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To the Editors,

In an increasingly complex and challenging healthcare 
landscape, telemedicine presents an opportunity to 
improve access to care and ensure that healthcare is 
always close to citizens [1]. 
Telemedicine can reduce inequalities, effectively 
improving access to personalized healthcare services 
for everyone. However, the result depends not only 
on the availability of appropriate technological tools 
but also on the digital literacy of both patients and 
healthcare personnel [2]. Otherwise, there is a real risk 
of exacerbating inequalities and compromising equitable 
access to care.
In Italy, new solutions in telemedicine are increasingly 
being implemented, radically transforming the doctor-
patient relationship, improving access to specific services, 
and overcoming geographical and temporal limitations.
One area where this tool is being used is the ASL of Latina 
(Italy): a local health authority in Lazio Region that covers 
a very large province stretching from Circeo to Sabaudia, 
including the islands of Ponza and Ventotene  [3]. With 
nearly 600,000 inhabitants, 5 districts, and 4 hospitals in a 
diverse territory, new technological possibilities are being 
used to measure and address disparities. 
Regarding territorial healthcare a department for the 
protection of vulnerabilities has been established, 
comprising a network of consultation offices, a structure 
dedicated to adult disabilities, a reference point for 
the migrant population, hospices and palliative care, 
territorial oncology, and nursing homes. To improve the 
care of chronic patients, a community nurse has been 
established.
Telemedicine tools, such as teleconsultation and 
telemonitoring, which have increasingly gained ground 
following the COVID-19 pandemic, are playing 
an increasingly significant role in patient-centered 
healthcare. In particular, the ASL of Latina boasts a 
highly developed system for managing heart failure: 
2,700 patients are enrolled, and of these, just over a 
thousand have an implanted device such as a pacemaker 
and are managed entirely remotely with home tele-

visits. A telemonitoring system is in place, verified for 
12 hours a day by a hospital cardiologist through an 
always-active central unit linked to the “Pontine Acute 
Myocardial Infarction Network”. Operating since 2012, 
the network – aligned with high international standards 
– relies on the 118 operations center in Latina, with 23 
telemedicine systems onboard as many ambulances, 
emergency rooms with 10 additional telemedicine 
systems, 24-hour hemodynamics at the central hub, and 
the intensive cardiac care unit at Santa Maria Goretti 
Hospital (Latina, Italy), which serves as the central 
listening, reporting, and teleconsultation center. This 
makes the hospital the first in Italy for the treatment of 
acute myocardial infarction according to the ranking by 
the Italian Society of Cardiology and Hemodynamics, 
and it ranks among the top ten in Europe, fourth in Italy, 
and first in Lazio for coronary angioplasty. 
A decline in hospitalizations was reached, reconfirmed 
year after year compared to when this project was 
not active before 2019. According to the National 
Outcomes Program editions for the years 2012 and 
2018, a clear decline in hospitalizations for acute 
myocardial infarction was observed. This recorded 
decline was -7.6% in 6 years. This success derives from 
the improved management of patients. The combination 
of heart failure management and the network that has 
brought electrocardiographs onto ambulances for 10 
years, transmitting the trace immediately – even from 
the islands – to the cardiology operations center for 
immediate verification if the patient should be taken to 
the thermodynamic room. Data also show a reduction 
in the mortality index for heart attack, placing it among 
the most virtuous regions in Italy for this cause of death. 
“Mortality for acute myocardial infarction 30 days after 
hospitalization has indeed dropped from 10% in 2012 to 
7% in 2018, practically 30% fewer deaths, meaning 800 
lives saved between 2013 and 2018 [4].
Teleconsultation is also used in Liguria Region (Italy) 
where the San Martino Polyclinic in Genoa is the hub 
of patients of high complexity care. This organizational 
model allows the centralization of specific cases.
The hub was alerted by the San Paolo Hospital in 
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Savona: once the patient was examined, Savona doctors 
were able to send 1,800 CT images in seconds to the San 
Martino surgeons via teleconsultation. 
Recently, an emergency flight saved a 53-year-old 
patient with an aortic dissection at risk of rupture and 
cardiac tamponade. The woman was operated on by 
cardiac surgeons at the Polyclinic.
Telemedicine can also address current healthcare system 
shortages: offering online visits can help reduce waiting 
lists for outpatient appointments, disseminate useful 
information to the population, and encourage preventive 
care, reduce costs, and optimize resources by reducing 
physical appointments when not essential [5]. However, 
its effectiveness depends on strategic integration into 
the healthcare system and staff training. At the same 
time, we cannot rely solely on “remote” solutions 
to address current healthcare problems such as the 
shortage of general practitioners. In the immediate term, 
technological tools can address an emergency situation 
like this, but in the coming years, careful planning will 
be necessary: “According to the Italian National Medical 
Insurance and Welfare Board (Enpam) estimates, as of 
December 31, 2021, more than 50% of GPs were over 60 
years old, and therefore a massive retirement is expected 
in the coming years: considering a retirement age of 70, 
about 20,000 GPs should retire by 2031”. The effects 
of this situation are already evident in some areas  [6]. 
This is the case of the Bergamo Health Protection 
Agency (Italy), which faced a significant shortage of 
family doctors. Around 20,000 people were left without 
a primary care physician for more than 18 months. 
Initially, efforts were made to maintain continuity of care 
with the opening of temporary clinics staffed by on-call 
doctors and GPs, but the high influx made it complex 
to track all services provided. At the same time, it was 
not simple identify in which time slots the available 
doctors could take on “extra” patients. Therefore, a 
platform was created to match the availability of general 
practitioners with patients “orphaned” of their doctor. 
The benefits were immediately apparent: patients could 
book visits not based on their residence but according 
to their preferences, such as proximity to work, and 
doctors accessed a direct payment system for services, 
all managed electronically. Ninety professionals joined, 
uploading their available hours online: Bergamo residents 
now have an app to book directly from their smartphones, 
and 240 local pharmacies participated to assist patients 
less familiar with technology. In 2023, 9,000 services 
were provided monthly, 2,000 of which were in the 
seven community health centers in the area, indicating 
a growing trend among those who prefer to receive care 
at their clinics. This is an example how the technology 
can and should make the Italian healthcare system more 
efficient. Yet, there is still much to be done in Italy: for 
this reason, the National Recovery and Resilience Plan 
(PNRR) allocated 60% of funds to developing digital 
skills to bridge the gap with more advanced countries in 
this regard [7]. Previously allocated digitization funds in 
various regions were never adequately used, and now we 
must accelerate and recover ‘lost time’.

One of the most common problems is the fragmentation 
of systems and software incapable of communicating 
with each other. This is precisely what the Abruzzo 
Region faced after the advent of COVID-19, committing 
to a dense schedule of digital health in its 2021-2023 
three-year plan. It started with training for healthcare 
personnel, followed by piloting billed services. Efforts 
were made to facilitate citizen access to choose and 
possibly revoke their general practitioner, and to create a 
single booking center (CUP) to address patient healthcare 
booking difficulties. Significant changes are currently 
being made to the vaccination registry to unify it and 
improve screening analysis, ensuring no relevant patient 
information is overlooked. Additionally, an integrated 
imaging diagnostics system and a unified platform for 
laboratory test reporting are being developed, enabling 
external specialist consultations for certain rare diseases 
and optimizing resources simultaneously. Consequently, 
citizens are facilitated in accessing healthcare services, 
and doctors are provided with new and effective 
diagnostic platforms.
However, it should not be forgotten that behind 
artificial intelligence algorithms and teleconsultation 
or telemedicine, there is always the responsibility 
of the doctor who must oversee the contribution that 
innovation can make in terms of higher quality, for 
example by limiting the possibility of human error [8]. 
Continuous training for doctors is therefore necessary, 
supported by engineers to manage these new devices. 
It is essential that they are European Conformity (CE) 
certified to ensure their safety. The risks are evident: 
from respecting patient privacy and the security of 
personal data, which could be subject to breaches or 
unauthorized access, to actual malfunctions of medical 
devices. The digital divide among the population must 
also be considered, as not everyone can benefit from 
the advantages of telemedicine, which, if improperly 
used, can result in a loss of human contact in the doctor-
patient relationship, compromising empathy and 
the necessary doctor-patient relationship. Moreover, 
technology is costly, and each healthcare manager must 
identify the priorities for investment to improve their 
healthcare organization.
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Introduction

SARS-CoV-2, a highly pathogenic coronavirus in 
humans, has emerged at the end of 2019 and has caused 
a devastating pandemic with 771,549,718 confirmed 
cases, including 6,974,473 deaths, as of 25 October 
2023 [1]. Although its origin is still unclear, SARS-
CoV-2 has been acknowledged to be a zoonotic virus, 
meaning that the virus can spread from animals to 
humans [2]. The most accepted hypothesis behind 
the COVID-19 pandemic is that the virus originated 
in a bat species and then spread to humans through a 
direct spillover event. Additional hypotheses are 1) the 
circulation of a less-virulent progenitor that over time 
accumulated mutations and increased its virulence or 2) 
the involvement of an intermediate host which, having 
been infected by a bat, was then able to transmit the virus 
to humans. Although the involvement of an intermediate 
host has not been confirmed, pangolins and civets have 
been identified as potential candidates  [3-6] (Fig. 1).
As of September 2022, SARS-CoV-2 had been detected 
in 25 animal species (wild, captive, and domestic 
animals) from 36 countries. Most of these animals were 
infected after contact with sick humans, a phenomenon 
called reverse zoonosis  [2, 5, 7, 8]. The main concern 
during reverse zoonosis is the possible increase of viral 
virulence due to the many mutations the virus may 
accumulate during spillover events. These mutations 
may result in immunity escape factors that when the 
virus will spread back to humans may lead to disease 

worsening [5, 7]. The “One Health Concept”, first used 
in 2003-2004 following the emergence of Severe Acute 
Respiratory Syndrome (SARS) in 2003, recognizes 
that human health is strictly related to the health of 
animals, plants, and their shared environment, focusing 
on the relationship and interconnections among these 
entities [9-12]. Short after the 2003 SARS epidemic, 
the emergence and spread of the highly pathogenic 
avian influenza virus H5N1 [13, 14] contributed to 
the growing importance of “One Health Concept”. 
The European Commission strongly supports and 
encourages a One Health approach when it comes to 
the prevention, preparedness, and response to zoonoses, 
especially major threats such as avian influenza viruses, 
West Nile and Ebola viruses. Prevention, robust 
surveillance, rapid detection and response are crucial 
when dealing with serious cross-border health threats 
such as zoonoses [15]. The COVID-19 pandemic has 
further highlighted the need for an improved One Health 
Concept that aims to a collaborative, multi-sectoral, and 
transdisciplinary approach to address potential health 
threats from the animal-human-environment interface [7, 
9, 10, 16-18]. Considering that about 61% of common 
human pathogens and about 75% of emerging pathogens 
are of zoonotic origin, mainly from wildlife, surveillance 
measures of domestic animals as dogs and cats, and of 
secondary wild reservoir species as mink and white-
tailed deer [5] are critical for preventing the emergence 
of novel SARS-CoV-2 variants as well as of other 
emerging pathogens. For this reason, the relationship 
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Summary

The emergence of SARS-CoV-2 has underscored the critical need 
to enhance the ONE HEALTH approach which recognizes the 
interconnectedness of human, animal, and environmental health. 
In this review we report on various animal species that were 
infected by SARS-CoV-2 virus during the pandemic with the aim 
to contribute to the One Health approach. The SARS-CoV-2 pan‑
demic has highlighted the devastating consequences of zoonotic 
diseases such as COVID19 and has reiterated the critical role 

that the health of wildlife, domestic animals, and the environ‑
ment plays in human health. The pandemic is a lesson learnt on 
the urgent need for an enhanced ONE HEALTH approach by 
developing a robust and interconnected global health strategy to 
effectively prevent and control zoonotic diseases and protect the 
health of all species on our planet. These efforts are crucial for 
a sustainable and resilient future for both human and ecological 
systems. 
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between the environment and human and animal health 
is fundamental to understanding and addressing global 
health challenges [19]. For instance, pollution, climate 
change, and habitat destruction can lead to the emergence 
and spread of infectious diseases, affecting both wildlife 
populations and human communities [20]. Conversely, 
preserving biodiversity and maintaining healthy 
ecosystems can provide essential ecosystem services 
that support human health, such as clean air, water, and 
food security [21, 22].
The aim of this work was to provide an overview of 
the various animal species infected by SARS-CoV-2 in 
order to contribute to the One Health approach.

SARS-CoV-2 infection in pets

Domestic animals, also called pets, are all those which 
are kept at home for company, such as cats, dogs, 
ferrets, and hamsters. The COVID-19 pandemic greatly 
changed the pet-owner relationship. Indeed, while social 
isolation increased the adoption of pets [23], many pet 
owners abandoned their animals for fear that they could 
vehicle the virus [24]. In addition, preventive behavioral 
measures were taken to avoid direct contact with pets and 
as a consequence owners became less closely involved 
with their animals [25].
Experimental studes have shown that pets are susceptible 
to SARS-CoV-2 infection [26] (Fig. 2). However, their 
role in the virus transmission cycle is not yet clear.
The first cases of human-animal transmission occurred 

in Hong Kong in February and March 2020, when 
two male dogs, one Pomeranian and one German 
Shepherd, tested positive for SARS-CoV-2 with RT-
PCR and serological tests [27]. Serological studies have 
detected very low SARS-CoV-2 antibody titers in dogs 
and clinical signs are rarely present. While dogs are 
the animals living in close contact with humans, their 
seroprevalence rate is less than 5%, thought it tends to 
increase when their owners carry a high viral load [28, 
29]. In dogs, sex and age seem to play a role in the risk 
of SARS-CoV-2 infection, and susceptibility to infection 
increases in male dogs older than year old [30].
Cats can transmit the virus by air to other naive 
cats causing infection in the lungs, lymph nodes 
enlargement, coughing and dyspnea [31]. Cat infection 
acquired from COVID-19 positive owners has been 
reported from various countries, confirming human-to-
cat SARS-CoV-2 transmission. In a study conducted in 
Hong Kong, 12% of cats living with infected humans 
tested positive for SARS-CoV-2 [32]. Similarly, a study 
conducted in Wuhan (China) found that 14.7% of cats 
living with infected owners tested positive for the virus. 
Of these, 10.8% had neutralizing antibodies against 
SARS-CoV-2 [33]. Cat-to-human transmission seem 
a rare event with only one case reported in Thailand, 
where an infected cat of an infected owner sneezed on 
a veterinarian who became infected [34]. Similar to 
humans, clinical signs as fever, lethargy, respiratory 
distress are also observed in cats but are not specific to 
COVID-19 infection. Younger than one-year cats have a 
higher risk of infection than dogs of the same age [35].
Cats are more susceptible to infection than dogs, 
probably because they retain high greater expression of 
Angiotensin-Converting Enzyme 2 (ACE-2) receptors, 
the target of the SARS-CoV-2 spike (S) protein in 
the respiratory tract [36]. Viral persistence in cats is 
longer (21 days) than in dogs (13 days) [37] and cats’ 
genomic sequence encoding ACE-2 receptor shows 
85.5% similarity to that of humans. Only four out of 
20 amino acid residues encoding the receptor-binding 
domain (RBD) of the S protein have been found to differ 
between cats and humans [38]. 
Ferrets are susceptible to SARS-CoV-2 infection 
and have been shown to transmit the virus to other 
ferrets [39]. In several countries ferrets are kept as 
pets, but little information is available on SARS-CoV-2 
epidemiology in these animals. In a study conducted in 
Spain in ferrets living with humans infected with SARS-
CoV-2 it was found a seroprevalence of 1.6%. None of 
the seropositive animals showed clinical signs of SARS-
CoV-2 infection [40]. 
Hamsters are considered to be a valuable animal model, 
as they can develop SARS-CoV-2 infection [41]. Golden 
Syrian hamsters inoculated nasally with SARS-CoV-2 
developed several signs of infection and transmitted 
the virus to naïve co-housed hamsters [42, 43]. Viral 
transmission from humans to hamsters was reported 
after infected Golden Syrian hamsters were shipped from 
the Netherlands to Hong Kong and sold to different pet 
shops. The subsequent animal-to-human transmission 

Fig. 1. SARS-CoV-2 zoonotic transmission to humans.

The virus spread from bats to humans through direct spillover 
(continuous arrow) or through the involvement of an intermediate 
host (dashed arrows), which was infected by bats and then trans-
mitted the virus to humans (created with BioRender.com).
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resulted in more than 80 human cases all of which were 
attributed to the Delta variant [44, 45].

SARS-CoV-2 in farm animals

SARS-CoV-2 infection has also been described in farm 
animals (Fig. 2).
Pigs are considered to have a limited susceptibility to 
SARS-CoV-2 [46]. Under experimental conditions 
they shown to be resistant to intranasal inoculation 
of SARS-CoV-2. Indeed, no clinical signs, including 
increased body temperatures, were observed in these 
animals [26,  47]. Low level of viral shedding and 
antibodies against SARS-CoV-2 were found only in 
31.3% of experimentally infected pigs [48]. 
Poultry is also considered at low or no susceptibility to 
SARS-CoV-2 infection. In a study SARS-CoV-2 was 
inoculated into chickens, turkeys, ducks, quails and geese 
and no clinical signs were observed. The virus was not 
detected in any swab material, and antibodies were not 
detected in the serum of any species. These results suggest 
that either SARS-CoV-2 does not replicate in any of the 
studied poultry species, or that it replicates at too low a 
level to be detected [49]. Similar findings were reported 
from other studies performed in chicken [26, 47].
Cattle have little susceptibility to SARS-CoV-2 infection. 
In one study, as early as 3 days after experimental 

infection, they displayed a low viral load with a mild but 
detectable serological response and no cattle-to-cattle 
transmission was occurred [50]. In another study cows 
and buffaloes tested negative to RT-PCR for SARS-
CoV-2 after contact with their molecular swab-positive 
owner [51]. Occasionally cattle can be infected and 
seroconvert after contact with infected humans as found 
in another study [52]. In sheep, the replication of SARS-
CoV-2 in respiratory tissues has been demonstrated [53, 
54]. However, limited transmission to other sheep 
has been reported [53]. Another in vivo study on 
experimentally infected sheep found no virus or viral 
RNA in swabs or tissues, but some of them developed 
low titer of neutralizing antibodies, suggesting a mild 
infection [55]. A serological investigation on sheep in 
close contact with humans conducted before and after 
the pandemic did not find SARS-CoV-2 antibodies, 
suggesting that sheep are not or little susceptible to 
SARS-CoV-2 infection [56].
Goats have low susceptibility to SARS-CoV-2 infection. 
Experimental studies with intranasal inoculation found 
that animals became positive after 7 days with no changes 
in body temperature suggesting that goats may have very 
low susceptibility to SARS-CoV-2 infection [55, 57].
Rabbits are susceptible to SARS-CoV-2 [55, 58]. The 
infection, despite the positive swab, is asymptomatic, 
with a low viral replication suggesting that virus 
transmission among these animals may be less efficient 

Fig. 2. SARS-CoV-2 transmission in various animal species.

The virus has spread from humans to several animal species (reverse zoonotic transmission). Inter-species and intra-species transmission and 
spill-back to humans have been described (created with BioRender.com).
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than in ferrets and hamsters; also, a low viral replication 
was observed. Finally, a study of more than 100 rabbits 
showed a very low seroprevalence rate [59]. The spread 
of the virus and disease in other rabbit breeds or in 
rabbits of different ages should be further investigated as 
no data are available [58].
An experimental infection of an adult horse by intranasally 
administered ancestral SARS-CoV-2 revealed no viral 
shedding [55]. Some studies involving the molecular 
detection of SARS-CoV-2 in nasal secretions and/or in 
feces from healthy horses that had been in contact with 
infected humans and sick horses revealed no evidence 
of virus spread [51, 60]. Moreover, a serological survey 
conducted in China on 18 healthy horses did not detect 
antibodies against SARS-CoV-2 [61]. However, a study 
of healthy racehorses found a seroprevalence of 5.9%, 
suggesting a possible spillover from SARS-CoV-2 
infected humans to horses [60]. The seroconversion 
of a horse after close contact with infected humans 
confirmed the possible reverse zoonosis occurrence 
between humans and horses [62]. Finally, in a large 
seroprevalence study including 1,186 equines it was 
found that 3.5% of horses had detectable SARS-CoV-2 
antibodies without showing clinical signs [63].
The low binding affinity to ACE-2 receptor studied 
by comparative sequence analysis and functional 
studies in equines (horses and donkeys) explains the 
low susceptibility of the species to SARS-CoV-2 
infection [64, 65].

SARS-CoV-2 on mink farms 

Minks were the first animal population that emerged 
as a potential source of spillback (the spreading of 
the virus from humans to animals, also called reverse 
zoonosis) and secondary spillover (transmission from 
new animal hosts instead of the original host) during 
COVID-19 pandemic. The initial infection of these 
animals was caused by infected humans working 
in mink farms. An intense and sustained animal-to-
animal transmission followed as a result of both the 
high-density of mink populations and of the high 
susceptibility of minks to SARS-CoV-2 infection 
(Fig. 2). This intense intra-species transmission in 
minks led to the emergence of novel viral variants that 
spilled over into humans [66].
The first confirmed cases of SARS-CoV-2 in mink were 
reported in the south-east of the Netherlands during the 
first pandemic wave [67]. By the end of April 2020, 
mink from two different farms showed respiratory 
and gastrointestinal disorders, with a mortality rate 
of 1.2–2.4%. The infection rapidly spread throughout 
the farms, with many animals clinically affected. 
Histological signs of acute interstitial pneumonia and 
other lung lesions were observed, and viral RNA was 
detected in the lungs, throat, liver, and intestines of 
the dead animals [68]. Epidemiological investigations 
found that SARS-CoV-2 was initially transmitted to 
minks by humans and then spread widely among mink. 

Approximately 68% of farm workers or their contacts 
were subsequently infected with SARS-CoV-2. Viral 
phylogenetic sequencing confirmed that humans were 
infected by mink viral strains that differ from the viral 
strains circulating among humans who had not been in 
contact with minks [69], providing evidence of mink-
to-human transmission [70]. 
Subsequently, several outbreaks of SARS-CoV-2 
infection were reported from mink farms in Europe and 
North America resulting in high mortality and great 
economic loss for mink farming [69, 71-75]. 
A SARS-CoV-2 variant of mink origin, named ‘Cluster 
5’, was initially observed in an outbreak in mink and 
humans in Denmark in June 2020 [76]. The identification 
of this mink-originating variant led to the mass culling 
of mink to minimize risks to of wider spreading to 
humans [77]. In fact, at that time approximately 53% 
of SARS-CoV-2 strains infecting humans in Denmark 
were of mink origin, indicating generalized secondary 
zoonotic transmission had occurred [66]. Outbreaks like 
those reported in Denmark have persisted throughout the 
pandemic with the isolation of mink viral strains identical 
to those isolated in humans [78] and with emergence of 
other variants of mink origin, such as the Marseille-4 
variant (B.1.160) [79]. In addition, transmission from 
farmed mink to semi-domesticated animals has been 
documented in the Netherlands [80], and infection from 
wild minks has been reported in Spain and USA [81, 
82], fueling concern about the prospect that a highly 
susceptible wild animal can become a SARS-CoV-2 
reservoir.
Possibly on account of host adaptation, the virus 
appeared to evolve at a faster rate in mink than in 
humans [70]. Whole genome sequencing technique has 
identified about 170 mutations in SARS-CoV-2 samples 
collected from mink farms, some of which have been 
found also in humans [83]. The good adaptation of the 
virus to the mink host led to the emergence of variants, 
with accumulation over time of point mutations that 
were repaired early during the spread of the virus in 
minks enabling the virus to be easily reintroduced into 
humans [71, 84]. Rabalski et al. [84] found four distinct 
mutations in the S gene in an isolate taken from a farm 
worker who tested positive for SARS-CoV-2. This viral 
variant gave origin to the mink-adapted variant. The 
detection of mutations in the RBD of the S protein raises 
concerns about the efficacy of vaccines against human 
infection by S protein variant strains [72].

SARS-CoV-2 in wild animals

Some studies have reported SARS-CoV-2 spillover from 
human to wild animals [85] (Fig. 2). The infected wild 
animal species were primarily in contact with humans in 
settings of captivity, such as zoos, safari parks, zoological 
centers, and aquariums [86]. SARS-CoV-2 has been 
found in 17 animal species belonging to three orders: 
Artiodactyla, Carnivora, and Primates. Except for two 
species of the order of Artiodactyla, namely deer, and 
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one of the order of Primates, the other 14 cases concern 
species belonging to the order of Carnivora, family of 
Felidae, with the highest number of species in which the 
virus has been found [87].
The first case of animal infection by SARS-CoV-2 in 
the USA was reported in a Malaysian tiger at the Bronx 
Zoo, New York, as the first case of viral transmission 
from human to a non-domestic animal [3]. The tiger 
appears to have been infected by an asymptomatic 
zookeeper who tested positive for SARS-CoV-2 [88]. 
Subsequently, the infection was detected in other four 
tigers and in lions, confirming that SARS-CoV-2 can be 
transmitted to various species of felines [3]. 
The emergence of the Delta variant (B.1.617.2), first 
identified in India in October 2020, prompted the 
assessment of its possible circulation in wild animals, 
such as lions [89]. In May 2021 the occurrence of natural 
infection by the Delta variant was reported in Asian 
lions, in the Arignar Anna Zoological Park in Chennai 
(India), where four of thirteen lions had symptoms of 
SARS-CoV-2 infection, such as loss of appetite and 
cough. A total of 11 lions were then tested using RT-
PCR, nine were positive for SARS-CoV-2 and two of 
the positive animals died. Although it appeared that 
the primary source of infection was an infected person, 
with the further transmission of the virus occurred for 
the close contact among animals that share the same 
habitat [90]. The Delta variant was also found in another 
two cases of infection in Asian lions [89].
Cases of natural infection in pumas occurred in a private 
zoo in Johannesburg, South Africa, during the first and 
second epidemic wave. The first positive case of SARS-
CoV-2 was found in a puma with symptoms of anorexia. 
The second case occurred 24 hours later in another puma 
with similar symptoms. An investigation on zoo staff was 
performed and two individuals had positive swab [91]. 
The first two cases of SARS-CoV-2 infection in snow 
leopards occurred at Louisville Zoo (Kentucky, USA) 
in December 2020. Again, the infection appears to 
have been caused by a zookeeper who tested positive 
to SARS-CoV-2. Later, SARS-CoV-2 infection cases in 
snow leopards were reported in California, Nebraska, 
South Dakota, and Illinois due to human-to-animal 
transmission [87].
In 2021, the transmission of SARS-CoV-2 from man 
to white-tailed wild deer (Odocoileus virginianus) was 
documented in the USA [92]. In July 2021, antibodies 
against SARS-CoV-2 were found in 152 white-
tailed deer with a 40% seroprevalence in Michigan, 
Pennsylvania, Illinois, and New York. In another study 
between January and March 2021, SARS-CoV-2 was 
detected in 35.8% out of 360 swabs collected in nine 
locations in northeastern Ohio. Male and heavier deer 
were more likely to be infected, especially those living 
near urban centers where they were more likely to have 
direct contact with humans through garbage, backyard 
feeders, and bait stations [93].
In Switzerland, a case of SARS-CoV-2 infection 
was reported in a red fox during routine surveillance 
testing [94].

In another study, 283 samples of nasopharyngeal lymph 
nodes from wild and captive deers were collected in 
Iowa from April 2020 to January 2021. Of these, 33% 
were positive on RT-PCR. The majority of the samples 
were collected between September and December 2020, 
suggesting that spillover occurs mainly in the hunting 
season [92]. As more than a third of the deers tested 
positive to SARS-CoV-2, the authors alerted that a 
potential new reservoir of SARS-CoV-2 infection might 
arise.
Naturally acquired infection has also been ascertained 
in captive gorillas in USA, Czech and Spanish zoos, as a 
results of direct and indirect contact with SARS-CoV-2 
infected humans. Great apes and Western Lowland 
gorillas displayed visible signs of infection, such as 
nasal discharge and coughing, and pneumonia-like signs 
were observed in old apes [66, 95].
Finally, in a zoo in Belgium, hippopotamuses displaying 
only nasal discharge were found to be swab-positive for 
SARS-CoV-2. The slight genetic difference between 
the human and the hippopotamus viruses suggests that 
humans had infected these animals [96]. Other cases 
of infection in captive animals have been reported in 
fishing cats, hyenas, lynxes, mandrills, monkeys, and 
otters [66].

Conclusions

This work provides an overview on SARS-CoV-2 
infection in different animal species. Data were retrieved 
from both experimental studies and natural infection 
events occurred during the COVID-19 pandemic.
There is clear evidence that zoonotic spillovers and 
reverse zoonosis occurred during SARS-CoV-2 
pandemic involving humans and animals, providing a 
comprehensive understanding of the virus transmission 
dynamics for supporting the improvement of One Health 
approach strategy.
One Health is a transdisciplinary approach to 
understanding and addressing complex challenges 
that involve the health of humans, animals, and the 
environment [14, 97]. It recognizes that the health of 
these three interconnected domains is closely linked and 
that health issues in one domain can have a significant 
impact on the others. This approach considers health 
within a unified global perspective (One Health) and it 
is supported by the evidence that the various outbreaks 
of new infectious diseases that have periodically 
occurred during the past five decades are due to zoonotic 
spillovers [11].
Many species, some of which are in close contact 
with humans, are susceptible to SARS-CoV-2. The 
susceptibility of species may change over time and 
viral variants may continue to emerge with changes 
in transmission capacity, potentially giving rise to 
the appearance of new hosts [98]. In the case of mink 
and deer infection, the adaptation of SARS-CoV-2 via 
only minimal mutations illustrates the capability of 
adaptation of this virus to new animal species. In the 
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most susceptible species, the possibility that new viral 
mutations emerge will increase the risk of secondary 
spillover and reverse zoonosis transmission.
In this review we have reported that wild animals 
were infected by SARS-CoV-2. It is of concern the 
possibility that a wild animal can become a reservoir 
of SARS-CoV-2, as it would represent a new potential 
transmission route for further spread of the virus more 
difficult to control than the reservoir of domestic animals. 
An assessment of the current epidemiological situation 
like the one approached in this review, may serve to 
recommend options for reviewing the monitoring 
strategies for SARS-CoV-2 infection in animal species 
of concern.
In this context, the continuous surveillance of both 
humans and animals is essential as new variants 
of SARS-CoV-2 could emerge creating a dynamic 
landscape of susceptibility and transmission within 
and between species. Such development could have 
far-reaching implications for conservation, ecosystem 
health, food production, economics, and public health. 
Also, further research is needed to identify potential 
reservoirs of the virus and to further investigate the 
human-animal transmission route. Finally, all those 
animals that are susceptible to the virus, whether 
domestic, intensively farmed, or wild in captivity, should 
be vaccinated in order to limit the development of overly 
diffusive or pathogenic SARS-CoV-2 variants [86, 99]. 
This approach can help limit the development of 
overly diffusive or pathogenic SARS-CoV-2 variants. 
Additionally, enhancing biosecurity measures in animal 
farming and wildlife management can reduce the risk 
of spillover events [100, 101]. However, in Europe, 
vaccination of animals against SARS-CoV-2 was only 
applied in mink in Finland but is no longer in use due to 
the limited effectiveness against Omicron variant. Data 
regarding other possible impact of the vaccination, such 
as the spread of the virus, the efficacy versus infection 
and the onset or duration of immunity were incomplete 
to allow a reliable assessment. Overall, it seems that the 
vaccine was able to provide a certain degree of protection 
against severe disease caused by the Delta variant in 
mink, but it did not prevent infection [102]. Moreover, 
promoting sustainable agricultural practices can also 
minimize human-wildlife contact, thereby reducing the 
risk of zoonotic disease transmission [103].
Overall, the information coming from monitoring 
programs in animal populations can aid the assessment 
of risks of virus transmission from animals to humans, 
with particular regard to the possible selection and 
emergence of new variants in animal populations, for 
which humans might be more susceptible or available 
vaccines less effective [102].
Control of the SARS-CoV-2 pandemic required the 
adoption of One Health as a collaborative global 
approach to mitigating the risk to both humans and 
animals and to uncovering and attenuating the severity 
of a complex human-animal environmental health 
problem. However, there road is still long to achieving 
an optimal institutional coordination and collaboration 

across various disciplines, a pathway that necessitates the 
inclusion of social, cultural, and economic components 
to create a solid One Health approach [104,  105]. 
Furthermore, establishing interdisciplinary teams 
that include veterinarians, ecologists, public health 
professionals, and social scientists can enhance 
the effectiveness of disease prevention and control 
strategies [106].
As already reported for Monkeypox virus [107], the 
implementation of the concept of One Health in all 
human, animal and environmental spheres could 
contribute substantially to both to the control of new 
outbreaks and to strengthen public health preparedness 
and response.
Finally, educating communities about the importance of 
One Health and promoting behaviors that reduce the risk 
of zoonotic transmission can support long-term public 
health resilience [108, 109].
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Introduction

Leisure time physical activity refers to any bodily 
movement that results in energy expenditure. This includes 
a wide range of activities, such as walking, running, 
dancing, swimming, gardening, etc. Physical activity can 
be structured (like organized sports or exercise routines) 
or unstructured (like outdoor activities). It is typically 
categorized into four types: aerobic activities (e.g., 
jogging, cycling), muscle-strengthening activities (e.g., 
weightlifting), flexibility activities (e.g., stretching, yoga) 
and balance activities. The beneficial role of physical 
activity on the cardiovascular system has been well 
established and appreciated [1, 2]. A series of studies since 
the 1990s have revealed that in both men and women high 
levels of leisure time aerobic physical activity reduces the 
risk of atherosclerotic cardiovascular disease (ASCVD) 
in a range of about 20 to 30%, compared to the risk of 
those with low levels of physical activity, while even 
moderate physical activity was significantly associated 
with up to 20% reduction of the ASCVD risk, indicating 
an dose-response relationship  [3-6]. These effects were 
independent of the impact of physical activity on other 
major cardiovascular risk factors, like hypertension, 
diabetes, obesity, and dyslipidemia. 
These accumulative lines of evidence have been 
summarized in a number of systematic reviews and meta-
analyses. For example, a large-scale meta-analysis from 
the Global Burden of Diseases project, that evaluated 174 

studies from all over the world, reported that higher levels 
of physical activity were significantly associated with 25% 
lower risk of ischemic heart disease and 26% lower risk for 
ischemic stroke. In another meta-analysis that explored the 
mechanistic effects of physical activity on cardiovascular 
system and included 57 randomized controlled trials 
of aerobic exercise intervention of at least moderate 
intensity, aerobic exercise intervention significantly 
raised antiatherogenic apolipoproteins and lipoprotein 
sub-fractions, lowered atherogenic apolipoproteins and 
lipoprotein sub-fractions and improved atherogenic lipid 
ratios. [5] A more recent meta-analysis of 148 randomized 
clinical trials and 36 prospective cohort studies, enhanced 
previous findings, reporting a 34% increased risk for 
ASCVD in the population with sedentary behavior, but a 
29% ASCVD risk reduction in those who performed long-
term physical activity as compared to the sedentary [6]. 
Despite extensive evidence on the impact of physical 
activity on cardiovascular health, the question of 
whether resistance exercise, either as a complement to 
or replacement for aerobic exercise, can offer similar or 
even greater protection against ASCVD risk remains a 
concern. Few studies have explored this relationship, 
and even fewer reviews have summarized and discussed 
the findings. Thus, the aim of this narrative review was 
to present a summary of the latest recommendations 
for physical activity, and to evaluate the most recent 
scientific evidence regarding the role of aerobic and or 
resistance exercise in relation to ASCVD risk. 
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Summary

Introduction. The beneficial role of physical activity on the car‑
diovascular system has been well established and appreciated.  
The aim of this narrative review was to present a summary of the 
latest recommendations for physical activity, and to evaluate the 
most recent scientific evidence regarding the role of aerobic and 
or resistance exercise in relation to atherosclerotic cardiovascu‑
lar disease (ASCVD) risk.
Methods. Narrative review; searches were performed in Pub‑
Med, Scopus and Google Scholar. The guidelines of major 
Organizations (i.e., European Society of Cardiology, American 
College of Cardiology/ American Heart Association, American 
College of Sports Medicine, and World Heart Federation, World 

Heart Organization) were also retrieved and presented here.
Results. Engagement in regular aerobic exercise is strongly rec‑
ommended for all people and by all scientific organizations for 
reducing ASCVD mortality and morbidity. Resistance exercise 
should be implemented in addition to aerobic, however, its indi‑
vidual effects on ASCVD risk are not well established.
Conclusions. A reduction of sedentary behavior at population 
level reduces the healthcare costs by multiple ways. Effective 
approaches should be implemented that include behavior theory-
based interventions, e.g., goal-setting, re-evaluation of goals, self-
monitoring, and feedback. Most important is to encourage activity 
that individuals enjoy and/or can be included in their daily life.
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Methods

Literature search
Although this is a narrative review, the basic principles 
of systematic reviews were followed, according to the 
PRISMA (Preferred Reporting Items for Systematic 
reviews and Meta-Analyses) guidelines [7]. 
A comprehensive literature search of the MEDLINE (via 
PubMed), Scopus and Google Scholar databases was 
carried out, until November 30, 2023. The literature search 
was performed independently by the authors. Boolean 
operators (i.e., AND, OR, NOT) were used to make the 
search specific. The search string included the following 
keywords, according to MeSH (Medical Subjects 
Headings): “Physical Activity”, “Diet”, “Exercise”, 
“Aerobic”, “Resistance”, “Anaerobic”, “Cardiovascular 
Disease”, “Heart”, “Risk”, “Health”. The sensitivity of the 
search was also verified by back referencing the collected 
systematic reviews, meta-analysis, and independent studies. 
A hierarchical approach, i.e., screening the title, abstract 
followed by the full-text manuscript, was used to search 
for studies. During the time-limit, references of systematic 
reviews and meta-analyses on the associations of physical 
activity and ASCVD risk were also manually searched 
and included. Duplicates were removed. After further 
screening, epidemiological studies, randomized controlled 
trials, and meta-analyses evaluating the independent role 
of physical activity on ASCVD risk, published the past 10 
years, were retrieved, and discussed here. 
Moreover, the guidelines of major Organizations (i.e., 
European Society of Cardiology, American College of 
Cardiology/ American Heart Association, American 
College of Sports Medicine, and World Heart Federation, 
World Heart Organization) were also retrieved and 
presented here.

