Systematic 
review

Getman R 
et al. [9]

2018
Vaccine Hesitancy
Online health information

A crowd-based mode of authority, that provides 
understandable information about vaccines, may be 
more effective at distributing pro vaccine messages.

Media Analisys

Kubb C et 
al. [18]

2020
Online health information
Parents online behaviour

More studies are needed to understand parental online 
search behaviours and support parents in their medical 
decision making.

Systematic 
review

Islam MS et 
al. [7]

2021

COVID-19
Online health 
communication
Vaccine Hesitancy

Tracking COVID-19 vaccine misinformation in real-time 
and engaging with social media to disseminate correct 
information could help safeguard the public against 
misinformation.

Online content 
analysis

Garett R et 
al. [12]

2021
Vaccine hesitancy
Online health information

Public health experts, the medical community and 
vaccine advocates should correct misinformation online. 
In addition to social media engagement, new digital tools 
and applications may be useful in this effort.

Systematic 
review

Hernandez 
RG et al. 
[16]

2021
COVID-19
Online health information
Vaccine Hesitancy

Strategies focused on efficiently and safely engaging 
HCPs on social media and sustaining efforts across 
vaccine implementation stages will help prevent 
misinformation.

Algorithms and 
online content 

analisys

Viswanath 
K et al. [17]

2021
COVID-19
Online health information
Vaccine Hesitancy

Implementing a pro-active communication campaign 
strategy must ensure that people are willing to vaccine 
and that vaccination is uniform across different 
population groups.

Online survey

Bordin P et 
al. [19]

2021
Health information website
Vaccination

Findings can help website developers to update future 
strategies to increase the platform popularity and 
optimize visitors’ engagement.

Google 
Analytics

Zhang J et 
al. [20]

2021
Online health information
Vaccination

Fact checking using evidence-based sources can 
minimize misinformation.

Online survey 
experiment

Arghittu A 
et al. [28]

2021
Health information website
Vaccination

Initiatives, such as health information website must be 
implemented to fight vaccine hesitancy.

Google 
Analytics

Arghittu A 
et al. [14]

2021

COVID-19
Online health 
communication
Vaccination

Cooperation between the media and scientific 
professional can constitute an effective network in 
debunking disinformation and providing evidence-
based sources.

Google 
Analytics

Kim S et 
al. [8]

2022 COVID-19
Online health information

The existence of groups with unique characteristics 
allows targeting of misinformation mitigation 
strategies.

Online Survey

Wu P et al. 
[10]

2022 Online health information
E-satisfaction should be further enhanced by 
information seeking as online healthcare practices 
evolve and change.

Online Survey

Dib F et al. 
[11]

2022
COVID-19
Online health information
eHealth literacy

e-Health and media literacies should be viewed as 
fundamental skills that allow citizens to recognize 
online mis/disinformation and ensure informed 
decision about vaccination.

Systematic 
Review

Pierri F et 
al. [15]

2022
COVID-19
Online health information
Vaccine Hesitancy

Results support a need for interventions that address 
misbeliefs, allowing individuals to make better-informed 
health decisions.

Online 
misinformation 

analysis

Covolo L et 
al. [22]

2022 Online health information

The result obtained for the survey suggest the need 
to improve health literacy in the general population. 
Healthcare professionals need to equip themselves with 
framework to respond effectively to their patients’ needs.

Online Survey

Tagini S et 
al. [25]

2022
COVID-19
Online health information 
Vaccine Hesitancy

Vaccine-related communications should be clear 
and understandable to prevent the spreading of 
misunderstandings and fake information, that may 
foster people’s insecurities and distrust. Efficacious 
vaccine-related communications may be crucial to 
inform policymakers and public authorities in the case 
of possible future infectious outbreaks.

Online Survey
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defining the goals of the project and determining how 
these could best be represented through a composition 
of elements and colours. This process involved several 
professionals: physicians, communication specialists, 
public health experts and medical graphics designers. 
Indeed, the visual identity is the manifestation of the 
product and is intended to evoke certain feelings in the 
viewer. It also makes the entity recognisable by giving 
more depth to the entire project structure [21].

Results 

As a result of the literature research, 28 sources were 
selected. Of these, 24 were medical journals papers, 
1 was a visual identity online article, 2 were digital 
and social scenario reports and 1 was a Eurostat 
database [1‑28]. 
Out of the 24 medical papers (Tab I), 5 were published 
between 2015 and 2020 and dealt with the pre-
COVID-19 online dissemination of health information 
and vaccination hesitancy. The rest (19) were defined 
as post-COVID-19 (2021-2023) papers: 9’s main 
topics were health communication problems during 

the pandemic, while the other 10 covered topics such 
as primary care and strategies for fighting online 
misinformation. The main evaluation methods and 
tools used in the articles were: systematic reviews, 
analyses of media and online content, online surveys 
and Google analytics. Furthermore, 11 of the total were 
Italian and provided more specific knowledge about the 
setting for our website.
Of the latter, 2 papers reported that participants relied less 
frequently on online health information than expected. 
The first one, stated that 36.5% of the study participants 
believed that online information did not improve their 
health knowledge, and 40.8% that online information 
did not influence their health  [22]. Moreover, in the 
second one, 37% of the participants reported that they 
rarely turned to websites for health information and 46% 
stated that they had little trust in information obtained 
from websites [23].
Finally, multiple team-work sessions led to the creation 
of the visual identity, which symbolises a pencil and 
a tree (Fig. 1). The aim was to represent the goals of 
the website: to educate and inform the population over 
a lifelong perspective. The colours most often used 
in education and awareness-raising settings of health 

Tab. I (follows). Summary of the medical papers selected in the present article.

Authors
Publication 

year
Main Theme/Topic Main conclusions

Methods of 
evaluation

Arghittu A 
et al. [1]

2023 COVID-19
Online health information

It is urgent to strengthen and innovate the network 
of territorial social-health services and to devise 
new integration strategies, promoting the active 
participation of citizenship.

Systematic 
Review

Bianchi FP 
et al. [13]

2023
COVID-19
Vaccination hesitancy
Online health information

Achieving high vaccination coverages requires a 
multifactorial approach that demands major social, 
scientific, and health efforts. The success of vaccination 
campaigns in this population depends on the capillarity 
and consistency of the implemented interventions.

Systematic 
Reviews and 

Meta-Analyses 
(PRISMA)

Bianchi FP 
et al. [27]

2023 Online health information

A multifactorial approach is needed so that institutions 
can regain the trust of the population and thus better 
manage the feelings of online users and use mass 
media and social media as health promotion tools, to 
fight the issue of VH and understand the role of social 
and traditional media.

Systematic 
Reviews and 

Meta-Analyses 
(PRISMA)

Ferrara M 
et al. [26]

2023 Vaccine Hesitancy

It is necessary to strengthen the trust of the population 
through the implementation of health communication 
and public education strategies. Scientific literacy 
must continue to support families and individuals in 
discerning evidence from opinions.

Systematic 
review

Zhang Q et 
al. [24]

2023 Parents online behaviour

Operators need to create a user-friendly platform and 
improve information quality. Physicians and related 
organizations can raise awareness and assist patients in 
developing the skills to appropriately comprehend and 
utilize information online.

Online survey

D’Andrea 
et al. [23]

2023 Online health information

An important result of the study is that online health 
information seekers consider the family doctor a 
point of reference both for obtaining information 
and for discussing the information found online. The 
respondents mainly rely on official sources for health 
information research. Educational strategies should 
be activated at the school level to train students to 
become more aware of the risk associated with online 
health information.

Online survey
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prevention are orange and green. Indeed, green is often 
associated with trust, while warm colours such as orange 
convey positivity. Figure 1 shows the visual identity of 
the “Insegna Salute” project. 

Discussion

Many publications cited HCPs as the main agents for the 
dissemination of evidence-based information and those 
who could most effectively fight mis/disinformation 
(see Tab. I). Furthermore, as previously said in the 
“Results” section, most articles advocated the use of 
digital technologies, such as social media and websites, 
combined with the implementation of active and targeted 
communication strategies. 
During the literature search, no sources were found to 
refute the use of digital platforms for the dissemination 
of health information. Most of the articles collected 
supported the fact that online media were found to be 
crucial in the last few years in the processes of educating 
the population on health. 
Today, it is essential to adopt these combinations in 
order to enhance initiatives for health prevention and 
promotion, thereby supporting the goals of the “life-
course” approach, which is aimed at maintaining well-
being throughout life. Therefore, the insegnasalute.
it website adopts the “one-to-many” (screen-to-
face) communication model, which is used in mass 
communication and is aimed at educating and informing 
the population. The model involves one sender, who 
transmits to several receivers through a one-way 
communication channel, such as television or radio. Its 
application can also be targeted via devices that allow 
network access (screen-to-face), such as computers, 
smartphones and tablets. Thus, the interaction features 
of these tools can be linked to a more authoritative and 

informative communication, addressing the scientific 
knowledge of topics. 
As the website has a user-centred design, it features a 
dynamic and user-friendly interface. The aim is to let 
individuals navigate the website easily and find the 
information they are looking for  [24]. Another key 
feature is the use of clear and understandable language 
and terminology  [25, 26]. Users are also able to learn 
the meanings of various scientific terms, thanks to a 
dedicated page called “Glossario”. Moreover, in order 
to help people to distinguish between correct from false 
information and to increase their level of health literacy, 
a dedicated section shows them how to use online 
health information in a safer and more conscious way. 
Sections are dedicated to preventive health topics, the 
Department’s projects, news from the Italian Ministry of 
Health and from the medical-scientific field. 
Over the last few years, the concept of the superstar 
scientist has been debunked, as it is not effective in 
promoting health information. Instead, what is required 
is the widespread availability of institutional channels 
managed by teams of specialists in medicine, health, 
communication and psychology  [27]. Our work team 
will make sure that the information reported will be 
transparent, objective and based on reliable scientific 
sources, which will be available for more specific 
consultation. 
As specified above, the goal is not only to inform people, 
but also to understand and meet their needs. Google 
Analytics, questionnaires and surveys therefore provide 
data on users’ health literacy, needs and online health-
seeking behaviour, thus enabling the insegnasalute.it 
website to be constantly updated and its effectiveness 
enhanced. In addition, a newsletter will keep users 
informed about articles published on the website and 
news of interest  [14, 28]. It is, however, important to 
remember that the pattern of visits to the website will 
be unpredictable and might be related to news facts or 
other events [19]. 