Measurement of the intensity of physical 
activity 
At this point it should be noted that in the majority of 
retrieved studies and recommendations, intensity of 
physical activities is centered around the rates of energy 
that is consumed during different activities. These rates 
are known as Metabolic Equivalent Tasks (METs); one 
MET is defined as the amount of oxygen consumed while 
at rest, which is approximately 3.5 milliliters of oxygen 
per kilogram of body weight per minute  (3.5 mL O2/
kg/min). Light-intensity physical activity is considered 
for activities less than 3 MET, moderate-intensity for 
activities between 3-6 MET and vigorous-intensity for 
activities of 7 or more MET [8].

Results

Recommendations by the European 
Society of Cardiology, American College 
of Cardiology/American Heart Association
Based on the existing large body of evidence, the latest 
European Society of Cardiology (ESC) Guidelines 

(2021) strongly recommend that all adults should be 
engaged in regular physical activities to reduce all-cause 
mortality, as well as ASCVD-specific mortality, and 
morbidity [9]. In particular, it is strongly recommended 
(Class I, Level A) that adults of all ages should strive for 
at least 150-300 min a week of moderate-intensity (i.e., 
3-6 MET) or 75-150 min a week of vigorous-intensity 
(i.e., 7 or more MET) aerobic physical activity, or an 
equivalent combination thereof. It is also recommended 
that people who cannot achieve at least the lowest levels 
of physical activity, should stay as active as their abilities 
and health condition allow and try to reduce sedentary 
time throughout the day.  For older adults or individuals 
with chronic conditions who cannot achieve 150 min of 
moderate-intensity physical activity a week, they should 
be as active as their abilities and health conditions allow. 
Moreover, performing resistance exercise, in addition to 
aerobic activity, is recommended on 2 or more days per 
week to reduce ASCVD as well as all-cause mortality 
(Class I, Level B). The suggestion is one to three sets 
of 8-12 repetitions at the intensity of 60-80% of the 
individual’s maximum strength, at a frequency of at 
least 2 days a week in a variety of different exercises 
involving each major muscle group. For older adults 
or deconditioned individuals, it is suggested to start 
with one set of 10-15 repetitions at 40%-50% of their 
maximum strength [9].
The 2019 Joint Guidelines by the American College 
of Cardiology/ American Heart Association regarding 
physical activity also strongly recommend that all adults 
should be routinely counseled in healthcare visits to 
optimize a physically active lifestyle (Class I, Level 
B). In particular, aerobic exercise for 150 min per week 
of moderate intensity or 75 min per week for vigorous 
intensity (or an equivalent combination of moderate and 
vigorous activity) is strongly recommended to reduce 
ASCVD risk (Class I, Level B). For individuals unable to 
meet the minimum physical activity recommendations, 
engaging in at least moderate physical activity even in 
less than the recommended amount can be beneficial in 
reducing ASCVD risk (Class IIa, Level B). In addition, 
American College of Cardiology/ American Heart 
Association also recommend that decreasing sedentary 
behavior may be reasonable to reduce ASCVD risk 
(Class IIb, Level C). 
Regarding resistance physical activity, the American 
College of Cardiology/ American Heart Association 
recommend that 90-150 minutes per week to 50%-80% 
of maximum intensity, of 6 exercises and 10 repetitions 
per set may significantly reduce blood pressure levels, 
but there is no mention about ASCVD risk [10]. 

Recommendations by the American College 
of Sports Medicine, and US Centers 
for Disease Control
In line with the ESC guidelines, the American College of 
Sports Medicine (ACSM) also recommends that adults 
should engage in, at least moderate-intensity aerobic 
exercise training, and resistance exercises for about 2 to 
3 times per week. [11] In particular, ACSM recommends 
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engaging in moderate-intensity cardiorespiratory 
exercise training for at least 30 min per day, for at least 
5 days per week (i.e., ≥150 min per week) or vigorous-
intensity cardiorespiratory exercise training for at least 
25 min per day and a minimum of 3 days per week (i.e., 
≥75 min per week), or a combination of moderate- and 
vigorous-intensity exercise, to achieve a significant 
cardiovascular protection. These recommendations lead 
to a total energy expenditure of 500-1000 MET/min per 
week. In addition, ACSM also recommends that adults 
should perform resistance exercises in addition to the 
aerobic exercise, for each of the major muscle groups, 
and neuromotor exercise involving balance, agility, 
and coordination, for about 2 to 3 times per week [11]. 
Improvements in physical condition can be reached 
with any activity that uses large muscle groups, which 
can be maintained continuously, and is rhythmical and 
aerobic in nature, e.g., walking-hiking, running-jogging, 
cycling-bicycling, cross-country skiing, aerobic dance/
group exercise, rope skipping, rowing, stair climbing, 
swimming, skating, and various endurance game 
activities, or some combination thereof [11].
The latest guidelines for physical activity by the US 
Centers for Diseases and Prevention (US CDC) suggest 
a minimum of 150 minutes of moderate-intensity 
continuous training (MICT), or 75 minutes of vigorous 
exercise, or a combination of both to achieve various 
health benefits per week. An alternative to MICT is high 
intensity interval training (HIIT), defined as repeated, 
brief, and intense exercise bouts separated by active 
recovery. It is noted that HIIT produce a significant 
surge in VO2max and fat oxidation, improving exercise 
capacity and reducing health risks [12].

The Position of the World Health 
Organization

The World Health Organization (WHO) strongly 
recommends engaging in physical activities for people of 
all ages. Towards the physical activity recommendations 
made by the scientific societies, WHO has developed the 
2018-2030 Action Plan For More Active People For A 
Healthier World [13]. In this Action Plan WHO considers 
physical activity as a very important lifestyle behavior 
across all ages, that can and should be integrated into the 
settings in which people live, work and play. Walking 
and cycling are key means of transportation and enable 
engagement in regular physical activity on a daily basis. 
Also, active play and recreation is important for early 
childhood as well as for healthy growth and development 
in children and adolescents. However, there is no specific 
distinction between the types of physical activity people 
should follow. 
Moreover, WHO supports that quality physical education 
and supportive school environments can also provide 
physical and health literacy for long-lasting healthy, 
active lifestyles. 

Epidemiological studies, randomized 
controlled trials, and meta-analyses 
on aerobic versus resistance exercise 
and ASCVD prevention.
Despite the large body of evidence regarding the effects 
of physical activity on ASCVD risk, there are few 
epidemiological studies and randomized controlled 
trials (RCT), and consequently meta-analyses that have 
evaluated aerobic versus resistance exercise and ASCVD 
development or even cardiovascular risk markers. 
In a recent meta-analysis Momma et al. evaluated 16 
prospective cohort studies that examined the association 
between muscle-strengthening activities and health 
outcomes in adults. It reported J-shaped associations with 
the maximum risk reduction (approximately 10-20%) at 
30-60 min/week of muscle-strengthening activities for 
ASCVD, and all-cause mortality, whereas an L-shaped 
association showing a significant risk reduction at up 
to 60 min/week of muscle-strengthening activities was 
observed for diabetes [14]. 
In a narrative review Giovannucci et al. [15] summarized 
the existing evidence from cohort studies on muscle 
strengthening activities and risk of major chronic 
diseases, including ASCVD and mortality. It was 
concluded that engagement in muscle-strengthening 
activities over 60-150 min per week was associated with 
reduced risk of ASCVD by approximately 20%-25% 
reduction, type 2 diabetes by approximately 30%, as 
well as all-cause mortality by approximately 20-25%. 
However, it should be underlined that some studies 
suggest that higher levels of muscle-strengthening 
activities (i.e., more than 2.5 h/week) may have less 
benefit or are even harmful, for ASCVD and all-cause 
mortality, relative to lower levels of activity [16].
In a current systematic review and meta-analysis Khalafi 
et al. [17] investigated the effects of a combination of 
aerobic and resistance training which is described as 
concurrent training of aerobic and resistance versus 
aerobic or resistance only, on VO2max/peak and muscular 
strength, in middle-aged and older adults. They revealed 
that concurrent training is effective for increasing 
muscular strength and cardiorespiratory fitness in older 
adults and does not negatively affect these outcomes as 
compared to either resistance or aerobic alone. It was 
also concluded that concurrent training can be effective 
when aerobic and resistamce are performed during the 
same sessions or as separate sessions and following 
medium-term and long-term interventions. 
The effect of progressive resistance training (PRT) on 
aerobic fitness and strength in adults with coronary 
heart disease was evaluated by Hollings et al. [18]. They 
investigate in a systematic review and meta-analysis 34 
studies and 1,940 participants if Progressive Resistance 
Training was more effective compared to control, aerobic 
fitness, and when combined with aerobic training. They 
found that aerobic fitness was improved similarly after 
PRT (16.9%) or AT (21.0%) and that combined training 
resulted in a significant greater improvement in peak 
work compared to AT (5%). It was concluded that 
progressive resistance training provides improvements in 
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cardiorespiratory fitness that are comparable to aerobic 
training in adults with coronary heart disease [18].
The benefits of combination aerobic and resistance 
exercise on CVD predisposing factors in individuals 
with elevated risk was investigated by Schroeder et 
al.  [19]. They compared the effect of 60 min/session 
aerobic exercise vs 60 min/session resistance training 
vs 30 min aerobic plus 30 min resistance / session in 
an 8-week exercise with 3 days/week and equal exercise 
time in all groups. They found that only in combined 
training, individuals had significant reductions in blood 
pressure alongside with increases in cardiorespiratory 
fitness, body strength, lean body mass. It was concluded 
that among individuals at an increased risk for CVD, 
as little as 8-weeks of combined training may provide 
more comprehensive CVD benefits compared to time-
matched aerobic or resistance training alone [19].
The combination of aerobic and inspiratory muscle 
training versus aerobic training was investigated in 
patients with chronic heart failure by Adamopoulos 
et al.  [20]. They use the multicenter randomized trial 
(i.e., Vent-HeFT) which was designed to investigate 
the potential additive benefits of inspiratory muscle 
training on aerobic training. The study demonstrated 
that inspiratory muscle training combined with aerobic 
training provides additional benefits in functional and 
serum biomarkers (i.e., respiratory muscle function, 
dyspnea, quality of life, inflammatory and cardiac) in 
patients with moderate chronic heart failure. Inspiratory 
muscle training may strengthens the diaphragm and 
other respiratory muscles, leading to better lung function 
and reduced respiratory effort during exercise, enhance 
oxygen exchange and delivery to the working muscles, 
which, when combined with aerobic training, leads to 
better overall exercise performance and endurance, 
reduce circulating inflammatory markers such as 
C-reactive protein and cytokines, which are often 
elevated in chronic heart failure, and reduce the workload 
on the heart by improving breathing efficiency [20].
At this point it should be highlighted that although 
endurance exercise offers numerous cardiovascular 
benefits, patients suffering from ASCVD need to approach 
it with caution. The increased myocardial stress, potential 
for ischemic damage, and other factors like electrolyte 
imbalances can increase their risk for developing 
arrhythmic events. Careful management, including regular 
cardiac evaluations, may be necessary to balance the 
benefits and risks of such intense physical activity [21].
In a systematic review Tambalis et al. [22] investigated 
the effectiveness of different intensities (moderate 
and high) of aerobic training as well as the type of 
exercise (aerobic, resistance, and combined aerobic 
with resistance) in altering the blood lipids levels of 
3,042 participants from the general population (i.e., 
the ATTICA Study). High-intensity exercise (i.e., 
7 or more MET) resulted in improvements in high-
density lipoprotein cholesterol but for resistance and 
combined exercise the results were inconsistent. The 
heterogeneity between the types of exercise did not allow 
reliable comparisons, (i.e., aerobic activities, muscle-

strengthening activities, flexibility activities and balance 
activities, in terms of their physiological mechanisms to 
the human body) [22].

Discussion

In this narrative review we explored the latest 
recommendations for physical activity and evaluated 
a selection of the most recent, high-quality scientific 
evidence, including the recommendations of major health 
societies, regarding the role of aerobic and or resistance 
exercise in relation to ASCVD risk. It was confirmed 
that aerobic exercise is a major cardioprotective 
lifestyle mean for ASCVD risk reduction that should 
be recommended to people of all ages. Recent evidence 
suggests that resistance exercise on the top of aerobic, 
may further confer to ASCVD risk reduction. However, 
the effect of only resistance exercise on ASCVD risk is 
not well understood and appreciated [24].
There are various types of physical activities, with a 
significant variation in terms of their physiological effects. 
Aerobic training, the most well-studied type of physical 
activity and the one most commonly performed, enhances 
heart and lung function, promotes fat metabolism, and 
improves overall stamina. Resistance training primarily 
improves muscular strength and bone density. Balance 
training activities emphasize flexibility, balance, and 
coordination, and are particularly important for improving 
range of motion, reducing injury risk, and enhancing 
overall functional movement, especially among older 
adults. High-Intensity Interval Training (HIIT) combines 
short bursts of intense exercise with periods of rest or 
low-intensity recovery, can be applied to both aerobic 
and resistance training and is known for improving both 
cardiovascular fitness and muscular endurance in a time-
efficient manner. Inspiratory muscle training is aimed at 
strengthening the respiratory muscles, particularly the 
diaphragm, and it is beneficial for people with conditions 
like chronic obstructive pulmonary disease (COPD) 
or heart failure, as it improves breathing efficiency and 
reduces breathlessness. Heterogeneity in exercise training 
is crucial for optimizing fitness outcomes and tailoring 
programs to individual needs [2, 8, 9].
The role of aerobic exercise on the cardiovascular system 
has been extensively studied. The evidence strongly 
suggests that aerobic exercise of at least 150 minutes per 
week reduces blood lipids levels, i.e., total cholesterol, 
low-density lipoprotein (LDL) cholesterol, as well as 
triglycerides, and increases high-density lipoprotein 
(HDL) levels [9, 25]. Moreover, regular aerobic exercise 
helps in arterial blood pressure reduction in people with 
hypertension, as well as in blood pressure control and 
management  [9, 26]. Health benefits occurred even at 
low levels of physical activity; for example, individuals 
with a total activity level of 600 MET minutes/week 
(the minimum recommended level) had a 2% lower risk 
of ASCVD compared with those reporting no physical 
activity, whereas an increase up to 3600 MET minutes/
week the risk was reduced by an additional 19% [4].
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Obesity is a major threat for developing ASCVD and 
diabetes  [27]. Aerobic exercise has consistently shown 
that its importance in body weight control, and reduction 
in lipid accumulation, and therefore reduction of ASCVD 
risk [25]. However, energy balance and diet are also of 
crucial importance for ASCVD, thus, adherence to a 
healthy dietary pattern should always be recommended 
together with exercise [10, 29-31]. 
There are relatively few studies that have shown benefits 
of engagement in resistance exercise for the reduction 
of surrogate risk markers for ASCVD. The suggested 
recommendation by ESC and other major organizations 
for resistance exercise is one to three sets of 8-12 
repetitions at the intensity of 60-80% of the individual’s 
1 repetition maximum at a frequency of at least 2 days a 
week in a variety of 8-10 different exercises involving each 
major muscle group [9]. The mechanisms that resistance 
exercise affects ASCVD risk have not well studied. Some 
interventional and experimental studies have shown that 
resistance exercise, such as weightlifting or bodyweight 
exercises, increase energy expenditure, improve muscle 
mass and metabolism, by increasing metabolic rate, 
which, accordingly, assists in weight management and 
reduces the risk of obesity, a significant risk factor for 
CVD. Resistance exercise has also been associated with 
blood pressure regulation [32]. Regular resistance training 
can help lower blood pressure by improving blood vessel 
function and reducing arterial stiffness. Lower blood 
pressure decreases the workload on the heart and reduces 
the risk of hypertension [33]. Moreover, several clinical 
trials have shown that engagement in resistance exercise 
has improved individuals’ lipid profile, by increasing 
levels of HDL-cholesterol and reducing levels of LDL-
cholesterol and triglycerides. Resistance training has also 
shown that increases insulin sensitivity, allowing cells 
to better respond to insulin and regulate blood sugar, 
as well as decreases levels of inflammatory markers, 
which are strongly associated with the development 
and progression of ASCVD, as summarized in a review 
paper by Westcott  [34]. There are also few studies that 
have shown that resistance exercise improves endothelial 
function  [35-37]. However, a significant pressure load 
imposed on the heart during resistance exercise, may 
lead to a mild form of cardiac hypertrophy. In addition, 
a marked rise in blood pressure is secondary to resistance 
exercise; thus, a high-level resistance may have adverse 
effect on those with uncontrolled hypertension [37]. Thus, 
incorporating moderate-level resistance exercise into a 
well-rounded fitness routine, can significantly reduce the 
risk of ASCVD and improve overall heart health. 
In conclusion, engagement in regular physical activity 
by adults of all ages for reducing ASCVD mortality and 
morbidity is strongly recommended by all scientific 
organizations. Furthermore, the latest ESC Guidelines 
for ASCVD prevention extend beyond standard 
recommendations, advising that physical activity 
should be tailored to the individual and prescribed 
(as pharmaceutical medication) based on frequency, 
intensity, duration, type (such as aerobic and/or resistance 
training), and progression. A reduction of sedentary 

behavior at population level reduces the healthcare costs 
by multiple ways. To achieve this, effective approaches 
should be implemented that include behavior theory-
based interventions, e.g., goal setting, re-evaluation 
of goals, self-monitoring, and feedback. Under this 
perspective, the important role of healthy diet should 
never be disregarded or underestimated. The most 
important factor is to encourage activity that individuals 
enjoy and/or can included in their daily life. 
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Introduction

It have been documented that the earliest cases of 
Lassa fever were thought to have occurred between 
1920 and 1950, in Nigeria, Sierra Leone and Central 
African Republic and perhaps in other West African 
countries [8]. However, the disease became recognized 
and named in 1960 after two missionary nurses died 
and a third suffered a grave apparently communicable 
febrile systemic illness while working in Nigeria. The 
index patient was working in a mission hospital in Lassa 
town, Borno State, North-Eastern Nigeria when she fell 
critically ill and was transferred to Evangel Hospital, 
Jos Plateau State (now Bingham University Teaching 
Hospital, Jos) where she subsequently died. The second 
nurse, who was a staff of Evangel Hospital, cared for 
the index patient on presentation and she later developed 
comparable symptoms like the index case culminating in 
her death days later. 
Lassa fever is an acute viral hemorrhagic illness 
caused by Lassa virus, a member of the virus family 
“Arenaviridae”. The disease is endemic in various West 
African countries including Nigeria where Lassa fever 
virus infections rate per annum is estimated at 100,000 
to 300,000 with approximately 5,000 deaths  [17]. 

Outbreaks of the disease have been reported in various 
parts of Nigeria since it was first reported in 1969 with 
the worst outbreak recorded in 2012 where 623 cases 
including 70 deaths were reported from 19 out of 36 
states, and case fatality rate put at 37.9% [31].
The interaction between man and his environment 
is a major aspect to be considered in understanding 
the epidemiology of diseases. The transmission 
of Lassa fever is closely related to environmental 
factors intricately woven around the vector, the rodent 
Mastomysnatalensis  [42, 39]. Other environmental 
factors such as overcrowding, poor food and personal 
hygiene and poor housekeeping are implicated in the 
transmission of the Lassa virus (Public Health Agency of 
Canada, 2011) [43]. Exposed food items, consumption 
of uncooked, poorly cooked and inadequately reheated 
foods are also important risk considerations. 
In 2012, there were 1,723 cases and 112 deaths in 
Nigeria. Last year, 12 people died out of 375 infected, 
according to the Nigeria Center for Disease Control. 
Nigeria had an outbreak of Lassa fever in the year 2012 
with 1,723 cases, 112 deaths, 201 laboratory-confirmed 
cases, and a case fatality rate of 6.50 [11, 21]. Between 
January 1 and April 15, 2018, 1,849 suspected cases have 
been reported from 21 states (Abia, Adamawa,Anambra, 
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Summary

Introduction. Lassa fever (LF), a public health problem of great 
importance endemic in West Africa, is an acute and sometimes 
fatal viral haemorrhagic disease which leads to mortality. The 
current study assessed the knowledge, attitude and practice of 
Lassa fever prevention among adults in Bali Local Government 
Area, Taraba State, Nigeria.
Methods. Descriptive study design and Cross sectional study 
design was used for this study. A simple and systematic random 
sampling technique was used to draw samples of 399 participants 
for the study. A structured questionnaire was used for data col‑
lection after being validated and its reliability tested. The data 
collected was analysed using frequencies, percentage the hypoth‑
eses were tested using Data analysis was done using SPSS version 
21, frequency, mean standard deviation, and chi square were per‑
formed to ascertain the value of the variables the hypotheses were 

tested using chi-square statistics at ≤0.05 level of significance.
Results. Findings from the study revealed that75% of the 
respondents had knowledge of the Lassa fever and the preventive 
practices. It was also shown that about 66.7% were aware of the 
varied preventive measures at their disposal. The study further 
shows that 56% had positive attitudes that could affect their prac‑
tice of preventive measures of Lassa fever. The acceptability level 
according to this study was very high (89%) among the adults of 
Bali L.G.A in Taraba state.
Conclusions. The study therefore, recommends that there should 
be a call for educational intervention to improve the knowledge 
of Lassa fever among community members in Bali LGA this will 
help towards its preventive practices. This is based on the expec‑
tation that good knowledge of Lassa fever can reduce the rate and 
spread of the Infection.
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Bauchi, Benue, Delta, Ebonyi, Edo, Ekiti, Federal 
Capital Territory, Gombe, Imo, Kaduna, Kogi, Lagos, 
Nasarawa, Ondo, Osun, Plateau, Rivers, and Taraba). 
Out of these, 413 patients were confirmed with Lassa 
fever, nine were classified as suspected, 1,422 tested 
negative, and the remaining five laboratory results were 
pending. Of the 413 confirmed and the nine probable 
Lassa fever cases, 114 deaths were reported (case fatality 
rate for confirmed cases is 25.4% and for confirmed and 
probable cases combined is 27%). As of April, 27 health 
care workers in seven states (Abia, Benue, Ebonyi, Edo, 
Kogi, Nasarawa, and Ondo) have been infected since 
January 1, 2018, eight of whom have died [21].
Taraba State is one of the three high burdened states 
with frequent occurrences of Lassa fever outbreaks [37]. 
Abakaliki Local Government Area (LGA) had the highest 
proportion of confirmed Lassa fever cases during the 
2018 and 2019 outbreaks in the State  [41]. Researches 
carried out in places around the country have revealed that 
knowledge of the disease is deficient among many and 
inadequate among quite a large population making it hard 
for people to prevent the incident of an outbreak [24-26, 
30]. In response to the poor knowledge of the public, the 
federal government put up various measures to prevent 
further spread of the diseases and treatment when it 
occurs. Such measures are the enhancement of disease 
surveillance, social health education through mass media, 
increased the number of diagnostic centers from 6 to 12, 
and also inaugurated a 15-member multisectoral Lassa 
fever Eradication Committee charged with fashioning and 
implementing the multifaceted response strategies against 
the outbreak [33, 40].

Statement of the Problem
Lassa fever being a highly contagious disease endemic 
in West Africa, including Nigeria and Taraba state [25, 
38] needs a robust public measures including early 
detection, effective treatment and widespread education 
on prevention to control its spread and mitigate its 
impact. The overall regional and global risks are through 
its primary mode of transmission through contact with 
food or household items contaminated with rat excreta. 
Due to drying of food items along high ways and outside 
houses over the night, constant burning of bushes, poor 
hygiene practices, and overcrowding in homes which 
causes logging of baggages and properties these give 
rise to these rats gaining entrance into the houses, all 
these factors put together may facilitate the increase 
in rodent man contact or contamination of food source 
by infected mastomys rat, it is against this background 
that the researcher have designed this study todetermine 
knowledge, attitude, practice of Lassa fever prevention 
among adult of Bali LGA.

Materials and Methods

Population of the Study
 It comprised of all adult in Bali L.G.A where the sample 
for the study was drawned. The current estimated 

number of adults 18yrs and above 176,634 was derived 
by the researcher accordingto Bali Local government 
Commission.

Study Area
Taraba state was carved out from the then defunct 
Gongola state (now Adamawa state) on the 27th August 
1991, by the then Military Administration of General 
Ibrahim Babangida. The state derived its name from one 
of the three major rivers in the state and it has a land area 
of 59400 square kilometers with the headquarter situated 
in Jalingo. The state is made up of 16 local government 
areas namely, Ardo Kola, Bali, Jalingo, Zing, Yorro, Lau, 
Karim Lamido, Wukari, Ibi, Gassol, Gashaka, Sardauna, 
Kurmi, Donga, Takum, Ussa L.G.A. Bali L.G.A being 
the main study area for this study is situated in the north 
central part of the state with headquarter in Bali town 
about 50 km from Jalingo as shown in Figure 1. It was 
created in 1976 with population estimated to be 208,935 
people at the 2006 census and comprising of Fulani, 
Mumuye, Jukun, Chamba and other ethnic groups. Bali 
has a latitude of 8.1554˚ North and longitude 10.9685˚ 
East. Christianity and Islam are the major religions 
practiced in Bali L.G.A.

Sample size calculation
Sample size was derived using TaroYamane’formula for 
finite population.

Fig. 1. Map of Taraba state showing Bali LGA.

Source: Ministry of lands and survey Jalingo, Taraba state.



C. SOLOMONNYAMSOH ET AL.

E332

Using Taro Yamane’formula for finite population. 
The Yamane sample size states that:

n = N/ (1+N (e) 2)
Where: n signifies sample size 
N signifies the population size under study (176,634) 
e signifies the margin error (it could be 0.10, 0.05 or 
0.01)

n =176,634/ (1+176,634 (0.05) 2)
n = 176,634/ (1+34,486(0.0025)

n =176,634/ (1+441.59)
n =176,634/ 441.59

n = 399

Sampling Technique
Multi-stage sampling method was used for this study. 

In stage one: Selection by cluster
The communities in Bali L.G.A was clustered along 
existing twenty traditional communities which includes 
Bali A, Bali B, Mai hula, Sabin dale, Gazabu, Jatau, 
Sansani, Mayokam, Bakundi, Pangri, Sarkindawa, Ardo 
tinba, Badokoshi, Aka, Daniya, Dakka, Garba chede, 
Maigoge, Bayire, Sabon gida.

In Stage two: Selection of communities 
proportionately 
Simple random sampling technique by (balloting 
without replacement) was used to select both rural and 
semi-urban communities. Six rural communities were 
selected which were, Gazabu, Jatau, Sansani, Mayokam, 
Dakka, Sabon gida and four semi-urban communities 
were selected which included Bali A, Bayire, Pangri, 
Bali B. The proportional sample size for each of the 
selected communities were obtained. 

Stage four: Selection of house-hold
This stage involved the selection of the households 
by systematic random sampling technique. The 
determined sampling interval for each of the selected 
communities was employed where 5 was the interval 
for each selection. The researcher located the centre 
of each selected communities, divided it into four 
sections, randomly selected one sector, located the 
centre of that sector and spun a pen to determine the 
direction to begin the sampling. The first respondent 
(head of house hold) sampled was selected by simple 
random sampling by balloting without replacement. 
Sampling intervals were obtained for the various 
communities and it was maintained until the desired 
number of households was gotten. This was done 
for three weeks until the desired sample size of 399 
respondents was achieved. Written informed consents 
were obtained from the participants.

Validity of Instruments
The Instrument for data collection was a self-structured 
questionnaire which was drafted under supervision then 
went for validation by three experts in the field of Public 
health, two from Imo state and one from Taraba state. 

Correction made was used to finalize the instrument for 
content relevance and appropriateness of language.

Reliability of the Instrument
The questionnaire was administered to 20 respondents 
with similar characteristics to those in the target 
population. The reliability of the instrument was tested 
using Chrombach Alpha Coefficient of Reliability test, 
and a coefficient of (r = 0.84) was deemed reliable. 

Data Collection
A pretested self-structured survey questionnaire was 
used for data collection, containing closed-ended 
questions with 4 sections. Section A is the demographic 
variables of the respondent which is age, gender, marital 
status, level of education, occupation and religion. 
Section B contains 10 questions to ascertain their level of 
knowledge of Lassa fever. Section C contains questions 
on attitude towards Lassa fever with 10. Section D are 
the Lassa fever prevention practices which contains 
24 questions after being validated and its reliability 
tested. The questionnaire had a total of 50 closed ended 
questions on a study on knowledge, attitude and practice 
of Lassa fever prevention among adults in Bali Local 
Government Area Taraba State.

Data analysis
Data analysis was performed in IBM-SPSS Statistics 
version 23. Initial analysis involved construction of 
frequency distribution and manipulations. The average 
number of responses was used to compute the overall 
knowledge and preventive practices in each case and 
such scores were used to establish a cut-off point scoring 
1 per point for each correct answer which were 10 
questions, where 7 to 10 is graded as high knowledge, 4-6 
as moderate knowledge and below 4 as poor knowledge 
as well as for the occurrence of preventive practices. 
The correct answers are indicated on table 4.2 with 
*. Chi square test (χ2) was used to test for significant 
association between the factors and the knowledge or 
preventive practices. Fisher exact test was conducted at 
2 by 2 table where chi-square test assumptions were hard 
to meet. Statistical tests were performed at 5% level of 
significant and probability value (p ≤ 0.05) was used to 
interpret significance.

Ethical Considerations
Ethical approval to undertake the study was obtained from 
Research and Ethics Committee of Taraba State Ministry 
of Health Jalingo, Nigeria. The participants were briefed on 
the objectives of the study, and their oral and written consent 
was also obtained before proceeding with the research. It 
is a descriptive cross-sectional survey, which is a type of 
design where the researcher does not alter the exposure 
status but measures the outcome and the exposure(s) in the 
population under observation. This design was successfully 
used in related studies of [31, 26].
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Results

Table I, shows the demographic status of respondents in 
Bali LGA, a total of 399 participants were involved in the 
study but 385 recorded, majority of the participants were 
within ages 38-47 years 83 (21.6%) and 196 (50.9%) of the 
respondents are female, Majority of the respondents are 
married, 231 (60%). In terms of educational attainment, 
Majority attended secondary education 154 (40%). The 
participants cut across all religio us faith, 126 (32.7%) are 
of the Islamic faith, while majority were of the Christian 
faith with farming as their major occupation.
Table II Present the knowledge of the respondents on 
Lassa fever prevention. Their knowledge were poor 48.3% 
as indicated that more than half of the respondents don’t 
know that Lassa fever is a severe disease caused by germ 
virus, 105 (27.3%) believed that Lassa fever is gotten 
from eating too much oil. The respondents that are aware 
that the incubation period of Lassa fever ranges from 1-7 
days although are very few, although 175 (45.5%) stated 
that one can be infected with Lassa fever due to handling 
food and household items contaminated with rat’s faeces 
and urine. Few were of the opinion that the Lassa fever 
can be spread through sitting close to an infected person. 
About 107 (27.8%) affirmed that the disease can cause 
bleeding and death if not immediately handled. According 
to 230 (85.8%) of respondents, Lassa fever can be 
avoided by eliminating rat from the environment, proper 
environmental hygiene, and protecting food from being 
contaminated.
Table III shows distribution of respondents by correct 
knowledge of Lassa Fever Prevention responses Overall 
knowledge in each case and scores were used to establish 
a cut-off point scoring 1 per point for each question 
which were 10 questions, where 7 to 10 is graded as high 
knowledge 4-6 as moderate knowledge and below 4 as 
poor knowledge. The classification of knowledge based 
on High, moderate and poor in percentage is shown in 
Figure 2 which was determined by scoring the highest 
score to the correct response and a lower number to 
a wrong answer. The general average of the total score 
was calculated to determine the cut-off score (3.24). The 
average scores of individual scores was also determined.
Table IV, showed that more than half of the respondents 
strongly agreed and agreed that anyone can be infected 
with Lassa fever, 29.6% and 33.5% strongly agreed and 
agreed respectively that Lassa fever is not a spiritual 
attack. Very few respondents were of the opinion 
strongly that environmental sanitation can limit rats in 
the environment, 36.9% of the respondents believed that 
Lassa fever can best be treated randomly and argued that 
it can be best treated by the native doctors. Negative and 
positive attitude was determined by scoring the highest 
score to the most positive attitude response and a lowest 
score to the most negative attitude, the general average of 
the total score was calculated to determine the cut-off score 
(2.8). The average scores of individual scores was also 
determined. Figure 3 showed the respondents’ percentage 
level of attitude towards Lassa fever (Score  >  2.8 = 
negative attitude; score ≥ 2.8 = positive attitude). 

Table V reveled 32.7% of the respondents are of the 
opinion that Lassa fever can be prevented by good food 
protection policy, 36.6% believed that fruits are to be 
washed thoroughly with water before eating, and half 
of the respondent said the best way to safe guard your 
food items from Lassa fever is by eradicating rat and by 
regular environmental sanitation practice. 
Table V also shows that very few respondents cook their 
food very well before eating on a daily basis. With 28.3% 
believing that it kills germs when food are prepared very 
well before eating. 4.2% washes their hands always 
with soap and water after visiting the toilet, 33.0% 
washes their hands before eating while very few don’t 
as shown in Table V. Not many take 20 seconds and 
above for a single session of hand washing as well as 
using handkerchief to dry off their hands after washing. A 

Tab. I. Distribution of respondent by Socio-economic Characteristics 
of adults in Bali LGA.

Variables Frequency (F) Percent (%)
Age
18–27 69 17.9
28–37 61 15.8
38–47 83 21.6
48–57 66 17.1
58-67 41 10.6
68-77 17 4.4
78 and above 48 12.5
Total 385 100.0
Gender
Female 196 50.9
Male 189 49.1
Total 385 100.0
Marital Status
Divorced 15 3.9
Married 231 60.0
Separated 32 8.3
Single 81 21.0
Widowed 26 6.8
Total 385 100.0
Educational level
No formal education 79 20.5
Primary 83 21.6
Secondary 154 40.0
Tertiary 69 17.9
Total 385 100.0
Occupation
Applicant 19 5.0
Business/Trading 75 19.5
Farming 126 32.7
Public/CivilService 99 25.7
Student 66 17.1
Total 385 100.0
Religion
Christianity 177 46.0
Islam 126 32.7
Traditional worshiper 82 21.3
Total 385 100.0
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Tab. II. Distribution of respondents by knowledge of Lassa fever prevention.

Variables Frequency (F) Percent (%) Correct answer
What is Lassa fever
A severe illness caused by germ 126 32.7 *
Another form of malaria 99 25.7
Disease caused by eating too Much oil 105 27.3
Fever caused by evil spirit 55 14.3
Total 385 100.0
Lassa fever vector
Monkey 53 13.8
Mosquito 97 25.2
None of the above 28 7.3
Rat 207 53.8 *
Total 385 100.0
How can Lassa fever be contacted
Eating over-cooked cow meat 85 22.1
Items contaminated with rat’s faeces and urine 175 45.5 *
None of the above 48 12.5
Prolonged mosquito bites 77 20.0
Total 385 100.0
Early Signs and symptoms of Lassa fever except
Cough 73 19.0
Fever 157 40.8
Headache 58 15.1
Vomiting 97 25.2 *
Total 385 100.0
Lassa fever can be prevented through except?
Eliminating mosquitoes 55 14.3 *
Eliminating rat in the environment 150 39.0
Proper environmental sanitation 92 23.9
Protecting food from being contaminated 88 22.9
Total 385 100.0
Community ways of controlling Lassa fever
All of the above 39 10.1 *
Good environmental hygiene 140 36.4
Keeping cats at home 85 22.1
Storing grains and food stuffs in rodent-proof containers 121 31.4
Total 385 100.0
How can Lassa fever spread
Contact with the body fluid of infected person 117 30.4 *
Shaking hand 75 19.5
Sitting close to infected person 137 35.6
Taking the infected person to hospital 56 14.5
Total 385 100.0
What to do one Lassa fever is suspected
Seek health care immediately 180 46.8 *
Try self-medication first 90 23.4
Visit a spiritualist 51 13.2
Watch the situation for sometimes 64 16.6
Total 385 100.0
Lassa fever can cause
All of the above   68 17.7 *
Bleeding   107 27.8
Death   137 35.6
Facial swelling    73 19.0
Total 385 100.0
How long it takes signs and symptoms to manifest
1-7 days 94 24.4
21-28 days 104 27.0
30-60 days 66 17.1
7-21 days 121 31.4 *
Total 385 100.0
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good number of respondents do not hunt for rat or other 
rodents and do not also eat raw meat or even rodent. Half 
of the respondents sometimes assist friends and family 
members who are ill in their activities of daily living 
as all respondent have never assisted friends or family 
members who have Lassa fever. Not many always seek 
health care from the health facility promptly. Good and 
poor practice was determined by scoring the highest 
score to the most good practice response and a lowest 
score to the most poor practice, the general average of the 
total score was calculated to determine the cut-off score 
(2.5). The average scores of individual scores was also 
determined. Figure 4 shows the percentage level of Lassa 
fever preventive practices by the respondent (Score > 2.5 
= negative practice; score ≥ 2.5 = positive practice).
Table VI Shows a cross tabulation of the socio-
demographic characteristics of respondents and their 
knowledge about Lassa fever, results shows a significant 
relationship between age, gender, marital status, 
educational status, occupation and religion of respondents 
and their knowledge about Lassa fever (p-value = < 0.001, 
0.042, < 0.001, 0.031, 0.039 and < 0.001 respectively).
Table VII shows the association between the socio 
demographic characteristics of respondents and their 
attitude toward Lassa fever disease, results shows a 

significant relationship between the respondents attitude, 
educational status and occupation of the respondents 
(p-value = < 0.001, < 0.001 and 0.049 respectively). No 
significant relationship was established between attitude 
and respondents gender, marital status and religion 
(p-value = 0.201, 0.131 and 0.501 respectively).
Table VIII shows a cross tabulation between knowledge 
and attitude and knowledge and practice of respondents 
about Lassa fever. Association was established between 
knowledge and attitude (p = 0.023) and knowledge and 
practice (p = 0.033).

Hypotheses Testing
In this study, two null Hypotheses were tested to determine 
which of the predictor variables produced greater influence 
on the outcome variable of knowledge and attitudes in the 
prevention of Lassa fever disease. Chi-square analysis was 
used in conducting this test at 0.05 level of significance. 
Decision rule applied was that if p  ≤  0.05, then the 
Null Hypotheses will be rejected in favor of alternative 
hypotheses and if p ≥ 0.05, then the Null Hypotheses will 
be accepted and the alternative rejected.

Ho: 1. 
There is no significant relationship between knowledge 
and attitude of Lassa fever prevention among adults of 
Bali L.G.A in Taraba state

HA: 1. 
As suggested by our results (see Table VIII) a significant 
relationship between knowledge and attitude of Lassa 
fever prevention among adults of Bali L.G.A in Taraba 
state was identified (p = 0.033)

Ho: 2. 
There is no significant relationship between knowledge 
and practice of Lassa fever prevention among adults of 
Bali L.G.A in Taraba state.  

HA: 2.
Results from this study shown above, a p-value of 0.023 
less than statistically significant differences at 0.05 level 
of significance. The null hypothesis is therefore rejected 
and the alternate hypothesis accepted. Therefore, we 

Tab. III. Distribution of Respondents by correct knowledge of Lassa Fever Prevention responses.

Variables
Correct InCorrect Difference

F % F % F %
What is Lassa fever? 126 32.7 259 67.3 -133 -34.6
Lassa fever vector? 207 53.8 178 46.2 29 7.6
How can Lassa fever be contacted? 175 45.5 210 54.5 -35 -9.0
Signs and symptoms of Lassa fever? 157 40.8 228 59.2 -71 -18.4
Lassa fever can be prevented through? 331 86.0 54 14.0 277 71.9
Community ways of controlling Lassa fever? 261 67.8 124 32.2 137 35.6
How can Lassa fever spread? 117 30.4 268 69.6 -151 -39.2
What to do when Lassa fever is suspected? 180 46.8 205 53.2 -25 -6.4
Lassa fever can cause? 244 63.4 141 36.6 103 26.8
How long it takes signs and symptoms to manifest? 121 31.4 264 68.6 -143 -37.2

Fig. 2. Level of knowledge of respondents about Lassa fever.
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Tab. IV. Distribution of Respondent based on attitude towards Lassa Fever Prevention.

Variables Frequency (N) Percent (%)
Anybody no matter the socio-economic status can be Infected with Lassa fever
Strongly Agree 127 33.0
Agree 127 33.0
Strongly disagree 30 7.8
Disagree 101 26.2
Total 385 100.0
Lassa fever is not as a result of spiritual attack
Strongly Agree 114 29.6
Agree 129 33.5
Strongly disagree 45 11.7
Disagree 97 25.3
Total 385 100.0
Environmental sanitation limits the presence of rats in the Environment
Strongly Agree 114 29.6
Agree 136 35.3
Strongly disagree 27 7.0
Disagree 108 28.1
Total 385 100.0

Absence of rat in the house is a preventive measure for Lassa fever

Strongly Agree 114 29.6
Agree 129 33.5
Strongly disagree 45 11.7
Disagree 97 25.2
Total 385 100.0
Body fluid of anyone who is suffering from Lassa fever should be avoided
Strongly Agree 116 30.1
Agree 132 34.3
Strongly disagree 30 7.8
Disagree 107 27.8
Total 385 100.0
Treatment of Lassa fever should be prompt to reduce the risk of death
Strongly Agree 102 26.5
Agree 144 37.4
Strongly disagree 35 9.1
Disagree 104 27.0
Total 385 100.0
Lassa fever is not a death sentence
Strongly Agree 113 29.4
Agree 130 33.8
Strongly disagree 45 11.7
Disagree 97 25.2
Total 385 100.0
Lassa fever should be managed in the health facility by trained health personnel
Strongly Agree 114 29.6
Agree 129 33.5
Strongly disagree 45 11.7
Disagree 97 25.2
Total 385 100.0
Those who have Lassa fever should not be stigmatized
Strongly Agree 103 26.8
Agree 144 37.4
Strongly disagree 42 10.9
Disagree 96 24.9
Total 385 100.0
Lassa fever is a very serious illness
Strongly Agree 114 29.6
Agree 129 33.5
Strongly disagree 45 11.7
Disagree 97 25.2

Total 385 100.0
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conclude by saying there is a significant relationship 
between attitudes and the prevention/control of Lassa 
fever infection among adults of Bali L.G.A in Taraba state.

Discussion

Summary of main results
Various knowledge variables were used to test their 
knowledge of the subject matter. Such variables definition 
of Lassa fever causes of Lassa fever, transmission of 
Lassa fever, vectors of Lassa fever, incubation and signs/
symptoms of Lassa fever. 48.3% of the respondents had 
a poor knowledge; few of them (26.5%) still had good 
knowledge of the subject under consideration. These 
findings are definitely not in line with a study carried 
out in Nigeria to determine the outbreak of Lassa fever 
disease  [27, 36]. They observed from their study that 
most of the respondents had high knowledge about the 
Lassa fever infection especially urban settlers which 
has been able to help them to adopt some preventive 
measures against frequent outbreaks. Also NCDC, [38] 
noted get the fact, get the factual and correct information 
on Lassa fever from social media, radio, television and 

Fig. 3. Attitude Level of respondents about Lassa Fever.

Tab. V. Distribution of respondents by their practice.

Variables Frequency (N) Percent (%)
Safeguards your food items in the house
Always 124 32.2
Never 131 34.0
Sometimes 130 33.8
Total 385 100.0
How can you safe guard your food items from rats
Covering food items properly 126 32.7
Nothing 37 9.6
Rat poison 76 19.7
Using rat gum 103 26.8
Using rat trap 43 11.2
Total 385 100.0
How often do you carry out environmental sanitation
Once a month 57 14.8
Once in a week 103 26.8
Once in three week 103 26.8
Once in two week 122 31.7
Total 385 100.0
How do you store your household refuse
Covered container 225 58.4
Open container 57 14.8
Standard refuse bin 103 26.8
Total 385 100.0
Washes fruits thoroughly with water before eating
Always 141 36.6
Never 51 13.2
Sometimes 193 50.1
Total 385 100.0
Why do you wash fruits thoroughly before eating

51 13.2
I do not wash fruits before eating 82 21.3
No reason 60 15.6
To kill germs that can cause disease 94 24.4
To make it look appetizing 98 25.5
Total 385 100.0
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Tab. V (follows). Distribution of respondents by their practice.

Variables Frequency (N) Percent (%)
If you do not wash fruits thoroughly before eating,why

334 86.8
I wash fruits thoroughly before eating 12 3.1
It is not necessary to wash fruits before eating 16 4.2
No reason 9 2.3
Water is not available for washing 14 3.6
Total 385 100.0
Do you cook your food very well before eating
Never 20 5.2
Always 65 16.9
Sometimes 300 77.9
Total 385 100.0
Why do you cook your food very well before eating
I do not cook my food very well before eating 88 22.9
No reason 64 16.6
To kill germs that can cause disease 109 28.3
To make the food delicious 104 27.0
Total 385 100.0
Why don’t you cook your food very well before eating
I cook my food very well before eating 370 96.1
I enjoy food that is not cooked to tender 7 1.8
No reason 4 1.0
To save cooking fuel 4 1.0
Total 385 100.0
Washes your hands with soap and water or ash and water after visiting the toilet
Always 164 42.6
Never 21 5.5
Sometimes 200 51.9
Total 385 100.0
Washes your hands with soap and water or ash and water before eating food
Always 127 33.0
Never 38 9.9
Sometimes 220 57.1
Total 385 100.0
Washes your hands with soap and water or ash and water when you return home
Always 127 33.0
Never 38 9.9
Sometimes 220 57.1
Total 385 100.0
Washes your hands with soap and water or ash and water after attending to a sick person
Always 118 30.6
Never 38 9.9
Sometimes 229 59.5
Total 385 100.0
Washes your hands with soap and water or ash and water after handling dirt/garbage
Always 107 27.8
Never 38 9.9
Sometimes 240 62.3
Total 385 100.0
How long does your single session of hand washing last

20 5.2
10-120 seconds and above seconds 78 20.3
15-19 seconds 6 1.6
20 seconds and above 109 28.3
5-9 seconds 82 21.3
Less than 5 seconds 90 23.4
Total 385 100.0

u
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newspaper; be knowledgeable about how to response to 
outbreak. This helps minimize fear and will curtail the 
spread of the infection.
Various attitudes were identified from this study which 
may have effects on either the outbreak or the spread of 
Lassa fever disease in a given community. 62.1% of the 
respondents believed that they are at risk of developing 
the disease Lassa fever irrespective of their status, race, 
sex and religious background. This agrees with the 
findings of  [4] in a study titled knowledge, attitudes 
and practices regarding Lassa fever disease among 
adults in endemic and non-endemic countries of Liberia. 
They find out that majority of the respondents in their 
study believed they are at risk of getting LF; with 52% 
(231/442) in the non-endemic counties. Also 63.1% of 
the respondents believed that the disease is not as a result 
of spiritual attack and that environmental sanitation can 

Tab. V (follows). Distribution of respondents by their practice.

Variables Frequency (N) Percent (%)
What do you use in drying your hands after washing
Dryer 24 6.2
Hand towel 95 24.7
Handkerchief 100 26.0
Old clothes 79 20.5
Paper napkin 87 22.6
Total 385 100.0
Do you hunt for rats or other rodents?
Always 31 8.1
Never 281 73.0
Sometimes 73 19.0
Total 385 100.0
Do you eat raw meat or other rodents?
Never 306 79.5
Sometimes 79 20.5
Total 385 100.0
If you eat rat meat or other rodents, how do you prepare it for eating?

306 79.5
Boiling 21 5.5
Roasting 58 15.1
Total 385 100.0
Assists friends or family members who are ill in their activities of daily living?
Always 141 36.6
Never 37 9.6
Sometimes 207 53.8
Total 385 100.0
Have assisted in caring for friends or family members who have Lassa fever?
No 385 100.0
Will you assist in caring for a friend or a family member whom you are aware has lassa fever
No 75 19.5
Yes 310 80.5
Total 385 100.0
Do you seek health care from the health facility promptly
Always 83 21.6
Never 7 1.8
Sometimes 295 76.6
Total 385 100.0

Fig. 4. Level of Practice of respondents of Lassa fever prevention..
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greatly limit the occurrence of the disease [4]. However 
with the poor knowledge of Lassa fever observed among 
the studied group the overall preventive practices seems 
to be high 57.7%. Lassa fever preventive practices 
were also found to be low (45.2%) Findings of this 
study are in conformity with 51% poor practice toward 
Lassa fever in a descriptive survey research design 
done by Abdulkadir and Mohammed in North-Eastern 
part of Nigeria  [22], but the result of the findings are 
in consistent with66.4% good preventive practices in 
a descriptive cross-sectional study design by Ossai et 
al.(2020) [23]. The differences in these results could be 
as a result of different available information about Lassa 
fever in the areas, and also the location of the study area 
towards exposure of information about Lassa fever. The 
study observed that high-risk behaviours and attitudes 
emanating from societal beliefs among community and 
households’ members have been long associated with 
the transmission of infectious diseases.

Generalizability
Given the specific characteristics of the study population 
in Bali Local Government Area, the generalizability of 

the results may be restricted to similar communities 
in Taraba State due to comparable socio-economic 
characteristics. However, to assess the applicability of 
these findings more broadly, further research involving 
diverse population is recommended.

Limitation of the Study
On carrying this study, the researcher had limited 
scope, limited generalizability with different cultural 
norms and demographics,some of the respondent were 
reluctant and needed close guide in answering the 
questionnaire; it took the researcher extra time and 
effort to stay with respondents to ensure proper filling 
of the questionnaire.

Implication
The study is believed to have made impact towards 
informing health policies and strategies at state and 
national level to improve better surveillance system, 
community development which can lead to increased 
awareness towards better preventive practices, the 
findings of the research can also be used to develop 
training programs for health care providers in the 

Tab. VI. Association between socio-demographic characteristics and knowledge.

Variables  
Knowledge

Total X2  p-value
Good Moderate Poor

Age

18–27 17(24.6) 14(20.3) 38(55.1) 69

445.668 < 0.001

28–37 15(24.6) 14(23.0) 32(52.5) 61
38–47 22(26.8) 23(28.0) 37(45.1) 82
48–57 11(16.7) 15(22.7) 40(60.6) 66
58-67 21(36.8) 21(36.8) 15(26.3) 57
68-77 0(0.0) 1(100.0) 0(0.0) 1
78 and above 16(32.7) 9(18.4) 24(49.0) 49
Total 102 97 186 385

Gender
Female 52(26.5) 41(20.9) 103(52.6) 196

625.793 0.042Male 50(26.5) 56(29.6) 83(43.9) 189
Total 102 97 186 385

Marital Status

Divorced 3(21.4) 4(28.6) 7(50.0) 14

427.683 < 0.001

Married 67(28.9) 55(23.7) 110(47.4) 232
Separated 9(28.1) 5(15.6) 18(56.3) 32
Single 16(19.8) 24(29.6) 41(50.0) 81
Widowed 7(26.9) 9(34.6) 10(38.5) 26
Total 102 97 186 385

Educational Status

No formal education 20(25.3) 19(24.1) 40(50.6) 79

523.816 0.031
Primary 26(31.3) 18(21.7) 39(47.0) 83
Secondary 37(24.0) 40(26.0) 77(50.0) 154
Tertiary 19(27.5) 20(29.0) 30(43.5) 69
Total 102 97 186 385

Occupation

Applicant 4(21.1) 3(15.8) 12(63.2) 19

550.973 0.039

Business/Trading 15(19.7) 21(27.6) 40(52.6) 76
Farming 29(23.2) 39(31.2) 57(45.6) 125
Public/CivilService 44(44.4) 17(17.2) 38(38.4) 99
Student 10(15.2) 17(25.8) 39(59.1) 66
Total 102 97 186 385

Religion

Christianity 45(25.4) 43(24.3) 89(50.3) 177
421.790

 
< 0.001

 
Islam 40(28.4) 36(25.5) 65(46.1) 141
Traditional worshiper 17(25.4) 18(26.9) 32(47.8) 67
 Total 102 97 186 385
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state towards response to Lassa fever outbreak. It can 
be used for intervention that address and modify risk 
behaviors.

Conclusions

Lassa fever virus outbreak, a poverty-related infectious 
diseases outbreak remains a public health threat and 
burden on vulnerable populations in West Africa and 
Nigeria in particular. Robust and sustainable leadership 

commitment and investment of all stakeholders and 
affected communities in Lassa fever outbreaks prevention 
and containment is crucial and requires strengthening 
integrated Lassa fever outbreak surveillance quality data 
gathering to support evidence data sharing, contextual local 
and regional outbreak early warning alert, preparedness and 
response systems. Collaborative ‘One Health’ approach 
operational research is needed in understanding spatio-
geographical risk factors patterns, reservoir(s) mapping 
and phylogenetic in guiding evidence-based, appropriately 
tailored, timely integrated programs, strategic interventions 

Tab. VII. Association between socio-demographic characteristics and attitude.

Variable
 
 

Attitude
Total X2  p-values

Negative Positive

Age

18–27 29(42.0) 40(58.0) 69

551.618 < 0.001

28–37 41(67.2) 20(32.8) 61
38–47 19(23.2) 63(76.8) 82
48–57 50(75.8) 16(24.2) 66
58-67 5(8.8) 52(91.2) 57
68-77 1(100.0) 0(0.0) 1
78 and above 1(2.0) 48(98.0) 49
Total 146 239 385

Gender
Female 102(52.0) 94(48.0) 196

4579.69 0.201Male 44(23.3) 145(76.7) 189
Total 146 239 385

Marital Status

Divorced 3(21.4) 11(78.6) 14

9306.36 0.131

Married 91(39.2) 141(60.8) 232
Separated 17(53.1) 15(46.9) 32
Single 30(37.0) 51(63.0) 81
Widowed 5(19.2) 21(80.8) 26
Total 146 239 385

Educational Status

No formal education 41(51.9) 38(48.1) 79

465.233 < 0.001
Primary 25(30.1) 58(69.9) 83
Secondary 74(48.1) 80(51.9) 154
Tertiary 6(8.7) 63(91.3) 69
Total 146 239 385

Occupation

Applicant 19(100.0) 0(0.0) 19

463.892a 0.049

Business/Trading 22(28.9) 54(71.1) 76
Farming 36(28.8) 89(71.2) 125
Public/CivilService 42(42.4) 57(57.6) 99
Student 27(40.9) 39(59.1) 66
Total 146 239 385

Religion

Christianity 82(46.3) 95(53.7) 177

43201.9a

 
0.501

 
Islam 45(31.9) 96(68.1) 141
Traditional worshiper 19(28.4) 48(71.6) 67
Total 146 239 385

Tab. VIII. Association of Knowledge, Attitude and Practice Towards Lassa Fever Prevention.

Variable
 
 

Knowledge
Total X2 p-value

Good Moderate Poor

Attitude
Negative 21(14.4) 43(29.5) 82(56.2) 146

6342.62 0.023Positive 81(33.9) 54(22.6) 104(43.5) 239
Total 102 97 186 385

Practice
Good 59(26.6) 54(24.3) 109(49.1) 222

8646.21 0.033Poor 43(26.4) 43(26.4) 77(47.2) 163
Total 102 97 186 385
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and implementation against the zoonotic disease epidemics 
and pandemics threats in Nigeria. Moreover, fostering local 
community to regional re-merging and emerging epidemics 
and pandemics data sharing, coordinated invasive pathogens 
epidemiology surveillance and early warning indicators 
metrics capacity building, monitoring and evaluation is 
crucial for timely and quality risk communication and 
operational research. 

Suggestion for Further Studies 
Similar studies could be carried out in other LGA.A 
more elaborate research on environmental health 
education programmes should be undertaken to cover a 
wider geographical area of Taraba State.
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Introduction

Acute respiratory tract infections (ARI) are a leading 
cause of morbidity and mortality globally. They 
are responsible, particularly in the winter months, 
for the high number of accesses to the emergency 
department, hospital admissions, and the prescription of 
antibiotics [1].
According to the GBD (Global Burden of Disease, 
Injuries, Risk Factors Study) in 2019 globally, there were 
17.2 billion cases of upper respiratory tract infections, 
with around 10,000 related deaths.  It is the sixth leading 
cause of death for all ages and the main one among 
children under the age of 5 years old [2].
In the USA there are an estimated 180,000 cases of 
hospitalization every year with around 14,000 deaths in 
people over 65 years of age [2].
The causes can be viruses and bacteria and it isn’t 
possible to estimate the real rate of these infections in the 
light of the purely clinical and non-laboratory diagnosis; 
nevertheless, according to recent estimates, respiratory 
infections caused by viruses are around 70% of bacterial 
ones are around 8%. In the context of viral etiology, 
according to the same data, rhinovirus and coronavirus 
would be responsible for 48% of all Acute Respiratory 
Failure [3]. 
In the bacteriological field, the percentage of ARI caused 
by bacterial agents ranges from 5% to 10%, and the most 
frequently recurring pathogens were: Streptococcus 
pneumoniae, Streptococcus pyogenes, Haemophilus 
influenzae, Haemophilus parainfluenzae, Moraxella 

catarrhalis, Mycoplasma pneumoniae and Chlamydia 
pneumoniae [3].
In the previous season (2022-2023), the ERVISS 
surveillance network (Synthesis of European 
Surveillance on Respiratory Viruses) recorded 
respiratory diseases increase after the summer season, 
especially after September. In particular, the SARS-
CoV-2 trend was characterized by an initial increase up 
to week 49, followed by a decrease that persists and the 
COVID-19 severe form has predominantly impacted 
individuals aged 65 and older. Regarding influenza, 
week 50 marked the start of the seasonal epidemic in 
European countries; both type A and type B influenza 
viruses have been detected, with a higher prevalence 
of A(H1N1) pdm09 virus in most countries. Unlike 
previous pathogens, Respiratory Syncytial Virus (RSV) 
activity began to increase around week 41, reaching a 
peak in week 50 followed by a decreasing trend and a 
greater impact among children aged between 0 and 4 
years [4].
In Italy, in December 2023 it has been introduced a 
new integrated surveillance system (epidemiological 
and virological) called RespiVirNet represented the 
evolution of the Influnet and Influweb systems and has 
been launched to track and potentiate the isolation of 
viruses linked to influenza-like illnesses (ILIs, defined 
by the sudden and rapid onset of at least one general 
symptoms like fever or low-grade fever, malaise/
exhaustion, headache, muscle pain and at least one of the 
respiratory symptoms such as cough, sore throat, labored 
breathing) and generally of all respiratory viruses. This 
system, based on general practitioners, pediatricians, 
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Summary 

Acute respiratory infections (ARI) are a leading cause of global 
morbidity and mortality and they’re primarily caused by viruses 
such as rhinovirus, coronavirus, and respiratory syncytial virus 
(RSV), and to a lesser extent by bacteria like Streptococcus pneu‑
moniae and Mycoplasma pneumoniae. The study examines the 
impact of COVID-19 control measures on the circulation of res‑
piratory pathogens, indicating a reduction in infections during the 
pandemic period. A retrospective study was conducted on 1,286 

patients at the “G. Martino” University Hospital of Messina to 
evaluate the prevalence of respiratory pathogens. The results 
showed that SARS-CoV-2, rhinovirus, and RSV are the most fre‑
quently isolated pathogens, with a clear seasonality from Decem‑
ber to March. Co-infections were detected in 14.1% of cases, 
predominantly in young children. The study suggests the need for 
enhanced surveillance strategies to improve the management of 
respiratory infections and healthcare resources.
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and regional reference laboratories for respiratory 
viruses and coordinated by “Istituto Superiore di Sanità” 
(ISS) with the support of the Italian Ministry of Health, 
carried out dual surveillance, both epidemiological and 
the virological.  In the latest Influnet report relating to 
the 2022-23 season, which is the period examined in 
our study, 27857 clinical samples were collected by 
the various laboratories with 22.4% (n= 6244) testing 
positive for the influenza virus ( 2% type A and 19.8% 
type B), 6.5% tested positive for SARS-CoV-2, and 
21.8% for other respiratory viruses, mostly RSV (11.5%) 
and Rhinovirus (about 6%). 
As of the time of this writing, the latest available 
RespiVirNet report is updated to the 4th of February 
2024. Among 2781 samples received by laboratories 
connected to this network, 379 (13.6%) were found 
positive for RSV, 66 (2.3%) for SARS-CoV-2, and 95 
(3.41%) for Rhinoviruses. Co-circulation of different 
respiratory viruses contributes to defining the incidence 
value of ILIs (8,53 cases for 1000 inhabitants); among 
them, the most prevalent ones were influenza viruses, 
RSV, SARS-CoV-2, and Rhinoviruses [5].
Every patient admitted to the ICU and/or subjected to 
ECMO, whose symptoms suggest a case of SARI or 
ARDS, must be reported via the notification form.
In particular, the definition of SARI ( Severe Acute 
Respiratory Infection ) provides hospitalized patient of 
any age with at least one respiratory sign or symptom 
(cough, sore throat, respiratory distress) present at 
the time of admission or in the 48 hours following 
admission to hospital and at least one systemic sign or 
symptom (fever or low-grade fever, headache, myalgia, 
general malaise) or deterioration of general conditions 
(asthenia, weight loss, anorexia or confusion and 
dizziness). The definition of ARDS, however, is based 
on the presence of hospitalized patient of any age with 
an inflammatory pulmonary syndrome, characterized by 
diffuse alveolar lesions and increased permeability of 
the pulmonary capillaries, with non-cardiac pulmonary 
edema, reduction of pulmonary compliance and 
bilateral pulmonary infiltrates spread to all segments, 
severe dyspnea, tachypnea, and cyanosis, despite the 
administration of oxygen [6].

Microorganisms’ epidemiology and clinic

Adenovirus
More than 50 types of Adenoviruses are known to cause 
infections in humans. These viruses can affect different 
districts, such as the gastrointestinal (causing acute 
gastroenteritis) or ocular (causing conjunctivitis); when 
it affects the respiratory tree, the virus causes ILIs, up 
to and including bronchitis and pneumonia in severe 
cases. These infections occur with a seasonality most 
frequently in winter and spring, affecting the general 
population at every age group [7]. 
According to the RespiVirNet report 2024-14, 
Adenoviridae account for 6.1% of all identified ILIs not 
attributable to influenza viruses [8].

Human coronaviruses
As of today, seven human coronaviruses have been 
identified: four of them (229E, NL63, OC43, HKU1) 
cause an infection with symptoms ranging between 
the common cold and pneumonia/bronchiolitis; two of 
them (SARS-CoV-1 and SARS-CoV-2) are responsible 
for severe respiratory infections with very high 
transmissibility, and were responsible for the SARS 
epidemic in 2002-2004 and the COVID-19 pandemic in 
2020-2023; the last one (MERS-CoV) causes respiratory 
ailments very similar to SARS, while transmissibility is 
influenced by interactions with diseased animals [9]. 
RespiVirNet 2023-2024 reports distinguish SARS-
CoV-2 from other human coronaviruses: the prevalence 
of these, among the non-influenza viruses responsible 
for respiratory disorders, was quantified as 26.6% and 
5.9%, respectively [8]. 

Human Metapneumovirus
The Human Metapneumovirus (HMPV) was discovered 
in 2001 and belongs to the Pneumoviridae family together 
with RSV. The symptoms caused by this virus are similar 
to those of other respiratory viruses, causing affections 
of the lower and upper respiratory tract, possibly leading 
to bronchitis or pneumonia. Its circulation is seasonal, 
occurring in winter and maintaining a detected infection 
rate until spring [10]. 
As reported in RespiVirNet’s weekly report 2024-14, 
Metapneumovirus accounted for 6.9% of all 14,399 non-
influenza respiratory virus identifications from week 
2023-46 [8].

Rhinovirus
Rhinoviruses cause 30-35% of adult ILIs and represent 
the most common cause of Upper Respiratory Tract 
Infections (common colds), especially in school-age 
children, in whom 6-8 episodes may occur during the 
year. Nowadays more than 110 types of Rhinovirus 
have been identified with different antigenic properties 
and this great variety of viral antigens is responsible 
for the frequent recurrence of the infection. The most 
widespread transmission is via large airborne droplets, 
but transmission via small aerosolized particles has 
also been demonstrated. It is estimated that an infected 
patient is capable of infecting 75% of the members of a 
family or school group. Rhinovirus epidemics have been 
documented in indoor environments (such as schools, 
long-term care facilities, hospitals, neonatal healthcare 
facilities) and these pathogens are most active in the 
fall, spring, and summer, with an optimal temperature of 
33°C (equal to that of the nasal mucosa) [11-14].

Influenza viruses
Seasonal influenza is a vaccine-preventable disease 
that each year infects approximately 10-30% of the 
European population and causes hundreds of thousands 
of hospitalizations across Europe. 
Epidemics occur in the winter months in temperate 
locations and at different periods of the year in subtropical 
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and tropical locations. Most influenza virus infections 
cause mild and self-limiting disease and around one-
half of all infections occur with a fever.  Older people, 
younger children, and those with chronic diseases have 
a greater risk of developing serious complications, such 
as pneumonia, myocarditis, and encephalitis that may 
result in death.
Four different types have been identified, all belonging 
to the Orthomixoviridae family: 
•	 types A and B, responsible for classic flu symptoms; 
•	 type C, usually asymptomatic; 
•	 type D, whose possibility of infecting humans is not 

yet clear. 
Influenza A viruses are further divided into subtypes 
based on molecular differences of the two surface 
glycoproteins (hemagglutinin and neuraminidase).
The typical influenza epidemiology arises from the 
marked tendency of influenza viruses to mutate 
(essentially with two mechanisms: antigenic drift and 
antigenic shift). This characteristic allows them to evade 
the host’s immune response and therefore make the 
population more immunologically susceptible and for 
these reasons, the pathogens spread widely and rapidly.
These molecular variations are an important factor in 
the preparation of vaccines, whose composition must be 
updated every year, and, in this light, the surveillance 
activities are fundamental to selecting the specific strains 
to be included taking into account what has circulated in 
previous seasons.
According to the ECDC report the 2022/2023 influenza 
season marked the return of influenza virus activity at 
almost pre-pandemic levels in the EU/EEA countries. 
This season was characterized by an earlier start of 
the seasonal epidemic and an earlier peak in positivity 
compared to the four previous seasons [15-17].

Parainfluenza viruses 
Parainfluenza viruses belong to the family 
Paramyxoviridae and they can infect terrestrial animals, 
aquatic mammals, birds, and some reptiles; they, 
also, include several viruses pathogenic to the human 
respiratory tract, similar in some aspects to influenza 
viruses. They differed from them in surface antigen 
characteristics and size. Human parainfluenza viruses 
(hPIV) are antigenically distinguished into 5 types: 1, 2, 
3, 4A, and 4B. All of them cause respiratory infections 
in humans, although with different epidemiology and 
clinical picture [18]. hPIV 1, 2, and 3 are more prevalent 
than type 4; in particular, hPIV 1 and 2 are associated 
with “croup” (laryngotracheobronchitis) and upper and 
lower respiratory disease, while hPIV 3 causes more 
bronchiolitis and pneumonia. 
Parainfluenza viruses are ubiquitous, and they can infect 
adults, but the most affect children, in whom the virus 
results in more severe symptomatology (bronchiolitis, 
bronchitis, pneumonia). hPIVs, particularly serotype 
3, are, after respiratory syncytial virus, the second 
cause of lower respiratory tract infections in newborns 
and infants  [19, 20]. Forty-one percent of croup cases 
were associated with these viruses  [19]; especially 

hPIV 1 and hPIV 2 (in lower percentage than type 1) 
were the most involved. Infection occurs early in life, 
and serologic data indicate that 50% of one-year-old 
children and 90% at 5 years have protective antibodies 
to hPIV 3, 75% to hPIV 1, 60% to hPIV 2, and 50% 
to hPIV 4 [18, 19]. The seasonality of infections differs 
according to serotype: hPIV 1 and 2 cause epidemics 
during autumn and winter; however, episodes of 
overlapping epidemics caused by the hPIV 1 and hPIV 2 
subtypes are possible; hPIV 3 cause sporadic infections 
throughout the year with a peak in spring; hPIV 4 is 
present throughout the year but is infrequent and doesn’t 
cause relevant symptoms. Clinically, parainfluenza 
viruses result in a broad spectrum of lower and upper 
respiratory tract symptoms: croup, bronchitis, and 
bronchiolitis were the most common symptoms in 
children, in addition to cases of coryza, otitis, and 
pneumonia. In non-immunocompromised adults, on the 
other hand, parainfluenza viruses lead to simple colds or 
rhinolaryngitis.

Chlamydia pneumoniae

This intracellular bacterium  is a recognized cause of 
community-acquired pneumonia [21] and it has also been 
documented in patients with cystic fibrosis [22]. Recent 
studies have also linked C. pneumoniae to bronchitis and 
asthma [23]. Higher rates of infection were recorded in 
children compared to adults [24]. 
The spread of C. pneumoniae occurs through direct 
contact with an airborne transmission or indirectly 
through fomites [25]. 
There is currently a resurgence of C. pneumoniae 
infections, after an initial reduction in rates recorded 
during the SARS-CoV-2 pandemic [26].
Much C. pneumoniae infections go unrecognized 
because they typically manifest as upper respiratory tract 
infections, often with mild or no symptoms. There isn’t 
typically a discernible seasonal pattern, and outbreaks 
tend to occur predominantly in crowded environments 
such as college residence halls and long-term care 
settings.

Bordetella pertussis and parapertussis
These pathogens cause respectively parapertussis and 
pertussis (whooping cough), which are highly infectious 
bacterial diseases involving the respiratory tract whose 
symptoms are like those of the common cold, including 
sneezing, runny nose, low-grade fever, and cough with 
different clinical evolution. Parapertussis is characterized 
by mild signs and symptoms. 
Pertussis, notifiable in Italy, is characterized by epidemic 
cycles recurring every 2-5 years and represents a public 
health threat, given its re-emergence despite high 
vaccination coverage (94% in Italy among children of 
24 months old in September 2022) [27, 28].
This resurgence may be attributed to several factors 
such as improved diagnosis methods, genetic changes 
in circulating BP, and increased bacterial circulation 
among adolescents and adults related to the waning 
of vaccine-induced immunity. Adolescents and adults 
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are a reservoir for BP and the source of infection to 
unvaccinated newborns [29]. 
Furthermore, naïve children represent the most vulnerable 
group; in fact, literature detected the highest rates of 
morbidity and complications, such as hospitalization and 
intensive care unit (ICU) admissions and, consequently 
mortality. On the other hand, adolescents and adults tend 
to have a prolonged illness characterized by cough but 
without other severe symptoms [30].
The greatest disease burden was observed in the 
paediatric population, linked to the non-immunization 
or incomplete immunization during the first month of 
age. In fact, in California, during the 2010 outbreak, the 
highest rates of disease and hospitalization occurred in 
infants < 6 months old  [28,31]; in the UK, during the 
2011-2012 outbreak, the highest incidence and mortality 
occurred in infants < 3 months old [32]. 
The pertussis incidence rate in the Italian population aged 
≥ 5 years old reported by the ECDC in 2018 was 6.75 per 
100,000 in the 5-14 age group and 0.28 per 100,000 in 
the ≥ 15 age group. In newborns and infants, Bordetella 
pertussis can cause or complicate bronchiolitis; in 
particular, bronchiolitis-associated morbidity and 
mortality are higher with concomitant B. pertussis 
infection. However, to date, the pertussis mortality rate 
in this age group is likely underestimated [33].
According to the systematic review by Macina et al., 
some comorbidities might increase the risk of developing 
pertussis. Three studies showed pertussis can lead to 
increased exacerbations of chronic conditions/illnesses 
and associated hospitalizations, although one study 
showed a reduction in the effects of chronic bronchitis. 
Previous pertussis seemed to contribute to the increased 
likelihood of developing some respiratory conditions 
like asthma, and conversely, people with asthma or 
COPD are at increased risk of severe pertussis requiring 
further interventions [34].
History of prematurity and an age of less than 3 months 
emerged as risk factors for the development of fatal 
pertussis [35].