Conclusions

According to several studies, the features most required 
of a digital platform are performance expectancy, effort 
expectancy, social influence, perceived risk, and eHealth 
literacy. The new technology must therefore be easy to 
use and effective, satisfy users and attract new ones, 
respect privacy guidelines and provide accurate and 
comprehensible health information [27].
Vaccination hesitancy and other health prevention issues 
can only be addressed through the use of proper and 
accurate tools that allow a trust-based relationship to be 
built.
The creation of a dedicated digital platform enables 
on-site interventions to have continuity, through the 
constantly updated information provided and the 
communications sent to newsletter subscribers. In 
accordance with the 2020-25 National Prevention 
Plan guidelines provided by the Italian Ministry of 

Fig. 1. Visual identity of the health promotion and prevention 
project “Insegna Salute”.
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Health, modern tools are used in combination with 
health knowledge and new communication strategies. 
Indeed, in the wake of dangerous global events such 
as the COVID-19 pandemic, preventive measures have 
become essential in order to protect the population from 
the spread of communicable diseases. 
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Introduction

The Italian Society for Artificial Intelligence in Medicine 
(Società Italiana Intelligenza Artificiale in Medicina - 
SIIAM) conducted its First Annual Meeting on December 
7, 2023, a pivotal step in its mission of integrating 
artificial intelligence (AI) into Italy's healthcare 
landscape. This event gathered a multidisciplinary 
cohort of 51 professionals (36 males and 15 females), 
comprising 36 physicians and 15 non-physicians, 
encompassing mathematicians, veterinarians, engineers, 
statisticians, lawyers, and data scientists. The diversity 
of this group is not merely a demographic characteristic 
but a critical asset for fostering innovation in healthcare 
through interdisciplinary collaboration on healthcare 
advancements [1].
Research indicates that the blend of diverse professional 
backgrounds catalyzes innovative thinking in healthcare. 
Additionally, the cognitive diversity of interdisciplinary 
teams, such as the one assembled at the SIIAM meeting, 
is crucial for fostering innovation through debate and 
knowledge exchange and enhancing group performance, 
particularly in innovative settings [2, 3]. 

During the conference, a key highlight was the 
collaborative workshop moderated by the organizers, 
wherein attendees were organized into diverse groups to 
brainstorm ideas centered on the integration of AI within 
Italy's healthcare framework. In this paper, we report the 
insights that emerged from this workshop, reflecting the 
participants' collective creativity and forward-thinking 
vision.

SIIAM collaborative workshop
The collaborative workshop was designed to foster 
individual and group discussion about introducing AI 
solutions in healthcare. Participants spent the first time 
slot thinking individually about a particular issue they 
identified within the Italian healthcare system that they 
thought could be addressed with AI-based solutions. 
Next, they had a time slot to discuss their thoughts with 
the person next to them. After this, they were joined into 
groups of four to five people to discuss their proposals. 
Each group chose a representative to present their ideas 
in a plenary session. Each group representative presented 
one or more proposals, based on group consensus. In 
this phase, a lively Q&A session with questions from the 
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Summary

The first annual meeting of the Italian Society for Artificial Intel‑
ligence in Medicine (Società Italiana Intelligenza Artificiale in 
Medicina, SIIAM) on December 7, 2023, marked a significant 
milestone in integrating artificial intelligence (AI) into Italy's 
healthcare framework. This paper reports on the collaborative 
workshop conducted during this event, highlighting the col‑
lective efforts of 51 professionals from diverse fields including 
medicine, engineering, data science, and law. The interdiscipli‑
nary background of the participants played a crucial role in gen‑
erating ideas for innovative AI solutions tailored to healthcare 
challenges. Central to the discussions were several AI applica‑
tions aimed at improving patient care and streamlining health‑
care processes. Notably, the use of Large Language Models 
(LLMs) in remote monitoring of chronic patients emerged as an 
area of focus. These models promise enhanced patient monitor‑

ing through detailed symptom checking and anomaly detection, 
thereby facilitating timely medical interventions. Another sig‑
nificant proposal involved employing LLMs to improve empathy 
in medical communication, addressing the challenges posed by 
cultural diversity and high-stress levels among healthcare pro‑
fessionals. Additionally, the development of Machine Learning 
algorithms for standardizing treatment in pediatric emergency 
departments was discussed, along with the need for educational 
initiatives to enhance AI adoption in rural healthcare settings. 
The workshop also explored using LLMs for efficient data extrac‑
tion and analysis in scientific literature, interpreting healthcare 
norms, and streamlining hospital discharge records. This paper 
provides a comprehensive overview of the ideas and solutions 
proposed at the workshop, reflecting the participants' forward-
thinking vision and the potential of AI to revolutionize healthcare.
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moderators and the audience helped explore and refine 
the proposals.

Remote Patient Monitoring Using LLMs
The clinical applications of AI emerged as the topic 
that the proposals most frequently centered on. One 
emerging theme was the remote monitoring of patients, 
particularly chronic patients with several comorbidities. 
While some mHealth solutions already exist, Large 
Language Models (LLMs) show great potential for 
timely, detailed symptom checking and patient remote 
monitoring. This application of LLMs enables the 
development of anomaly detection and alert systems, 
which can identify deviations from a patient's usual 
health patterns and prompt timely interventions [4]. 
Participants highlighted how future solutions tackling 
remote monitoring of patients, including LLMs, 
will benefit from the implementation of the national 
telemedicine platform [5, 6].
Remote patient monitoring, while offering numerous 
benefits, faces several challenges. These include issues 
related to the implementation of national platforms, 
concerns about data privacy laws, costs associated with 
monitoring devices, the phenomenon of alert fatigue, 
and the necessity for real-world testing and validation.

Empathy in medical communication
Another proposal underlined the importance of empathy in 
medical communication [7, 8]. Communication between 
patients and healthcare professionals, either nurses 
or physicians, may be marred by misunderstandings 
or miscommunications, and empathy is an important 
element of a successful clinical communication 
strategy  [9]. Factors that may negatively impact 
communication and the successful use of an empathic 
approach include high workload and burnout prevalence 
among healthcare workers, which is characterized by 
emotional exhaustion, depersonalization, and reduced 
personal accomplishment [10]. In addition, patients with 
different cultural and social backgrounds could have 
different communication styles. One group suggested 
using LLMs to collect data to enact better communication 
strategies tailored to individual patients’ needs  [11]. 
Whereas some tests already address this issue and attempt 
to gather data to identify specific communication styles 
best tailored to a patient’s needs, they are flawed by the 
impossibility of collecting non-structured data. The nature 
of communication itself, however, suggests that there may 
be a need for a tool capable of analyzing conversations 
and extracting data flexibly  [12]. Participants proposed 
conducting a prospective study where healthcare 
practitioners have a conversation with patients and record 
it, then fine-tune an LLM to analyze it and provide a 
report on possible strategies and improvements. Data 
standardization is, however, critical: such a qualitative 
data source must be handled with care to train an LLM.
The use of LLMs in medical communication is promising, 
but not without limitations. Challenges include 
establishing a reliable ground truth for communication, 
a high risk of biases, significant privacy concerns, and 

insufficient audio capability alone to capture emotional 
nuances. Moreover, while analyzing facial expressions 
could enhance understanding, it remains a contentious 
issue due to privacy and ethical considerations [13].

Standardizing Pediatric Emergency Care
One group suggested creating a Machine Learning (ML) 
algorithm to address the issue of inconsistent treatment 
approaches in pediatric emergency departments [14, 15]. 
The proposed steps were: a comprehensive review 
of existing literature, searching for existing solutions 
tackling problems in the realm of pediatric emergencies, 
consultation with clinical experts in the field to identify 
previously unaddressed solutions or to explore feedback 
from their side (e.g., adopting Delphi surveys as an 
instrument for expert opinion collection), and the 
execution of targeted clinical studies to evaluate and 
refine the algorithm  [16]. This algorithm should be 
designed to standardize patient care by incorporating 
a set of defined clinical parameters and systematically 
extracting data from patients' clinical files and other 
pertinent diagnostic information (e.g., lung imaging, 
given the high burden of respiratory disease among 
pediatric patients in emergency departments) [17].
Developing an AI algorithm to standardize treatment 
in pediatric emergency departments is complex. 
Limitations include the scarcity of pediatric-specific 
emergency data, the need for a multimodal AI model 
due to the diverse nature of pediatric emergencies, and 
the challenge of achieving expert consensus, which is 
crucial for training an effective AI clinical model. These 
challenges highlight the necessity for a gold standard 
in data and methodology given the difficulties in data 
collection and expert agreement in these settings [18].

Bridging the technological divide
A critical challenge that emerged is the scarcity 
of infrastructure necessary for leveraging AI and 
optimizing data availability in hospitals situated in 
remote or low-income areas. Such limitations are 
particularly pronounced outside of metropolitan areas 
and university hospitals. To mitigate this issue, SIIAM 
should promote educational and informational projects 
to elevate awareness of the benefits of AI’s application 
in healthcare in underserved regions. These initiatives 
are crucial for bridging the technological divide and 
ensuring that advancements in AI and data analytics 
translate into tangible health benefits across diverse 
geographical landscapes.
Moreover, addressing the technological and digital 
divide within the elderly population is imperative. Italy 
is the "oldest" country globally, with approximately 23% 
of its population over the age of 65. This demographic 
not only requires the majority of healthcare resources 
but also faces significant challenges in accessing and 
utilizing digital technologies. The elderly are often 
less familiar with digital tools and platforms, which 
hinders their ability to benefit from AI-driven healthcare 
solutions. Therefore, targeted efforts must be made to 
include elderly individuals in educational initiatives, 



PERSPECTIVES ON AI USE IN MEDICINE: VIEWS OF THE ITALIAN SOCIETY OF ARTIFICIAL 
INTELLIGENCE IN MEDICINE

E287

ensuring they understand and can access AI technologies.
While education and awareness about AI's potential 
in healthcare are important, they alone cannot bridge 
the technological divide in remote or low-income 
areas and among the elderly. Significant investment 
in digital infrastructure is crucial for the practical 
implementation of AI solutions in these regions and for 
this demographic [19].
By combining educational efforts with substantial 
infrastructure investments, we can ensure that AI-driven 
healthcare improvements are inclusive and equitable, 
thereby addressing the diverse needs of Italy's aging 
population alongside other underserved communities.

Efficient data extraction and analysis
Researchers participating in the workshop reported on the 
issue of data extraction and quality analysis in scientific 
literature and suggested leveraging LLMs to address 
this [20]. These tools could navigate vast arrays of academic 
texts, identify pertinent data, and thoroughly assess the 
research findings. By deploying LLMs, researchers have 
the potential to streamline the process of manual literature 
reviews, facilitating more efficient extraction of relevant 
information and providing a rigorous analysis of the data's 
integrity and relevance. For example, tools like ChatGPT 
and similar models can quickly summarize key points 
from extensive research papers or support title-abstract 
screening phase in systematic reviews.
While LLMs offer transformative potential in data 
extraction and quality analysis in scientific literature, 
they place significant limitations. Researchers must 
validate each step performed by AI to ensure the 
accuracy and reliability of the results, Moreover, the 
over-reliance on automated systems can lead to the 
risk of deskilling researchers. Additionally, creating 
trustworthy systems that are readily accepted by 
healthcare professionals remains challenging, and there 
is a risk of misinformation, and biases being introduced 
into the research process [21].