Mycoplasma pneumoniae
Mycoplasma pneumoniae is a common cause of 
respiratory tract infections, representing community-
acquired pneumonia as the major disease-related burden. 
Infections occur year-round in many different climates 
worldwide, with epidemics every few years.
The periodic occurrence of epidemics is due to many 
factors, including the decline of herd immunity or the 
introduction of new subtypes into the population. The 
most recent outbreak occurred in late 2019 and early 
2020 simultaneously in several countries, predominantly 
in Europe and Asia. According to previous data the 
interval between M. pneumoniae epidemics in Europe 
was about 1-3 years. 
In 2020 the introduction of non-pharmaceutical 
interventions (NPIs) against COVID-19 resulted in an 
abrupt ending of these epidemics and a marked decline 
in M. pneumoniae detection worldwide.  In detail, 
there was a significant reduction in the incidence 

of M. pneumoniae from the pre-pandemic period to 
the first year after the implementation of NPIs (from 
8.61% in 2017-20 to 1.69% in 2020-21), with similar 
values to the other respiratory pathogens incidence. 
This value decreased significantly in the second 
year (0.70%, in 2021-22), when other respiratory 
pathogens re-emerged as an indicator of community 
transmission [26]. 

Respiratory syncytial virus 
Respiratory syncytial virus is a RNA virus and, until 
today, two subtypes are recognized, A and B: the first 
most related to more severe infections and the second 
one prevalent in pediatric age (10). RSV infection 
is typically seasonal, with viral circulation typically 
occurring in the winter period, peaking between 
December and February [36].
RSV infection generally causes a mild disease, but the 
severity of the clinical manifestations varies considerably 
based on age. The most severe forms of the disease are 
associated with the pediatric age and occur in children 
under five years of age (especially in infants younger 
than six months), adults aged 65 years and older and 
individuals with specific comorbidities [37]. 
RSV represents the second cause of death globally 
after malaria, the first cause of death among respiratory 
infections and the first cause of hospitalization in 
children under one year of age [38].
Premature infants or those born close to RSV season 
and/or with bronchopulmonary dysplasia or congenital 
heart disease have the highest risk of developing 
severe acute RSV and related lower respiratory tract 
infection (LRTI) [39]. Natural infection provides short-
lasting immunity, so cases of reinfection are common, 
particularly those of the upper respiratory tract [40].
Nowadays there are no specific therapies for the treatment 
of serious RSV infections and the only authorized drug 
(ribavirin) is complex to manage due to safety issues of 
use [41]. 
Therefore, the treatment of severe forms of LRTI is more 
often limited to symptomatic therapies and supportive 
measures (hydration and oxygen); a fundamental role 
is played by primary prevention, given by hygienic-
behavioral measures, such as the correct application of 
hand hygiene, sanitization, social distancing, and the use 
of monoclonal Abs such as Palivizumab (SYNAGIS) 
and Nirsevimab (BEYFORTUS) [42]. The first one was 
the only weapon available for the prevention of RSV 
infections until the end of 2022, but its indications were 
limited to children under 24 months of age who had 
certain conditions that exposed them to a high risk of 
severe RSV disease (such as ≤ 35 weeks of gestational 
age and with age < 6 months at the start of the seasonal 
RSV epidemic; age < 2 years treated in the last 6 
months for broncho-pulmonary dysplasia; age < 2 years 
with hemodynamically significant congenital heart 
disease) [43].
Furthermore, one dose of Palivizumab provides 
protection that lasts approximately 1 month, making up 
to 5 doses of the drug necessary per season, with evident 



C. GENOVESE ET AL

E348

problems of complete adherence to the prescribed 
regimen and costs. The use of this monoclonal antibody 
for the protection of all newborns therefore clashes with 
insoluble organizational and economic problems [44].
In February 2023, a new monoclonal antibody, 
Nirsevimab (Beyfortus), was definitively approved 
by the European Medical Agency (EMA), which 
has advantages such as a long half-life (protection 
demonstrated for at least 5 months) and a schedule that 
involves a single administration (increased compliance). 
This medication is recommended for all infants younger 
than 8 months and born during – or at the beginning of 
– their first RSV season (typically fall to spring) and 
for some infants aged 8 to 19 months who are at high 
risk for severe RSV (severely immunocompromised or 
entering the second RSV season) [45].
Thanks to the availability of Nirsevimab, a universal 
prevention strategy for RSV diseases appears possible 
through administration to all cohorts of newborns in 
the October-March epidemic period, before hospital 
discharge and the catch-up of non-immunized newborns 
in the April-September period [46].
Another possible future preventive strategy could be 
the active immunization, using two prefusion F protein-
based recombinant vaccines recently approved by the 
EMA to prevent LRTI in subjects over 60 years of 
age [47, 48].
The first authorized preparation (June 2023) (RSVPreF3 
OA) is an adjuvanted RSV vaccine containing recombinant 
respiratory syncytial virus F glycoprotein stabilized in the 
pre-fusion conformation (RSVPreF3) as the antigenic 
component. From data in the literature, it emerged that 
single administration of the vaccine shows a satisfactory 
safety profile, with an efficacy of approximately 94.1% 
against severe RSV-related lower respiratory tract 
disease and 71.7% against RSV-related acute respiratory 
infection, regardless of RSV subtype and the presence of 
underlying coexisting conditions [47].
The second authorized preparation (EMA August 2023) 
is a bivalent vaccine, containing balanced quantities 
of stabilized prefusion (preF) antigens derived from 
the two primary subgroups of RSV (RSV A and RSV 
B), which demonstrated 67% effectiveness in reducing 
the likelihood of developing RSV-associated lower 
respiratory tract disease (LRTD) among older adults 
with two or more symptoms and 86% in reducing the 
risk of RSV-associated LRTD among individuals with 
three or more symptoms [48].
This vaccine could be also indicated in mothers during 
pregnancy (between weeks 24 and 36 of gestation) to 
protect their children from LRTI (from birth to 6 months 
of age) [49].
In the final weeks of 2022, the circulation of respiratory 
syncytial virus (RSV) in the EU intensified, with 
transmission rates increasing in all population groups 
and an earlier onset than the usual one [50]. 
Several EU countries have reported high circulation 
of RSV and an increase in the number of severe acute 
respiratory infections (SARI) due to it [50].
Given the growing circulation of RSV and the shortage 

of available weapons, the ECDC has identified the 
implementation of surveillance and monitoring systems 
as one of its priority objectives wherever possible.]. In 
particular, the specific objectives of the study were to 
evaluate the circulation of respiratory pathogens in our 
reality which required hospitalization or access to the 
emergency/urgency system  [50]; we hypothesized that 
the pandemic period made an important contribution 
to the epidemiology of respiratory pathogens and we 
would like to evaluate it. 

Methods

A retrospective and monocentric study was conducted, 
thanks to the collaboration between the Hospital Hygiene 
Unit and the Microbiology Unit of the University 
Hospital “G. Martino” of Messina; this study analyzed 
the prevalence of the various respiratory pathogens found 
in a cohort of 1286 patients belonging to the several 
units of our hospital from January 2022 to May 2023 and 
who carried out a nasopharyngeal swab subsequently 
analyzed using FilmArray (Biofire RP2.1 by Biomerieux 
which detects the presence of 19 viruses (Adenovirus, 
Coronavirus HKU1, Coronavirus NL63, Coronavirus 
229E, Coronavirus OC43, Human Metapneumovirus, 
Human Rhinovirus/Enterovirus, Influenza A, Influenza 
A/H1, Influenza A/H1-2009, Influenza A/H3, Influenza 
B, Parainfluenza 1, Parainfluenza 2, Parainfluenza 3, 
Parainfluenza 4, Respiratory Syncytial Virus, SARS-
CoV-2 (2019-nCoV), MERS-CoV) and 4 bacteria 
(Bordetella pertussis, Chlamydophila pneumoniae, 
Mycoplasma pneumoniae, Bordetella parapertussis). 
This test allowed the qualitative detection of the nucleic 
acid of viruses and bacteria in nasopharyngeal swab 
samples; it is an integrated platform that combines 
automated sample preparation, total nucleic acid 
extraction with nested multiplex PCR and reverse 
transcriptase PCR, and automatic detection of amplified 
targets. The FilmArray test used in this study has a 
sensitivity of 95% and a specificity of 98% for detecting 
respiratory pathogens and we choose it for this reason 
respect to other methods. 
Inclusion criteria: participants were included if they 
met the following criteria: they were 18 years or older, 
undergoing nasopharyngeal swabs, and were able and 
willing to provide informed consent.
We choice the FilmArray (Biofire RP2.1 by Biomerieux) 
platform for pathogen detection because it enables 
simplified test ordering, faster turnaround times, and 
increased accuracy by minimizing manual data entry.
The data were collected in a structured database. The 
qualitative data were expressed as absolute and relative 
frequencies, while the quantitative data were expressed as 
mean, minimum, maximum, and standard deviation values.
The results were stratified according to age, gender, 
and the number of possibly coexisting pathogens. 
Furthermore, the temporal trend of the various pathogens 
in the years under examination was analyzed. Statistical 
analysis was conducted using Stata software. The 
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number of co-infections was investigated by stratifying 
the sample by age and sex. Seasonal trends of each 
pathogen were also evaluated. Statistical differences 
in the prevalence of positive samples among pediatric, 
adult, and elderly patients were assessed.”

Results

Our sample consisted of 1286 individuals, aged between 
1 month and 99 years (mean age 52.45 ± SD 30.89). The 
sample was predominantly male (53.92%).
The most frequently isolated pathogens were:
•	 SARS-CoV-2 (13.76%), is more frequent in males 

aged between 1 and 17 years;
•	 Human Rhinovirus (11.35%), is more frequent in 

males aged between 0 and 16 years;
•	 RSV (9.10%), is more frequent in patients aged between 

0 and 14 years, with equal distribution between genders. 

The seasonal trend of each pathogen was also evaluated. 
For two of the most frequently found pathogens in 
our sample, Human Rhinovirus and RSV, the typical 
seasonality of respiratory viruses was observed, with 
the highest number of cases occurring from December 
to March. The trend observed in previous years was also 
confirmed for SARS-CoV-2.
The infection trends over the two years were analyzed, 
as shown in Figure 1. 
The use of masks and the implementation of isolation 
and prevention measures to avoid the spread of SARS-
CoV-2 led to a reduction in the number of infections.
We also evaluated the presence of statistical differences 
in the prevalence of positive samples among pediatric, 
adult, and elderly patients. Significant statistical 
differences were found (p value = 0.001), with higher 
prevalence of SARS-CoV-2 in elderly and pediatric 
patients, and higher prevalence of RSV only in pediatric 
groups (Tab. I).

Fig. 1. Seasonality and trend in the number of infections by month for Influenza viruses (Fig. 1a) and RSV (Fig. 1b). 

Tab. I. Respiratory virus prevalence by age groups.

 Age groups SARS-CoV-2 RSV Rhinovirus p value

< 14 years old 5,06% 82,26% 63,52%

0.00115-64 years old 38,20% 4,84% 20,13%

>64 years old 56,74% 12,90% 16,35%
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The highest percentage of RSV infections was found 
in the winter period, with an early peak in November 
(Figs. 1b,  2).
Another data to highlight was the presence of a high 
prevalence for some bacteria such as Bordetella 
parapertussis, especially in children under 2 years of age 
(66.67%). No detection of Mycoplasma pneumoniae and 
Chlamydia pneumoniae was found with an emerging role 
of RSV infection in determining cases of bronchiolitis 
and pneumonia.  
In 14.1% of cases, co-infections were found, 
predominantly affecting both sexes in the 0-4-year 
age group. Notably, two patients had five pathogens 
isolated simultaneously. Furthermore, the number 
of co-infections was investigated by stratifying the 
sample by age and sex. From the analysis of the 
data, it can be seen that the highest percentage of co-
infections was detected in the male sex and the age 
period between 1 and 4 years (mean age = 2.65 ± 2.5 
SD; 66% male sex).
The temporal trend of co-infections was also analyzed, 
with a major peak recorded from November 2022 to 
March 2023 (see Fig. 3). We detected a value of about 
14% of coinfection, especially in pediatric patients (0-
4 years); the most frequent coinfection were SARS-
CoV-2, RSV, and Rhinovirus.

Discussion

In agreement with national data, our analyses have revealed 
a greater circulation of the Respiratory Syncytial Virus [5, 
11-14]. In our study RSV was the most frequently isolated 
virus after SARS-CoV-2, influenza A H1N1 virus, and 
rhinoviruses. Viral and bacterial co-infections were 
observed in 14.1% of cases, predominantly in children 
aged 0-4 years. Further studies are needed to understand 

the interaction between different pathogens and their 
impact on disease severity.” However, these data confirm 
some recent studies, according to a recent systematic 
review of the literature in which the authors found 35-
40% of pediatric subjects affected. The role of viral-
coinfections remained unclear in the severity of RSV-
associated respiratory diseases, but several systematic 
reviews suggested that there isn’t an association between 
disease severity and viral co-infections [51].
In our study, among the epidemiological characteristics, 
a greater prevalence emerged in the male sex as reported 
by other authors  [52, 53]. However, other studies in the 
literature have reported a higher prevalence in females [54]. 
Other epidemiological factors investigated were age 
and seasonality. The greater prevalence was detected 
in younger patients, confirming available national data 
about an higher prevalence in patients under 5 years 
of age, especially in the presence of comorbidities 
(i.e. bronchopulmonary dysplasia and congenital heart 
disease, low birth weight) and/or risk factors (preterm 
birth, artificial breastfeeding, etc.). However, older 
adults and people living with underlying diseases are 
known to be at a higher risk of respiratory infections, 
RSV and flu  [55]. The peak of the RSV in November 
that we detected correlates with a recent systematic 
review of the literature, showing an early temporal peak 
in December [56]. 
We found higher values of detection for SARS-CoV-2 
in elderly and pediatric patients and for RSV only in 
pediatric ones (p < 0.001), confirming data of a recent 
systematic review [57]. 
Another important result of our study is the use of 
FILMARRAY as a diagnostic tool to facilitates patient 
management and guide clinical decisions. It has been 
demonstrated that its use improves the clinical outcome, 
reducing the use of antibiotics and ICU admission [58]. 
Another study using this method showed a concordance 

Fig. 2. Seasonality and trend in the number of infections by months for all respiratory pathogens investigated.
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in defining an early RSV peak in November in the 
pediatric analyzed population  [59]. Furthermore, the 
resumption of seasonality for RSV indicates how the 
precautionary measures used have had a major impact on 
the circulation of RSV and how the application of barrier 
measures is fundamental in the management of airborne 
microorganism outbreaks and epidemics [60‑67].
RSV detections are less frequent during periods of high 
influenza activity and RSV incidence may peak 1-2 
months earlier [68]. Dynamics such as these make it more 
difficult to reliably predict the epidemiological trends of 
ARIs and ILIs. A recent effort in this direction has been 
set up by the ECDC, with the launch of RespiCast, a 
platform for real-time forecasts of respiratory disease 
activity and burden [69]. 
Although it doesn’t focus specifically on RSV, the 
forecasts provided by this system may help public health 
workers in drafting an effective prevention campaign.
The coronavirus disease 2019 (COVID-19) pandemic 
has drastically disrupted the epidemiology of Respiratory 
Syncytial Virus (RSV) respiratory tract infections in 
children. Proposed mechanisms include decreased 
viral immunity in vulnerable age groups caused by the 
prolonged lack of RSV circulation early in the pandemic, 
potential SARS-CoV-2-induced immune dysregulation, 
viral interactions between SARS-CoV-2 and RSV, and 
modifications in health-seeking behaviors as well as 
health systems factors [70].
The compilation of precise epidemiological data is also 
made difficult by a surveillance system against RSV that 
still needs work. Several European countries still only 
rely on estimates regarding the burden and incidence of 
infection [71].
One study examined Belgium’s RSV surveillance 
network and highlighted its inability to accurately predict 
the epidemiological circulation of the virus. Systems 
to detect the hospital burden of RSV infections are 
suggested, with more sentinel hospitals and collection of 
the treated patients are suggested [71].
As stated previously, the recent approval of vaccines 
against RSV opens up new scenarios for its prevention. 
Protection from RSV in newborns will be provided by 

the administration of the vaccine in pregnant women 
or by the inoculation of monoclonal antibodies into 
the child. This approach was tested in a Luxembourg 
study, where Nirsevimab was administered to 84% 
of those born between October 2023 and January 
2024.  The monoclonal antibody was found to be 
statistically significantly associated with a reduction in 
hospitalizations, hospital length of stay, and an increase 
in the mean age of RSV-related cases  [72]. In light of 
these premises, it will be necessary to formulate a new 
approach that takes into account the peculiarities of each 
patient group to make the most advantageous choice 
from an economic and social point of view.
The potential use of one of the two vaccines against 
RSV during pregnancy clashes with the vaccination 
hesitancy wall of this population which is very doubtful 
and sensitive to this topic.
A recent systematic review showed that the source of 
vaccination information (specialized healthcare worker, 
family doctor, mass media, non-professionals) is among 
the main determinants of vaccination hesitancy in 
pregnant women [73]. The role of the healthcare workers 
thus becomes increasingly crucial in communicating 
and responding to patients’ doubts, taking care not to 
downplay their concerns.
Another population that will greatly benefit from 
the introduction of an effective vaccine is the 
immunocompromised. RSV was shown to be the fourth 
most prevalent microorganism in a study investigating 
transplanted subjects presenting respiratory 
symptoms  [74]. More specifically, patients who had 
received a hematopoietic stem cell transplant acquired 
the infection in the nosocomial environment in 50% of 
cases, a significantly higher percentage than the general 
population; solid organ transplant recipients, on the other 
hand, had an incidence of RSV infection of 6-16% [75].
Limitations of the study: one major limitation of our 
study is its single-center design, which may limit 
the generalizability of the findings. Additionally, the 
exclusive use of molecular diagnostics may underestimate 
the true co-infection rates. Furthermore, the impact of 
the COVID-19 pandemic on the ARI trend could limit 

Fig. 3. Temporal trend of coinfections. 
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the results of this study. Moreover, potential biases in 
Data Collection and Analysis could be discussed. 
The COVID-19 pandemic significantly altered the patterns 
of respiratory infections due to several factors such as 
lockdowns, social distancing, mask-wearing, changes 
in healthcare-seeking behavior, and healthcare system 
priorities. These changes likely led to an underreporting or 
delay in diagnosing ARIs (Acute Respiratory Infections) 
and RSV (Respiratory Syncytial Virus) cases during peak 
pandemic periods. There is also the potential for biases 
related to immune interactions between SARS-CoV-2 
and other viruses (such as RSV), which may have led to 
atypical patterns of coinfections and viral suppression. 
The potential immune dysregulation caused by SARS-
CoV-2 infection could also have skewed data, leading to 
inconsistent results that do not align with pre-pandemic 
trends. A single-center study may not fully capture the 
diverse epidemiological dynamics of RSV and ARI trends 
across different geographical locations or healthcare 
settings. This limitation affects the generalizability of the 
findings and creates a bias towards the specific population 
and setting studied. Solely relying on molecular diagnostics 
(like PCR) can result in biases, as it might underestimate 
the true rates of viral and bacterial co-infections due to 
variations in test sensitivity and specificity. Diagnostic 
methodologies may also differ across studies, affecting 
the consistency of results and comparisons. Age, 
gender, seasonality, and comorbidities were identified 
as influential epidemiological factors. However, there is 
variability in findings across different studies - for instance, 
discrepancies in the prevalence of RSV between male and 
female subjects or the specific age groups most affected. 
This variability might reflect underlying biases in study 
design, population demographics, or other unmeasured 
confounding factors. Changes in health-seeking behavior 
during the pandemic and modifications in healthcare 
delivery (e.g., telemedicine vs. in-person visits) could 
have influenced the detection and reporting rates of RSV 
and ARIs. Such systemic changes may introduce biases 
in the dataset, particularly in the assessment of disease 
burden and the effectiveness of preventive measures.

Conclusions

Although national and European data show an increase 
in the virus’s circulation level, only a small number of 
subjects with acute respiratory symptoms were tested 
for RSV. A growing body of evidence demonstrated 
that perfecting the surveillance system would certainly 
guarantee a more correct characterization of the 
epidemiology, contributing to the more appropriate 
use of medical and pharmacological resources. In most 
European countries, RSV is not a mandatory reportable 
disease. However, in 2018 the World Health Organization 
deemed it appropriate to activate a surveillance system 
for cases of RSV infection, with particular attention 
to children under 2 years of age and patients requiring 
hospitalization, to improve the microbiological diagnosis 
criteria and precisely outline the characteristics of 

seasonality, risk groups and spread of the infection.
A significant proportion of studies are likely to 
underestimate the incidence of RSV infection in older 
adults, although the effect size is unclear and there is 
also potential for overestimation. Well-designed studies, 
together with increased testing for RSV in patients 
with ARI in clinical practice, are required to accurately 
capture both the burden of RSV and the potential public 
health impact of vaccines [76].
Our study sheds light on the burden of RSV-related 
infections on our local reality. Although the general 
population was examined, it is the youngest children 
who are most affected by RSV. As highlighted by data 
in the literature, our study confirms an early RSV peak 
in November. The winter seasonality of the disease 
revealed by the study also argues for more preventive 
care for those born in this period. The role of viral co-
infections in which RSV is involved should be further 
investigated [77-82].
Our study highlights the need for enhanced surveillance 
strategies for respiratory infections. We recommend 
more rigorous preventive measures, such as influenza 
vaccination and improved hygiene practices.
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Introduction

Rabies is a zoonotic viral disease of mammals that is 
transmitted from animals to humans by exposure to 
saliva or other sources of infectious virus. Exceptional 
cases of direct human-to-human transmission and indi-
rect transmission via infected transplants have also been 
reported [1-3].
After a bite by an affected animal, the virus present in the 
saliva reaches the peripheral nerves and then the brain. 
Once the rabies virus infects spinal cord neurons, dissem-
ination proceeds quickly throughout the central nervous 
system by means of fast axonal transport along neuroana-
tomical pathways. Many neuronal cell types throughout 
the central nervous system are infected, whereas infec-
tion of non-neuronal cells, including astrocytes, occurs 
much less commonly  [4, 5]. Brain infection results in 
behavioural changes, probably due to the infection of 
neurons in limbic areas. Subsequently, the rabies virus 
spreads away from the central nervous system (centrifu-
gal spread) along neuronal pathways, particularly involv-
ing the parasympathetic nervous system, to many organs, 
including the heart, gastrointestinal tract, adrenal medul-
la, skin and saliva glands.
While all mammalian species are believed to be suscep-
tible, rabies is mainly detected in dogs, wolves, foxes, 
coyotes and jackals, raccoons, mongooses, skunks and 
bats [6]. Dogs are responsible for 99% of human cases [7]. 
Clinically, rabies is characterized by fitful consciousness, 
hyperactivity, hallucinations and hydrophobia (furious ra-

bies), or paralysis and coma (paralytic rabies), progress-
ing rapidly and inevitably towards death [8].
Rabies is considered to be a neglected disease, as glob-
al and national stakeholders and decision-makers lack 
awareness of its importance and have not prioritized it. 
Indeed, global funding agencies do not generally provide 
funding for rabies elimination efforts; this means that ra-
bies remains under-resourced, especially in the areas most 
affected by the disease. As a result, the burden rabies per-
sists.
Here, we present a narrative overview on rabies disease, 
focusing on its clinical, epidemiological burden and the 
opportunity for prevention by means of Rabipur® vaccine.

Characteristics of rabies virus and clinical 
symptoms of the disease

The rabies virus is a member of the genus Lyssavirus, 
which belongs to the family of Rhabdoviridae; these 
consist of genetically related enveloped viruses with a 
single non-segmented negative-stranded RNA [9, 10]. 
The virus contains multiple copies of five structural pro-
teins: virion transcriptase L, glyocoprotein G, nucleo-
protein N, phosphoprotein P, and matrix protein M. The 
G and M proteins are responsible for blocking apopto-
sis after infection by virulent street of viruses, which is 
a protective mechanism for the host. The G protein is 
a major determinant of viral neurotropism. Mutations 
in the G protein reduce or eliminate neuroinvasiveness 
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Summary

Rabies is a zoonotic viral disease transmitted mainly by bites 
of infected animals, especially dogs, which are responsible for 
99% of human cases. Despite being preventable, it remains a 
neglected disease in low-income countries, with approximately 
60,000 deaths per year, mostly concentrated in Africa and Asia. 
The real worldwide burden of rabies is probably underesti‑
mated, as death-reporting systems are inadequate and active 
surveillance is limited.
Rabies prevention implies two main, non-exclusive strategies: 
(i) dog vaccination, in order to interrupt virus transmission to 
humans, and (ii) human vaccination i.e. pre-exposure prophy‑
laxis (PrEP) and Post-Esposure Prophylaxis (PEP) through the 

use of purified cell-culture and embryonated egg-based vaccines 
(CCEEVs).
Rabipur® is one of the available anti-rabies vaccines and is indi‑
cated for active immunization in individuals of all ages. Its effi‑
cacy and safety have been amply demonstrated. 
In rabies-free countries, PrEP is indicated for individuals who 
face occupational and/or travel-related exposure to the rabies 
virus in specific settings or over an extended period.
Wider use of human rabies vaccination for PrEP and PEP in con‑
junction with programs to eradicate rabies from animal popula‑
tions is the challenging goal in order to reduce the burden of dis‑
ease and achieve zero rabies.
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without impairing the ability of the virus to multiply in 
cell culture [11-13]. The G protein of the rabies virus is 
the main antigen responsible for inducing the produc-
tion of virus-neutralizing antibodies and for conferring 
immunity against lethal infection by the rabies virus. Lo-
cated on the surface of the virion, this glycoprotein plays 
an important role in the host’s immune response and fa-
cilitates interaction of the virion with host cell receptors. 
The incubation period of rabies is reported to range from 
weeks to years, but mostly lasts 1–2 months on aver-
age; indeed, in the majority of cases, incubation takes 
between 20 and 60 days [14, 15]. Moreover, it has been 
observed that the incubation period is shorter if the bite 
occurs in the head rather than in an extremity.
The clinical stages of rabies can be summarized as: in-
cubation, prodrome, acute neurological signs, coma, 
and death. Once the infection manifests itself clinically, 
death almost always occurs within 7-10 days. Weakness 
in the bitten extremities may be evident on primary pre-
sentation; subsequently, the disease may progress to ei-
ther the furious or paralytic form [16-18]. The features 
of furious rabies are fluctuating consciousness, hydro-
phobia or aerophobia, inspiratory spasms, and signs of 
autonomic dysfunction. These may not appear simulta-
neously, and disappear during coma. Comatose patients 
with furious rabies may develop flaccid limb weakness, 
which has frequently been misinterpreted as paralytic 
rabies. Conversely, ascending weakness of lower motor 
neurons with only motor disturbance is the initial mani-
festation of paralytic rabies [17], in which consciousness 
is preserved until the preterminal phase.
Atypical signs and symptoms of rabies associated with 
infection by either bat or dog rabies virus variants have 
been increasingly recognized [15-19]. Transverse myeli-
tis presenting as neuromyelitis optica, and tetanus-like 
symptoms with locked jaw have been reported [20-22].

Epidemiological burden

The real worldwide burden of rabies is probably under-
estimated, as death-reporting systems are inadequate 
and active surveillance is limited  [23-25]. Moreover, 
the widespread unavailability of laboratory diagnosis 
gives rise to false results, incorrect assessments of ra-
bies epidemiology and, consequently, difficulties in ra-
bies control [26]. Indeed, owing to socio-cultural norms 
also, laboratory testing of human brain samples is not 
practical in low- and middle-income countries; hence, 
the majority of cases of rabies in humans are identified 
exclusively on the basis of symptoms.
The under-reporting of rabies is complicated by the 
pathophysiology of the disease itself. Indeed, most in-
dividuals with rabies do not present in hospital for di-
agnosis, since they know that the disease is terminal as 
soon as the symptoms arise. Moreover, in regions where 
other diseases with neurological symptoms are common, 
rabies may be misdiagnosed as these other diseases.
Other methods, such as a probabilistic decision-tree ap-
proach, are used in order to calculate the likelihood of a 

person contracting clinical rabies after being bitten by 
a dog suspected of having the virus  [26]; on the basis 
of this technique, Knobel et al. argued that canine ra-
bies was responsible for about 55,000 deaths per year 
across Africa and Asia  [23]. However, more data have 
become available, and the dynamics of the disease has 
shifted, with a rise in occurrence in some regions and 
the appearance of rabies in those previously free from 
the disease [27].
As mentioned above, rabies is an ancient disease with 
about 60,000 human deaths per year, mostly in Asia and 
Africa. Most deaths occur in children (approximately 
40%), who are more susceptible because of their curi-
ous/adventurous nature and their shorter stature, mak-
ing them more likely to sustain a wound in a higher-risk 
anatomical location, such as the head [27].
In resource-limited and resource-poor countries, endem-
ic dog rabies, which is sustained by dog-to-dog trans-
mission of the rabies virus, results in an ongoing risk of 
transmission to humans due to dog bites. Furthermore, 
rabies in wildlife is still a problem in North America and 
Europe [27].
According to the latest epidemiological reports, rabies 
remains a cause for alarm, mainly in Asia, Africa, the 
Middle East, Latin America and the Caribbean [28-31]. 
Furthermore, towards the end of the last century, rabies 
re-emerged in China, and it spread in historically free 
islands such as Flores and Bali (Indonesia) [31, 32].
Notably, rabies transmission is linked to the socio-eco-
nomic status of a country, with a high prevalence of the 
disease being detected in poor areas [26, 33, 34]. Indeed, 
it has been documented that the incidence and transmis-
sion of rabies are negatively correlated with economic 
development  [33-35]. In El Salvador, for example, the 
country’s economic and social crisis has hindered rabies 
control programs. Furthermore, the capacity for vaccine 
manufacture and procurement influences the status of 
rabies in a country [33-35]. Another relevant issue is the 
high cost of post-exposure rabies programs in develop-
ing countries, which is not sustainable by most residents.

Canine and wildlife-mediated rabies burden
A possible strategy for controlling rabies disease is to vac-
cinate dogs. The cost of vaccinating dogs, which can limit 
human exposure and curb the spread of the disease, is neg-
ligible [36, 37]. However, the lack of funding hinders this 
action in the developing countries. In the countries where 
the dog’s vaccination is widely implemented good results 
have been achieved. For example, the United States is one 
country that has maintained a significant investment in 
dog vaccination, with the cost being estimated as $0.11/
person/year [3, 38]. 
However, the recent pandemic affected the implementa-
tion of mass vaccinations for dogs (interruptions to mass 
dog vaccination campaigns and disruptions in vaccine 
supply). Consequently, after the COVID-19 emergency, 
a sudden spike in rabies cases and dog-bite-induced 
deaths in India and many other countries were registered. 
Monitoring canine rabies and wildlife is critical for the 
control and elimination of disease [39].
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Figure 1 shows the occurrence of canine rabies [40]. 
Dog-mediated rabies has been eliminated from West-
ern Europe, Canada, the United States, Japan and some 
Latin American countries. Australia and many Pacific 
Island nations have always been free from dog-mediat-
ed rabies. Nevertheless, these countries may still report 
imported cases and incur costs for maintaining disease 
freedom or the surveillance of endemic transmission in 
wildlife. In South America, efforts to eliminate canine 
rabies have been enormously successful.
Figure 2 shows the occurrence wildlife-mediated ra-
bies  [40]. Other animals, such as bat species, are also 
reservoirs for the rabies virus. As can be seen, rabies vi-
rus vectors and reservoir species are widespread.

It is well recognized that carnivora (carnivores) and chi-
roptera (bats) are the canonical mammalian orders re-
sponsible for the maintenance and onward transmission 
of rabies Lyssavirus. However, the role of most species 
within these orders is not yet completely known and is 
continually changing as a result of contemporary host 
shifting (Fig. 3) [41, 42].

Human rabies burden
Figure 4 reports the worldwide prevalence of rabies (hu-
man cases per 100,000 pop.). The data refer to 2010 and 
the 2019-2021 period [43].
Although the number of rabies cases has decreased sig-
nificantly, the prevalence of the disease is still high in 

Fig. 1. Occurrence of canine rabies [40].

Fig. 2. Occurrence of wildlife-mediated rabies [40].
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many countries. In Asia, the continent with highest num-
ber of cases, 35,172 human deaths per year are estimated 
to occur. The cost of Post-Exposure Prophylaxis (PEP) 
is highest in Asia, with estimates up to US$ 1.5 billion 
per year. India accounts for 59.9% of rabies deaths in 
Asia and 35% of deaths globally. In Central Asia and the 
Middle East, the numbers of human deaths are estimated 
to be 1,875 and 229 per year, respectively [44]; however, 
limited information is available on the burden of disease 
in these areas.
Recently, the age-standardized incidence was evaluated 
by a Chinese research group [45]; the global incidence 
was seen to have decreased from 24,745 cases in 1990 
to 14,076 cases in 2019. Moreover, the estimated num-
ber of rabies cases in 2030 will be close to 5,810. Nev-
ertheless, achieving zero rabies remains a challenging 
goal [46].
A total of 21,476 human deaths due to dog-mediated ra-
bies [47] are estimated to occur each year in Africa. It is 
estimated that Africa spends the least on PEP and conse-
quently has the highest human mortality. Improving ac-
cess to PEP and reducing the prevalence of dog-mediated 
rabies could save a significant number of lives.
In Latin America and the Caribbean, a concerted effort 
by the Pan American Health Organization and sustained 
control in the region has led to a significant decrease 
in cases of human and dog rabies. Today, bat-mediated 
rabies accounts for the majority of human cases in the 
Americas [48].
According to the latest available ECDC report (2022), 
no human lyssavirus infections were reported in Europe 
in 2020 and 2021. By contrast, human lyssavirus infec-
tions were reported in 2019 and 2018 [49]. However, 
travel-associated human rabies cases have sometimes 
occurred in Europe, as reported in recent years. Specif-
ically, in 2018-2019, cases were reported in countries 
of the European Union, including four travel-related 

cases and one EU-acquired non-rabies lyssavirus infec-
tion caused by European bat lyssavirus 1. In particular, 
the cases occurred in travelers returning from Morocco 
(N = 2), Tanzania (N = 1) and India (N = 1). In 2019, 
France reported an EU-acquired infection due to Eu-
ropean bat lyssavirus 1 (EBLV-1)  [49]. Finally, one 
travel-related case was reported in the United Kingdom 
in 2018.

Preventive opportunity in Europe:  
focus on Rabipur® vaccine

As previously described, rabies is an infection that can 
be transmitted when a person is bitten, scratched or even 
just licked by an infected animal, especially if the skin 
is not intact. Contact with animal traps that have been 
licked or bitten by infected animals can also cause infec-
tions in humans.
Rabies prevention implies two main, non-exclusive 
strategies: (i) dog vaccination, in order to interrupt vi-
rus transmission to humans, and (ii) human vaccina-
tion i.e. Pre-Exposure Prophylaxis (PrEP) and Post-
Exposure Prophylaxis (PEP)  through the use of puri-
fied cell-culture and embryonated egg-based vaccines 
(CCEEVs) [46]. 
The initial rabies vaccine was created by Louis Pas-
teur in 1885, who used the dried spinal cord of infected 
rabbits. Subsequently, rabies vaccine production was 
directed towards sources of virus propagation in ma-
terials free from neural tissue. Cell-culture-based and 
embryonated egg-based vaccines were therefore de-
veloped. In embryonated egg-based rabies vaccines, 
the complete embryo is used for virus propagation. By 
contrast, cell-culture-based vaccines contain the rabies 
virus that has been propagated in cell substrates (e.g., 
primary hamster kidney cells, human diploid cells, 

Fig. 3. Global distribution of mammalian rabies reservoirs and vectors [41, 42].
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chick embryo cells or Vero cells) [3]. Since 1984, the 
World Health Organization (WHO) has strongly recom-
mended modern, concentrated, purified CCEEVs  [3]. 
All CCEEVs are able to promptly induce a high level 
of virus-neutralizing antibody response to the G pro-
tein of the rabies virus. The WHO-specified minimum 
serum antibody concentration of 0.5 International Unit 
(IU)/mL is widely used as a measure of adequate se-
roconversion after vaccination. In most individuals, 
irrespective of age or nutritional status, this level is 
reached by day 7 to 14 [3].
Rabipur® is an inactivated, purified chick embryo cell 
culture rabies vaccine for human use. One dose contains 
≥ 2.5 IU of rabies antigens in 1.0 mL dose of lyophilised 
inactivated rabies virus of the Flury low egg passage 

(LEP) strain, polygeline, salts and sucrose as excipients, 
and trace amounts of amphotericin B, chlortetracycline, 
neomycin, human serum albumin and chicken proteins 
(e.g., ovalbumin) [50]. 
The vaccine was first approved in Germany in 1984, 
and subsequently in the UK in 2016. At the time of de-
velopment of the vaccine, a six-dose Essen regimen of 
PEP was officially recommended by the WHO. Conse-
quently, Rabipur® was initially assessed in clinical trials 
involving six 1.0 mL intramuscular (IM) doses for PEP, 
and was licensed as such. According to WHO guidelines, 
the PEP six-dose Essen regimen produced an adequate 
antibody response [3]. Subsequently, the shorter Zagreb 
regimen used an abbreviated schedule of two doses on 
Day 0 and one dose on Days 7 and 21 (2-1-1).

Fig. 4. The worldwide prevalence of rabies (human cases per 100,000 pop.) in 2010, 2019, 2020 and 2021 (available data on August 2024) [43].

2010

2019

(continues)
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Rabipur® is indicated for active immunization PrEP 
and PEP against rabies in individuals of all ages, ac-
cording to official recommendations  [50]. The rec-
ommended dose for both primary immunisation and 
boosters is 1.0 mL.
To date, Rabipur® has been authorized in 15 European 
Economic Area (EEA) countries and in 8 non-EEA 
countries: UK, Switzerland, Australia, Canada, Japan, 
New Zealand, Singapore and the USA.

Pre-exposure prophylaxis of Rabipur® vaccine
Primary immunization involves three doses adminis-
tered according to the conventional day 0, day 7, day 
21 (28) or the rapid regimen (days 0, 3, 7), available in 
Europe, in unvaccinated individuals (Tab. I). The rapid 

regimen should only be considered for adults aged 18-
65 years who are not able to complete the conventional 
PrEP regimen within 21 or 28 days before protection is 
required (Tab. I). Alternatively, in immunocompetent 
individuals, the one-week regimen with 2 doses can be 
used: at time 0 and after 7 days. This new product infor-
mation is available from October 2023 [50] (Tab. I). Evi-
dence for a shortened PrEP regimen is consistent with 
the latest recommendations from the WHO, the US Cen-
ters for Disease Control and Prevention (CDC) Advisory 
Committee on Immunization Practices (ACIP) [51] and 
several European national rabies guidelines.
The conventional 3-dose regimen should be implement-
ed in immunocompromised individuals. The rapid regi-
men and the one-week schedule with 2 doses on days 

Fig. 4 (follows). The worldwide prevalence of rabies (human cases per 100,000 pop.) in 2010, 2019, 2020 and 2021 (available data on August 
2024) [43].

2020

2021
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0 and 7 may be administered, if accompanied by sero-
logical testing at 2-4 weeks after the first rabies vaccine 
administration, to assess whether an additional vaccine 
administration is needed. Consultation with an infec-
tious disease specialist or an immunologist is advised.
Booster doses are generally recommended every 2-5 
years. The timing of booster administration after vac-
cination with the rapid regimen has not yet been estab-
lished. In accordance with official recommendations, 
serological testing for the presence of antibody titers 
≥0.5 IU/mL should be conducted to assess the need for 
booster doses.
Rabipur® may be used as a booster vaccine in subjects 
previously immunized with any rabies vaccine derived 
from human diploid cells [50].
The vaccine may be used for pre-exposure prophylaxis 
during pregnancy and in breastfeeding women if it is 
considered that the potential benefit outweighs any pos-
sible risk to the fetus and the infant [50].

Post-exposure prophylaxis of Rabipur® 
vaccine
Regarding PEP, this should begin as soon as possible af-
ter exposure.
Table II summarizes recommendations for PEP by type 
of exposure.
In-post-exposure prophylaxis of previously unvaccinat-
ed individuals, the vaccine should be administered ac-
cording to table III [50].
In previously vaccinated individuals, post-exposure pro-
phylaxis consists of two doses administered on days 0 
and 3. Rabies immunoglobulin is not indicated in such 
cases.
In immunocompromised individuals with category II 
and III exposures (Tab. II), 5 doses should be given in 
combination with comprehensive wound management 
and local infiltration of rabies immunoglobulin.
In view of the almost invariably fatal outcome of rabies, 
there is no contraindication to post-exposure prophylax-
is in pregnancy and in breastfeeding women.

Immunogenicity of Rabipur® vaccine
The immunogenicity of Rabipur® has been assessed 
in more than 50 clinical trials since 1983, in both PEP 
and PrEP regimens, using both IM and Intradermal (ID) 
administration. The trial populations have consisted of 
adults and children aged ≥12 months [3]. A concise over-
view of the main studies is provided below.
A double-blind comparative clinical trial carried out by 
Vodopija I. et al.  [52] evaluated the immunogenicity of 
three tissue culture rabies vaccines by using a commercial 
human diploid cell vaccine (HDCV) lot as the comparator. 

Two different vaccination regimens, a pre-exposure sched-
ule, and an abbreviated 2-1-1 post-exposure schedule (two 
doses of the vaccine applied bilaterally on day 0, with sub-
sequent single doses given on days 7 and 21) were tested. 
In both regimens, purified chick embryo cell vaccine and 
purified Vero rabies vaccine induced an antibody response 
equivalent to that of HDCV. The 2-1-1 regimen rapidly in-
duced a high antibody titre response, peaking on day 14.
Subsequently, a study by Nicholson KG et al. [53] investi-
gated the response and persistence over two years of anti-
body titres elicited by a purified chick embryo cell culture 
rabies vaccine and a human diploid cell strain rabies vac-
cine. An antibody response was detected in all subjects on 
day 14, the highest titres being found after two intramuscu-
lar 1.0 mL doses administered on days 0, 7 and 21. In total, 
177 volunteers were enrolled. By comparison, a schedule 
of immunization on days 0, 28 and 56 induced the highest 
titres 21 days after the final injection; on both schedules, 
antibody titres persisted equally over two years. Neutral-
izing antibody titres were lower after ID vaccination with 
0.1 mL than with 1.0 mL IM on days 0, 7 and 21; when 
given on days 0, 28 and 56, however, the responses were 
comparable. 
Analogously, a study that evaluated the antibody response 
and duration and the anamnestic response to boosters over 
a 2-year period found that vaccination with Rabipur® via an 
IM or ID regimen resulted in an adequate immune response 
by day 28, which was sustained on day 365 [54]. This clini-
cal trial [54] assessed the immunogenic effects of a purified 
chick embryo cell (PCEC) rabies vaccine administered ID 
or IM. Four arms were involved: i.e. ID PrEP, IM PrEP, 
ID Booster, and IM Booster vaccination. In total, 130 adult 
volunteers participated in the clinical trial. Subjects under-
going IM administration received the vaccine according to 
the ACIP recommendations: PrEP, three 1 mL (2.5 I.U.) ra-
bies vaccine doses (days 0, 7, and 21) or a routine booster 
of one 1 mL dose. The ID groups followed the same sched-
ule, but the volume of the doses administered was differ-
ent [volume of 0.1 mL (0.25 I.U.)]. The researchers found a 
similar rate of increase in rabies virus neutralizing antibody 
titres 14-21days after vaccination in both the ID and IM 
groups. The GMTs values elicited by ID vaccination were 
slightly lower than those elicited by IM vaccination, in both 
naïve and booster groups, and these differences were statis-
tically significant. Fourteen days after completing vaccina-
tion, all individuals developed neutralizing antibody titres 
above the minimum arbitrary. Antibodies remained above 
the set threshold until the end of the trial, 160 days after the 
completion of vaccination. 
Jaijaroensup W et al.  [55] investigated the immunogenic-
ity of rabies post-exposure booster injections in subjects 
who had previously received pre-exposure vaccination. 

Tab. I. Primary immunization schedules in individuals never previously vaccinated [50].

Conventional schedule Accelerated schedule One-week regimen
1 dose Day 0 Day 0 Day 0
2 dose Day 7 Day 3 Day 7
3 dose Day 21 (28) Day 7
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Specifically, 138 veterinary students underwent intrader-
mal or intramuscular pre-exposure vaccination. They then 
received booster injections one year later  [55]. One year 
later, individuals who had undergone intradermal rabies 
pre-exposure vaccination with 0.1 mL on days 0, 7, and 28 
had a lower post-exposure booster antibody response than 
those who had received the pre-exposure series intramuscu-
larly. A significant number of the former showed an unsat-
isfactory early anamnestic response. Residual neutralizing 
antibodies, 1 year after the preexposure vaccination, were 
also significantly higher in the intramuscular than in the 
0.1 mL dose intradermal group. However, all study subjects 
had antibody titers above the minimum recommended level 
of 0.5 IU/mL by day 14. The authors concluded that not 
all subjects who had undergone intradermal pre-exposure 
vaccination were fully protected during the first 5 days af-
ter exposure. Thus, in the case of severe rabies exposure, 
rabies immunoglobulin injected into bite wounds and fol-
lowed by a complete post-exposure vaccine series might be 

indicated.
Starting from the rationale that conventional rabies PrEP 
and Japanese encephalitis (JE) primary series vaccination 
regimens each require up to 4 weeks for completion and 
sometimes may not be feasible in individuals who need 
these immunizations on short notice, another study [56] in-
vestigated an accelerated regimen. Specifically, a Phase 3b 
study, randomized, controlled, observer-blind study evalu-
ated the immunogenicity of the concomitant administration 
of a purified chick embryo cell culture rabies vaccine and 
an inactivated, adsorbed Japanese encephalitis vaccine ac-
cording to an accelerated (1 week) regimen in comparison 
with the conventional regimens (4 weeks). A total of 661 
healthy adults (18 to ≤65 years) were randomized to the 
accelerated or conventional vaccine regimens: Rabies + JE-
Conventional; Rabies + JE-Accelerated; Rabies-Conven-
tional; JE-Conventional. Independently of the rabies vac-
cination regimen, ≥97% of subjects reached an adequate 
levels of rabies virus-neutralizing antibody concentrations 

Tab. II. Recommendations for Post-Exposure Prophylaxis (PEP) [50].

Exposure 
category

Type of exposure to a rabid animal or suspected 
domestic or wild exposure a or exposure to an animal 
that cannot be analyzed

Recommended prophylaxis

I

The animal was touched or fed.
Licking of intact skin.
Contact with secretions or excretions of a rabid animal or 
human on intact skin.

None, if a reliable history can be gathered.

II
Light bite on unprotected skin.
Superficial scratches or abrasions without bleeding.

Administer the vaccine immediately b.
Discontinue treatment if the animal remains healthy 
for an observation period of 10 days c or if the animal 
tests negative for rabies on appropriate diagnostic 
techniques performed in a reliable laboratory.

III

Single or multiple transdermal bites d or scratches, licking 
of damaged skin.
Contamination of mucous membranes with saliva (e.g. 
licks). Exposure to bats e.

Administer rabies vaccine immediately and rabies 
immunoglobulin preferably as soon as possible after 
starting PEP. Rabies immunoglobulin can be injected 
up to 7 days after administration of the first dose of 
the vaccine.
Discontinue treatment if the animal remains healthy 
for a 10-day observation period or if the animal 
tests negative for rabies on appropriate diagnostic 
techniques performed in a reliable laboratory.

a Exposure to rodents, rabbits or hares does not routinely require post-exposure prophylaxis. 
b If an apparently healthy dog or cat from or one from a low-risk area is placed under observation, postponement of the start of treatment may be 
justified.
c The observation period refers only to dogs and cats. Except for animal species that are threatened or in danger of extinction, other domestic or wild 
animals suspected of rabies must be euthanized humanely and their tissues examined for rabies antigen by means of appropriate laboratory techniques. 
d Bites, especially on the head, neck, face, hands and genitals, are considered category III exposures, owing to the abundant innervation of these areas. 
e Post-exposure prophylaxis should be considered in the case of contact between a human and a bat, unless the exposed person can exclude a bite or 
scratch, or on exposure of a mucosa.

Tab. III. Post-exposure immunisation regimens for previously unvaccinated individuals [50].

Essen regimen 
(5 doses)

Zagreb regimen 
(4 doses)

Reduced Essen regimen 
(4 doses)2

1st dose Day 0 Day 0, 2 doses1 Day 0

2nd dose Day 3 Day 3

3rd dose Day 7 Day 7 Day 7

4th dose Day 14 Day 21 Day 14

5th dose Day 28
1 One injection in each of the two deltoids or thigh sites.
2 This shortened Essen regimen may be used as an alternative for healthy, immunocompetent individuals provided they receive wound care plus rabies 
immunoglobulin in category III (Tab. II) as well as in category II (Tab. II) exposures and a WHO-prequalified rabies vaccine.
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(≥0.5 IU/mL) up to day 57, with percentages of subjects 
with concentrations ≥ 0.5 IU/mL on day 366 ranging be-
tween 68% in the Rabies + JE-Accelerated group and 80% 
in the Rabies-Conventional group. The Rabies + JE-Accel-
erated group displayed high JE neutralizing antibody titers 
at all-time points. These findings provided evidence that 
the accelerated PrEP rabies and JE vaccination regimens 
constitute a valid alternative in the short-term to recom-
mended conventional regimens. The concomitant adminis-
tration of these two vaccines does not compromise immune 
responses to any of the vaccine antigens, particularly when 
short-term protection is required.
“Boostability” after single-visit PrEP with rabies vaccine 
was demonstrated in a randomised controlled non-in-
feriority clinical trial [57]. Specifically, single-visit IM 
PrEP induced an anamnestic antibody response that was 
non-inferior to that of the two-visit IM schedule; single-
visit ID PrEP, however, did not. The fold increases in 
antibody titers elicited by the single-visit IM and the sin-
gle-visit ID schedule, respectively, were 2.32 (95% CI: 
1.43-3.77) and 1.11 (95% CI: 0.66-1.87) times as high as 
that elicited by the standard schedule. 
The 1-year boostability of a three-dose rabies PrEP 
schedule in individuals undergoing immunosuppres-
sive monotherapy was evaluated in a very recent clini-
cal trial [58]. Individuals on immunosuppressive mono-
therapy with a conventional immunomodulator or a 
TNF-alpha inhibitor (TNFi) for a chronic inflamma-
tory disease underwent a three-dose IM PrEP schedule 
(days 0, 7, 21‑28) with 1 mL Rabipur®, followed by a 
two-dose simulated PEP schedule (days 0, 3) after 12 
months. Rabies neutralizing antibodies were assessed at 
the baseline, on day 21-28 (before the third PrEP dose), 
day 60, month 12 and month 12  +  7 days. The primary 
outcome was 1-year boostability, defined as the pro-
portion of patients with a neutralizing antibody titre of 
≥ 0.5 IU/mL at month 12  +  7 days. Secondary outcomes 
were GMTs and factors associated with the primary 
endpoint. The 1-year boostability was 90% with a GMT 
of 6.16 (95%  CI: 3.83-9.91). All participants serocon-
verted at some point in the study. An early response to 
PrEP (on day 21‑28) was significantly associated with 
100% boostability (Odds Ratio 51; 95% CI: 5.0-6956, 
P <  0.01). In summary, the vaccination schedule investi-
gated was immunogenic in patients on immunosuppres-
sive monotherapy, with all participants seroconverting 
at some point in the study, though not all participants 
were able to mount a quick recall response after boost-
ing (90%). 
Good immunogenicity in children and pregnant women 
has been obtained in several studies [3].
Data from several clinical trials have demonstrated 
Rabipur® to be immunogenic with an acceptable safe-
ty profile in children for both PEP and PrEP. A study 
in children aged 2-15 years who had single IM doses 
(1.0 mL) on days 0, 7 and 28 for PrEP showed adequate 
immune response (≥ 5 IU/mL) by day 14 after vaccina-
tion in 100% of children [3, 59]. Similar findings have 
been observed in children aged 12-18 months receiving 
IM or ID Rabipur® on days 0, 7 and 28 with concomitant 

administration of Japanese encephalitis vaccine [3, 60].
A PEP study assessing Rabipur® immunogenicity was 
carried out in children bitten by either confirmed or sus-
pected rabid animals (mainly dogs, followed by mon-
keys, cats and mongoose). Two hundred and seventy-one 
children aged 1-13 years received PEP on Days 0, 3, 7, 
14, 30 and 90. The serological response was adequate 
with a maximum immune response 10–15 days after the 
last vaccination. The vaccine was well tolerated, and no 
failures were observed [3, 61].
Another clinical case-study reported on the vaccina-
tion with Rabipur® of a newborn baby after her mother 
developed clinical rabies during pregnancy following 
a dog bite 3 months prior to giving birth. A healthy 
baby was delivered, following which the baby received 
a total of five doses of Rabipur®: 1.0 mL IM at birth 
and a four-dose series (Days 3, 7, 14 and 30). At the 
age of 2 years, the child was healthy and developing 
normally [3, 62].
The administration of Rabipur® in pregnant women for 
PEP has been documented in a retrospective case series 
on two pregnant women who had WHO category III 
exposure to a suspected (Tab. II) rabid animal at gesta-
tional week 12. Each of the pregnant women got a total 
of five doses on days 0, 3, 7, 14 and 28 (Essen regi-
men) and equine rabies immunoglobulin. Both vaccine 
and equine rabies immunoglobulin were well tolerated 
with no reports of systemic or local adverse events. The 
women had normal deliveries of healthy babies with no 
evidence of congenital abnormalities  [63]. There is a 
clear consensus that pregnancy is not a contraindication 
to rabies PEP [3].

Efficacy of Rabipur® vaccine
While immunogenicity of a vaccine is a surrogate pa-
rameter of efficacy, vaccine effectiveness can be as-
sessed by investigating survival rate in subjects exposed 
to confirmed rabies who received the vaccine regimen. 
Indeed, real survival data are available following admin-
istration of Rabipur® to patients who have been exposed 
to rabies. Giesen A. et al. in their vaccine profile assess-
ment reported that the individuals bitten by proven rabid 
animals who received Rabipur® survived over the study 
period (survival rate:100%) [3]. Specifically, a prospec-
tive clinical trial assessing the efficacy of a 0.1 mL dose 
of Rabipur® administered ID was conducted in 113 pa-
tients presenting with category III exposure (Tab. II) 
from laboratory-confirmed rabid animals. Patients were 
vaccinated and monitored monthly for 1 year post expo-
sure. The vaccine was well tolerated, and no severe ad-
verse events were reported. All patients survived 1 year 
post exposure, confirming the efficacy of vaccine [64]. 
This demonstrated efficacy comes from robust data col-
lected from several hundred patients of different ages, 
including children [3].
There are very rare cases in which clinical rabies has 
developed in immunologically healthy people despite 
apparently correct PEP regimen, including wound treat-
ment and timely administration of RIG and vaccine. A 
systematic review reported few probable vaccine fail-
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ure cases in which Rabipur® was administered in one 
case, Rabipur® and a purified Vero cell rabies vaccine 
were given in a second case and an unknown vaccine in 
a third case [3]. More recently, a case of atypical initial 
clinical rabies symptoms that led to delayed diagnosis 
was reported. The patient died despite appropriate PEP 
and administration of Rabipur [3]. Physicians should be 
advised that immediate and correct PEP management 
without delay according to official recommendations is 
essential for patient survival.

Safety of Rabipur® vaccine
Many data have been collected on the safety profile of 
Rabipur®, including information gathered before vaccine 
licensing and in the post-authorization period [3, 65].
The main safety results from clinical trials are reported 
below.
Healthy volunteers from among hospital staff and veteri-
nary students, who were randomly assigned to regimens 
using purified chick embryo cell PCEC vaccine, alone 
or together with human rabies immunoglobulin, did not 
experience severe Adverse Events (AEs), with only mild 
or moderate injection site pain being reported [66].
Two years later, in 125 patients who had received 3, 5 
and 6 doses on days 0, 3, 7, 14, 30 and 90 after exposure 
to rabid animals, no systemic reactions were registered. 
Erythema, swelling and pain were among the local reac-
tions reported [67].
Rabipur® administered in a three-dose series and fol-
lowed by a 2-year booster has proved safe, with tender-
ness and pain at the injection site (~50%), redness and 
swelling (~35%), headaches, slight fever and malaise 
(~20%), joint pain (1.4%) and brief episodes of enlarged 
nymph nodes (4.3%) being reported [54].
Comparable findings emerged from a study by Briggs 
DJ et al. [68], in which the safety profile was positively 
confirmed, the most frequently reported concomitant 
medical condition being ‘allergy’ (7.2%).
In 620 healthy volunteers, mild local side-reactions were 
observed in less than 2% of the vaccinees. No serious 
general reactions were reported or seen after 2200 injec-
tions (except for three cases of urticaria) [69].
A 10-year post-marketing surveillance study was car-
ried out in India; this confirmed the good safety profile 
of PEP and PrEP with Rabipur®. Specifically, the vac-
cine was well tolerated in a cohort of 1289 individuals, 
including children aged ≥1 year. Only 4% of subjects 
reported AEs, which were mainly mild or moderate. The 
most frequently reported local adverse reactions were 
injection-site pain (2.1%) and injection-site induration 
(1.1%). Mild fever (37.2-37.8°C) occurred in six sub-
jects (0.5%) following the third or fourth vaccination, 
and lasted 12-24 h [3, 70].
Another relevant post-licensure safety study was con-
ducted in the USA from 1997 to 2005. This showed 
that, on approximately 1.1 million doses of vaccine, 
336 AEs were reported after Rabipur® administration, 
approximately 30 events per 100,000 doses. Twenty-
four (7%) of the AEs were considered serious by the 
reporters; there were no reports of death. The authors 

concluded that the evaluation of Vaccine Adverse 
Event Reporting System reports did not suggest a 
high frequency or unusual pattern of serious or other 
medically important AEs, and that most AEs were 
non-serious and consistent with pre-licensure safety 
data [65].
Many decades of global use of Rabipur® has confirmed 
the safety and tolerability profile observed in clinical tri-
als. The overall rate of reports of adverse reactions is 
approximately 12.3 events per 100,000 doses. The vast 
majority (nearly 80%) of events reported in Asia, Europe 
and the USA were non-serious reactions recorded during 
clinical trials. The most often reported symptoms are: 
systemic reactions, such as headache, dizziness, influ-
enza-like illness and associated symptoms (e.g., fever, 
asthenia and myalgia), and local injection-site-related 
reactions (e.g., redness, swelling and pain) [3, 50].
Rabipur® is generally well tolerated in children. The 
studies reported typical adverse reactions as fever, fa-
tigue, and pain and redness at the injection site. No 
serious adverse reaction related to the vaccine oc-
curred [3].

Rabies as a travel risk

All travellers to rabies affected countries, especially in 
Asia and Africa, should avoid contact with dogs, cats 
and other animals whenever possible, and seek advice 
on the need for rabies vaccination prior to travel.
Any individual who has been bitten, scratched or licked 
by an animal in a country where rabies is endemic, or has 
had direct contact with a bat in those countries, should 
take immediate action by washing the wound or site of 
exposure abundantly with soap and water, and seek lo-
cal medical advice without delay, even if they have been 
previously vaccinated [1].
When administered promptly after exposure, a course 
of rabies vaccine is extremely effective in preventing 
the disease. If such exposure occurs abroad, travellers 
should also consult their doctor or the travel medicine 
specialist of their Local Health unit on return, in order to 
complete the course of rabies treatment. If they cannot 
receive medical advice abroad, travellers should contact 
their doctor promptly upon return, in order to be as-
sessed [71].
In Europe, most human rabies cases involve travellers 
bitten by dogs or other animals in rabies-enzootic coun-
tries. Therefore, European travellers visiting rabies-
enzootic countries should be aware of the risk of being 
infected with the rabies virus if they come into physical 
contact with mammals. They should also consider pre-
exposure vaccination according to the criteria recom-
mended by the WHO.
In this regard, travel clinics and public health authori-
ties in the EU/EEA should reinforce their prevention 
campaigns and advise travellers visiting countries with 
a moderate or high risk of rabies (i) to be aware of the 
possibility of acquiring rabies infection through physi-
cal contact with mammals, (ii) to undergo PrEP vacci-
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nation in accordance with the criteria recommended by 
the WHO, and (iii) to immediately seek medical atten-
tion in the event of being bitten or scratched by mam-
mals [72]. Dedicated communication campaigns should 
be developed to target different groups of travellers and 
levels of awareness, and the use of social media to reach 
these subjects should be explored. In addition, travel-
lers should be reminded to follow veterinary rules and 
regulations when travelling with pets. Finally, EU/EEA 
citizens should only acquire pets through authorised 
channels. Several practical guidelines from different 
countries are available and are useful tools for healthcare 
workers [72-77].

Rabies as an occupational risk

Workers in certain occupations may face a higher risk 
of exposure to rabies. Such individuals include those 
who work with rabies in laboratory settings, veteri-
narians, veterinary students, animal handlers, animal 
control and wildlife officers, those involved in outdoor 
recreational activities, forestry workers, and wildlife 
guides in at-risk areas, missionary workers traveling to 
certain countries, and recipients of transplants, particu-
larly corneas [78, 79]. However, the at-risk population 
could well be wider, but it is not easy to identify all risk 
groups in the general population. 
Several factors can increase a person’s risk of con-
tracting rabies. These include living in an environment 
where wild animals abound, living in areas with poor 
sanitation or far from vaccination services, traveling to 
or living in countries where rabies is more common, 
and engaging in activities that carry a risk of contact 
with wild animals, such as camping, hiking or cav-
ing [80].
For workers in occupations that are at high risk of ra-
bies infection, PrEP is recommended, followed by a 
booster dose in the event of exposure [78]. 
For healthcare workers, routine precautions, including 
wearing gowns, goggles, masks and gloves, are recom-
mended when providing care for persons suspected of 
having clinical rabies. In the event of exposure, public 
health officials should adopt specific criteria to identify 
high-risk contacts and provide immunization.
Transmission of the virus to healthcare workers caring 
for a patient infected by rabies has never been docu-
mented. However, the admission of a human rabies 
case to hospital often creates great anxiety among staff, 
who fear contamination. Theoretically, transmission 
could occur through direct contact the broken skin or 
mucosa, saliva, tears, oropharyngeal secretions, cere-
brospinal fluid or neural tissue of an infected individ-
ual. The care of a rabies patient requires only standard 
precautions against infection, which consist of the ba-
sic preventive measures applied in many other common 
diseases. These should be sufficient to prevent trans-
mission to staff. Preventing anxiety among healthcare 
workers should therefore be an achievable goal.

Discussion and Conclusions

Carnivores, especially of the canidae family, consti-
tute the principal reservoir of the rabies virus, and are 
responsible for maintaining the infectious cycle, and 
hence for the persistence of rabies disease. Canine ra-
bies accounts for 99% of the human death toll, causing 
more than 60,000 human deaths annually. However, bat 
species and other wildlife mammals are also a major 
reservoir of the virus and a threat for human health.
Countries in Asia and Africa carry the heaviest disease 
burden, and the available data are underestimated due 
to several reasons: i) inadequate surveillance systems 
not able to keep track of the number of rabies cases 
diagnosed and the number of people who have been 
treated for the disease, ii) PrEP and PEP shortages, and 
iii) lack of the necessary staff and infrastructure to con-
duct patient management. In this context, the Global 
alliance for vaccine immunization (GAVI) recently 
announced intentions to resume investment in human 
rabies vaccines, which was halted by the COVID-19 
pandemic [81]. 
The majority of the EU/EEA countries are free from 
rabies in mammals, as elimination of the disease (no 
enzootic circulation of the virus and low number of 
imported cases) had been achieved by 2020. However, 
the international travels and illegal importation of po-
tentially infected animals, mainly dogs, poses a risk to 
public health.
The WHO regards rabies as a neglected disease and 
promotes efforts to establish wider access to appropri-
ate treatment for humans.
The “One Health” approach is the most promising 
strategy for achieving the global goal of eliminating 
canine-mediated human rabies by 2030. The ‘Zero by 
30’ framework is a global strategy to effect pragmatic 
changes in approximately 100 countries over the de-
cade. It advocates a unified surveillance mechanism 
and a collaborative alliance between human and animal 
healthcare, thereby enabling better financial and re-
source management by participating countries [82, 83].
Rabies is entirely preventable. Significantly raising the 
perception of this disease as a global health challenge 
demands international attention and active support in 
order to save lives. There is a need for rabies education 
and initiatives to raise awareness, including informa-
tion on wound treatment (first aid) and PEP. Each of 
the many thousands of deaths that occur annually is a 
universal health system failure, in that victims of rabid 
bites have not accessed post-exposure vaccines, i.e., in 
practice, universal health coverage remains an unavail-
able model.
Rabipur® is one of the available anti-rabies vaccines, 
and is indicated for active immunization in individu-
als of all ages. Its efficacy and safety have been amply 
demonstrated. 
As regard as PrEP, in clinical trials carried out in unim-
munised subjects almost all subjects achieved an ad-
equate immune response 3 to 4 weeks after the end of a 
primary series of three injections. 
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About prophylaxis in humans living in rabies-free 
countries, PrEP is indicated for individuals who face 
occupational and/or travel-related exposure to the ra-
bies virus in specific settings or over an extended pe-
riod.
Considering PEP, in clinical trials Rabipur® elicited 
adequate neutralising antibodies in almost all subjects 
by day 14 or 30, when administered according to the 
5- dose (day 0, 3, 7, 14, 28; 1.0 mL each, intramuscu-
lar) Essen regimen or 4-dose (day 0 [2 doses], 7, 21; 
1.0 mL each, intramuscular) Zagreb regimen.
The good safety profile of the vaccine observed in 
clinical trials is confirmed by the post-licensure sur-
veillance.
Wider use of human rabies vaccination for PrEPand 
PEP in conjunction with programs to eradicate rabies 
from animal populations would be the right direction in 
reducing the burden of disease.
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Introduction

Despite ongoing research advancements in the field of 
oncology worldwide, the cancer burden remains high. 
According to the International Agency for Research on 
Cancer (IARC), the global incidence of cancer increased 
to 19.3 million new cases and resulted in 10 million 
deaths by the year 2020 [1]. 
As for specific cancer types, lung cancer ranked second 
after breast cancer in terms of worldwide incidence and 
accounted for 11.4% of total new cancers in 2020 [1]. 
It is also the leading cause of mortality among all types 
of cancer worldwide in men and ranks second after 
breast cancer in women (18% of the total cancer deaths), 
highlighting the substantial impact of lung cancer 
incidence on the healthcare system [1]. 
Additionally, a descriptive study assessing the expected 
global burden of lung cancer between the years 2020 
and 2040 anticipated a further increase in its incidence, 
particularly in low and middle-income countries, thus 
potentially posing an additional burden on the healthcare 
systems and resources, especially in such regions [2].
In Lebanon, a recent epidemiological study also 
showed that lung cancer incidence comes right after 
breast cancer, accounting for approximately 9.2% of 

all reported cancer cases during the period from 2005 
to 2015 [3]. The majority of patients are aged 50 years 
or older, with approximately 89.2% of cases occurring 
within this age group [3].
High rates of mortality and morbidity caused by lung 
cancer were linked to several barriers in a systematic 
review conducted in 2021, all of which can result 
in delayed diagnosis and hence poorer treatment 
outcomes  [4]. The barriers include lack of symptom 
awareness, underestimation or misinterpretation of 
warning signs, poor doctor-patient relationships, and 
limited access to healthcare services, including financial 
hindrance, geographic distance, and inadequate access 
to specialized healthcare professionals [4].
The American Cancer Society categorizes lung cancer 
risk factors as modifiable or non-modifiable  [5]. 
Modifiable risk factors include smoking, both direct 
and indirect as well as exposure to cancer-causing 
chemicals such as radon and asbestos. Non-modifiable 
risk factors encompass past chest radiation for treating 
different cancers, especially breast cancer, along with air 
pollution and a family history of lung cancer [5].
In that regard, assessing awareness levels among 
the Lebanese population regarding lung cancer is 
considered crucial to identify gaps in knowledge 
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Summary

Background. Lung cancer is a significant contributor to mortal‑
ity worldwide. The aim of this study was to assess the level of lung 
cancer awareness among the Lebanese general population.
Methods. An online-based questionnaire was completed by 410 
participants all over Lebanon. A validated Lung Cancer Aware‑
ness Measurement tool was used. Multivariate analysis using 
Generalized Linear model and post-hoc analysis were performed 
after assessing validity and reliability of the scale. 
Results. Only 13.7% correctly identified age-related lung cancer 
risk, while 60.7% thought age was unrelated. Warning signs were 
poorly recalled, with persistent cough being the most remembered 
(58%), and coughing up blood being highly recognized (87.8%). 
Participants struggled to recognize persistent shoulder pain 
(28.7%) and finger/nail changes (29.51%) as possible warning 
signs of lung cancer. Multivariate analysis showed that gover‑

norates, educational level, and occupation significantly affected 
warning sign-scores. Post-hoc analysis revealed that people 
residing in Bekaa scored lower warning sign recognition scales 
compared with participants residing in Beirut, Mount Lebanon, 
and North. Postgraduates and medical field workers showed 
higher symptom recognition, with the latter scoring higher recall 
scales as well. Smoking was the most recalled and recognized risk 
factor (82% and 95.6%). Females, postgraduates, and medical 
workers showed higher risk factor recognition. While 75% were 
willing to seek medical attention for lung cancer suspicion, 58% 
lacked confidence in identifying warning signs.
Conclusion. Extensive awareness campaigns focusing on age-
related misconceptions, warning signs, and risk factors hold 
immense promise for improved therapeutic outcomes. 
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and attitudes within the general population. Using 
validated and effective measurement tools can aid in 
the fulfillment of the targeted outcome. The Cancer 
Awareness Measurement Tool (CAM) was developed 
by University College London and Cancer Research 
UK. It is based on a generic CAM developed by 
Cancer Research UK, University College London, 
Kings College London, and Oxford University in 2007-
08. The CAM tool was initially validated in 2008 [6] 
and has undergone continuous updates, including 
adaptations to incorporate the impact of the COVID-19 
pandemic. As for lung cancer awareness measurement, 
scale validation was fulfilled in the UK in 2012  [7]. 
The most recent version of the CAM tool was available 
online in February 2023.
Despite the lack of updated validation, embracing the 
use of this scale still holds importance for knowledge 
assessment. Given the limited number of cancer research 
studies in the Arab World, including Lebanon, which 
accounted for only 1.52% of total cancer publications 
between 2005 and 2019 [8], the lack of epidemiological 
studies in Lebanon that have assessed the general 
population’s awareness of lung cancer using a validated 
scale, combined with the increasing burden of lung cancer, 
makes conducting an awareness assessment among the 
Lebanese population critical. CAM was used in several 
observational studies aiming to assess knowledge in the 
general population, including Colombia, Australia, and 
Gaza  [9-11]. As for Lebanon, CAM was not used for 
assessing lung cancer awareness, yet it was applied to 
colorectal cancer [12].
Therefore, the aim of this study is to assess the 
level of lung cancer awareness among the Lebanese 
general population using the Lung Cancer Awareness 
Measurement (LCAM) tool. The importance of this study 
is to gain insights into the level of knowledge, attitudes, 
and perceptions related to lung cancer in Lebanon.

Materials and methods

Study design
A cross-sectional study was conducted over a one-
month period to assess the knowledge and awareness of 
the Lebanese general population towards lung cancer. 

Population and sampling
Lebanese individuals aged 18 years or older, speaking 
either Arabic or English (no need to be bilingual), were 
eligible to take part in the study after providing their 
agreement to participate through an informed consent 
form. Participants need to have access to the internet 
or be able to receive delegate assistance to fill out the 
survey. Patients with a personal or family history of lung 
cancer will not be excluded from the study; they will 
be identified throughout the socio-demographic section 
after being questioned about the presence of a personal 
or family history of lung cancer. The study participants 
were approached randomly in different community 
settings such as restaurants, universities, pharmacies, and 

online groups all over Lebanon to ensure that the sample 
was representative of the Lebanese general population. 
This approach helped increase the likelihood of 
obtaining a diverse sample that reflects the population’s 
characteristics.