Interpreting healthcare norms and 
communications
Introducing new norms in healthcare practice often yields 
diverse impacts, shaped by policy directives from various 
levels of governance, including local, regional, national, 
and international bodies  [22]. Similarly, directives 
from hospital management play a pivotal role at a more 
localized level. Interpreting these norms and directives 
poses significant challenges, particularly in assessing 
their interplay with existing norms and recalling pertinent 
past communications. Workshop participants bringing up 
these problems underlined the potential of LLMs in this 
context. They can be effectively employed for assessing 
the impact of new norms, examining their interactions 
with pre-existing ones, and keeping abreast of relevant 
changes and updates [23]. These applications are valuable 
not only for individuals tasked with drafting these norms 
and communications but also for those who interpret and 
implement them. The utilization of LLMs in this capacity 
is anticipated to yield substantial benefits. By alleviating 

the burden associated with interpreting complex norms 
and translating them into plain language, these tools can 
aid healthcare professionals in adapting their practices to 
new or updated standards and guidelines. Additionally, 
they offer the potential to identify and address any blind 
spots in the norms before their implementation, enhancing 
the overall efficacy and applicability of healthcare policies 
and directives. While LLMs show promise in interpreting 
healthcare norms and directives, their use is not without 
challenges. These include the risk of generating inaccurate 
or misleading content (known as 'hallucinations') and the 
potential for deskilling professionals to over-reliance on 
automated interpretation. Additionally, interpreting laws 
involves a degree of subjectivity that may be difficult for 
LLMs to navigate.

Streamlining hospital discharge records
The task of compiling hospital discharge records 
(Scheda di Dimissione Ospedaliera, SDO) often presents 
a significant administrative burden for physicians. This 
process involves identifying the appropriate diagnosis-
related group (DRG) for conditions and interventions 
and managing administrative details, which is complex 
and time-consuming. This situation often leads to 
heterogeneity in SDOs across different practitioners 
and healthcare facilities, potentially resulting in 
inconsistencies in patient information, variations in care 
quality, and challenges in maintaining comprehensive 
patient histories  [24]. Data from discharge records 
in Italy flow into a unified national SDO database 
and are, at least theoretically, among the most highly 
standardized healthcare datasets available nationally, 
as they are relevant both to clinical and public health 
research and are how hospital services within the Italian 
national healthcare service are paid. The use of AI 
solutions to improve the standardization of data entry 
and create a semi-automatic process to complete SDO 
entries could significantly lighten the administrative 
burden on physicians while ensuring higher data quality. 
Additionally, physicians are tasked with preparing 
hospital discharge letters (HDLs) often resulting in 
unstructured texts that are pieced together through 
the repetitive copying and pasting from previous 
reports, which can compromise the quality of these 
documents. Despite these challenges, discharge records 
are indispensable for ensuring continuity of care, as 
they enable primary care and specialist doctors outside 
the hospital to manage patient care post-discharge 
effectively. A viable solution to mitigate these issues 
involves leveraging electronic healthcare records to 
populate HDLs automatically.
Subsequently, LLMs can draft discharge letters, which 
the physicians would review and finalize. This approach 
not only streamlines the administrative process but 
also enhances the consistency and quality of patient 
care documentation, ultimately reducing the workload 
on healthcare professionals and ensuring a more 
standardized approach to patient discharge procedures. 
The communication style in the discharge letter could be 
tailored to the individual patient’s communication style, 
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integrating this solution with the one previously proposed.
While leveraging electronic healthcare records with 
LLMs for drafting discharge letters streamlines the 
process, it faces limitations. These include potential 
legal issues related to giving LLMs access to sensitive 
health records and the legal ramifications of using LLM-
compiled discharge letters in a medical context [25].

Conclusions

This paper has presented a comprehensive overview of 
the innovative ideas and solutions discussed during the 
SIIAM First Annual Meeting collaborative workshop. 
The confluence of diverse professional backgrounds 
significantly contributed to the creativity and feasibility of 
the proposed solutions. The key outcomes of this workshop 
focused on integrating artificial intelligence (AI) into Italy's 
healthcare system, are summarized in Table I.
These initiatives underscore SIIAM's commitment 
to spearheading the integration of AI into healthcare, 
recognizing the immense potential of AI to revolutionize 
patient care, improve healthcare outcomes, and 
streamline administrative processes while remaining 
mindful of the potential risks and limitations that may 
arise. The collaborative efforts of interdisciplinary 
teams, as demonstrated at the SIIAM meeting, are pivotal 
in realizing these advancements with an unwavering 
commitment to patient safety, clinical efficacy, and 
healthcare quality. At the moment, the Italian healthcare 
system is characterized by time-consuming manual 
processes, limited data utilization, and slower patient 
care response times. With the integration of AI, the future 
of healthcare in Italy promises to be more efficient, 
empathetic, and patient-centered, setting a benchmark 
for global healthcare innovation. 
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Standardizing Pediatric Emergency 
Care

The development of an ML algorithm to standardize treatment approaches and pain 
management in pediatric emergency departments, incorporating clinical parameters and 
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Bridging the Technological Divide
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Efficient Data Extraction and Analysis
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Sclavo’s involvement in public health 
campaigns and the dissemination of the 
concepts of hygiene

A hundred years ago, Achille Sclavo (1861-1930)  [1] 
published his book “Per la Propaganda igienica. Scuola 
e Igiene” (The Propagation of Hygiene. Schools and 
Hygiene) which he devoted “To elementary teachers, 
from whom Italy expects the most effective propaganda 
in favor of hygiene” [2] (Fig. 1).
Sclavo focused on many of his many studies and his 
professional life on hygiene, public health and spreading 
its essential, simple, and fundamental thoughts, in order 
to promote a healthier life for all [3]. 
Born in a small village in Piedmont, Achille Sclavo 
(1861-1930) graduated in medicine at the University of 
Turin on 19 July 1886. During the next year (1887) he 
was called by his mentor Luigi Pagliani (1847-1932) to 
the General Directorate of Health (Direzione Generale 
di Sanità), as a member of the work-group founded by 
prime Minister Crispi to reorganize national healthcare 
policy [3].
In this period, fortified by the outcomes of Louis Pasteur’s 
studies and findings into the techniques of attenuating 
the virulence of germs, and the following implications 
for the preparation of new vaccines (live attenuated 
vaccines), Sclavo carried out rigorous experiments and 
researches on the biology of Bacillus Anthracis [1].
At the beginning of the 1890s, following his promotion 

to Director of the Bacteriology Laboratory and his 
appointment as a teacher at the Upper School of 
Hygiene (Scuola Superiore di Igiene), Sclavo started 
original studies on anti-diphtheria and anti-anthrax 
sera. In particular he carried out serious and remarkable 
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Summary

A hundred years ago, Achille Sclavo (1861-1930) published his 
book entitled “Per la Propaganda igienica. Scuola e Igiene” (The 
Propagation of Hygiene. Schools and Hygiene) which he dedi‑
cated “To elementary teachers, from whom Italy expects the most 
effective propaganda in favor of hygiene”.
The words of the dedication were profoundly felt by Sclavo and 
reveal a precise choice by the great hygienist. Sclavo was then at an 
advanced age and had devoted his whole life to studying hygiene and 
disseminating its basic concepts, to promote a healthier life for all. 

Nowadays, Sclavo’s book “The Propagation of Hygiene. Schools 
and Hygiene” still remains an important statement to the commit‑
ment of the great hygienist to spreading a culture of hygiene, and 
public health in Italy. This was a commitment that Sclavo clearly 
felt throughout his life, as a teacher, as a scholar, as the entre‑
preneur who founded the Serotherapy and Vaccinogenic Institute 
in 1904, and mainly as a policymaker who spoke to all citizens, 
especially young people.

Fig. 1. The book cover of Achille Sclavo, “Per la Propaganda igienica. 
Scuola e Igiene”, published on 1924 (Gruppo Anziani Sclavo - Siena). 
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experiments on the biology of  “Bacillus Anthracis” 
and as a result, he was able to discover a new method 
of achieving immunity to anthrax, in both animals 
and humans, by using serum achieved from infected 
sheep [1].
He continued and developed this scientific inquiry and 
advanced activity when, in the academic year 1896-1897, 
he was appointed to teach Hygiene at the University of 
Siena. A year later, in 1898, he became Extraordinary 
Professor of Hygiene and Director of the Laboratory of 
Hygiene. 
Sclavo was therefore able to develop great experience 
in the fields of Hygiene and Public Health through his 
collaboration with Luigi Pagliani himself, Pietro Canalis 
(1856-1939) and Alfonso di Vestea (1854-1938) [3].
Achille Sclavo belonged to the second generation of 
Italian hygienists.
As Professor of Hygiene at the University of Siena, Sclavo 
made a great effort in the national health campaigns 
against cholera, smallpox, typhus and malaria [1].
Between 1893 and 1911 he was closely involved in the 
government’s public health campaigns and in the fight 
against the serious diseases present in various parts of 
Italy, where the state of health of citizens was severely 
impaired by poverty, misery and, above all, ignorance.
On behalf of the government, in 1893 he took care of 
Cholera in Alessandria (Piedmont region in northern 
Italy) e in Campobasso (Molise region in southern 
Italy) in 1893; in 1910 in Sardinia to organize the new 
guidelines and criteria for the anti-malarial campaign 
with Alessandro Lustig (1857-1937) an Austrian-Italian 
pathologist who worked on a number of infectious 
diseases and their management and Michele Alivia 
(members together with Sclavo of the Commission of 
the Ministry of the Interior) [3].
He went to the region Puglia between 1910 and 1911 to 
fight cholera and prejudice, superstitions and ignorance 
of the population about the approach to infectious 
diseases; he also took care of water supply in the 
different affected areas. He also went to Palermo and his 
province in 1911 to eradicate smallpox and cholera. In 
1904, he founded the Sclavo Institute of Serotherapy and 
Vaccinology[3].
His tireless commitment to improving the well-being of 
citizens enabled him to “recognize the sad conditions 
and needs of the population and, above all, to realize 
how necessary it was for people to try to achieve a 
sufficient level of education, including education in 
the concepts of hygiene, correct nutrition etc. […]”. In 
particular, epidemics of cholera and smallpox involved 
him personally in public interventions for prevention and 
safety. Indeed, he drew up the necessary prophylactic 
measures and came to the realization that many 
improper behaviors depended on people’s ignorance and 
prejudice. He also observed that these behaviors could 
easily be modified when, through careful and constant 
persuasion, the population was induced to follow a few 
simple, well-illustrated rules of hygiene [4].
He therefore determined to raise public awareness, firmly 
convinced that, alongside the work of scientists and 

doctors, a true “inner revolution” [5] should be fomented 
among the people, a revolution that would favor the 
progress of public health and generate a healthy respect 
for human life in its psycho-physical entirety. Indeed, 
according to Sclavo, it was necessary “to win over the 
soul of the whole people to the cause of hygiene” [6] - 
an important and indispensable reflection that would be 
followed in the years to come.
Despite being professor of Public Health at the University 
of Siena since 1898, to achieve this fundamental 
objective, Sclavo determined to address his message 
to the widest possible audience: soldiers, priests, 
medical officers, those in charge of public services, 
ordinary people. Thus, it was that his simple and clear 
“conversations”, held in “common language” that was 
accessible to all, attracted an ever-increasing number of 
attentive listeners, beyond all expectations” [7]. 
He taught theoretical and practical courses to nurses and 
Red Cross soldiers on the prevention and prophylaxis 
of infectious diseases and nutrition. Among the 
collaborators and colleagues who cooperated with 
Sclavo to these projects the authors of this manuscript 
remember his pupil Giovanni Petragnani (1893-1969).
Sclavo wanted to present a new profile of the doctor-
hygienist, characterized - in addition to specialist skill 
- by a profound knowledge of the social and health 
situation of the time, by great humanitarianism and by 
the extraordinary fervor of a lay apostolate. 
In this respect, it should be pointed out that at the 
beginning of the 20th century, Sclavo was one of the 
founders, and the first president, of the Italian Association 
for Public Health [1].
He soon became convinced that full “hygiene awareness” 
could only be achieved through a slow learning process, 
and that this would be difficult to implement in the 
domestic environment, owing to the ignorance and 
prejudices of parents. It was therefore necessary to act 
through the school, on teachers and, above all, on the 
young, who were not burdened by the erroneous beliefs 
of their elders and were receptive to change. From this 
perspective, Sclavo believed that the teaching of hygiene 
had to free itself of its purely theoretical character and 
take on a more practical and applicative form. 

“The Propagation of Hygiene”:  
the school at the center of Achille 
Sclavo’s educational message

Prof. Sclavo began by writing new manuscripts dealing 
with the difficult situation of schools of the time. In 
his publication “Igiene ed edilizia scolastica” (School 
buildings and hygiene) (1914) (Fig. 2), he specifically 
denounced the disconcerting reality of school buildings 
and proposed solutions to the most widespread health 
problems. He often expressed his dismay at the 
various governments’ neglect of school problems, 
promptly denouncing the serious structural and moral 
shortcomings of the school system: “That schools in 
many places contribute to damaging children’s health 
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emerges from many facts, which have also been exposed 
in several well-known reports” [2]. 
In the same years, Sclavo wrote papers on proper 
nutrition, outdoor education and the benefits of 
physical activity for the healthy development of young 
people: “Per l’educazione fisica” (Physical Education) 
(1914) (Fig. 3); “Diamo aria ai nostri polmoni” (The 
Air We Breathe) (1915), his manifesto in favor of 
sunlight and pure air in the fight against tuberculosis; 
“Sull’alimentazione umana – 5 lezioni tenute in Firenze 
alle infermiere della Croce Rossa italiana” (On Human 
Nutrition - 5 lessons for nurses of the Italian Red Cross 
held in Florence) (1917); “Per l’igiene sociale” (On 
Social Hygiene) (1918). 

Regarding these issues, and particularly the fight 
against tuberculosis and the importance of healthy and 
climatically salubrious environments, we should also 
remember the great work of the Genoese Prof. Edoardo 
Maragliano [8]. 
Through his teaching, his creation of facilities for the 
treatment of tuberculosis and sanatoriums  [9] and his 
extensive propaganda to improve the living conditions 
of the population and promote prevention, Maragliano 
did so much [10].
He and Sclavo were both important scholars of that time; 
they respected each other and sometimes conducted 
similar studies. Their commitment to public health, 
epidemiology, hygiene, and infectious diseases was 
undoubtedly a common denominator of their research.
While continuing his university teaching, in his mature 
years Sclavo also devoted himself to a form of popular 
teaching. What he had observed during his life led him 
to regard youth as the most promising field in which to 
sow the precepts of hygiene, as “in its ability to adapt, 
youth is wax; in retaining the impressions received, 
it is bronze”  [4]. He therefore promoted so-called 
“ascending education”, whereby young people became 
the messengers of good practices among adults, parents 
and relatives, who often ended up recognizing their 
usefulness.
This was the underlying concept of his book “The 
Propagation of Hygiene. Schools and Hygiene”, which 
constitutes a basic reference for a full understanding of 
the ideas of Sclavo as an educator.
The aim of this publication was to disseminate the basic 
concepts of hygiene and medical sciences in a simple 
and accessible way: a veritable model of scientific 
communication which starkly reveals the ingenuity 
of the scientist, the acuity of the politician and the 
simplicity of the common man. Through this original 
work he intended to provide Italian children and young 
people with an awareness of hygiene and an education. 
To do so, he abandoned traditional, uniform and 
standardized teaching methods, which ended up stifling 
children’s interest and natural spontaneity, and explored 
new pathways. 
“He had the most eminent qualities of the teacher: 
clarity and effectiveness; and above all he knew how 
to instill into his listeners the ardor and conviction 
that animated him, the enthusiasm with which his soul 
was pervaded, the faith in success that he regarded as 
indispensable” [11]. 
 “First of all, the child must be provided with a healthy 
and well-governed school, where he must especially 
acquire those habits of cleanliness and hygiene which 
will protect him from many diseases. Furthermore, 
his brain must be trained in the most appropriate way, 
without fuss and with a judicious choice of what must 
penetrate it, in order to create knowledge, beliefs and 
desires. The school has to educate the child to live in 
society [...] As these tasks are very closely inter-related, 
it will be advantageous for the Hygienist to collaborate 
actively and cordially with the School Teacher, the one 
helping the other” [2]. 

Figs. 2, 3. Two publications by Achille Sclavo on hygiene problems 
in schools and physical education.
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The new School that Sclavo envisaged had new 
and broader educational purposes, including the 
development of a critical and reflective attitude in the 
pupils. And in this new vision of the school the teacher 
had a central role in bringing out students’ individual 
talents, promoting diversified activities and responding 
to the natural curiosity of children by tracing a pathway 
to knowledge through dialogue. 
For Sclavo, Dialogue was fundamental: it was the 
very pivot around which his educational idea revolved. 
According to his innovative vision, the teacher should 
not give lessons, but talk with the pupils in order to get 
them to think about scientific concepts. This is why, 
in the book “The Propagation of Hygiene”, the word 
“lesson” is never mentioned, while constant reference is 
made to the term “conversation”. This was a deliberate 
choice by Sclavo, and well represents his rejection of a 
spoon-feeding approach to education and his adherence 
to an “educational model based on the construction of 
knowledge” [12]. 
The first chapters of the book contain interesting 
indications on how to set up and prepare an “outdoor 
school”. Indeed, Sclavo notes that “in the Garden of 
an Outdoor School nature provides the teacher with 
precious material to help him to impart the most useful 
knowledge, through observation and experiment and in 
an enjoyable way” [2]. 
The most innovative intuition of the outdoor school 
was the subversion of traditional teaching methods: 
“Almost everywhere, the ordinary school lends itself 
poorly to objective teaching. As Dewey rightly observes, 
the current school environment is specially designed 
to transmit ideas through words; it is not suitable for 
an education that arises from the judicious use of the 
various sense organs” [2]. 
John Dewey (1859-1952), the American pedagogist 
to whom Sclavo refers, claimed that, in the context of 
education, the notion of experience was of value. For 
Dewey, knowledge was nothing other than the most 
complex and effective way of solving life’s problems.
In this perspective, Sclavo encouraged teachers to propose 
to their students six topics of conversation - reported in 
the book - regarding the concept of cleanliness.
These were followed by a series of interventions on 
physical education, rules for protecting oneself from 
cholera and tuberculosis, and a section on solidarity, 
because “the interests of hygiene are closely intertwined 
with those of solidarity” [2].

Sclavo’s commitment to healthy 
childhood

Using simple language and copious examples, Sclavo 
focused above all on tuberculosis, “one of the most 
severe diseases that afflict humanity”  [2]. In his book 
“The Propagation of Hygiene. Schools and Hygiene”, 
he concisely summarized the useful information “that 
most needs to be disseminated among the public through 
schools”  [2]. He explained the cause and the forms 

of tuberculosis, swept away false beliefs, such as that 
tuberculosis was hereditary, or that it only affected the 
elderly. In addition, he provided a series of important 
precepts of hygiene, such as avoiding spitting, as 
tuberculosis bacilli can be found in saliva, and covering 
one’s mouth with a handkerchief when sneezing.
He also pointed out that tuberculosis bacilli that can 
infect humans are often found in cow’s milk and 
therefore recommended boiling milk before drinking 
it  [13]. “Crockery, cutlery and glasses used by a 
tuberculosis patient in the family should be disinfected 
by boiling them in water and ash for a quarter of an 
hour”, he explained. The patient’s clothes and bed 
linen should be exposed to the sun often and for a long 
time, as “direct sunlight kills Koch’s bacilli”. And 
“Tuberculosis patients should refrain from kissing other 
people, especially children, and it is very important 
that the tuberculosis patient sleeps alone in a separate 
room” [13]. 
These were issues that Sclavo addressed and 
disseminated to his students and the population right 
from the beginning of his career.
He also dealt specifically with children’s health. Indeed, 
in the opening speech of his first university course in 
Siena, he argued that childcare should be among the first 
issues in any health program aimed at reducing infant 
mortality  [14]. In the following years, he underlined 
the importance of focusing on childhood, both in order 
to improve children’s health, and therefore to reduce 
mortality in the first years of life, and as a primary 
objective of education aimed at promoting knowledge of 
hygiene in the population.
He later became involved in designing and constructing 
school facilities that complied with the principles of 
hygiene, such as the nursery and the outdoor school on 
the terraces of the Medici Fortress [15] (Fig. 4).
His aim was to create healthy environments where 
the precepts of hygiene could be integrated with 
physical education, thereby supporting the fight against 
tuberculosis [16, 17].
Sclavo concluded this section of the volume with a 
recommendation to all children and young people: 

Fig. 4. Children and teachers in the open-air school created by 
Achille Sclavo in the Fortress of Siena (Archivio Sistema Museale 
Universitario Senese, University of Siena).
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“To strengthen the human organism, to extinguish 
tuberculosis infection before it appears, and to recover 
from the disease, you must live according to the rules 
of hygiene. This means, among other things, spending 
a long time outdoors; keeping the house clean and 
changing the air often by opening the windows; eating 
adequately and sufficiently; keeping the body perfectly 
clean and doing appropriate physical exercise” [2].
These prescriptions are also repeated in the Decalogue 
of Hygiene, which closes the book. Among them, the 
following invitation to children and young people is 
significant and certainly reflects Sclavo’s thoughts 
on the fight against scrofula and tuberculosis: “Love 
the sunlight, which gives you everything, not just a 
healthy body. Love pure air and stock up on it in your 
home by keeping the windows open whenever you 
can” [2]. 
Achille Sclavo’s Decalogue of Hygiene was widely 
distributed to the school boards, and from them to the 
schools; to the Episcopal Curias, which then circulated 
it among the parish clubs; to the Provincial Offices for 
Italian Youth and to the Industrial Associations, which 
in turn distributed it in the seaside and mountain youth 
colonies.
The distribution of these simple precepts of hygiene 
was so widespread that in the mid-1920s they were even 
printed on the back of school report cards (Fig. 5). 