Ethical Consideration
Prior to conducting the study, ethical approval was 
obtained for the study protocol. The protocol, which 
outlined the study design, procedures, and objectives, 
was submitted to the Research and Ethics Committee 
(REC) at the Institut National de Santé Publique 
d’Epidémiologie Clinique et de Toxicologie-Liban 
(INSPECT-LB) and was granted approval (IRB ID: 
2023REC-011-INSPECT-07-11). 

Sample size Calculation 
The sample size calculation was performed using Epi 
Info 7. Because no comparable studies have been done on 
the Lebanese population, the sample size was calculated 
using the single population proportion formula by 
considering 50% proportion, a 95% CI (Confidence 
Interval), and a 5% margin of error.

The minimum final sample size required was 384.16.

Data collection methods
An online-based questionnaire preceded by informed 
consent approval was utilized as the assessment tool 
to collect data from the participants. Before being able 
to access the survey, participants were informed about 
the nature of the study and were required to provide 
agreement to take part in it. The questionnaire was 
composed of two sections: the first section included 
sociodemographic questions, which aim to gather 
information about the participants’ demographic 
characteristics, such as age, sex, governorate, marital 
status, educational level, living arrangement, medical 
coverage, regular physical check-ups, occupation, 
personal or family history of lung cancer, and smoking 
habits (yes/no, frequency). The second section of the 
questionnaire focused on the participants’ knowledge 
and awareness of lung cancer using the LCAM (Lung 
CAM). The LCAM questions were designed and used to 
assess the knowledge of general populations regarding 
lung cancer via recall and recognition questions. Detailed 
questionnaire is presented in the supplementary section 
(Appendix 1).
To ensure the appropriateness of the questionnaire, 
questions were translated into Arabic, back-translated 
into English, and validated before being used in our 
study. The validation process demonstrated a high overall 
percent agreement between the Arabic and English 
CAM questionnaires as per 95% Kappa agreement, thus 
confirming the reliability of the translated questions. 
Refer to the supplementary section (Appendix 2) for 
validation test results. 
The LCAM questions consisted of a set of open-ended 
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and closed-ended questions targeting different aspects of 
awareness. For the lung cancer warning signs awareness 
assessment, participants were asked to answer an open-
ended question at first, followed by a closed-ended 
question comprising a set of 14 questions related to 
lung cancer warning signs to compare the difference 
between participants’ ability to recall and recognize 
lung cancer warning signs. Participants were asked to 
choose between “yes,” “no,” and “I don’t know” for 
each warning sign. A total score of 14 was granted to 
participants who answered all questions correctly, with 
1 point for each correct answer (yes being the correct 
answer). Similarly, awareness of lung cancer risk 
factors included an open-ended question followed by 
a closed-ended one. Answers were “strongly disagree,” 
“disagree,” “not sure,” “agree,” or “strongly agree.” Each 
correct question grants the participant 1 point, for a total 
score of 9 (strongly agree and agree being the correct 
answers). The remaining parts covered health seeking 
behavior, age-related risk of lung cancer development, 
and self-rated confidence level of noticing lung cancer 
(4 Likert score: not at all confident to very confident). 
Correct answers were identified as per LCAM Toolkit 
version 2.1 [13].

Statistical Analysis
The data were analysed using SPSS version 26. 
Descriptive statistics were used to describe the socio-
demographic characteristics of the study participants, 
age at risk, health-seeking behavior, and confidence 
levels in terms of percentages and frequencies. A 
cumulative knowledge score for warning signs of lung 
cancer (range 0-14) was obtained by summing up the 
total correct answers to the 14-item questionnaire. 
The same applies to the knowledge score for the risk 
factors (range 0-9). Afterwards, mean recognition 
scores were obtained to assess the extent of awareness 
regarding warning signs and risk factors. An average 
warning sign recognition score of 11 and above was 
considered an indication of awareness, whereas a score 
below 11 was considered unaware. Similarly, a mean 
score of 7 or higher on the risk factor recognition scale 
signified awareness, while a score below 7 indicated 
unawareness. To ensure construct validity of the 
recognition scales, factor analysis was conducted for 
both warning signs and risk factor-recognition scales. 
Cronbach alpha was obtained to ensure the reliability 
of the scales mentioned. Moreover, to determine 
the association between the different covariates and 
the level of awareness, multivariate analysis using 
a generalized linear model was conducted to handle 
varying types of error distributions. The covariates 
considered in our study were age, sex, district, marital 
status, educational level, living arrangement, medical 
coverage, regular physician check-ups, occupation, 
personal/family history of lung cancer, and smoking 
(yes/no, frequency). A p-value of < 0.05 is considered 
statistically significant. Further Post-Hoc analysis 
was performed using Bonferroni correction for the 
significant categorical variables.

Results

Descriptive Analysis
Socio-Demographics of Study Participants
A sample comprising 410 Lebanese individuals was 
collected during the month of August from various 
governorates across Lebanon. The majority of the study 
participants were female (66.1%), with a mean age of 
38 years (SD ± 15) for the entire study population. The 
socio-demographic attributes of the study population are 
presented in Table I. Approximately 53% of participants 
were bachelor degree holders and currently employed, 
with nearly equal distribution between medical (40.5%) 
and non-medical (42.7%) fields. Forty-one percent of 
participants lacked medical insurance coverage, and a 
significant portion did not undergo regular physician 
check-ups, accounting for 66.3% of the total sample 
size. Furthermore, a notable 78.5% reported no known 
personal or family history of lung cancer, while the 
majority abstained from both cigarette and waterpipe 
smoking (73.2 and 74.9%, respectively).

Awareness of age-related risk of developing lung 
cancer
As per the LCAM, participants were asked to identify the 
age at risk for developing lung cancer. Options included: 
a 30-year-old, 50-year-old, 70-year-old (correct answer), 
and lung cancer was unrelated to age. Results showed 
that only 13.7% of the study population were able to 
identify an age-related risk of developing lung cancer, 
whereas the majority of the population assumed no 
relationship between age and the risk of developing 
lung cancer (60.7%). The remaining participants chose 
30-year-old (6.3%), and 50-year-old (19.3%) as ages at 
risk for lung cancer development. 

Health Seeking Behavior
Seventy-five percent of the study population stated their 
immediate willingness to seek medical attention when 
having concerns regarding lung cancer development, 
suggesting a positive proactive attitude of the study 
population. The remaining 25% of answers were divided 
between either waiting weeks before seeking medical 
attention (9%), months (4%), or won’t consider medical 
attention at all or when symptoms become very severe 
and disabling (12%).

Knowledge of warning signs of Lung Cancer
 Study participants displayed a mean average recall 
of two symptoms, with a standard deviation of 1.68, 
ranging from 0-9 recalled symptoms. However, 
symptom recognition yielded a higher mean of 8.9 
(SD  ± 3.54, range 0-14), indicating unawareness. 
Among the recalled symptoms, persistent cough and 
shortness of breath were the most commonly reported 
(58 and 54.65%), respectively. In terms of symptom 
recognition, coughing blood and shortness of breath 
emerged as the most widely recognized warning signs, 
acknowledged by 87.8% and 81.7%, respectively. Study 
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participants showed lower recall percentages for the 
remaining warning signs, whereas the majority were not 
able to recognize persistent shoulder pain (28.7%) and 
changes in the shape of a finger or nails (29.51%) as 

possible warning signs of lung cancer. Table II provides a 
comparative summary of recall and recognition-warning 
sign knowledge.

Knowledge of Lung Cancer Risk Factors

On average, participants were able to recall one 
risk factor (mean = 1.59, SD ± 0.94, range 0-6). As 
expected, participants demonstrated a higher ability 
to recognize risk factors, with an average of 7.1 
recognized risk factors per participant (SD ± 1.9, 
range 0-9) implying risk factor awareness. Among the 
recalled risk factors, smoking was the most commonly 
identified (82%), while other risk factors received 
lower recall percentages. Similarly, smoking was the 
most recognized lung cancer risk factor (95.60%). 
Additionally, both air pollution and exposure to 
chemicals showed high recognition percentages (94.63 
and 89.75%, respectively). Overall, more than half of 
the study participants were able to recognize all lung 
cancer risk factors. Details are presented in Table III.

Self-rated confidence level of noticing Lung cancer

Forty-eight percent of study participants were identified 
as not very confident when it comes to noticing lung 
cancer, according to the self-rating question, and 10% 
were not at all confident, which gives a total of 58% of 
the Lebanese population lacked confidence in identifying 
lung cancer warning signs. Thirty-six percent reported 
being fairly confident, while a lower percentage reported 
being very confident (6%).

Reliability and Validation of the Scale

For the warning signs recognition scale, factor analysis 
suggested that variables were able to explain 52% 
of total variances of the hidden variable, the Kaiser-
Meyer-Olkin measure was 0.87, and Bartlett’s test 
of sphericity was significant (p < 0.001), suggesting 
sample adequacy. The Cronbach alpha of all scale 
items was equal to 0.84. The same was applied to risk 
factor recognition scales, where the variables were able 
to explain 56.5% of the hidden variable, the Kaiser-
Meyer-Olkin measure was 0.81, and Bartlett’s test 
of sphericity was significant (p  < 0.001), suggesting 
sample adequacy. The Cronbach alpha of all scale 
items was equal to 0.8.

Multivariate Analysis of Warning Signs 
knowledge scores
Multivariate Analysis Results

Multivariate associations between socio-demographics 
and total symptom awareness scores are presented 
in Table IV. For each level of socio-demographic 
predictors, means and a 95% CI are found. There was 
no difference in symptom awareness by age, sex, living 
arrangement, marital status, medical coverage, regular 
physician checkups, cigarette or waterpipe smoking, or 
familiarity with cancer. However, there was a significant 
difference when it came to the governorate for 
recognition scale only (recognition: F (5,404) = 3.270, 

Tab. I. Socio-Demographic Characteristics of Study Participants. 

Characteristics N = 410 %

Sex
Male
Female

139
271

33.9
66.1

Age
18-24
25-34
35-44
45-54
55-64
65 and over

100
113
60
57
59
21

24.4
27.6
14.6
13.9
14.4
5.1

Governorate
Mount Lebanon
North 
South
Bekaa
Beirut
Nabatieh 

130
80
74
56
44
26

31.7
19.5
18

13.7
10.7
6.3

Living Arrangement
Urban 
Rural

219
191

53.4
46.6

Educational level
Not educated
School Degree
Bachelor Degree
Post-graduate Degree

19
68
218
105

4.6
16.6
53.2
25.6

Marital Status
Single
Married
Divorced
Widowed 

189
199
11
11

46.1
48.5
2.7
2.7

Medical Coverage
NSSF
Insurance 
COOP
None
Others

85
120
31
167
7

20.7
29.3
7.6
40.7
1.7

Occupation
Medical
Non-medical
Unemployed/ Retired

166
175
69

40.5
42.7
16.8

Regular Physician Check-Ups 
No 
Yes 

272
138

66.3
33.7

Personal or Family History of 
Lung Cancer
No
Yes 

322
88

78.5
21.5

Cigarette Smoker
No
Yes 

300
110

73.2
26.8

Waterpipe Smoker
No
Yes 

307
103

74.9
25.1

NSSF: National Social Security Fund; COOP: Co-operative insurance 
companies.
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p = 0.007, ηp
2 = 0.041). Similarly, education showed a 

significant effect on the recognition scale but not recall 
(recognition: F (3,406) = 5.543, p = 0.001, ηp

2 = 0.041). 
As for occupation, results showed significant differences 
for both recall and recognition scales (recall: F 
(2,407) = 12.808, p < 0.001, ηp

2 = 0.073; recognition: F 
(2,407) = 15.147, p < 0.001, ηp

2 = 0.062). 

Post-hoc Analysis Results

Further Post Hoc analysis was conducted using 
Bonferroni correction to examine pairwise group 
differences among significant variables. Results showed 
that people residing in Bekaa scored approximately two 
times lower warning sign recognition scales compared 
with participants residing in Beirut, Mount Lebanon, 
and North Lebanon. As for education, participants with 
postgraduate degrees showed higher recognition scales 
compared to others, while less educated individuals 
showed the lowest level of awareness. Finally, medical-
field workers were able to both recall and recognize 
a higher average of warning signs when compared 
to other field workers or their unemployed or retired 

counterparts. Non-medical field workers and retired/
unemployed individuals showed 30% lower recall 
compared to medical field workers, where the latter 
were able to recognize warning signs two times higher. 
Details of the Hoc pairwise comparison are presented in 
Table V.

Multivariate Analysis of risk Factors 
Results
Multivariate Analysis Results

 There was a significant difference in recognition of 
risk factors total scores by sex for the recognition 
scale only (recognition: F (1,408) = 11.411, p = 0.001, 
ηp

2  = 0.029) (Tab. IV). Educational level was associated 
with higher risk factor recognition scores (recognition: 
F (3,406) =  21.85, p < 0.001, ηp

2 = 0.058), but there 
was no significant difference by level of education in 
recall. Additionally, occupation showed no significant 
difference for recall but for recognition scale only 
(recognition: F (2,407) = 30.52, p < 0.001, ηp

2 = 0.054). 
Females scored higher when it came to risk factor 
recognition compared to males. 

Tab. II. Knowledge of warning signs of lung cancer.

Symptom 
Recall (Open-ended) Recognition (closed-ended)

N = 410 % N = 410 %

Unexplained weight loss 52 12.7 241 58.7

Persistent chest infection 11 2.7 276 67.3

Persistent cough 238 58 286 69.75

Shortness of breath 224 54.6 335 81.7

Persistent tiredness or lack of energy 50 12.2 250 60.97

Persistent chest pain 117 28.5 298 72.68

Persistent shoulder pain 0 -- 118 28.7

Coughing blood 120 29.3 360 87.8

Ache or pain when breathing 3 0.7 303 73.9

Loss of appetite 9 2.2 206 50.24

Painful cough 0 -- 332 80.97

Changes in shape of fingers or nails 2 0.5 121 29.51

Developing unexplained loud, high pitched sound when breathing 23 5.6 251 61.21

Worsening or change in existing cough 4 1 319 77.80

Tab. III. Knowledge of risk factors of Lung Cancer.

Risk Factors
Recall (Open-ended) Recognition (closed-ended)

N = 410 % N = 410 %

Exposure to Radon 3 0.7 329 80.24

Exposure to another persons’ cigarette smoke 18 4.4 334 81.46

Previous cancer treatment 6 1.5 233 56.82

Having close relative with Lung Cancer 105 25.5 295 71.90

Exposure to chemicals such as Asbestos 27 6.6 368 89.75

Personal history of cancer such as head and neck cancer 4 1 271 66.09

Air Pollution 139 33.8 388 94.63

Being a smoker 338 82 392 95.60

Previous history of Lung disease such as COPD 13 3.2 311 75.85
COPD: Chronic Obstructive Pulmonary Disease.
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Post-hoc Analysis Results

In conformity with warning signs results, Post hoc 
analysis showed that not-educated participants were able 
to recognize risk factors three times lower compared 
to other levels of education. Postgraduates showed the 

highest level of awareness. Additionally, non-medical 
field workers and unemployed or retired individuals 
showed lower level of risk factor recognition compared 
to medical field workers (31 and 55%, respectively). 
Detailed results are presented in Table V.

Tab. IV. Multivariate associations between socio-demographic factors and awareness of Lung Cancer performed on total study par-
ticipants (N=410). 

Symptom Awareness Risk Factor Awareness

Recall (open)
Recognition 

(closed)
Recall (open)

Recognition 
(closed)

Mean (95% CI) Mean (95% CI) Mean (95% CI) Mean (95% CI)

Sex
Male
Female

1.69 (1.42 to 1.97)
2.28 (2.08 to 2.47)

8.00 (7.42 to 8.58)
9.49 (9.08 to 9.91)

1.51 (1.36 to 1.67)
1.63 (1.51 to 1.74)

6.35 (6.04 to 6.65)
7.52* (7.30 to 7.73)

Age
Under 40
40 and above

2.44 (2.23 to 2.64)
1.55 (1.30 to 1.80)

9.48 (9.04 to 9.92)
8.25 (7.71 to 8.79)

1.72 (1.60 to 1.84)
1.39 (1.25 to 1.53)

7.48 (7.24 to 7.71)
6.59 (6.31 to 6.87)

Governorate
Beirut
Mount Lebanon
South Lebanon
North Lebanon
Bekaa
Nabatieh

2.43 (1.93 to 2.93)
2.07 (1.78 to 2.36)
2.25 (1.87 to 2.64)
2.12 (1.75 to 2.49)
1.55 (1.11 to 1.99)
2.03 (1.39 to 2.68)

9.79 (8.75 to 10.83)
9.32 (8.71 to 9.92)
8.82 (8.02 to 9.62)
9.32 (8.55 to 10.09)
7.41* (6.49 to 8.33)
8.80 (7.45 to 10.15)

1.65 (1.37 to 1.94)
1.52 (1.36 to 1.68)
1.67 (1.45 to 1.89)
1.71 (1.50 to 1.92)
1.35 (1.10 to 1.60)
1.73 (1.36 to 2.09)

7.61 (7.05 to 8.17)
7.19 (6.86 to 7.51)
7.31 (6.88 to 7.74)
6.88 (6.47 to 7.30)
6.48 (5.98 to 6.97)
7.53 (6.81 to 8.26)

Living Arrangement
Urban
Rural 

2.25 (2.03 to 2.47)
1.88 (1.64 to 2.12)

9.27 (8.80 to 9.74)
8.66 (8.15 to 9.16)

1.63 (1.50 to 1.76)
1.54 (1.40 to 1.68)

7.27 (7.02 to 7.52)
6.95 (6.68 to 7.22)

Education 
Not Educated
School Degree
Bachelor Degree
Post-grad Degree

1.26 (0.53 to 1.99)
1.17 (0.79 to 1.56)
2.22 (2.00 to 2.44)
2.52 (2.21 to 2.83)

6.42 (4.87 to 7.96)
8.82 (8.00 to 9.64)
8.56 (8.10 to 9.02)

10.44* (9.79 to 11.10)

1.31 (0.89 to 1.73)
1.23 (1.01 to 1.45)
1.61 (1.48 to 1.73)
1.83 (1.65 to 2.01)

4.05 (3.26 to 4.84)
6.73 (6.31 to 7.15)
7.16 (6.92 to 7.39)
7.85* (7.52 to 8.19)

Marital Status
Single
Married
Divorced
Widowed

2.56 (2.32 to 2.79)
1.66 (1.44 to 1.89)
1.81 (0.85 to 2.78)
1.63 (0.66 to 2.60)

9.39 (8.89 to 9.90)
8.72 (8.23 to 9.22)
9.00 (6.91 to 11.09)
6.72 (4.63 to 8.81)

1.76 (1.62 to 1.89)
1.46 (1.33 to 1.59)
1.36 (0.80 to 1.92)
1.18 (0.62 to 1.73)

7.45 (7.18 to 7.72)
6.91 (6.64 to 7.17)
7.00 (5.89 to 8.10)
5.45 (4.35 to 6.56)

Medical Coverage
NSSF
Insurance
COOP
None
Others

2.23 (1.87 to 2.59)
2.10 (1.79 to 2.40)
1.74 (1.14 to 2.33)
2.03 (1.77 to 2.29)
2.57 (1.31 to 3.82)

8.95 (8.19 to 9.70)
9.44 (8.80 to 10.07)
8.03 (6.78 to 9.28)
8.85 (8.31 to 9.39)
9.28 (6.65 to 11.92)

1.61 (1.40 to 1.81)
1.60 (1.42 to 1.77)
1.61 (1.27 to 1.94)
1.55 (1.41 to 1.70)
2.00 (1.29 to 2.70)

7.31 (6.91 to 7.72)
7.30 (6.96 to 7.64)
6.96 (6.29 to 7.63)
6.87 (6.58 to 7.16)
8.42 (7.02 to 9.83)

Occupation
Medical
Non-medical
Unemployed-retired

2.87* (2.63 to 3.11)
1.54 (1.31 to 1.77)
1.55 (1.18 to 1.92)

10.39* (9.88 to 10.91)
8.00 (7.50 to 8.49)
8.11 (7.32 to 8.91)

1.83 (1.68 to 1.97)
1.46 (1.32 to 1.60)
1.34 (1.12 to 1.56)

7.94* (7.67 to 8.21)
6.63 (6.37 to 6.89)
6.39 (5.97 to 6.81)

Regular physician check-ups
No
Yes

2.02 (1.82 to 2.22)
2.20 (1.92 to 2.48

8.63 (8.21 to 9.05)
9.68 (9.10 to 10.27)

1.56 (1.44 to 1.67)
1.65 (1.49 to 1.81)

6.98 (6.75 to 7.20)
7.40 (7.08 to 7.72)

Personal or Family History of 
Lung Cancer
No
Yes

2.11 (1.93 to 2.30)
1.96 (1.61 to 2.32)

8.92 (8.54 to 9.31)
9.21 (8.47 to 9.96)

1.58 (1.48 to 1.69)
1.61 (1.41 to 1.81)

7.18 (6.98 to 7.39)
6.88 (6.48 to 7.28)

Smoker
No
Yes

2.25 (2.06 to 2.44)
1.60 (1.29 to 1.92)

9.24 (8.84 to 9.64)
8.30 (7.63 to 8.96)

1.68 (1.58 to 1.79)
1.33 (1.16 to 1.51)

7.38 (7.17 to 7.59)
6.40 (6.06 to 6.75)

Waterpipe
No
Yes

2.16 (1.98 to 2.35)
1.82 (1.49 to 2.15)

9.17 (8.78 to 9.57)
8.42 (7.74 to 9.11)

1.64 (1.53 to 1.74)
1.44 (1.26 to 1.63)

7.20 (6.99 to 7.41)
6.88 (6.51 to 7.25)

* P-value < 0.05.
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Discussion

For the purpose of identifying levels of awareness in 
the Lebanese general population towards lung cancer 
warning signs and risk factors, the Lung Cancer 
Awareness Measurement Tool (LCAM) was used. The 
survey revealed that a significant portion of the Lebanese 
population exhibited unawareness regarding lung cancer 
warning signs. More specifically, the majority of the 
respondents held the belief that there is no correlation 
between age and the likelihood of developing lung 
cancer. 
In parallel, the findings from this study were mirrored 
in another study conducted in Gaza  [11]. The study 
was employed to assess cancer awareness among the 
general population in Gaza using the CAM Tool, and 
its results uncovered similar beliefs when it comes to 
the relationship between age and the development of 
different types of cancer, including lung cancer  [11]. 
Additionally, a separate Lebanese study on awareness 
related to colorectal cancer using the Bowel Cancer 
Awareness Measurement (Bowel CAM) displayed 
similar findings [12]. Just as with lung cancer, awareness 
of the relationship between age and colorectal cancer risk 

was inadequate among the Lebanese population  [12]. 
Such consistency across different studies focusing 
on different types of cancer indicates the presence 
of misconceptions regarding the role of age in the 
development of lung cancer.
For risk factor awareness, participants showed an average 
recall of only one risk factor and two possible warning 
signs of lung cancer. A very low percentage of the study 
population managed to identify persistent shoulder pain 
and changes in the shape of fingers or nails as possible 
warning signs of lung cancer development. Similarly, 
nearly half of the study population couldn’t link loss of 
appetite and unexplained weight loss to the possibility 
of lung cancer development. As for lung cancer risk 
factors, as expected, the Lebanese population was alert 
about smoking being one of the major risk factors for 
lung cancer development, as shown in both recall and 
recognition risk factor awareness questions. In contrast, 
awareness of the relationship between previous cancer 
treatment or personal history of cancer, such as head 
and neck cancer, and lung cancer development was 
low. The above-mentioned results come in conformity 
with a population-based study on the people of the UK 
using the LCAM tool [7], along with a study assessing 

Tab. V. Post-Hoc Analysis using Bonferroni correction.

Dependent Variable Independent Variable Mean P-value
95% CI

(Upper and Lower 
Bounds)

Warning Signs-
Recognition Scale

Governorate
Bekaa Beirut

Mount Lebanon
South Lebanon
North Lebanon
Nabatieh

-2.38
-1.91
-1.41
-1.91
-1.39

0.004
0.004
0.205
0.011
1.00

-4.30 to -0.46
-3.43 to -0.39
-3.09 to 0.27
-3.57 to -0.25
-3.65 to 0.86

Warning Signs-
Recognition Scale

Education
Not Educated    

School Degree

Bachelor Degree

School Degree
Bachelor Degree
Post-Graduate Degree

Post-Graduate

Post-Graduate

-2.40
-2.12
-4.02

-1.62

-1.88

0.021
0.028

< 0.001

0.006

< 0.001

-4.56 to -0.23
-4.13 to -0.14
-6.10 to -1.94

-2.92 to -0.32

-2.87 to -0.89

Warning Signs-Recall 
Scale

Occupation
Unemployed/Retired

Non-medical

Medical
Non-medical

Medical

-1.32
0.0079

-1.33

< 0.001
1.00

< 0.001

-1.85 to -0.787
-0.52 to 0.53

-1.73 to -0.92

Warning Signs-
Recognition Scale

Occupation
Medical Non-medical

Unemployed/Retired
2.39
2.28

< 0.001
< 0.001

1.57 to 3.21
1.19 to 3.36

Risk Factor-
Recognition Scale

Education
Not Educated    

School Degree

Bachelor Degree

School Degree
Bachelor Degree
Post-Graduate Degree

Post-Graduate

Post-Graduate

-2.68
-3.10
-3.80

-1.12

-0.69

< 0.001
< 0.001
< 0.001

< 0.001

0.005

-3.88 to -1.47
-4.21 to -1.99
-4.96 to -2.64

-1.84 to -0.39

-1.24 to -0.11

Risk Factor-
Recognition Scale

Occupation
Non-Medical

Unemployed/Retired

Medical

Medical

-1.31

-1.55

< 0.001

< 0.001

-1.76 to -0.85

-2.15 to -0.95
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knowledge of Lebanese populations’ knowledge of 
cancer-related environmental risk factors a using 
literature-based questionnaire that has highlighted 
both smoking and air pollution as the most recognized 
factors [14]. 
The study findings highlight differences in awareness 
of lung cancer warning signs across various socio-
demographic backgrounds. This suggests that factors 
such as location, education, and occupation play a 
crucial role in shaping the level of awareness among 
the population. One striking observation is the regional 
variation in awareness. People residing in Bekaa 
governorate displayed lower levels of risk factor 
awareness compared to Beirut, Mount Lebanon, and 
North Lebanon, guiding stakeholders towards the 
main regions of interest while developing educational 
campaigns. Education, on the other hand, appears to be 
a key determinant of awareness. Postgraduates showed 
higher levels of awareness, as expected in parallel to 
Chinese study findings aiming to assess knowledge of 
lung cancer in community residents and medical field 
workers [15]. This positive correlation can be justified by 
the fact that individuals with higher levels of education 
often have access to more resources and are likely to 
engage in more health-related information-seeking 
behavior. Moreover, and as anticipated, individuals 
working in the medical field demonstrated a deeper 
understanding of lung cancer warning signs. This 
heightened awareness among medical professionals is 
likely attributed to their daily exposure to healthcare-
related information and patients, resulting in more 
comprehensive disease-related knowledge.
When it comes to risk factor awareness in relation to 
socio-demographic factors, there was no significant 
difference in risk factor recall among the whole 
population. However, females, postgraduates, and 
medical field workers demonstrated a higher level 
of risk-factor recognition compared to the rest of the 
population. The sex-related difference in the level of risk 
factor awareness could be attributed to various factors, 
including greater health awareness and more proactive 
health-seeking behavior. Those results come in parallel 
with a study conducted in Australia using a convergent 
parallel mixed-method design  [10]. The higher 
level of awareness among educated individuals and 
medical professionals is justified by their educational 
background  [15], along with their daily scientific and 
disease-related learning and experience.
There was no difference in symptom or risk factor 
awareness among smoking categories (cigarette 
or waterpipe). Although a population-based study 
conducted in the UK using the LCAM tool  [7] and 
a survey-based cross-sectional study assessing 
knowledge differences in lung cancer knowledge and 
prevention across different ethnic and socioeconomic 
statuses conducted in the USA  [16] studies 
demonstrated lower recall, studies in Australia and 
a cross-sectional study in Nepal using a structured 
questionnaire to assess lung cancer risk factor 
awareness demonstrated no difference in awareness 

among smoking groups [10, 17]. Such a result can be 
justified by the fact that smokers could be aware of the 
harmful and devastating effects of smoking and still 
choose to smoke. This knowledge could stem from 
the extensive presence of awareness campaigns that 
extensively highlight the health-related consequences 
of smoking. The concept of cognitive dissonance may 
provide insight into this result. Cognitive dissonance 
refers to the psychological discomfort that arises when 
an individual holds conflicting beliefs or engages in 
actions that are contrary to their beliefs  [18]. In the 
context of smoking, individuals may be fully aware 
of the health risks, such as the development of lung 
cancer or heart diseases associated with smoking. 
However, the addictive nature and other factors may 
lead them to continue their smoking habit despite this 
knowledge.
Moreover, the majority of the study population 
expressed their intent to seek medical attention directly 
when having concerns about the development of lung 
cancer. This initial willingness is a positive indication 
of a proactive approach to health care. However, this 
seemingly positive indication is countered by the study 
findings regarding the low level of awareness among 
the participants. Specifically, their response to the 
question addressing their confidence in identifying 
lung cancer warning signs revealed that they had 
low to fair levels of confidence. This implies that, 
despite their willingness to consult a healthcare 
professional, their ability to recognize early signs 
might be limited. Meanwhile, such findings come in 
parallel to an international benchmarking partnership 
study conducted in different countries using Awareness 
and Beliefs about Cancer Measures (ABC)  [19]. The 
combination of the low level of awareness and limited 
confidence in identifying warning signs of lung cancer 
suggests that individuals might delay seeking medical 
attention until the emergence of more severe symptoms, 
such as coughing up blood, which might lead to a 
delayed surgical resection procedure. Notably, these 
findings align with a study conducted in Australia [10] 
along with a meta-analysis performed examining delay 
in seeking medical attention [20], suggesting that this 
phenomenon might not be unique to the Lebanese 
population. Public health campaigns and awareness 
initiatives can play a crucial role in addressing such 
issues by disseminating information about lung cancer 
warning signs and encouraging individuals to seek 
medical attention as soon as they have concerns. These 
initiatives can help promote earlier detection of lung 
cancer and, hence, earlier resection when needed, 
especially in cases of non-small-cell lung cancer, 
potentially saving more lives, as shown by a cohort 
study investigating opportunities to reduce lung cancer 
mortality [21].
This study was the first to assess the level of awareness 
of the Lebanese general population using an LCAM-
validated tool. The tool was properly translated and 
validated in a pilot study ahead of the study and was 
representative of the Lebanese population as per 
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governorates, along with an appropriate sample size. 
Factorial and reliability analyses confirmed the validity 
of the used tool (the Cronbach alpha of all scale items 
was equal to 0.84 and 0.81 for the warning signs and 
recognition scales, respectively). Using such a tool 
allowed us to highlight the most frequently recalled 
warning signs and risk factors for lung cancer in 
comparison to guided questions, as the latter showed 
a higher level of awareness. The results will enable 
the development of educational campaigns targeting 
misconceptions for the purpose of increasing the 
likelihood of early diagnosis and thus better treatment 
outcomes, as shown by a population-based study 
using Awareness and Beliefs about Cancer Measure 
(ABC) in the UK  [22]. Moreover, similar findings 
were stated by comparative studies assessing cancer 
educational campaign impacts in England  [23, 24], a 
systematic review examining the association between 
time to diagnosis and treatment outcomes  [25], in 
addition to a study assessing the 5-year impact of the 
National Awareness and Early Diagnosis Initiative in 
England  [26]. Our findings highlight the importance 
of developing a multidisciplinary lung cancer program 
for the sake of reducing the delay in seeking medical 
attention, as such programs have proven efficacy, as 
shown in a retrospective study assessing the impact of 
a multidisciplinary lung cancer program in reducing the 
delay between diagnosis and treatment in the USA [27], 
as well as in India assessing the impact of an educational 
campaign in increasing awareness and adopting safer 
practices [28].
The limitation of this study is that the LCAM survey 
was conducted online. Such a method for data collection 
allowed study participants to access the internet or other 
sources to aid their responses, which might lead to 
misclassification bias. Although participants were able 
to navigate backward and forward during the survey, 
it didn’t affect the expected pattern of answers when 
comparing recalled and recognition questions. The 
difference between those questions was significantly 
high, suggesting that such biases were non-differential. 
To minimize the effects of such limitations, a face-to-face 
survey will ensure that the responses are representative 
of the real level of knowledge of the study participants. 
Additionally, older people were less likely to participate 
in the study, resulting in selection bias. However, the 
study protocol allowed elderly participants who received 
proper aid in filling out the survey to be included in the 
study so that we could enhance the representativeness 
of the study results. Moreover, although multivariate 
analyses were conducted to decrease the chance of 
false-positive results, there is always a risk of residual 
confounding. Further studies are recommended to 
overcome such limitations. 

Conclusions

Employing the LCAM survey tool played a crucial role in 
obtaining a comprehensive insight into the level of awareness 

among the Lebanese population concerning various facets 
of lung cancer. One of the most significant takeaways 
from this study is the identification of specific areas that 
require attention and improvement. By pinpointing the 
weak links in public awareness, this research has paved the 
way for a targeted approach. Properly targeted campaigns 
hold importance in enhancing public knowledge and 
consequently fostering early diagnosis and more effective 
therapeutic outcomes in the context of lung cancer, and 
hence can make a substantial difference in the health and 
well-being of the Lebanese population.
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Tab. S1. Proportion of answer per categories of warning signs awareness variables and Kappa agreement with 95% confidence interval be-
tween the Arabic and English reference questionnaires.

Warning signs 
English questionnaire 

(reference)
Arabic questionnaire Kappa 

Agreement 

95% CI 
of Kappa 

Agreement 
p-value 

N  % N  % 
Unexplained weight loss

 0.879 (0.66,1.00)  < 0.001
Yes 16 76.19 16 76.19
No 2 9.52 3 14.28 
Don’t Know 3 14.28 2 9.52 
Persistent (3 weeks or longer) chest infection  1 -- < 0.001
Yes 16 76.19 16 76.19 

  No 3 14.28 3 14.28 
Don’t Know 2 9.52 2 9.52 
Cough that doesn’t go away for two to three weeks 1 -- < 0.001 
Yes 20 95.23 20 95.23 

 No 1 4.76 1 4.76 
Don’t Know 0 0.00 0 0.00 
Persistent shortness of breath 1 -- < 0.001 
Yes 20 95.23 20 95.23 
No 0 0.00 0 0.00 
Don’t Know 1 4.76 1 4.76 
Persistent tiredness or lack of energy  0.790 (0.51,1.00) < 0.001 
Yes 16 76.19 15 66.66 

  No 2 9.52 3 14.28 
Don’t Know 3 14.28 3 14.28
Persistent chest pain  1 -- < 0.001 
Yes 21 100 21 100 

 
 

  No 0 0.00 0 0.00 
Don’t Know 0 0.00 0 0.00 
Persistent shoulder pain   0.921 (0.771,1.00) < 0.001 
Yes 7 33.33 8 38.09 

 
 

  No 11 52.38 10 47.61
Don’t Know 3 14.28 3 14.28 
Coughing up blood  1 -- < 0.001 
Yes 20 95.23 20 95.23 

 No 0 0.00 0 0.00 
Don’t Know 1 4.76 1 4.76 
Ache or pain when breathing   1  -- < 0.001
Yes 20 100 20 95.23 

   No 0 0.00 0 0.00 
Don’t Know 1 0.00 1 4.76 
Loss of appetite  0.913 (0.75,1.00) < 0.001 
Yes 13 61.90 13 61.90 

  No 3 14.28 4 19.04
Don’t Know 5 23.80 4 19.04
Painful Cough 	 1 -- < 0.001
Yes 20 90.47 20 90.47

   No 1 4.76 1 4.76
Don’t Know 0 0.00 0 0.00 
Changes in the shape of fingers or nails 0.927 (0.797,1.00) < 0.001
Yes 8 38.09 9 42.85 

   No 8 38.09 7 33.33
Don’t Know 5 23.80 5 23.80 

Appendix 2: Scale Validation Results
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Tab. S3. Proportion of answer per categories of risk factors awareness variables and Kappa agreement with 95% confidence interval between 
the Arabic and English reference questionnaires. 