Conclusions

Today, Sclavo’s book “The Propagation of Hygiene. 
Schools and Hygiene” still remains the highest 
testimony to the commitment of the great Sienese 
hygienist to spreading a culture of hygiene in Italy. 
This was a commitment that Sclavo keenly felt 

throughout his life, as a teacher, as a scholar, as the 
entrepreneur who founded the Sclavo Serotherapy and 
Vaccinogenic Institute  [18] in 1904, and especially 
as a politician who spoke simply to all citizens, 
particularly young people. 
And it was precisely to his young students that Achille 
Sclavo had made this heartfelt appeal since 1908: 
“Young people, I remind you that Hygiene uses every 
means to achieve its purposes, so that you can all carry 
the weapons of Hygiene in your hands, in order to defend 
the greatest of rights, the right to life. I wish you well 
in the continuation of your studies, and, as a fisherman 
with a passion for helping the Science I profess, I take 
heart from the hope that today I have successfully 
cast my nets into the wholesome sea of your honest 
consciences” [19].
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Introduction 

In the late early modern period and the onset of the modern 
age, smallpox significantly impacted Europe. Though 
Europeans were familiar with the disease from ancient 
records, it reemerged around 1500, becoming endemic by 
the second half of the 18th century and persisting until the 
20th century. During this time, smallpox alternated with 
the plague, which gradually disappeared [1]. 
In Europe, the most crucial contribution to variolation/
inoculation was made by a woman called Mary Wortely 
Montagu (1689-1762) (Fig. 1) whose husband Edward 
Wortley Montagu, was the British ambassador to the 
Ottoman Empire in Costantinople between 1716 and 
1718 [2].
Lady Montagu was a spirited and independent 
woman who explored the city and learned about local 
customs. To preserve her anonymity, she wore a veil 
and, during this time, she learned about the practice 
of inoculation [3]. In a letter dated April 1, 1717, she 
provided a fascinating description of inoculation was 
performed, as she had seen it [4].
The inoculation procedure consisted of an immunological 
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Summary

Introduction. The article aims to outline the features of the efforts 
for smallpox eradication within the pre-unitary context of the 
Kingdom of Sardinia, characterized by a long tradition in med‑
ical-health prevention. This tradition is partly inherited from the 
health magistracies of the Italian states during the ancient regime 
and partly adopted from policies initially outlined by Napoleon 
and later by other European states. In addition to prevention 
activities, authorities also engage in a vigorous information and 
awareness campaign aimed at eliminating common prejudices 
and doubts about vaccination among the population.
Methods. In analyzing the authorities’ achievements in combat‑
ing smallpox, this study examines the two epidemic waves (1829-
30 and 1852-54), along with the legislative developments before, 
during, and after these periods. It also compares these regulatory 
changes with those in other European contexts.
Discussion. The epidemiological situation turned out to be more 
complex to manage than the authorities had anticipated, as evi‑

denced by the increasing controls imposed. Scientific and politi‑
cal communities, both in the Kingdom of Sardinia and in other 
European nations, found themselves divided on the legitimacy of 
proposing restrictive measures by the state. Some advocated for 
restricted access to public places and imposed mandatory vac‑
cination for vulnerable individuals.
Conclusions. The comparison with smallpox resulted in a grad‑
ual improvement in of health security levels, although vaccina‑
tion coverage did not reach the desired targets. Several factors 
contributed to this failure, including the limited expertise and 
reluctance of medical personnel, who were burdened with much 
of the operation’s costs. Additionally, particularly in rural areas, 
there was widespread mistrust among the population towards 
doctors. Despite these challenges, the fight against smallpox ena‑
bled authorities to develop population control tools in the name 
of public health protection. However, it was not until 1888 that 
mandatory vaccination was introduced.

 

Fig. 1. Mary Wortely Montagu in Turkish dress (Public Domain. 
Wikipedia commons).
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practice recorded by the medical community in the 
early 1720s, was rooted in Eastern traditions. Upon 
recognizing its origins, the medical community sought 
to establish a scientific basis for it to address the doubts 
it raised [5].
Credit for raising awareness of this method goes to Lady 
Mary Wortley Montagu. Her efforts were challenging 
due to the prejudices surrounding the practice’s Eastern 
and Islamic origins, which were considered pagan at 
the time. Initially, the Church opposed the practice but 
eventually changed its stance [6].
Variolization consisted of inoculating a healthy patient 
with infected material or scabs taken from patients who 
had presented a mild form of smallpox. Inoculation was 
carried out using various methods; in Europe the practice 
adopted involved making an incision in the epidermis 
followed by grafting.
The problems related to this practice, which strongly 
hindered its widespread diffusion (unlike the Jennerian 
vaccine)2, were due to multiple factors, with the primary 
one being the inherent risk of the practice. Patients who 
underwent this form of inoculation could contract a very 
severe and occasionally lethal form of smallpox [7].
The Cremonese doctor Valeriano Brera stated that 
«... smallpox inoculation produced one death for every 
sixty inoculated individuals  ...»  [8] another concern 
associated with this practice was the risk that the 
inoculated patients themselves could become sources 
of contagion for others, causing outbreaks. In some 
instances, the outcomes of the inoculation were uncertain 
due to the absence of the typical scar at the inoculation 
site.
Other types of immunization practices were present since 
ancient times among various populations, including the 
Chinese, Persians, or Indians. These practices involved 
methods such as «placing healthy and infected individuals 
in contact, or transmitting pus-stained clothing from sick 
individuals to non-immune individuals» [9] or «among 
the Chinese, according to the testimony of the Jesuit 
François Xavier d’Entrecolles (1726), crushed smallpox 
scabs were inhaled by individuals to be immunized, 
placed on cotton or on the cocoon of a silkworm» [9]. 
Nevertheless, variolation was the most commonly used 
method
Despite efforts to raise awareness of prevention methods, 
such practices remained rare due to the aforementioned 
reasons. Ultimately, the Church played a significant 
role, by invoking theological arguments against 
them, claiming that injecting “corrupted material” 
into individuals was contrary to the will of God. This 
narrative quickly resonated across different social layers 
in Italy and Europe reinforcing prejudices  associated 
with the Eastern origin of variolation, associating racial 
stereotypes with the practice [9].
Things started to change towards the end of the 18th 
century, thanks to the discovery made by Edward Jenner 
(Fig 2). 
The revolutionary significance of this discovery was 
understood from the very beginning, leading to the 
first powerful vaccination campaign between 1798 and 

1814 [5]. By the early months of 1801, vaccination was 
being implemented on a large scale in the English army 
and in Napoleon’s France. Napoleon himself promoted 
the practice, expanding it to the entire empire, which 
also included parts of Italy [10]. 

Vaccination campaigns in the Kingdome 
of Sardinia
Under the French rule, the territories of the Kingdom of 
Sardinia were subjected to French healthcare policies. In 
the effort to promote vaccination in Piedmont, Michele 
Francesco Buniva (1761-1834), an Italian naturalist and 
physician, played a central role. He became a professor 
of medical institutions in 1789 and later took up the chair 
of pathology at the University of Turin in 1799. Despite 
Bunvia was dismissed from the university in 1814 due 
to his liberal ideas, he was credited with introducing 
smallpox vaccination in Piedmont  [11]. He was a 
leading advocate for a comprehensive healthcare reform 
that led to the creation of a superior health council aimed 
at overcoming the outdated forms of health governance 
implemented during the ancient regime  [5]. While 
Italian cities such as Milan, Turin, Genoa, Venice, and 
Florence had been pioneers in healthcare prevention 
in the previous centuries, the leadership in healthcare 
innovation shifted to various northern European nations, 
between the 1700s and 1800s [13]. 
Buniva’s vision was to set aside and beyond the outdated 
policing approach implemented in the past [14]. Despite 
their previous effectiveness, these methods were becoming 
increasingly inadequate for managing the complexities of 
19th-century urban environments. The superior health 
council was intended to act as an intermediary between 
the scientific community of physicians and academics and 
that of civil society. Its role was to implement a policy 
of intense surveillance and control over food, workplaces, 
and the pathogenic forms related to these areas in order to 
protect public health [5].
With the end of the Napoleonic era, the territories of 

 

Fig. 2. Edward Jenner (1749-1823) (Public Domain. Wikipedia 
commons).
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the Republic of Genoa were annexed to the Kingdom 
of Sardinia. Following the restoration of the monarchy 
in 1815, vaccination efforts were abruptly halted. 
The group of physicians who worked in the superior 
health council, an institution established during the 
Napoleonic administration, including Buniva himself, 
were dismissed, as part of a political purge intended 
to eliminate those considered disloyal to the House 
of Savoy due to their collaboration with the French 
administration.
However, Vittorio Emanuele I of Savoy’s decision proved 
to be short-sighted, in fact already starting from 1819, a 
Superior Vaccine Board was created in Turin, to which 
the provincial boards of Nice, Genoa, and Chambery [5] 
were to report. This sudden change was driven by new 
challenges emerging in the field of healthcare. It was, in 
fact, a recovery of the administrative structures created 
during the French rule.
As director-general of the Superior Vaccine Board, 
Giuseppe Audiberti was chosen and appointed for his 
expertise in the field, acquired through study trips abroad, 
particularly in Paris and London. His loyalty during the 
political turmoil of his exile earned him the admiration of 
King Vittorio Emanuele, who subsequently elevated him 
to the rank of count following Napoleon’s downfall [15].
He was chosen because due to his role as the vice-
president of the Academy of Sciences and for his clore 
relationship with the king during exile. To support him 
on the board, two other important physicians were 
appointed: Tommaso Domenico Griva, a student of 
Michele Buniva who became Audiberti’s secretary 
in 1819  [5] and Lorenzo Martini  [16] (1785-1844), a 
physician, physiologist, pedagogue, and future rector of 
the University of Turin, who served as vice-conservator 
in the Superior Board.
The board operated throughout the Kingdom from 1819 
until 1859. Despite implementing smallpox containment 
and vaccination strategies similar to those of other 
European states, these efforts were insufficient to prevent 
repeated smallpox epidemics in the Kingdom of Sardinia, 
especially in the province of Genoa, during 1829-30 and 
1852-54  [17]. The second epidemic lasted longer due 
to the simultaneous outbreak of cholera  [18], which 
diverted many resources previously allocated to fight 
smallpox due to its greater perceived threat. Following 
the directives of the central Savoyard administration, 
the provincial board of Genoa moved following two 
different levels: a) preventive and b) extraordinary.
a.	 Among the preventive measures, numerous reports 

and inquiries were consucted with vaccinating 
physicians concerning vaccine administration 
and population’s health status. Constant censuses 
were taken of vaccinating physicians and facilities 
dedicated to treating the sick. Vaccination, along 
with isolation, were recognized as the only effective 
methods for treating this disease. Preventive efforts 
particularly focused on the vaccine: its procurement, 
storage, population information-awareness 
campaigns, and administration. 

b.	 Among the extraordinary measures, the board 

promptly issued the regulations under the royal 
patents concerning smallpox vaccination. Some 
articles extracted from the regulation of royal 
patents issued on July 1st, 1819 [18], include:

–	 Article 8: “All students who have not received a 
successful vaccination or have not contracted true 
smallpox shall not be admitted to schools” [19]. 

–	 Article 9: The mandatory nature of vaccination was 
extended to: “All those currently receiving or who 
will in the future receive free aid from charitable or 
benevolent congregations must provide proof within 
three months that all individuals in their family 
under the age of 20 have been vaccinated or have 
had smallpox” [19].

Vaccination thus became mandatory for all students to 
access public facilities with non-compliance resulting 
in exclusion. This mandate particularly targeted the 
youngest and the poorest segments of the population, 
requiring families receiving subsidies to vaccinate all 
members under 20 years of age, otherwise they had to 
face suspension of their aid.
To encourage young people who did not attend school, 
and thus were not subject to mandatory vaccination to 
still undergo the treatment, the service was made free of 
charge [10].
The provincial board, adhering to a utilitarian approach 
that differs significantly from our modern concept of 
public health welfare, decided to restrict assistance 
and free home care to only those poor families willing 
to have their child/children vaccinated. These families 
had make their children available to doctors who would 
use the child to vaccinate others. Mothers who accepted 
this agreement were provided with various forms of 
compensation.
In a letter to the president of the provincial health 
council in Genoa, D. Prasca, a regional health councilor 
in Genoa, highlighted the discord among the various 
administrators regarding the amount of rewards that 
would be distributed to the mothers of the children used 
for vaccination [19]. 
The practice of giving rewards was not necessarily an 
invention of the Savoyard administration; it already 
existed under the French administration. For instance, 
symbolic rewards such as a package of confectionery 
and a gratuity of three lire each were given, or in another 
case, a “complete outfit” including a hat and a pair of 
shoes [5]. 
-Regarding health patents, the regulation issued in 1819 
established a rigorous standardization in their form and 
the data reported to avoid possible falsifications, which 
had occurred in the past [21].
During the vaccination campaign, authorities paid 
special attention to vulnerable individuals. Articles 6 
and 7 of the instructions for vaccine propagation, dated 
January 1st, 1820, specified that if individuals presented 
themselves and officials deemed it prudent not to 
vaccinate them due to health reasons, their vaccination 
would be postponed until their health improved. In cases 
where deferred patients required a patent to access public 
facilities, a temporary certificate for three months was 
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issued, explaining the reason for not being vaccinated. 
At the end of the validity period, individuals had to 
return to the designated vaccination site and if they were 
deferred again, the procedure was repeated [19]. Patients 
could be deemed ineligible for vaccination due to high 
fever, poor health from other illnesses, or advanced 
age. Meanwhile, a powerful information and awareness 
campaign was financed, involing even Count Audiberti, 
the general director of vaccinations.
When compulsory vaccination for all schoolchildren was 
decreed, his speech was published in the official gazette, 
where he discussed about the recent vaccine as a new 
tool to combat smallpox. While such posters were not 
new, raising awareness among the population remained 
crucial due to the low number of visits to vaccinating 
physicians.

European contex
The issue of mandatory vaccination [22] and the forced 
recruitment of doctors who were in favor of spreading 
the serum but opposed to its imposition sparked heated 
debate across European nations [23] leading to various 
policies on this matter:
•	 Indeed, some nations, such as the Kingdom of the 

Netherlands, implemented mandatory vaccination 
for children under 6 months of age as early as 1818;

•	 During the same period, the Kingdom of Sardinia 
lacked a dedicated entity for vaccination  [5] 
campaigns. Administrators loyal to the king, even 
during the Napoleonic period, chose to dissolve 
previous health bodies at the start of the restoration 
process due to political rivalries, without paying 
attention to public health protection. In contrast, 
other nations, such as England, took significant 
measured be enacting the Vaccination Acts of 
1840, 1841, and 1854 to enforce universal and free 
smallpox vaccination, though this obligation was 
eventually abolished in 1898;

•	 Much stricter measures were adopted by the 
Kingdom of the Two Sicilies, which ordered 
“deportation of families who refused vaccination to 
locations at least six miles away from their homes, 
allowing their return only after they agreed to 
vaccinate their children” [8].

The strategy of the Kingdom of Sardinia was decidedly 
softer, opting for annual vaccination campaigns and 
inspections by inspectors in schools. However, the 
efforts made did not prevent smallpox from triggering 
an epidemic that spread in the province between 1829 
and 1830 [24].
Following this, the authorities decided to tighten the 
regulations. The vaccination campaigns became more 
widespread, occurring annually even in peripheral areas. 
At the same time, there was increased scrutiny of doctors’ 
actions, as many were found to issue false certificates in 
exchange for cash or other benefits, thus aiding those who 
did not want to be vaccinated and receiving gratification 
for each self-certified vaccination they performed. 
However, this was mainly the case for non-contracted 
physicians, who were hired and compensated based on 

their performance during emergencies or staff shortages. 
These doctors were rewarded for each self-certified 
vaccination they performed. Despite these challenges, 
the healthcare system overall remained resilient, and 
the state of emergency was quickly brought under 
control. Certainly, this was likely due to well-distributed 
healthcare facilities across the territory [12] and to the 
(though not yet sufficient) vaccination coverage.

The vaccination from 1830 and the role of 
Lorenzo Martini 
Starting from 1830, Lorenzo Martini’s  [19] (Fig. 3) 
outreach activities became more intense. He educated 
both the civilian population and medical personnel 
through posters that conveyed his speeches.
It should be noted that these individuals often lacked 
adequate training on the subject, and even when they did 
have training, they viewed vaccination a task beneath 
their status  [8]. Consequentially, they were not readily 
available to assist the authorities.
The posters aimed at both physicians and the general 
population addressed a range of topics related to 
vaccination. They covered methods for administering 
and controlling the inoculation process, the expected 
outcomes of vaccination (including how well-informed 
mothers and wet nurses could also conduct these 
controls independently, according to Martini), the proper 
preservation of vaccine pus, criteria for selecting patients 
for arm-to-arm vaccination, distinguishing chickenpox 
from smallpox, and other relevant subjects.
Lorenzo Martini followed a very particular course of 
study: his studies and research increased also towards 
medical-physiological and medico-legal studies, but he 
was not only a great physician because he extended his 
knowledge in the humanities field.
He devoted his time and developed his studies on 
thinkers’ philosophers of the Greek classical period. 
Furthermore, in 1840 he managed to write a text on the 
history of philosophy entitled “Storia della filosofia” 

 

Fig. 3. Lorenzo Martini (1785-1844) (Public Domain. Wikipedia 
commons).
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(History of Philosophy), edited in three 3 volumes [Ed. 
Pirotta, Milano 1840]; “Della sapienza dei greci” (About 
the wisdom of the Greeks), [Ed. Cassone e Marzorati, 
Torino 1836], and in 1844, before she passed away, she 
managed to give a written manuscript on Plato; it was 
a compendium dedicated to Plato completed in 1844 
entitled “Platone compendiato e commentato (Plato 
summarized and commented), [Ed. Elvetica, Capolago 
1844].
He also devoted himself to educational and pedagogical 
studies with interesting publications, e.g. “Riforma della 
prima educazione” (Reform of the first education), 
[Ed. Marietti, Torino 1834]; “Emilio” consisting of 12 
volumes, [Ed. Marietti, Torino 1821-1823].

Martini’s innovation lays in the clear and 
simple style he employed in his writings [19].
To persuade the stubborn and hesitant individuals 
about vaccination, Martini examined the most common 
arguments against it in the population and systematically 
dismantled them in a straightforward yet comprehensive 
manner. His goal was to foster dialogue and understanding 
among those fearful of the practice. This approach 
involved a carefully crafted communication strategy and 
the use of gentle, non-confrontational language to avoid 
harsh tones.
Between 1820 and 1840, the president of the provincial 
observed that smallpox had become endemic. To prevent a 
new epidemic emergency, he imposed severe restrictions 
regarding controls and extended the vaccination mandate 
to additional groups beyond schoolchildren  [25]. 
Municipal administration employees and those receiving 
pensions from the Royal Navy they had to provide proof 
that they and their children had been vaccinated, or else 
their salaries would be suspended until vaccination was 
carried out.

The epidemic of 1852 and conclusions

In 1852, a new and rapid pandemic broke out in Genoa, 
schools and public offices were converted into patient 
care centers because hospitals were full and additionally, 
cash rewards were given to mothers who offered their 
children for the reproduction of the vaccine due to the 
shortage of fresh serum.
The arrival of cholera in the city in 1854  [26] further 
worsened the situation. Cholera was not new to the 
health authorities of the Italian states, having previously 
caused approximately 150,000 deaths between 1835 and 
1838, including three thousand in the Genoa alone [1]. 
The authorities had to deal with this new emergency [27] 
which had significant practical repercussions, leading 
to the reallocation of financial resources originally 
intended for combacting smallpox to address the cholera 
emergency. This resulted in a prolonged duration of the 
smallpox epidemic.
The epidemic finally subsided towards the end of 1854, 
though new, more contained waves emerged 1856-57.
Several factors contributed to the resurgence:

•	 Insufficient financial resources discouraged doctors 
from practicing, as they preferred more lucrative 
private practice; 

•	 Poor training of some medical personnel 
compromised vaccination success due to improper 
execution or the use of compromised serum, which 
was handled by medical personnel;

•	 Deep-seated mistrust of the medical personnel 
among the population, which prevented some 
individuals from being convinced to undergo 
vaccination;

•	 Ineffective regulations failed to adequately address 
negligent doctors and those who violated protocols.

In 1857, the vaccinated population in the province of 
Genoa amounted to approximately 56.9% of the total. 
This figure varied widely across the territory due to 
poor road conditions, which made vaccination in the 
suburbs challenging, and differing levels of knowledge 
and management among local authorities and medical 
personnel. By comparison, the average vaccinated 
population in the Kingdom of the Two Sicilies in 1851 
was 70.4% [8].
The vaccination coverage results were sufficient to avoid 
high mortality rates but not enough to contain pandemics. 
This was the situation shortly before the Unification of 
Italy. It was not until 1888, with the enactment of the 
Crispi-Pagliani law, that smallpox vaccination became 
mandatory. Despite this, smallpox continued to affect 
the peninsula until the late 1900s [28]. 
Vaccination has been both celebrated and criticized 
throughout the history of medicine and public health, 
dating back to Edward Jenner’s time in 1798. The 
concept of injecting a mild form of “disease” into a 
healthy person faced opposition even before vaccines 
were discovered. The authors remember also that 
Bourbon king Ferdinand planned and introduced the 
first “free large-scale mass vaccination programme” 
conducted in Italy and one of the first in Europe to 
counteract smallpox. The vaccination campaign was 
marked by many difficulties and the efforts made by 
the Southern Kingdoms governors were huge  [9, 10]. 
The ‘‘ante litteram communication campaign”, aimed 
at convincing the so-called ‘‘hesitant” people and at 
confuting the opinions, beliefs, views, and behaviours of 
vaccination opponents, was impressive [29-32].
By 1821, compulsory vaccination had significantly 
reduced smallpox infections and death rates. Later, 
several experiences followed this enterprise, even with 
heated debates and discussions, of course. Smallpox was 
finally eradicated worldwide only on the 9th December 
1979. 
The recent health emergency caused by COVID-19 
disease and other health emergencies show many 
connections with well-known epidemics of the 
past [33, 34].
Understanding how previous outbreaks were managed 
can provide valuable insights and tools for addressing 
current and future infectious disease challenges.
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Introduction