Risk factors 
English questionnaire 

(reference)
Arabic questionnaire Kappa 

Agreement 

95% CI 
of Kappa 

Agreement
p-value 

N % N % 

Exposure to radon gas  0.913 (0.753,1.00) < 0.001 

Strongly agree 13 61.90 13 61.90

  

Agree 4 19.04 5 23.80

Not sure 4  19.04 3 14.28 

Disagree 0 0.00 0 0.00

Strongly Disagree 0 0.00 0 0.00

Exposure to another persons’ cigarette smoke 0.90 (0.73,1.00) < 0.001 

Strongly agree 13 61.90 14 66.66 

   

Agree 6 28.57 5 23.80

Not sure 2 9.52 2  9.52

Disagree 0 0.00 0 0.00 

Strongly Disagree 0 0.00 0 0.00

Having had treatment for any cancer in the past 1  -- < 0.001 

Strongly agree 11 52.38 11 52.38 

  

Agree 6 28.56 6 28.56

Not sure 3 14.28 3 14.28 

Disagree 1 4.76 1 4.76 

Strongly Disagree 0 0.00 0 0.00

Tab. S1 (follows). Proportion of answer per categories of warning signs awareness variables and Kappa agreement with 95% confidence inter-
val between the Arabic and English reference questionnaires.

Warning signs 
English questionnaire 

(reference)
Arabic questionnaire Kappa 

Agreement 

95% CI 
of Kappa 

Agreement 
p-value 

N  % N  % 
Developing unexplained loud, high pitched sound when breathing 0.877 (0.687, 1.00) <0.001
Yes 16 76.19 16 76.19 

   No 3 14.28 4 19.04 
Don’t Know 2 9.52 1 4.76 
Worsening or change in an existing cough 1 -- <0.001
Yes 20 95.23 20 95.23 

  No 1 4.76 1 4.76 
Don’t Know 0 0.00 0 0.00 

Tab. S2 (follows). Proportion of answers per categories of age at risk variable and Kappa agreement with 95% confidence interval between 
Arabic and English reference questionnaire

Risk factors English questionnaire 
(reference)

Arabic 
questionnaire 

Kappa 
Agreement 

95% CI 
of Kappa 

Agreement

p-value 

N % N % 

Age  1  -- < 0.001 

1,058 0 0.00 0 0.00   

50-year-old 1 4.76 1 4.76

70-year-old 11 52.38 11 52.38 

Unrelated to age 9 42.85 9 42.85 
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Tab. S3 (follows). Proportion of answer per categories of risk factors awareness variables and Kappa agreement with 95% confidence interval 
between the Arabic and English reference questionnaires. 

Risk factors 
English questionnaire 

(reference)
Arabic questionnaire Kappa 

Agreement 

95% CI 
of Kappa 

Agreement
p-value 

N % N % 

Having a close relative with lung cancer  0.911  (0.75,1.00) <0.001 

Strongly agree 13 61.90 13 61.90 

  

Agree 6 28.56 5 23.80

Not sure 2 9.52 3 14.28 

Disagree 0 0.00 0 0.00 

Strongly Disagree 0 0.00 0 0.00

Exposure to chemicals such as asbestos  0.892 (0.7,1.00) <0.001 

Strongly agree 15 71.42 15 71.42 

   

Agree 4 19.04 5 23.80

Not sure 2 9.52 1 4.76 

Disagree 0 0.00 0 0.00 

Strongly Disagree 0 0.00 0 0.00

Having previous history of cancer such as head and neck cancer  1  -- <0.001 

Strongly agree 11 52.38 11  52.38

  

Agree 4 19.04 4 19.04

Not sure 5 23.80 5 23.80 

Disagree 1 4.76 1 4.76 

Strongly Disagree 0 0.00 0 0.00

Air pollution  1  -- <0.001 

Strongly agree 18 85.71 18 85.71 

  

Agree 3 14.28 3 14.28

Not sure 0 0.00 0 0.00 

Disagree 0 0.00 0 0.00 

Strongly Disagree 0 0.00 0 0.00

Being a smoker 1 -- <0.001 

Strongly agree 19 90.47 19 90.47 

Agree 2 9.52 2 9.52

Not sure 0 0.00 0 0.00 

Disagree 0 0.00 0 0.00 

Strongly Disagree 0 0.00 0 0.00

Having a previous history of lung disease, such as Chronic Obstructive Pulmonary 
Disease (COPD) 

 1 -- <0.001 

Strongly agree 18 85.71 18 85.71 

Agree 2 9.52 2 9.52

Not sure 1 4.76 1 4.76 

Disagree 0 0.00 0 0.00 

Strongly Disagree 0 0.00 0 0.00

Tab. S4. Proportion of answers per categories of confidence variable and Kappa agreement with 95% confidence interval between Arabic and 
English reference questionnaire

Risk factors 
English questionnaire 

(reference) 
Arabic 

questionnaire Kappa 
Agreement   

95% CI 
of Kappa 

Agreement
p-value 

N % N % 

Confidence  1  -- < 0.001 

Not at all confident 0 0.00 0 0.00 

  
Not very confident 7 33.33 7 33.33

Fairly confident 9 42.9 9 42.9 

Very confident 5 23.8 5 23.8 

Reference: Handbook of Parametric and Nonparametric Statistical Procedures, Third Edition-2004.
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Introduction

Chronic obstructive pulmonary disease (COPD) 
has different phenotypes and prognoses (1). Acute 
exacerbation of chronic obstructive pulmonary disease 
(AECOPD) is one of the most common respiratory 
problems, which is associated with serious complications 
and consequences such as reduced quality of life and 
high attenuation. It defined as the sudden worsening in 
airway function and respiratory symptoms in patients 
with COPD  [2]. It is crucial to diagnose patients with 
a severe prognosis to treat and prevent disease from 
exacerbating as well as their deaths  [3, 4]. Blood 
eosinophil counts have been used as a biomarker of 
airway inflammation  [5]. There are conflicting reports 
on whether elevated blood eosinophil counts predict an 
increased risk of intensive care unit (ICU) admission [5-
9]. There is also evidence of the relationship between 
the number of eosinophils and the possibility of 
hospitalization, hospital mortality, and the length of stay 
in the hospital [10, 11]. Nevertheless, using a single cut-
off of blood eosinophil level to predict clinical outcome 

has been challenged [12, 13]. Studies reported that the 
within-subject variation of hourly blood eosinophil 
counts was more than 20%. Between-subject variation 
was even greater [14]. In COPD patients, blood eosinophil 
counts are associated with severe AECOPD  [8]. 
Exacerbations associated with blood eosinophil counts 
>2% (approximately >150 cells/mL) are associated with 
shorter hospitalization in severe AECOPD [5, 15]. We 
hypothesized that monitoring blood eosinophils could be 
helpful in managing treatment. The current study aimed 
to assess the association of blood eosinophil count at the 
time of AECOPD hospitalization with subsequent risk 
of ICU admission, as well as increased length of stay 
and in-hospital mortality.

Materials and methods

This was a retrospective study on COPD patients during 
AECOPD hospitalization in Imam Khomeini Hospital 
between January 1, 2017, and Dec 31, 2019. The data 
source was the electronic medical records. Age, gender, 
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Summary

Introduction. We examined the association of blood eosinophil 
counts at the time of AECOPD hospitalization with the risk of ICU 
admission as well as the hospital lengths of stay and mortality. 
Methods. In the current retrospective study, the association 
between blood eosinophil counts in COPD patients at the time of 
AECOPD hospitalization and the risk of subsequent ICU admis‑
sion as well as mortality was assessed. The chi-squared test and 
t-test were used to compare categorical and continuous variables. 
The statistical significance level was set at 0.05. Kaplan-Meier 
curves for mortality as well as ICU admission up to 40 days after 
discharge from the index hospitalization were constructed using 
the determined optimal eosinophil threshold derived above and 
for the predetermined ≥ 300 vs < 300 cells/μL threshold. All anal‑
yses were performed using SPSS version 19.

Results. Antibiotic prescription was significantly associated 
with increased ICU admission (OR = 1.57; confidence inter‑
val  [95%  CI] =  1.02-2.42. Patients with higher FEV1 had 
decreased ICU admission (OR  =  0.98, 95%  CI  =  0.97‑1.01, 
p = 0.1) as well as all-cause mortality compared (OR = 0.98, 
95%  CI=  0.92-1.04, p  =  0.58). There were significantly 
greater mortality rates for patients with higher ESR 
(OR = 1.02, CI =1.01-1.03, p = 0.01) and CRP (OR = 1.02, 
95% CI = 1.01‑1.03, p = 0.01). There were significantly lower 
ICU admission rates for patients with higher FVC (OR = 0.97, 
95% CI = 0.95-0.98, p = 0.002).
Conclusions. Blood eosinophil count could help determine the 
risk of ICU admission as well as mortality in COPD patients at 
the time of hospitalization. 
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and comorbidity status were determined. Based on 
Hegewald et al study, the highest blood eosinophil count 
was measured 7 days before the index admission until 
24 hours after the index admission (The first AECOPD-
related hospitalization in the study period) [16] and before 
the administration of systemic corticosteroids (oral or 
intravenous). Laboratory variables including WBC count, 
FEV1 (%), FVC (%), ESR, and CRP were measured.

Study Patients
The hospitalized AECOPD patients aged >40 years 
with a secondary diagnosis related to asthma were 
included. All patients who were included in the study 
met the inclusion criteria. Overall, 1196 AECOPD 
hospitalizations were recognized; after excluding 
ineligible patients, 477 AECOPD patients were 
identified. Only subjects with a confirmed diagnosis of 
exacerbation of COPD were studied. An exacerbation of 
COPD was defined by a new onset of two or more events 
of dyspnea, coughing, increased sputum production or 
chest tightness that led to a change in treatment with 
systemic glucocorticoids or antibiotics for at least 3 days 
Diagnoses of COPD, chronic asthma, bronchiectasis, or 
interstitial lung disease were made based on previously 
confirmed spirometry or imaging by a physician. The 
first AECOPD-related hospitalization in the study 
period was selected as the index admission. Patients who 
died during the index admission, patients without blood 
eosinophil counts, pregnant cases, patients who had a 
known malignancy, and hospitalizations occurring after 
the index hospitalization were excluded.

Statistical Analyses
The primary outcomes were ICU admission as well as 

death due to all causes. For the primary outcomes, a 
blood eosinophil count ≥ 300 cells/μL was used to stratify 
patient groups. Multiple logistic regression analyses 
adjusted for age, sex comorbidities, and corticosteroid 
use were performed. The statistical significance level 
was set at 0.05. Kaplan-Meier curves for mortality as 
well as ICU admission up to 40 days after discharge from 
the index hospitalization. All analyses were performed 
using SPSS version 16. 

Results

The mean and standard deviation of blood eosinophil 
count at the time of admission for understudied 
patients was 319.77  ±  200.78 cells/μL. Overall, the 
blood eosinophil count in 45 (9.4%) of patients was 
< 100 cells/μL. Also, the blood eosinophil counts in 198 
(41.5%) and 234 (49.1%) cases were 100-300 cells/μL 
and counts ≥  300 cells/μL (eosinophilic) respectively. 
Compared to patients with eosinophil counts ≥ 300 cells/
μL, Cases who had eosinophil counts <  300 cells/μL 
were generally older (P: 0.22) with a higher rate of male 
patients (P: 0.03) and higher forced expiratory volume in 
one second (FEV1) value (P: 0.007) (Tab. I). 
Regarding comorbidities, there were not statistical 
significant differences in the prevalence of diabetes 
(P: 0.82), hypertension (P: 0.40), cerebrovascular disease 
(P: 0.28), and apnea-hypopnea syndrome (OSAHS) 
(P: 0.70). More than thirty-four percent of patients had 
hypertension, with a non-significant difference between 
the high and low eosinophil groups (P: 0.40). A history 
of bronchodilator use was 74.2% with no -significant 
difference between the eosinophil groups (P:0.84). The 

Tab. I. Comparison Different factors by eosinophil count.

Variable
Total

(n = 477)
EOS < 100 cells/μjnL 

(n = 45)
EOS = 100-300 cells/μL

(n = 198)
EOS ≥ 300 cells/μL

(n = 234)
P

Age 66.16 ± 11.18 68.42 ± 10.21 66.50 ± 11.90 65.44 ± 10.70 0.22
Male Gender 329 (69) 25 (55.6) 132 (66.7) 172 (73.5) 0.03

Hypertension 163 (34.2) 18 (40.0) 71 (35.9) 74 (31.6) 0.4

Diabetes 89 (18.7) 10 (22.2) 36 (18.2) 43 (18.4) 0.82
Cerebrovascular disease 52 (10.9) 2 (4.4) 25 (12.6) 25 (10.7) 0.28
Pulmonary disease 25 (5.2) 5 (11.1) 6 (3.0) 14 (6.0) 0.07
OSAHS 6 (1.3) 0(0.0) 3 (1.5) 3 (1.3) 0.7
Bronchodilator 354 (74.2) 35 (77.8) 146 (73.7) 173 (73.9) 0.84
Antibiotic 149 (31.2) 16 (35.6) 71 (35.9) 62 (26.5) 0.09
ICU Admission 147 (30.8) 12 (26.7) 55 (27.8) 80 (34.2) 0.30
Death 28 (5.9) 3 (6.7) 11 (5.6) 14 (6.0) 0.95
Hospital Stay(Day) 8.05 ± 4.35 8.20 ± 4.49 8.07 ± 4.36 8.02 ± 4.25 0.96
WBC count 9539.97 ± 3823.69 7654.44 ± 3721.18 8433.38 ± 2922.98 10838.93 ± 4075.33 0.001
FEV1(%) 51.31 ± 19.31 55.52 ± 16.02 55.07 ± 19.85 47.49 ± 18.85 0.007
FVC(%) 68.00 ± 19.87 69.41 ± 19.58 71.21 ± 19.92 65.17 ± 19.63 0.07
ESR 22.53 ± 26.61 27.02 ± 23.34 24.57 ± 29.50 19.94 ± 24.37 0.09
CRP 27.98 ± 34.67 25.91 ± 33.89 24.93 ± 28.62 27.50 ± 36.66 0.72

* Those with P value < 0.05 were highlighted using the bold font. Data are presented as the number of patients (%), mean ± SD. FEV1% predicted from 
the stable stage of the patients. 
AECOPD: acute exacerbation of chronic obstructive pulmonary disease; EOS: eosinophils; SD: standard deviation; BMI: body mass index; FEV1: forced 
expiratory volume in one second; FVC: forced vital capacity; OSAHS: obstructive sleep apnea-hypopnea syndrome.
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mean and standard deviation of hospital length of stay 
was 8.05 ± 4.35 days, with a non-significant difference 
between the eosinophil group (P:0.40). A total of 147 
patients (30.8%) were admitted to ICU and the admission 
rate was not significantly different between eosinophil 
groups. Mortality during hospitalization for all cases was 
5.9% (28 of 477 patients). Mortality was not significantly 
different between the eosinophil groups (6.7, 5.6, and 
6.0%). Kaplan-Meier curves for mortality, as well as ICU 
admission based on eosinophil value of ≥ 300 cells/μL, are 
shown in figure 1. There was no significant difference in 
the of hospital length of stay between eosinophil groups 
using a threshold of 300 cells/μL. In terms of laboratory 
tests, the white blood cells (WBC), were significantly 
higher in the patients with eosinophilic AECOPD 
(P:  0.001) and conversely, erythrocyte sedimentation 
rate (ESR) was lower in the patients with eosinophilic 
AECOPD; the differences between the groups was not 
statistically significant (Tab. I). 
In addition, Antibiotic prescription was significantly 
associated with increased ICU admission (OR  =  1.57; 
confidence interval  [95%  CI] =  1.02-2.42) (Tab. II). 
There was no significant difference in the primary 
outcome of ICU admission between the high eosinophil 
and low eosinophil groups using a threshold of 
300  cells/μL, Odds ratio  [OR] =1.45, 95% confidence 
interval [95% CI] = 0.98-2.17) (Tab. II).
However, patients with higher FEV1 had decreased ICU 
admission (OR  =  0.98, 95%  CI  =  0.97-1.01, P:  0.10) 
as well as all-cause mortality compared (OR  =  0.98, 
95% CI = 0.92-1.04, P: 0.58). There were significantly 
greater mortality rates for patients with higher ESR 
(OR = 1.02, CI = 1.01-1.03, P: 0.01) and CRP (OR = 1.02, 
95% CI = 1.01-1.03, P:0.01). There were significantly 
lower ICU admission rates for patients with higher FVC 
(OR = 0.97, 95% CI = 0.95-0.98, P: 0.002).

Discussion 

The available evidence indicates the importance of 
blood eosinophil levels in predicting the severity of 
COPD disease, the response rate of patients to treatment, 
and the proper management of these patients  [17-19]. 
However, there is still not much agreement on the 
threshold used to define the eosinophilic phenotype [16]. 
Although studies have used varying thresholds to define 
eosinophilic phenotype [5, 20], thresholds used to define 
the eosinophilic phenotype are not yet standardized. We 
found that blood eosinophil counts of ≥300 cells/µL are 
common, occurs in 49% of patients.
There was no statistically significant association 
between eosinophilic AECOPD and ICU admission. 
Various studies have evaluated blood eosinophils in 
AECOPD. However, results in different populations 
with AECOPD are inconsistent  [5, 8, 16, 20]. Some 
studies have shown an increased risk of readmission 
with increased eosinophils [6, 21]. A study [6] showed 
that high eosinophilia was associated with COPD-
related readmission [9]. Other studies showed a negative 
association [5], or even no association [7] between blood 
eosinophils and re-admission. One of the possible reasons 
for the different results is the use of corticosteroids 
before eosinophil measurement in some studies  [5, 6] 
may play a role in the different results. Eosinophils play 
an important role in the type 2 immune response pathway 
and are also associated with allergic, rheumatological, 
infectious, and rare idiopathic disorders  [22]. Also, 
the relationship between high blood eosinophils and 
readmission in patients with COPD may be partially 
explained by the presence of comorbidities [16].
Our results showed that higher eosinophil is not 
significantly associated with mortality. Many studies 
have shown that eosinopenia is associated with mortality 
in AECOPD patients  [15, 23-27]. This discrepancy 

Fig.1. Comparison of Hospital lengths of stay by eosinophil status.
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may be due to patient selection. On the contrary, some 
studies have shown that the number of blood eosinophils 
is not related to in-hospital mortality in AECOPD 
patients [28, 29], For example, Chen et al concluded that 
the number of eosinophils on admission in patients with 
AECOPD is not related to mortality in patients requiring 
hospitalization in the intensive care unit [10]. 
The possibility of an association between eosinophil 
count and risk of death is still unclear  [30]. In 
the present study, AECOPD patients with lower 
eosinophils tended to have increased ESR levels, 
which may indicate that they are more susceptible to 
infection [30]. Some studies have shown a correlation 
between low eosinophils and infection  [31, 32].   We 
also observed that non-eosinophilic patients were 
older, which suggested that they may be more prone to 
infection. Therefore, the relationship between mortality 
in patients with eosinopenia may be due to severe 
infection. Eosinophil count was associated with ICU 
admission, and length of stay, which was in agreement 
with previous reports [29, 33, 34]. 
The use of bronchodilators for AECOPD has also been 
evaluated in various studies. The results of these studies 
indicate that the use of bronchodilators, especially in 
patients with a history of frequent exacerbations and 
an increase in the number of eosinophils, has been 
associated with a reduction in AECOPD [35-37]. 
High blood eosinophil counts were not associated 
significantly with mortality. Similarly, a clinical 
study involving COPD patients found that elevated 
blood eosinophil counts (≥200, 300, 400 cells/μL) 
were not associated with mortality when compared 
with patients with decreased eosinophil counts  [38]. 
This observation is not consistent with other studies. 
Discrepancies between study results may be due to 
differences in COPD severity. Some beneficial factors 
such as better FEV1, fewer symptoms, less dyspnea, 
and less emphysema  [35], may be present in patients 
with high eosinophil counts  [39]. In addition, higher 
eosinophil counts may influence mortality because 
there is an association between improved response 
to corticosteroids and eosinophil counts  [36, 40, 41]. 
Another point to consider when interpreting study 

results is that, eosinophil cutoff may influence the 
results. 
The present study had limitations. First, the present 
study was an observational study and its results do not 
imply causal relationships. Second, the lack of follow-
up of patients prevented further evaluation of long-
term outcomes. Another limitation was related to the 
uncertainty regarding the diagnosis of COPD. Finally, 
there is an increasing body of evidence linking eosinophil 
counts to clinical outcomes in COPD patients. As such, 
further evaluation in future studies is essential.

Conclusions

The current study presents evidence of the association 
between blood eosinophils and clinical outcomes 
of AECOPD. Our data further support the use of 
blood eosinophils levels on admission as a prognostic 
biomarker for hospitalized COPD patients. Blood 
eosinophil count could help determine the risk of ICU 
admission as well as mortality of COPD cases, although 
further studies are necessary to identify the prognostic 
value of blood eosinophils in COPD patients.
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Tab. II. Effective factors on Mortality and ICU admission of understudied cases.

Variables
Mortality

P
ICU admission

P
OR (95% CI) OR (95% CI)

Age 1.04 (1-1.08) 0.06 1.01 (99-1.03) 0.22
Sex(males) 1.45 (0.60-3.47) 0.41 1.06 (0.69-1.65) 0.78
Antibiotics 1.28 (0.57-2.89) 0.55 1.57 (1.02-2.42) 0.04
Bronchodilators 1.23 (0.44-3.46) 0.69 0.78 (0.49-1.25) 0.31
EOS < 300 cells/μL 1.08 (0.49-2.35) 0.85 1.45 (0.98-2.17) 0.07
Comorbidity 1.71 (0.66-4.44) 0.27 0.88 (0.57-1.36) 0.57
WBC count 1.03 (1.01-1.09) 0.03 1.0 (0.99-1.01) 0.1
FEV1(%) 0.98 (0.92-1.04) 0.58 0.98 (0.97-1.01) 0.1
FVC(%) 1.02 (0.86-1.20) 0.45 0.97 (0.95-0.98) 0.002
ESR 1.02 (1.01-1.03) 0.01 0.99 (0.98-1.01) 0.07
CRP 1.02 (1.01-1.03) 0.01 1.0 (0.99-1.01) 0.25
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Introduction 

During the last decade, cardiovascular diseases have 
become the most important cause of death all over the 
world; and at least one death out of three deaths is due 
to cardiovascular diseases  [1]. One of the important 
cardiovascular complications in patients with heart 
failure with reduced ejection fraction (HFrEF) is right 
ventricular (RV) dysfunction [2]. During the treatment of 
HFrEF, right heart dysfunction and improvement of its 
function should be considered. This disorder is associated 
with high mortality, especially in patients with congenital 
heart diseases, valvular diseases, coronary artery diseases, 
and patients with pulmonary hypertension [3-5]. 
Losartan potassium, an angiotensin II receptor antagonist, 
and captopril, an angiotensin-converting enzyme (ACE) 
inhibitor, have been used in the treatment of heart failure 
for many years. However, their use often has side effects 
such as angioedema and hyperkalemia  [6]. Sacubitril 
and valsartan are combination drugs for patients with 
chronic heart failure. Sacubitril causes vasodilation by 
inhibiting the degradation of BNP (brain natriuretic 
peptide) [7]. Valsartan prevents the contraction of blood 
vessels, which reduces blood pressure and improves 

blood flow. It was shown that Sacubitril/Valsartan 
has positive effects in reducing mortality and hospital 
admission, as well as reducing the hospital lengths 
of stay in patients with heart failure  [8]. Also, this 
drug is related to improving the quality of life (QoL) 
and reversing heart reconstruction  [9]. The beneficial 
effects of this drug have been described as improving 
the systolic function of the right ventricle and reducing 
its disorders  [10, 11]. The improvement of the right 
ventricular function is associated with the improvement 
of the patient’s clinical outcome and the reduction of 
hospitalization [12]. Studies have shown that sacubitril/
valsartan improves heart function by reducing peripheral 
vascular resistance, preventing the narrowing of 
arteries, and reducing cardiac load  [13, 14]. Different 
studies assessed the effects of Sacubitril/Valsartan in 
cardiovascular patients, however, results about the 
efficacy have been reported inconsistently [15-17]. 
Previous studies showed improvements in right 
ventricular function such as tricuspid annular plane 
systolic excursion, pulmonary hypertension, and 
systolic pulmonary arterial pressure after Sacubitril/
Valsartan initiation  [10, 18]. However, some studies 
failed to show any beneficial effect of Sacubitril/
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Summary

Background. There is evidence supporting the efficacy of Sacu‑
bitril /Valsartan for improving left heart failure, but few studies 
have examined its effects on right ventricular (RV) dysfunction. 
The current study aimed to investigate the effects of Sacubitril /
Valsartan on RV dysfunction in patients with right heart failure.
Methods. The current study was a randomized and parallel clini‑
cal trial study. Patients over 18 years with any degree of right 
heart failure regardless of Left ventricular ejection fraction 
(LVEF) were included. The included patients were assigned ran‑
domly to three study arms using simple random allocation, i.e. 
the intervention group (Sacubitril Valsartan recipients) and the 
control groups (Losartan and Captopril recipients). The SPSS 
software version 19 was used for data analysis.
Results. The changes in LVEF, RV FAC, RV diameter, DOE grade, 

and TAPSE in the Sacubitril/Valsartan group were significantly 
higher than the other two groups. The severity of RV dysfunc‑
tion, as well as TR (Tricuspid Regurgitation) severity, decreased 
significantly three months after the intervention compared to the 
beginning of the intervention in all groups especially in the Sacu‑
bitril/Valsartan group (p: 0.006). The mortality rate in the Sacu‑
bitril/Valsartan, Losartan, and Captopril groups, were 2 (6.7%), 
2 (11.2%), and 1 (7.7%) respectively (p: 0.83). Also, 27.6, 62.5, 
and 7.7% of cases in the Sacubitril/Valsartan, Losartan, and Cap‑
topril reached to optimum dose (p: 0.006).
Conclusions. Considering the results, it seems that Sacubitril/
Valsartan has a positive effect on improving RV dysfunction in 
patients with right heart disorders. 
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Valsartan on improving RV function. Therefore, the 
effects of Sacubitril/Valsartan on RV dysfunction remain 
a controversial issue  [19]. Therefore, considering the 
importance of the topic, this study aimed to compare 
the effect of Sacubitril /Valsartan with Losartan and 
Captopril in improving biventricular function, including 
left ventricular ejection fraction, fractional area change, 
Pulmonary arterial systolic pressure, tricuspid annular 
plane systolic excursion, left ventricular end-systolic 
diameter, left ventricular end-diastolic diameter, and 
right ventricular–pulmonary artery coupling.

Materials and methods

The present study was an open-label randomized and 
parallel clinical trial study.

Inclusion criteria
 Inclusion criteria included patients over 18 years of age 
with any degree of right heart failure regardless of the 
severity of LV dysfunction (mild, moderate, and severe). 
Informed consent was obtained from all participants. 

Exclusion criteria 
The patients with SBP < 100 mmHg, GFR < 30 or 
Cr > 2.5 or renal artery stenosis, ACEI/ARB intolerance, 
and history of angioedema, or acute pulmonary embolism 
were excluded. Sampling was done from patients with 
right-sided heart failure referring to Hazrat-e Rasoul 
Akram Hospital who need treatment with ACEi/ARB/
ARNI.

Patient allocation 
The included patients were assigned randomly to three 
study arms using simple random allocation, i.e. the 
intervention group (Sacubitril Valsartan recipients) and 
the control groups (Losartan and Captopril recipients). 
Graphpad random assignment software was used to 
generate random sequences. In this way, before using 
the software and generating the sequence, it was decided 
to receive the letter (E) of the studied drug, the letter 
(B) of losartan, and the letter (C) of captopril. Then, 
using the production sequence software, each letter 
was placed inside a sealed envelope. To maintain the 
created sequence, the number was recorded on the outer 
surface of the envelopes. The patients received the order 
of referral according to the method inside the envelope. 
After determining the sequence of patients and the 
type of intervention, at the beginning of the study, an 
echocardiography was performed by the fellowship of 
this field in groups and before the start of the treatments. 
Then, the intervention group was treated with sacubitril-
valsartan drug at a dose of 24/26 mg twice a day, and in 
subsequent visits, if the patient tolerated this amount, 
the dose was increased to 97/103 mg twice a day. The 
control group also received Losartan with a starting 
dose of 25 mg daily prescribed to patients with any 
degree of RV dysfunction, and in subsequent visits, if 
the patient tolerated this amount, the dose was increased 

to 50mg daily and Captopril drug with the starting 
dose of 6.25 mg three times daily in patients with any 
degree of RV dysfunction and subsequent visits, if the 
patient tolerated this amount, the dose was increased 
to 50mg three times daily, according to the guidelines 
for heart failure patients. The intervention continued 
for three months and during the follow-up period, the 
patients of all groups were repeatedly evaluated for 
clinical symptoms. During this period, monthly visits 
monitored the patients or if they were unable to come 
to the clinic because of long distances, they were 
questioned about their functional status, dyspnea grade, 
daily dose of medication, and compliance by routine 
phone calls. At the end of the third month, the follow-up 
echo was repeated. The outcomes that were examined in 
two echocardiography sessions included: EF, LVESD, 
LVEDD, E/e’, RV size, TAPSE, FAC, PAP, and RV-
PA coupling. RV function was assessed by several 
parameters and each one has its prognostic value. Of 
the direct indicators of RV function is RVEF, which is 
the quality of RV muscle contraction and relaxation in 
apical 4chamber view by eyeball measurement and is 
classified as normal, mild, moderate, and severe RV 
dysfunction. The complementary index of RVEF is 
RV FAC. RV diameter is also important, and directly 
associated with RV dilation and dysfunction. TAPSE 
measures RV longitudinal movement by putting M mode 
on the lateral wall of the RV in an apical 4-chamber 
view. Tricuspid valve regurgitation (known as TR) is the 
result of both RV/annulus dilation and tricuspid valve 
incompetence. It is measured by the percent of the TR 
jet area occupying the right atrium. TR gradient which 
is measured by putting CW on TV in apical 4chamber 
view, is also helpful to define the amount of pressure 
on RV, and adding RA pressure (which is indirectly 
estimated by IVC size and collapse) to RVSP is called 
pulmonary artery systolic pressure (PASP). RA-PA 
coupling is the relationship between RV contractility 
and RV afterload. It can be estimated by echo using 
the ratio between TAPSE and PASP. Other indicators 
(LVEF, LVESD, LVEDD, E/e’) are related to LV 
systolic and diastolic function and are assessed for 
considering the effect of drugs on both ventricles. All 
the data, including the baseline and the data related to 
the final results, were recorded in the checklist and then 
entered into SPSS software version 22 to be analyzed 
according to the objectives of the study (Fig. 1).

Sample size
All available patients who were willing to participate 
in the study were selected included in the study and 
randomly assigned to studied groups.

Data analysis
The results for quantitative variables were expressed 
as mean and standard deviation (mean ±SD) and for 
qualitative variables as frequency and percentages. The 
Chi-square or Fisher’s exact tests were used to compare 
qualitative variables. The continuous variables were 
analyzed using a one-way ANOVA test. The Bonferroni 
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post hoc analysis was used for multiple comparisons. The 
5% was considered as a statistically significant level. All 
analysis was conducted using SPSS software version 22.

Results

Baseline characteristic
Regarding gender, 22 (73.3%), 13 (72.2%) and 12 
(75.0%) cases in Sacubitril/Valsartan, Losartan, and 
Captopril groups were men, respectively (p: 0.59). 
The mean Age in the Sacubitril/Valsartan, Losartan, 
and Captopril were 55.93 ± 12.95, 63.66 ± 12.09, and 
64.40±13.53 respectively (P: 0.05). Also, the most 
common type of cardiac disorder in the three studied 
groups was Biventricular dysfunction (BiV) (p: 0.58). In 
terms of the history of underlying diseases, 16 (53.3%), 9 
(50.0%) and 10 (66.7%) patients in Sacubitril/Valsartan, 
Losartan, and Captopril groups had a history of IHD (p: 
0.44). Other important information is shown in Table I.

Main outcomes
In the Comparison of the mean of changes of different 
indices between the studied groups, the changes in 
LVEF, RV FAC, RV diameter, DOE grade, and TAPSE 

in the Sacubitril/Valsartan group were significantly higher 
than the other two groups (Tab. II). Regarding the RV 
dysfunction, most of the cases at the baseline in each 
group had moderate RV dysfunction (Sacubitril/Valsartan: 
66.7%, Losartan: 50%, and Captopril: 75%) and there 
was no significant difference between the study groups 
(P: 0.60). But after three months, 68, 13.3 and 50% of 
cases in the Sacubitril/Valsartan, Losartan and Captopril 
had mild RV dysfunction respectively. This index had a 
significant difference between the studied groups three 
months after receiving the intervention (P: 0.04). Also, the 
severity of RV dysfunction decreased significantly three 
months after the intervention compared to the beginning 
of the intervention in all studied groups (p: 0.006) 
(Tab. III). The TR (Tricuspid Regurgitation) severity index 
at the beginning of the study had a significant difference 
between the studied groups so the most severe cases were 
in the losartan group (p: 0.03). While this index did not 
have a significant difference between the studied groups 
three months after receiving the intervention (p: 0.13). At 
the baseline, the TR gradient in 3.3, 33.3 and 14.3% of 
cases in the Sacubitril/Valsartan, Losartan, and Captopril 
was severe respectively but at the end of the study, 0, 14.3 
and 16.7 % of cases in the mentioned groups showed 
severe TR gradient. These changes were statistically 

Fig. 1. Consort flow chart.
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Tab. I. Basic characteristics of the participants in the studied groups.

Tab. II. Comparison of the mean of changes of different indices between the studied groups.

* indicates to significant difference according to post hoc test results. $ indicates to significant difference according to post hoc test results.
LVEF: Left ventricular ejection fraction, FAC: fractional area change, PASP: Pulmonary arterial systolic TAPSE: pressure, tricuspid annular plane 
systolic excursion, LVESD: left ventricular end-systolic diameter, LVEDD: left ventricular end-diastolic diameter, RV-PA coupling: Right ventricu-
lar–pulmonary artery coupling, 
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significant (0.02) (Tab. III). In terms of mortality, 5 deaths 
occurred, and the incidence of deaths in the Sacubitril/
Valsartan, Losartan, and Captopril groups, were 2 (6.7%), 
2 (11.2%), and 1 (7.7%) respectively and this difference 
was not statistically significant (p:0.83). In the comparison 
of the percentage of reaching the optimum dose as well as 
50% of the optimum dose at the end of the study, there 
was a significant difference between the studied groups. 
Regarding the reaching optimum dose, 27.6, 62.5, and 
7.7% of cases in the Sacubitril/Valsartan, Losartan, and 
Captopril reached to optimum dose (p: 0.006). Also, 100, 
93.8, and 61.5% of cases in the mentioned groups reached 
50% optimum dose (p: 0.001) (Tab. IV).

Discussion 

Right ventricular dysfunction is associated with increased 

mortality in patients with congenital heart diseases, 
valvular diseases, coronary artery diseases, increased 
pulmonary blood pressure, and patients with heart failure. 
Therefore, treatment of right ventricular dysfunction and 
the presence of an effective treatment regime is one of the 
main concerns. The improvement of the right ventricular 
function can lead to improving the patient’s clinical 
outcomes as well as a decrease in mortality and hospital 
lengths of stay. Considering the importance of the subject, 
the present study aimed to assess the effectiveness of 
Sacubitril/Valsartan compared to Losartan and Captopril 
in patients with RV dysfunction.

Main findings
The results of the current study showed that the increase 
in LVEF, RV FAC, and TAPSE as well as a decrease in 
DOE grade and RV diameter in the Sacubitril/Valsartan 
group was significantly higher than in the Losartan and 

Tab. III. Comparison of RV dysfunction and TR severity between the studied groups. 