The complexity of bioethical language: 
between interdisciplinarity, ambiguity,  
and conceptual evolution
In bioethics, a field that thrives on interdisciplinarity 
as a vital source of inspiration, terminology often 
undergoes changes in both extension and intension when 
transitioning from one area of knowledge to another. 
At times, terms are stretched beyond their original 
technical meanings or are characterized by ambiguity 
and misunderstandings. The language of bioethics, 
therefore, inherently possesses certain complexities for 
specific and natural reasons.
An intrinsic and fascinating characteristic, yet 
simultaneously a genetic flaw, of bioethical debate is 
its interdisciplinary nature. Bioethics traverses disparate 
fields of knowledge that not only intersect but also 
establish enduring relationships, giving rise to mutual 
hybridizations  [1]. Today, to illustrate briefly, legal 
discourse discusses "transplants" and "determination 
of death," medicine addresses "informed consent" and 
"living wills," while philosophy engages with "stem 
cells" and "embryos," among others.
In some cases, for instance, words can have different 
meanings in different contexts (plurality of intentions). 
Consider the term "donation," which in legal contexts 
refers both to civil law in private contexts and to the 
specialized discipline of organ transplantation, with 
entirely non-overlapping meanings [2, 3].
For those involved in bioethical debate, therefore, it is 
not automatic to assume that the same words convey the 
same meanings. But let's start from the beginning: the 

very term "bioethics," coined as a neologism in the 1970s, 
still today – though considered part of ordinary language 
– does not have a content (extension of meaning) that 
can be unequivocally agreed upon. In fact, it is evolving 
even in terms of thematic priorities [4].

The broadening of the extension of the term 
“bioethics”
In bioethical literature from the early millennium, various 
scenarios are included that do not always address the 
themes of ecology and our relationship with non-human 
animals. For example, the topic of animal rights is found 
in Leone's work but not in Sgreccia's [5, 6]. Tettamanzi 
addresses the ecological issue (chapter 24), but only 
briefly touches on animals (see, for example, p. 337 
and pp. 407-408, where, while considering legitimate 
– in the absence of valid alternatives – experimentation 
on animals for the benefit of humans, he specifies: 
"especially in the field of experimentation, animals 
should be recognized as having genuine moral and legal 
rights, thus ensuring adequate protection for them") [7].
Ciccone and Mori dedicate about ten pages to the topic, 
while Lecaldano, for "economic reasons of control 
over the material treated and the need for unity," 
excludes "issues related to the treatment of non-human 
animals," although specifying that "there are no solid 
arguments to exclude non-human animals from moral 
consideration"  [8-10] (p. 5). Engelhardt Jr. devotes 
barely three pages – he calls it an "excursus" – to 
animals, inviting us to the morality of non-maleficence, 
consisting of negative duties of beneficence towards 
humans (pp. 166-168)  [8-11]. These are just a few 
examples, but sufficient to outline a general picture. 
Indeed, in light of the discourse on bioethics presented, 
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ment and other life forms with which we share the planet. The 
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ness promoted regarding global challenges related to health and 
the environment, but critical skills are also developed to address 
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it would be intriguing to investigate how Aristotle's 
ethical principles could enhance the approach to the 
subject. While contemporary bioethics often emphasizes 
individual rights and autonomy, Aristotelian ethics 
offers a perspective grounded in the concept of virtue 
and the pursuit of the common good. Delving into this 
connection could lead to a deeper understanding of the 
moral issues intersecting contemporary biomedicine.
It seems that some issues, namely the critical examination 
of certain areas of reflection, are preferably found 
in specialized works rather than in general bioethics 
manuals. Among the authors who have extensively 
addressed bioethical issues related to the relationship 
between humans and animals, we recall, for example, 
Silvana Castignone and Luisella Battaglia who were 
among the first to initiate the debate on animal rights in 
Italy in the 1980s [12-18].
As further evidence of this variety (and, at times, 
vagueness) in the extension of the term's meaning, it can be 
observed that other authors include topics rarely found in 
bioethics manuals. For instance, Ciccone devotes chapters 
to drug abuse, alcoholism, smoking, and AIDS [19]. 
Angelini asserts that defining exactly what "bioethics" 
entails is no easy feat. Its vagueness constitutes a primary 
source of dissatisfaction  [20]. Moreover, referring to 
bioethics in the singular is not an obvious choice; it seems 
rather risky. Indeed, it would be extremely challenging 
to identify a consensus in the theoretical definition of 
this new "science" within the literature dedicated to 
its epistemological profile. Likewise, finding a reason 
for unity within the field of bioethics, both in terms of 
treaties and public culture, would be complex. However, 
the unity of the bioethical field does exist to some 
extent [21]; this unity is guaranteed more by the overall 
societal context in which bioethics originates than by 
specific theoretical elaboration.
The term "bioethics" itself expresses a critical aspect 
of its scope and the determination of its extension [22]. 
However, what is important to note here is the lack of 
necessary inclusion (or their minimal development, 
sometimes almost irrelevant) of ecological themes 
and our relationship with non-human animals in early 
Millennium manuals. Will this be the case in mid-
Millennium manuals as well? Indeed, the Anthropocene 
compels us today to no longer ignore the priority of our 
ecological and interspecific relationships.
New topics will have to rightfully enter the field 
of bioethics, such as invisible pollution (in marine 
depths and outer space, areas that escape direct human 
perception but will be at the center of debate in the near 
future, for instance, to establish shared guidelines for 
the use of international waters and space, to address 
pollution cessation, the necessity of cleanup activities, 
and to use biodegradable materials...) and the ethical 
treatment of plants (given that life sciences confirm 
they possess sensory qualities similar to ours, as well as 
learning, memory, and thinking capacities), as well as 
a new balance between sapiens and animals (no longer 
assimilable to mere objects; moreover, chimpanzees 
belong to our own tribe, that of hominins, and in 

mammals, basic structures of consciousness and thought 
akin to ours are recognized) [23-27].
However, the impact of the Anthropocene on the 
delineation of bioethical issues cannot be considered 
confined to ecology in the broad sense, as it involves 
the emergence of specific profiles of human activities: 
big data, body hybridization, and personal identity 
(not only concerning human-animal commingling but 
also regarding developments in robotics), topics not 
yet institutionalized in bioethics manuals but which 
presumably will chart the future paths of this discipline.

The shift in priorities in the bioethical 
debate
Regarding the second aspect, the shifting priorities 
in the bioethical debate make it clear that human 
survival automatically becomes a species priority that 
precedes any individual priorities related, for example, 
to the principles of autonomy and self-determination 
(as a matter of logical, these principles are practically 
inapplicable if human survival is not ensured first).
The Anthropocene, through the awareness of the 
fundamental role of interspecific relationality and our 
interaction with planet Earth, as well as their incorporation 
into bioethical debate, is likely to overshadow the 
developmental trajectories that characterized the end 
of the twentieth century and the beginning of the new 
millennium: the claims of individual rights and the 
discipline of intra-human relationships inspired, for 
example, by the right of choice of the individual or the 
couple, or decisions arising from the doctor-patient dyad.
There will emerge a dual polarity: a planetary and global 
ecological perspective (which somehow evokes and 
resumes the impetus of the original bioethics, Potter 
and the like, for instance) and, within the framework 
of rediscovered biological familiarity with non-human 
living beings, the vast acquired (or in the process 
of being acquired) potentialities for intervention 
on the foundations of human nature – biological, 
anthropological, psychological, identity-related – and 
thus also for legal regulation.
The themes of ecology and our relationship with non-
human animals  [28] are precisely those that assume 
greater relevance in terms of the current change 
in bioethical priorities. This is evidenced by the 
establishment of dedicated chairs, such as those in 
Plant Psychology at the University of Padua (Umberto 
Castiello) and Plant Neurobiology at the University of 
Florence (Stefano Mancuso), or the chair in Private Law 
of Animals at the University of Turin (Luciano Olivero).
This trend calls for a paradigm shift in the biological, 
cultural, and philosophical concept of the human being 
and their place in the balance of planet Earth. This aligns 
with the spirit of the Italian Recovery and Resilience Plan 
(PNRR), which sees ecology (and eco-sustainability) as 
the guiding principle characterizing investment mission 
No. 2 ("Green revolution and ecological transition"), but 
actually permeating all others as well.
Considering that Legislative Decree 254/2016 requires 
listed companies with more than 500 employees and 
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€40 million in revenue to declare their non-financial 
statements annually (advancing the concept of ethical 
capital, which irreversibly undermines the supremacy of 
GDP and introduces ecological, social, and moral values 
into the heart of the evaluation system), it is likely that 
sustainability will become a filter, a precondition, for all 
investments financed with public funds in the future [29].
Thus, the Anthropocene brings bioethics back to its 
pragmatic profile, to its economic relevance in terms of the 
depletion of non-renewable resources and the allocation 
of economic resources. Every year, the Global Footprint 
Network, an international sustainability organization 
focusing on environmental accounting, calculates the 
planetary ecological footprint and identifies the day when 
the Earth's capacity to regenerate resources for the current 
year is exhausted. The Earth Overshoot Day for the world 
fell on July 28, 2022 (in 2021, it was July 29, and in 
2020, it was August 22). On May 15, 2022, however, it 
was Italy's Overshoot Day, the day when Italy surpasses 
its ecological footprint (thus consuming nearly 3 planets 
instead of 1)  [30]. The United States leads the ranking: 
they consume the equivalent of 5 planets [31].

The anthropocene and ethical challenges
The interaction between industrialization, urbanization, 
and economic development has led to significant 
improvements in human health, including increased life 
expectancy, reduced infant mortality, and a decline in 
extreme poverty. However, these benefits, distributed 
unevenly, have also resulted in unprecedented 
exploitation of the Earth's life support systems.
We cannot overlook the contribution of the healthcare 
sector to this profound alteration of natural ecosystems. 
Inadequate policies regarding the use and disposal of 
pharmaceuticals and medical devices can significantly 
contribute to water and soil pollution, negatively 
impacting biodiversity and ecosystem health. Similarly, 
intensive farming and livestock practices, often 
associated with the healthcare sector, contribute to 
deforestation, soil erosion, and air and water pollution.
As emphasized by the American ecologist Aldo 
Leopold, the Ethics of the Earth raises crucial questions 
that challenge many implicit assumptions of a bioethics 
focused solely on the present temporal dimension, 
necessitating a profound reconsideration of the ethical 
relationship that humans have traditionally established 
with the Earth community and the ecosystems upon 
which they necessarily depend [32].
In the materialistic and functionalistic perspective typical 
of modernity, nature is seen as a mere source of resources 
to be exploited limitlessly and a dumping ground for 
activities aimed at maximizing productivity and income. 
However, not only the recent SARS-CoV-2 pandemic but 
also the various health emergencies that have occurred 
over time have highlighted the fragility of the traditional 
paradigm that allows for any possible use of these 
resources solely based on mere technical possibility.
As philosopher Isabelle Stengers reminds us, 
the "intrusion of Gaia" warns us that the Earth is 
much more than just a reservoir of resources to be 

exploited; it is a living organism, interconnected and 
interdependent, responding to human actions and their 
consequences  [33,  34]. This concept challenges us to 
reconsider our traditional relationship with nature and 
to revise how we treat it to adopt a more respectful and 
responsible approach, recognizing its intrinsic value and 
its capacity for self-regulation.
In a different and necessary perspective, humans –as 
simple members among other living community members 
– take on an ethical responsibility towards present and 
future generations in a broader ecological context, capable 
of considering the connections between humans and the 
environment in a more complete and conscious way.
By recognizing the intrinsic value of the community 
itself, beyond the well-being of its individual 
members, the Ethics of the Earth moves away from 
the individualistic approach that often still permeates 
contemporary bioethical reflection to promote an ethics 
of interconnectedness, which acknowledges and respects 
the vitality and balance of the community as a whole.
The issue of equity in the use of resources and the 
distribution of environmental harms represents another 
crucial point. Who is responsible for mitigating the 
negative impacts of the Anthropocene, and how should 
these responsibilities be distributed? As Leopold 
reminds us, "A thing is right when it tends to preserve the 
integrity, stability, and beauty of the biotic community. It 
is wrong when it tends otherwise" [35].
An ethical approach to managing the Anthropocene 
thus requires a cultural and social change. This includes 
promoting sustainable technologies, responsible 
environmental policies, and a new paradigm of values ​​
focused on the interconnectedness between humanity 
and the global ecosystem.
In this context, considering ourselves citizens of the Earth 
community broadens the moral horizons of healthcare, 
moving beyond an exclusively anthropocentric focus. 
This approach implies a broader and more inclusive ethics 
that recognizes our connection to the entire ecosystem 
and promotes care not only for humans but also for the 
Earth and all forms of life inhabiting it. It is indeed a 
fact that our well-being depends not only on the medical 
care we receive but also on the quality of the air we 
breathe, the water we drink, and the soil we cultivate for 
food. A broader and more inclusive ethics thus entails a 
commitment to caring not only for individuals' immediate 
medical needs but also the responsibility to adopt practices 
and policies that protect and preserve the environment in 
which we live, ensuring long-term health for all forms of 
life on Earth. This structural interconnectedness among 
the various components interacting to determine well-
being and health is well expressed in the One Health 
framework, which proposes an integrated approach to 
holistically address health threats [36].
The One Health approach, officially recognized 
by the European Commission and all international 
organizations as a relevant strategy across various 
sectors benefiting from collaboration between different 
disciplines, constitutes an ideal approach to achieve 
global health as it considers the wide range of factors 
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emerging from various interactions, thus providing a 
comprehensive framework. Embracing this perspective 
also entails a revision of the current concept of "health" 
identified by the World Health Organization as the 
ability to adapt and self-manage in the face of physical, 
emotional, and social challenges (2011), to expressly 
include the reference to the relationship that humans 
have with other living beings and with nature in its 
complexity  [37]. Integrating this perspective into the 
definition of health allows us to better understand the 
critical role that environmental conservation plays in 
promoting human well-being and to adopt more holistic 
and sustainable approaches to global health. 
A perspective of justice in healthcare that integrates 
climate and environmental justice could provide 
healthcare providers with a more comprehensive and 
relevant ethical framework for future challenges. The 
One Health approach could indeed imply not only 
treating individual diseases but also adopting healthcare 
policies and practices that reduce negative impacts on 
the environment and promote long-term sustainability. 
For example, healthcare services could be more involved 
in reducing air pollution and greenhouse gas emissions, 
ensuring that healthcare facilities are environmentally 
sustainable, and promoting a healthier diet and lifestyle 
with a positive impact on both human health and the 
environment.
In this way, healthcare workers can actively contribute to 
building a more equitable and sustainable future for all 
by considering the ethical implications of their actions 
not only for the present but also for future generations 
and the planet. Viewing ourselves as citizens of the Earth 
community necessarily broadens the moral horizons 
of care to encompass the interests of all vulnerable 
subjects, which include not only those who require 
special protection due to age, gender, social or cultural 
status, but also all non-human members exposed to the 
consequences of our actions.

Towards new forms of education
In an era where the Anthropocene increasingly 
undermines the delicate balances of the planet's life 
support systems, bioethics can play a crucial role 
in educating and guiding the choices and actions of 
individuals, institutions, and governments. However, 
its impact will be truly significant only if it is able not 
only to address the consequences of our exploitation 
of the natural world but also to profoundly rethink our 
relationship with it.
By promoting fundamental ethical values such as 
environmental responsibility and solidarity, bioethics, 
enriched by the concept of ecoformation – which 
provides a theoretical framework for understanding 
the intrinsic link between environmental awareness, 
individual responsibility, and the promotion of planetary 
health and the well-being of future generations – can 
stimulate critical reflection on our behavior towards 
nature and the implications of our actions for the health 
of the planet and future generations [38].
Reimagining our relationship with ecosystems 

also entails accepting the challenge of a profound 
reconsideration of the conventional conceptual tools of 
bioethics. 
Emergencies such as the recent pandemic have 
highlighted the complexity of adequately addressing 
distributive justice issues where access to essential 
healthcare resources is limited and indivisible. The 
intricacy of these issues, which involved a group of people 
at a particular historical moment, has sparked debates 
and conflicts that have led to official positions being 
taken, such as those expressed by the Italian National 
Bioethics Committee (NBC) and the Italian Society of 
Anaesthesiology and Intensive Care (SIIARTI) [39, 40]. 
However, the complexity of these issues is expected 
to intensify when the comparison (extremely delicate 
and challenging) is not between an elderly and a young 
subject, easily identifiable within clinical parameters and 
different and quantifiable life expectancies, but extends 
to include goods and resources used by a plurality of 
subjects other than those competing for the allocation 
of vital resources, which will inevitably be affected, in 
ways that are difficult to quantify, by the production of 
materials consumed in the care of the individual.
The principles of distributive justice (GILLON) are 
effective when dealing with problems involving a 
defined group of potential beneficiaries and limited 
available resources influencing only those within this 
group. However, global environmental issues challenge 
this paradigm: the impacts of our actions are widespread 
in time and space, involving a wide range of people, both 
current and future, in different ways [41].
Even the category of obligations of justice based 
on human rights, ensuring that communities are 
not depleted in their resources for pharmaceutical 
production by more advantaged countries, cannot offer 
a decisive contribution to such issues. It is not always 
possible to establish a direct and causal link between 
healthcare provided to an individual and the violation of 
communities' rights to access uncontaminated water and 
environmental resources.
The dispersal of environmental causes and effects means 
that human actions in one place can have significant 
impacts on people and ecosystems distant in time and 
space. This interconnectedness makes it difficult to 
attribute responsibility and establish a clear ethical basis 
for our actions. Moreover, the fragmentation of human 
engagement implies that many of the actions contributing 
to global environmental problems stem from multiple 
actors, each playing a partial but significant role.
Addressing each of these factors separately would 
already be challenging using the resources of 
contemporary biomedical ethics; however, their 
convergence presents an even more daunting challenge, 
perhaps insurmountable with the resources currently 
available. This criticality implies that even when the 
"distant other" (in spatial or temporal dimensions, such 
as future generations) enters our circle of concern, it 
does not always lead to a corresponding active response 
from the subjects.
Stephen Gardiner has described this situation as a 'perfect 
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moral storm,' a lethal condition seemingly without an 
exit, highlighting the need for new forms of thought and 
ethical action based on a holistic and inclusive approach, 
recognizing the complex networks of relationships 
and interactions among individuals, communities, and 
the environment. This entails the need to cultivate a 
perception of environmental issues as morally relevant 
even when they are not easy to perceive [42].
Instead of focusing solely on individual parts or isolated 
individuals, the holistic approach acknowledges the 
importance of relationships and interactions among 
individuals, the biotic community, and the surrounding 
environment. This implies not only a revision of our 
conceptual models and ethical practices but also a 
profound transformation in our behaviors and policies, 
so that we can effectively address the interconnected 
challenges posed by human health and the well-being 
of the planet.
Climate change, soil and water pollution, and the 
decline in food resources make Potter's warning about 
the need for a new 'global bioethics,' based on a new 
understanding of humanity's position within planetary 
systems, more relevant than ever.
This innovative anthropological and philosophical 
perspective, arising from an awareness of the intricate 
relationships and interactions among humans, animals, 
and the environment, also calls for a redesign of 
educational programs capable of transcending rigid 
disciplinary boundaries and promoting broad and 
pluralistic thinking.
Considering the intrinsic link between human health 
and environmental health, bioethical education becomes 
crucial for developing critical thinking skills necessary 
to address the complex challenges posed by the 
Anthropocene.
Teaching bioethics can encourage the development 
of an interdisciplinary mindset, allowing students to 
understand the complexities of environmental and 
health issues through a global and interconnected 
perspective [43].
This can foster collaboration among different academic 
disciplines and the pursuit of innovative and sustainable 
solutions to address emerging challenges related to 
health and the environment.
This includes the ability to fairly assess the ethical 
implications of decisions and policies, as well as the 
ability to collaborate effectively with other disciplines 
and sectors to develop sustainable and socially just 
solutions.
Starting from schools, the integration of bioethics into 
educational curricula can promote awareness of the 
connection between individual actions and collective 
impacts on the environment and human health. Through 
the teaching of fundamental ethical concepts such as 
solidarity, social responsibility, and equity, students can 
gain a deeper understanding of global challenges related 
to health and the environment and develop critical skills 
to address them proactively.
Healthcare professionals who are aware of the ethical 
implications of their practices can also play a primary role 

in engaging the general public in adopting sustainable 
and responsible behaviors.

Conclusions

The Anthropocene represents a critical phase in human 
history, necessitating a profound examination of our 
relationship with planet Earth and its myriad life forms. 
Environmental alterations resulting from human activity 
are contributing, for instance, to the rise in malnutrition 
and the spread of vector-borne and waterborne diseases 
within a context already marked by severe systemic 
imbalances. Additionally, it is crucial to acknowledge that 
modern healthcare, primarily developed in high-income 
countries and often regarded as a model to emulate, has 
been influenced by the same perspective threatening 
the well-being of future generations. This underscores 
the urgent need to reassess global healthcare systems to 
address emerging environmental challenges and ensure 
the protection of public health on a global scale.
Only through a fundamental revision of our ethical 
approaches and collective commitment to coordinated 
and monitored human actions can we hope to safeguard 
the health of current and future generations.
Investing in the education of future generations on 
ethical issues related to the preservation of our planet can 
significantly promote a culture of environmental awareness 
and respect for nature. Sensitizing children from an early 
age to environmental protection and the construction of 
more sustainable societies can play a fundamental role 
in shaping individual behaviors and collective decisions 
aligned with the conservation of our ecosystem and the 
well-being of present and future generations.
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