Tab. IV. Comparison reaching to optimum dose between the studied groups.
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Captopril groups. Regarding the RV dysfunction, this 
disorder in the Sacubitril/Valsartan group improved 
significantly compared to the Losartan and Captopril 
groups. Also, the TR gradient change in the Sacubitril/
Valsartan group was significantly higher than control 
groups. Regarding the mortality rate, this amount in 
the Sacubitril/Valsartan group was lower than in the 
control groups. Regarding the reaching optimum dose, 
27.6, 62.5, and 7.7% of cases in the Sacubitril/Valsartan, 
Losartan, and Captopril reached to optimum dose. Also, 
100, 93.8, and 61.5% of cases in the mentioned groups 
reached 50% optimum dose.
Our results showed that Sacubitril/Valsartan improved 
the TAPSE index. This result is similar to other studies. 
A meta-analysis which conducted to evaluate the effects 
of Sacubitril/Valsartan on RV function and PH in patients 
with HFrEF (Heart Failure with Reduced Ejection 
Fraction), The results showed that Sacubitril/Valsartan 
significantly improves TAPSE and S’ (functional state 
of the right ventricle) and reduces sPAP and mPAP (state 
of pulmonary circulation) (20). The studies conducted 
in this field indicate the positive effects of these drugs 
in improving TAPSE in patients with HFrEF with 
long-term improvement  [10]. In another in Italy, the 
mean TAPSE increased significantly after one year of 
treatment [11]. In another study that assessed the effect 
of reversible abnormal TAPSE and patient survival on 
patients with chronic HFrEF, the results showed that 
in patients whose TAPSE values were abnormal at the 
beginning of the study, but these values improved during 
the treatment, the prognosis of the disease was much 
better than compared to patients with abnormal TAPSE 
values [21]. In another study, significant improvement in 
TAPSE, RVFAC, S’, and PASP was observed in patients 
receiving Sacubitril/Valsartan regardless of NYHA 
classification, gender, hypertension status, diabetes 
status, history of MI, and length of follow-up  [22]. 
TAPSE is one of the main indices reflecting RV systolic 
function [23]. A decrease in TAPSE is associated with 
a poor prognosis of the disease [24, 25]. The results of 
the present study showed that Sacubitril/Valsartan has a 
positive effect in increasing TAPSE and improving the 
prognosis of the disease.
Our results showed that Sacubitril/Valsartan improved 
the LVEF, RV FAC, RV diameter, and DOE grade, as 
well as a decrease in DOE grade and RV diameter. The 
beneficial therapeutic effects of Sacubitril/Valsartan on 
improving RV function have also been reported in other 
studies  [26, 27]. A meta-analysis showed significant 
improvements in LVEF and a reduction in LVEDV in the 
Sacubitril/Valsartan users [28]. Other studies showed the 
important therapeutic value of Sacubitril/Valsartan for 
patients with HFrEF and RV systolic dysfunction [22]. 
Masarone et al showed that Sacubitril/Valsartan may 
improve RV-pulmonary artery coupling [10], Landolfo et 
al. reported a PAsP improvement after S/V therapy [29], 
and Yenerçağ et al. showed FAC and pulmonary artery 
stiffness improvement [30].
Right ventricular dysfunction can have three origins, 
including pressure overload, ischemic heart disease, 

and cardiomyopathy  [31]. The exact mechanisms by 
which Sacubitril/Valsartan improves the RV function 
and PH is unknown. However, Sacubitril valsartan 
may prevent maladaptive RV remodeling in a pressure 
overload model via amelioration of RV pressure rise, 
hypertrophy, collagen, and myofiber reorientation, as 
well as tissue stiffening at both the tissue and myofiber 
level [31]. Sacubitril/valsartan has dual effects through 
which it improves right ventricular function. This dual 
function includes inhibiting neprilysin and inactivating 
the renin-angiotensin-aldosterone system. This drug 
leads to natriuresis, vasodilation, and anti-apoptosis by 
inactivating many neurohormones, such as angiotensin 
II, aldosterone, and endothelin-1, modulating gene 
expression, such as transforming growth factor-β1 and 
promoting re-endothelialization, anti-fibrotic, anti-
inflammatory, and anti-thrombotic reactions, as well as 
reducing cardiac hypertrophy, and ultimately improving 
the compensation of cardiac damage.
According to the results of this study and other studies 
conducted in this field, it seems that the evidence 
supports the effect of Sacubitril/Valsartan as a 
treatment option for RV dysfunction. The current study 
had limitations, which include; first, this study was a 
single-center study that can affect the generalizability 
of the results. Because the patients included in this study 
may not be similar in terms of clinical characteristics to 
all patients with right ventricular disorders, therefore, 
caution should be used in generalizing the results. 
Second, the sample size was small and the follow-
up period was short, a small sample size can affect 
the ability of statistical tests to detect differences and 
lead to non-significant results to be seen. So Further 
confirmation needs a larger group of patients with 
longer follow-up periods to have a better perspective of 
long-term outcomes.

Conclusions

According to the results, it seems that Sacubitril/
Valsartan has a positive effect on improving the right 
ventricular dysfunction in patients with right heart 
disorders. This effect may be independent of left heart 
dysfunction. Therefore, this treatment method can be 
used as an alternative in the treatment of these patients. 
However, the confirmation of the above findings requires 
larger studies with more samples.
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Background

Breast cancer is the most prevalent cancer in women 
and one of the leading causes of cancer death among 
women, with nearly 2.26 million new cases of breast 
cancer diagnosed in women worldwide in 2020  [1-
3]. Amongst women, breast cancer accounts for 
approximately one in four cancer diagnoses and one 
in six cancer- related deaths globally  [4]. Regarding 
breast cancer survival, significant disparities exist 
across countries  [3]. The sub Saharan Africa region 
faces a unique set of challenges related to managing 
breast cancer, largely due to socioeconomic factors 
and health systems. These include delays in starting 
standard treatments due to insufficient patient 
education, limited access to care, and high financial 
burdens, making it even more difficult to effectively 
combat the disease [2].
Early diagnosis of breast cancer is essential for effective 
treatment and improved survival rates as timely detection 
and treatment offer the best chance of improving 
breast cancer outcomes  [4]. A longer gap between the 
appearance of symptoms and the initiation of therapy 
results in advanced disease and lower survival rates [5]. 
Higher mortality and late stage of the disease are seen 
with delay in diagnosis and treatment of breast cancer. 
However, prompt treatment within three months can 

significantly increase a woman’s chances of surviving 
breast cancer [6, 7].
In developing countries, delayed presentation of breast 
cancer is a common problem. While more than 70% 
of breast cancer patients in high-income countries 
are diagnosed in stage 1 and 2, the corresponding 
proportion in low- and middle-income countries is about 
20–50%  [8,9]. Studies show that delayed presentation 
is significantly affected by the patients’ health-seeking 
behaviour and several factors are related to delay in 
diagnosis including age, educational level, breast cancer 
awareness, economic status, and the nature of first 
symptoms noted by the patients [10]. 
While breast cancer rates are rising in Sudan, data 
about this problem in the country are scarce  [11]. The 
rarity of such studies in this population highlights the 
existing knowledge gap. Moreover, conducting such a 
study could help identify the reasons for patients’ delays 
and the factors associated with it, which will provide 
information for stakeholders to adapt strategies to shorten 
the time of delay. By studying this delay, researchers can 
identify areas for targeted improvement in the healthcare 
system and patient education to increase early detection 
rates, which can ultimately contribute to a reduction 
in breast cancer mortality rates. The aim of this study 
was to assess and investigate factors associated with the 
delayed presentation of breast cancer.
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Summary

Background. Early diagnosis of breast cancer is essential for 
effective treatment and improved survival rates. A longer gap 
between the appearance of symptoms and the initiation of therapy 
results in advanced disease and lower survival. 
Objectives: to assess factors associated with diagnosis delay 
among Sudanese women with breast cancer. 
Methods. A prospective, descriptive cross-sectional study con-
ducted at Radiation and Isotope Centre of Khartoum (RICK) in 
Khartoum, Sudan. Relationship between the independent vari-
ables and the main outcome of the study was determined by mul-
tivariate regression analysis. 
Results. A total number of 149 women participated in the study. A 
total of 58.4% of patients delayed seeking medical advice for more 
than three months after noticing symptoms. The delay was associ-

ated with patient’s area of residence and age. Women coming from 
outside Khartoum had a higher odd of having delayed diagnosis 
of breast cancer (AOR = 3.283, 95% CI: 1.113 9.687, p = .031). 
Likewise, older age was another predictor of delayed diagnosis 
of breast cancer among the study participants (AOR = 101.664, 
95% CI: 4.839 - 2135.883, p = .003).
Conclusions. The present study showed that more than half of 
the women who participated had experienced delays in seeking 
medical attention for their breast cancer symptoms. This finding 
highlighted the impact of limited access to healthcare services as 
a contributing factor to such delays. These findings show the need 
for collaborative approaches to address the challenges surround-
ing breast cancer in Sudan.
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Methods

Study design and settings
A prospective, hospital based, descriptive cross-sectional 
study conducted at Radiation and Isotope Centre of 
Khartoum (RICK) in Khartoum, Sudan during the 
period between 1st January and 15th February 2018. The 
setting main referral hospital and one of the only two 
public centres in Sudan specialized in oncology services 
and cancer care  [11]. The hospital provides a host of 
therapeutic and diagnostic services for a significant 
portion of the population in Khartoum state, as well as, 
to citizens coming from all other states of the country.
The inclusion criteria for this study were all female 
patients with breast cancer presented to the hospital 
during the study period, with the exclusion of those 
refusing to participate in the study. This represents a 
census of the eligible population within that timeframe. 
However, we performed sample size calculation based 
on a power analysis to ensure adequate statistical 
power and generalizability of the findings. The sample 
size was determined by the following formula (n = z². 
p. q /d²); where n is the sample size, z is the standard 
deviation (1.96), p is the prevalence (89%), q is 1 
minus the prevalence, and d is the margin of error. The 
sample size was estimated with 5 % margin of error 
and 95% confidence. Since no similar published study 
was available in Sudan at the time of this research, a 
study conducted in Uganda was referenced, where the 
prevalence of delaying presentation of breast cancer 
was 89%  [12]. Therefore, this proportion was used to 
estimate the sample size for the current study. A total 
of twenty-five patients were excluded from the study 
because they refused to consent to participate.

Data collection
The data collection process was done by using a 
questionnaire during the interview with the participants. 
The questionnaire, which took approximately 10 
minutes to complete, was designed based on the 
literature and study objectives to collect information 
about participants’ demographics, their experiences with 
breast cancer diagnosis, and the factors that may have 
contributed to any delays in seeking medical consultation. 
Diagnosis time variable was calculated as the interval 
between the date of the first symptoms reported by 
the patient and the date of the medical consultation 
with a specialized breast cancer doctor (surgeon or 
oncologist). For further analysis, we categorized patients 
according to the presentation time into two groups: those 
diagnosed within three months of their first symptoms 
and those diagnosed after three months. We defined a 
“delay in diagnosis” as a situation where a patient took 
longer than three months from noticing symptoms to 
seeking medical attention and receiving a breast cancer 
diagnosis [13-16].
Several socio-demographic and health characteristics 
were considered potential determinants of diagnosis 
delay and were considered independent variables in this 
study. These factors included age; residence (Khartoum, 

outside Khartoum); educational level (illiterate, primary 
school, secondary school, university degree); monthly 
income in SDG (less than 1000, 1000-2000, more than 
2000); occupation (employed, unemployed); marital 
status (married, single, widow, divorced); practicing 
breast self-examination (no, yes); first symptoms 
noticed (pain, paraesthesia, breast lump, skin changes 
and edema, ulcer); family history of breast cancer (no, 
yes); and stated reasons for delayed presentation after 
noticing the symptoms.

Data analysis
Sample baseline characteristics were presented with 
descriptive statistics in terms of the frequency and 
percentage of data. Because the continuous variables 
in our study showed a skewed distribution, as indicated 
by the results of Kolmogorov-Smirnov and Shapiro-
Wilk tests, we presented continuous variables in 
form of median and interquartile range. In addition, 
linear correlation analysis, by using Spearman’s rho 
correlation test, was done to show association between 
continuous variables. To investigate the potential 
associations between the postulated risk factors and 
the outcome, the analysis was done in two parts. In 
the first part, we performed the bivariate analyses for 
intergroup comparison to identify factors that have 
significant correlation with the outcome. Then, variables 
that showed a statistically significant relationship at the 
bivariate analyses level were further entered into the 
multivariate regression models. The results of regression 
analysis were reported as adjusted Odds Ratios (OR) 
along with their corresponding 95% Confidence Interval 
(95% CI). Data analysis was performed using the SPSS 
software version 20 (SPSS Inc., Chicago, IL, USA). The 
p-value of < .05 was set as the significance level for all 
analyses of the study.

Ethical consideration and consent
Before study initiation, permission for conducting this 
research was obtained from the institutional review 
board of Faculty of Medicine, University of Khartoum, 
as well as from the general director of RICK hospital. 
Additionally, ethical clearance was obtained from the 
State Ministry of Health in Khartoum state, Sudan. Each 
participant was provided with a thorough explanation of 
the study, and informed consent was obtained before their 
participation. Participants were also assured of their right 
to withdraw from the study at any time, even after giving 
consent. The confidentiality of all study participants was 
maintained. All data pertaining to patients and hospital 
staff were kept secure throughout the research process, 
ensuring the privacy and confidentiality of the collected 
information.

Results

Features of the study participants
A total number of 149 women participated in the study 
(response rate = 100%). The median and interquartile 
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range age of the participants was 49.9 ± 12.0 years. 
Most of the participants were unemployed (77.9%) and 
near half of them (49%) had a monthly income of less 
than 1000 SDG (with one SDG equivalent to 0.0278 
US dollars at the time of data collection). Additionally, 
41.6% of the women had attended secondary school. 
More than half of the participants (58.4%) lived outside 
Khartoum state (Tab. I).
A total of 25.5% of the participants reported having 
a family history of breast cancer. Regarding self-
examination prior to the onset of symptoms, 16.1% 
indicated that they performed self-examinations, 
whereas 83.9% did not. The first symptom noticed by 
58.4% of the patients was a breast lump, while 20.1% 
initially experienced pain. Additionally, 24.8% of the 
women reported a lack of social support from family and 
spouses upon the appearance of symptoms. The baseline 
characteristics of the participants are presented in table I.
The median and IQR for time between noticing a 
symptom and consulting a medical doctor was 7.0 ± 17.0 
months. A total of 58.4% of patients delayed seeking 

medical advice for more than 3 months. There were 
several reasons stated by the respondents that affect their 
decision to seek medical advice. Most of the patients 
(83.9%) reported delaying seeking medical attention 
because they either underestimated the significance 
of their breast symptoms or did not believe they could 
actually have breast cancer. The other common reasons 
stated were seeking traditional healing instead of formal 
medical consultation (14.1%), lack of financial support 
(11.4%), previous misdiagnosis (19.5%), fear of stigma 
(10.1%), fear of treatments side effect (19.5%) (Tab. II).

Presentation delay and its associated 
factors
Results of bivariate analysis showed a significant 
difference in proportion of delaying diagnosis between 
groups of residence outside Khartoum (X2 = 14.27, 
p  <  0.001), seeking traditional healing (X2 = 17.42, 
p  <  0.001), lack of financial support (X2 = 13.67, 
p  <  0.001), fear of stigma (X2 = 11.89, p < 0.001), 
fear of embarrassment (X2 = 5.17, p = 0.026), fear of 

Tab. I. baseline characteristics of the respondents.

Variable Number Percent %

Age group

30-39 years 12 8.10

40-49 years 64 43.0

50-59 years 46 30.9

> 60 years 27 18.1

Residence
Khartoum 62 41.6

Outside Khartoum 87 58.4

Educational level

Illiterate 24 16.1

Primary school 34 22.8

Secondary school 62 41.6

University 29 19.5

Monthly income

Less than 1000 73 49.0

1000-2000 62 41.6

More than 2000 14 9.4

Occupation
Employed 33 22.1

Unemployed 116 77.9

Marital status

Married 86 57.7

Single 8 5.4

Widow 24 16.1

Divorced 31 20.8

Practicing Breast self-examination
No 125 83.9

Yes 24 16.1

First symptoms noticed

Pain 30 20.1

Paraesthesia 8 5.4

Breast lump 87 58.4

Skin changes and edema 17 11.2

Ulcer 7 4.7

Family history of breast cancer
No 111 74.5

Yes 38 25.5
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treatment side effects (X2 = 25.66, p < 0.001), previous 
misdiagnosis (X2 = 14.49, p < 0.001), and family history 
of breast cancer (X2 = 16.99, p < 0.001) (Tab. III). In 
addition, the correlation analysis showed a significant 
positive correlation between women age and time 
taken for presenting to the hospital with breast cancer 
(r = 0.28, p = 0.001), indicating that older people tend to 
have delaying diagnosis of breast cancer. 

Results of multivariate regression analysis
The finding of this analysis revealed that delayed 
diagnosis of breast cancer was only significantly 
associated with women age and residence, The other 
factors examined did not demonstrate a significant 
relationship. Regarding the area of residence, women 
coming from outside Khartoum had a higher odd of 
having delayed diagnosis of breast cancer (AOR = 3.283, 
95% CI: 1.113 9.687, p = .031). Likewise, older age was 
another predictor of delayed diagnosis of breast cancer 
among the study participants (AOR = 101.664, 95% CI: 
4.839-2135.883, p = .003) (Tab. IV).

Discussion

The study shed light on the barriers Sudanese women 
face in relation to breast cancer presentation. The 
main finding of this study was the high proportion of 
women delaying seeking medical attention for breast 
cancer symptoms, exceeding three months for over half 
the participants, which is higher than those reported 
by studies from Ethiopia and Nigeria  [16, 17]. The 
median time interval for presentation in this study was 
longer than those of studies conducted in Tunisia and 
Iran  [7,  18]. This delay can have potential negative 
consequences and harmful impact on the clinical 
outcomes of breast cancer, including increased tumor 

size and stage at diagnosis, leading to more complex and 
aggressive treatments, and lower chances of successful 
treatment and survival.
Sudanese women face unique challenges in accessing 
healthcare, including financial barriers and cultural 
factors. The current study showed that residing outside 
the capital city of Khartoum was one of the factors 
associated with delayed presentation of breast cancer 
cases. This finding can be attributed to several potential 
contributing factors, such as the scarcity of public 
facilities that provide oncology services and cancer 
care  [11]. Additionally, limited access to healthcare 
facilities and specialists in rural areas, financial 
constraints and difficulty accessing healthcare services, 
and the long travel times required to reach Khartoum 
for consultations due to transportation challenges in the 
country could contribute to the finding. Another factor 
related to rural residence is the populace of traditional 
healing practices. These cultural beliefs and practices 
related to health and illness can further limit access to 
evidence-based healthcare services [8]. 
Impact of the older age on the delayed presentation can 
be attributed to complex interplay of social, cultural, and 
personal factors. Stigma surrounding breast cancer can 
make women reluctant to discuss symptoms with family 
or friends and limited their access to support groups or 
counseling services. In addition, local cultural norms 
and expectations discourage open communication about 
health concerns of the women. Limited awareness and 
knowledge about breast cancer symptoms can lead to 
misinterpretation, with women dismissing symptoms 
as harmless or temporary, as shown by a previous study 
revealed lack of awareness of breast cancer among 
Sudanese women and clear ignorant attitude practiced 
by a significant proportion of them [19]. Lastly, old age 
could trigger fear and denial, making women hesitant 
to seek medical attention, particularly if they have 
witnessed the financial strain or treatment side effects 
experienced by relatives or family members.
Although routine mammography screening is 
recommended by the World Health Organization for early 
detection of symptoms to improve timely diagnosis and 
prognosis, the feasibility is significantly challenged by 
numerous factors related to limitation in resources and 
infrastructure, as well as, personal and socio-economic 
factors. A previous study assessed 110 Sudanese women 
showed poor practices regarding breast cancer screening 
and reveal that none of the participants ever did routine 
mammography screening [20].
There are  implications that can be drawn from the 
study findings. From clinical perspective, knowledge 
and deeper understanding of the factors contributing to 
delayed breast cancer presentation in Sudanese women 
help the healthcare workers tailor their communication 
and interventions to address specific concerns and 
barriers. Since the emotional issues are significant 
factors for delaying presentation, healthcare providers 
need to prioritize clear and empathetic communication 
with patients, addressing their anxieties and concerns 
about breast cancer and its treatment. 

Tab. II. Reasons for delayed presentation of breast cancer among 
the participants.

Variable Number Percent %

Traditional healing was 
sought 

No 128 85.9

Yes 21 14.1

Lack of financial support 
No 132 88.6

Yes 17 11.4

Fear of stigma
No 134 89.9

Yes 15 10.1

Fear of embarrassment
No 138 92.6

Yes 11 7.4

Fear of treatments side 
effect

No 120 80.5

Yes 29 19.5

Partner constrains
No 142 95.3

Yes 7 4.7

Underestimating the 
condition

No 24 16.1

Yes 125 83.9
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The findings highlight the need for developing targeted 
screening programs and outreach initiatives to reach 
women, particularly those residing in underserved 
areas and allocation of resources to improve access 

to healthcare services in rural areas, including the 
establishment of more primary care clinics and 
specialized breast cancer centers. A previous program of 
implementing screening using local volunteers showed 

Tab. III. Bivariate analysis of factors associated with delayed diagnosis of breast cancer.

Variable
Total 
No.

No. of patients with 
delayed diagnosis

X2 p  value

Age group

30-39 years 12 6 20.12 < .001

40-49 years 64 34

50-59 years 46 21

> 60 years 27 26

Residence
Khartoum 62 25 14.27 < .001

Outside Khartoum 87 62

Educational level

Illiterate 24 14 0.43 .94

Primary school 34 19

Secondary school 62 38

University 29 16

Monthly income

Less than 1000 73 37 3.51 .17

1000-2000 62 41

More than 2000 14 9

Occupation
Employed 33 17 0.82 .36

Unemployed 116 70

Marital status

Married 86 21 14.4 .02

Single 8 1

Widow 24 20

Divorced 31 15

Practicing Breast self-examination
No 125 77 3.29 .07

Yes 24 10

First symptoms noticed

Pain 30 22 4.97 .29

Paraesthesia 8 6

Breast lump 87 46

Skin changes and edema 17 9

Ulcer 7 4

Family history of breast cancer
No 111 45 16.99 < .001

Yes 38 33

Traditional healing was sought 
No 128 66 17.42 < .001

Yes 21 21

Lack of financial support 
No 132 70 13.67 < .001

Yes 17 17

Fear of stigma
No 134 72 11.89 < .001

Yes 15 15

Fear of embarrassment
No 138 77 5.17 .026

Yes 11 10

Fear of treatments side effect
No 150 58 25.66 < .001

Yes 28 28

Partner constrains
No 142 80 5.23 .042

Yes 7 7

Underestimating the condition
No 24 12 0.83 .369

Yes 125 75



M.A.H. MOHAMMEDNOOR ET AL

E408

promising results regarding detection of breast cancer 
in rural areas of Sudan, demonstrating the potential 
impact of community-based initiatives in improving 
healthcare outcomes  [21]. In addition, the findings 
also highlight importance of investing in community-
based health programs, particularly those focused on 
breast cancer awareness, screening, and education, to 
actively challenge cultural norms and perceptions that 
contribute to stigma can have a significant impact on 
early detection. 
The findings of this study should be interpreted within 
the context of certain limitations. Due to the specific 
location of the study, generalizing the findings to 
the broader population may be restricted. While our 
multivariate logistic regression analysis identified two 
significant factors associated with the outcome, it is 
important to acknowledge that the study’s relatively 
small sample size may have limited our ability to detect 
other potential associations. With a larger sample, we 
might have observed statistically significant relationships 
for additional factors that were not identified in this 
analysis. Delayed breast cancer presentation in Sudan 
is a substantial problem that warrants further research 
with a larger sample size to explore the influence of 
all potential factors and to confirm the findings of this 
study. Lastly, the self-reported nature of the data could 
raise potential for recall bias or inaccurate reporting.

Conclusions

The present study showed that more than half of the 
women who participated had experienced delays 
in seeking medical attention for their breast cancer 
symptoms. This finding highlighted the impact of 
limited access to healthcare services as a contributing 
factor to such delays. These findings indicate the role 
limited access to healthcare services in contributing to 
this delay. The study shows the need for a collaborative 
and comprehensive approaches to address the challenges 
surrounding breast cancer in Sudan.
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Introduction

The introduction of process innovations has been 
more difficult for organizations operating in the 
healthcare sector compared with other sectors due to 
challenges in identifying effective ways to share their 
knowledge and incorporate best practices  [1]. These 
organizations, defined as “professional bureaucracies”, 
are characterized by a strong professional autonomy 
for medical operators, therefore, resistance to change is 
frequently observed due to fragmentation and siloing [2]. 

Worldwide the healthcare paradigm is shifting toward 
value-based organizations, focused on a patient-centred 
approach  [3]. Furthermore, disease management is 
becoming increasingly complex, and beyond the need of 
technological innovations for treatment and diagnosis, 
it requires multidisciplinary care involving teams of 
professionals that collaborate in integrated processes [4]. 

Moreover, healthcare processes are frequently designed 
within multiprofessional stakeholders’ teams involving 
actors outside the actual clinical activity such as social 
workers, outpatients’ facilities, drugs and devices 
manufacturers, insurance providers, policy makers and 
patient representatives [5].
In this complex environment, change is increasingly 

rapid and continuous, and its management is 
progressively difficult  [6]. Therefore, it is essential to 
understand how to manage change processes with a 
holistic approach [7, 8].
Change management can support these challenges being 
a structured approach to manage the transition from 
the current state to a desired one, considering human 
resources, materials, and processes [9].
A further issue is that relating to the success rate of the 
change initiatives which is estimated to be less than 
30% and change management plays an important role 
for the success of change initiatives  [10]. Moreover, 
scholars have often focused on tools that consider only 
parts of the change process or that focus on specific 
professionals [7].
Starting from these premises, the authors of this 
manuscript propose a conceptual framework that, by 
integrating methods already adopted in the healthcare 
context and considering its expanding and changing 
needs, will support change management in healthcare 
process innovations.
Specifically, this work seeks to address the following 
research question: how can change management support 
the implementation of services redesign in healthcare?
In detail, the objective of the analysis are:

Healthcare managment 
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Summary

Introduction. The introduction of process innovations in health‑
care organizations faces challenges in knowledge sharing and 
incorporating best practices due to a strong professional auton‑
omy, leading to resistance to change. The healthcare paradigm 
is shifting towards value-based organizations with a patient-cen‑
tered approach, requiring multidisciplinary care. Change man‑
agement is crucial, but current approaches are often limited. This 
study proposes a conceptual framework to support change man‑
agement in healthcare services redesign.
Methods. The proposed conceptual framework was devel‑
oped applying Jabareen’s multidimensional and multi-method 
approach. The methodology involved 8 steps consisting in litera‑
ture review, thematic and content analyses, concepts deconstruc‑
tion and aggregation, graphical design of the framework, external 
validation and revision.
Results. The framework integrates 53 evidences from the litera‑

ture, 3 macro areas of interest and 42 change management mod‑
els applied to the healthcare context, through 244 implementa‑
tion actions. Aggregation of concepts led to 15 macro topics 
applicable to all levels of change and composing the proposed 
framework. Interviews validated the framework, emphasizing the 
importance of people-focused approaches and addressing resist‑
ance to change. Moreover, steps most and less cited in the litera‑
ture are highlighted and differences between developed countries 
and economies in transition or developing countries are explored.
Conclusions. The article proposes a 15-step framework for 
change in healthcare services redesign. It integrates evidence 
from literature and change management models, emphasizing 
stakeholder involvement. A case study in South Africa highlights 
the importance of awareness, planning, communication, training, 
and continuous review. Further validation and adaptation are rec‑
ommended.
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Primary: to develop a conceptual framework for the 
application of change management in the field of 
healthcare services redesign. 
Secondary: to detect differences in the application of 
change management in healthcare in developed countries 
and economies in transition or developing countries.
The purpose of the analysis is, therefore, to propose a 
conceptual framework of change management, and 
identify and describe the different drivers of change 
management in the contexts of process innovation in 
healthcare, evaluating the differences related to its 
implementation in developed countries (e.g., Italy) and 
economies in transition or developing countries (e.g., 
South Africa), as defined by United Nations [11].

Methods

The development of the conceptual framework proposed 
is based on the multidimensional and multi-method eight-
phase approach published by Jabareen (2009) [12].
The approach combines literature review with qualitative 
research, following eight phases.
Phase 1, “Mapping the selected data sources”, involves a 
review of literature. The literature review was performed 
on June 21st, 2022, using the biomedical literature database 
PubMed. As suggested by Jabareen (2009) to ensure 
literature saturation, the search was performed on all 
fields and no restrictions have been imposed on the type of 
document, period of publication, area of interest, language, 
or country. To ensure validity of the results, only systematic 
reviews were included in the first literature analysis, while 
an additional search included also qualitative, quantitative, 
or mixed/multi methods analyses and case studies or 
experiments. The search string adopted is “change 
management”. Two reviewers with economic/managerial 
and engineering/managerial backgrounds independently 
screened the titles, abstracts and full texts yielded by the 
search and any disagreement was solved through discussion. 
To obtain saturation of information, the reference lists of 
the articles included in the narrative synthesis was scanned 
to add any additional article of interest.
Phase 2, “Extensive reading and categorizing of the 
selected data”, was performed through a qualitative 
analysis of the documents selected in the previous phase. 
Two reviewers analysed the documents and carried out a 
thematic analysis by grouping the information by topic/
concept and “representative power”, and any discrepancy 
was solved through discussion.
Phase 3, “Identifying and naming concepts”, the content 
of each document was analysed to identify the themes 
reported. The themes were clustered through the re-
reading of the documents.
Phase 4, “Deconstructing and categorizing the concepts”, 
was performed by the researchers individually with a 
subsequent discussion performed in group to finalise the 
analysis of each concept to deconstruct it. The concepts, 
their characteristics, and their role were then assessed, 
along with their methodological assumptions and main 
references.

Phase 5, “Integrating concepts”, was carried out grouping 
similar concepts to systematize the analysis.
Phase 6, “Synthesis, resynthesis, and making it all make 
sense”, consists in a synthesis of the concepts through 
an iterative process performed in team. The results of 
the previous phases were analysed, and the researchers 
built a consumptive framework using a graphical format.
Phase 7, “Validating the conceptual framework”, was 
performed through an external validation of the proposed 
framework. Data were retrieved through virtual audio-
recorded semi-structured interviews (using MS Teams) 
and transcribed in a Microsoft Word document  [13]. In 
detail, the guiding questions of the interview were related 
to the general perception of the interviewee towards the 
framework and its 15 steps in terms of completeness, 
deficiencies, and applicability of the framework, 
context peculiarities and more important steps in terms 
of change management application. The core concepts 
emerged through the interviews were synthesized using 
an extraction grid in Microsoft Excel. Moreover, a 
quantitative evaluation of completeness and applicability 
using a 7 levels Likert scale (i.e., 1 = very uncomplete/
very applicable, 2 = uncomplete/unapplicable, 3 = slightly 
uncomplete/slightly unapplicable, 4 = neutral, 5 = slightly 
complete/slightly applicable, 6  =  complete/applicable, 
7 = very complete/very applicable) was requested [14]. 
Phase 8, “Rethinking the conceptual framework”, the 
final phase of the approach, incorporates the revision of 
the framework following the feedback received as well 
as the continuous revision framework through iteration, 
due to the dynamic nature of healthcare context.
The analysis was approved by the Research Ethics 
Committee of Università Carlo Cattaneo - LIUC, 
Castellanza-Italy (P07.2-23) and by the Research Ethics 
Committee of University of Pretoria - Faculty of Health 
Sciences-South Africa (338/2023).

Results 

The results of the conceptualization process are reported 
in Table I, following the eight phases proposed by 
Jabareen (2009) and described in the previous section, 
along with the number of documents, topics/concepts, 
and experts included and involved in the analysis.

Fifty-three articles were selected through the literature 
review conducted. A full list of the articles is reported in 
the supplementary material (Supplement 1).
The thematic analysis of the literature led to the 
identification of three macro areas of interests, being 
local/individual change, organizational/institutional 
change, and systemic change.
The content analysis extrapolated forty-two models 
related to change management applied in the healthcare 
context. The list of the models presented in each article 
is reported in table II along with the authors of each 
model, the related themes, and the reference in which 
the model was cited.
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In details, the majority of the models (34/42) are 
concerning organizational/institutional change, thirty 
models are applicable to local/individual change and 
twenty-five to systemic change.
The deconstruction of the concepts of each model led to 
the extrapolation of two-hundred and forty-four actions 
for change management implementation applied to the 
healthcare context.
The aggregation of the concepts led to the identification 
of fifteen macro topics. The list of the concepts, their 
description, the reference model, and each concept 
related macro topics are reported in the supplementary 
material (Supplement 2). As emerged from literature, 
each topic is applicable to the three levels of change, but 
the strength of evidence differs. In Table III the number 
of times each topic was cited in models applicable for 
each level of change is reported along with how many 
models cite each topic.
As emerged, more than half of the models include 
Awareness, Assessment, Vision, Need, Plan and 
Communication while less than a quarter of the models 
consider Resistance, Test and Iteration.
All the macro topics were adopted for the formalisation 
of an integrated and general change management 
framework to guide local/individual change, 
organizational/institutional change and systemic change 
process redesign in healthcare.
The framework was discussed during six semi-structured 
interviews to experts from different fields from South 
Africa and Italy and reviewed considering the feedbacks 
retrieved. The characteristics of the three experts from 
South Africa are: a nursing and managerial profile, with 
responsibilities in the coordination of a district clinical 
specialist team; a medical doctor with coordination 
responsibilities dealing with issues related to 
governance, management, and policies; a medical doctor 
and clinical manager dealing with policies and economic 
evaluations. The three experts involved from Italy are: a 
nurse who covered the role of nursing coordinator and 
who is involved in training by coordinating a university 
course in the same field; a medical doctor director of a 
department in a general public hospital; a full professor 
of organization and human resources management.
From the interviews carried out in the South African 

context, it emerges that the framework is perceived 
as inclusive of all the steps useful for implementing a 
change management program, and also applicable at 
different levels and in various contexts and businesses in 
the healthcare sector. Interviewees agree that the focus 
of a change process should be people. The program 
should consider the implementation of a communication, 
information and training plan that makes people aware 
and able to understand the importance and benefits 
of change, as well as their role in the change related 
processes. The main critical aspect experienced by 
the experts in the field of change management is the 
resistance to change of the subjects involved, especially 
those with high seniority or high levels of responsibility. 
From the interviews carried out in the Italian context it 
emerged that the framework is perceived as complete and 
logical, but these aspects may have a negative impact in 
terms of complexity and applicability. The applicability 
is perceived as the most critical aspect since the services 
in the context considered have specificities as restrictive 
policies, urgency, high amount of work and professionals 
with deeply rooted culture and beliefs. Moreover, the 
issue of resistance to change emerged and this can have 
an impact in the involvement of professionals. It is 
recognized as necessary to implement an involvement 
strategy, a training and communication plan, to define 
the wins that change could bring to the subjects 
involved and to implement a strategy for prevention 
and management of resistance. Therefore, a bottom-
up approach should be preferred over a top-down one. 
Furthermore, the opportunity of creating adapted and 
simplified frameworks that meet specific needs or are 
applicable to specific contexts where a framework with 
many steps could be difficult to apply was suggested. 
Considering the synthetic numerical indicators, the 
average evaluations from South African experts 
concerning completeness and applicability are both equal 
to 6.33, while from Italian experts they are respectively 
equal to 7 and 3.33.
In both contexts the problem of resistance to change and 
the importance of the themes of involvement, information, 
communication, and training are highlighted. The South 
African context relates more to the problem of the will of 
individuals in terms of change actions, while the Italian 
context relates more to peculiar aspects of the healthcare 
sector (e.g., legal constraints, complexity of healthcare 
processes and population characteristics).
Accordingly, in the South African context interviewees 
are more positive about the possibility of implementing 
change actions thanks to the higher level of flexibility of 
the context, while in the Italian one the applicability is 
perceived as more difficult.
Based on the previous analysis, the proposed framework 
consists of 15 steps which are represented in figure 1 and 
described below.

Step 1: Awareness
At the beginning of any change process, it is necessary 
to be aware of what is happening in the organization 
through an analysis of the following elements: 

Tab. I. Framework conceptualization process.

Phase Results

1 Literature review (number of documents = 53)

2 Thematic analysis (number of topics/concepts = 3)

3 Content analysis (number of topics/concepts = 42)

4
Concepts deconstruction (number of topics/
concepts = 244)

5
Concepts aggregation (number of topics/concepts 
= 15)

6 Graphical design of the conceptual framework

7 Framework external validation (number experts = 6)

8 Revision of the conceptual framework
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Tab. II. Content analysis.

Model
Reference of 
the original 
publication

Theme
Reference in which 

the model was 
retrieved

The institutionalizing change model [15]
Local/individual change, organizational/

institutional change and systemic change
[16]

Beckhard-Harris change map [17]
Local/individual change and organizational/

institutional change 
[7, 18]

Six Steps [19]
Local/individual change, organizational/

institutional change and systemic change
[7, 10]

International Change Theory of 
Boyatzis

[20] Organizational/institutional change [8, 21]

Bullock and Batten’s four-phase 
model

[22]
Local/individual change, organizational/

institutional change and systemic change
[1, 7, 10]

Evaluation, re-evaluation, and action 
(ERA) Method

[23]
Local/individual change, organizational/

institutional change and systemic change
[7, 10]

“What” and “How” method [24]
Local/individual change, organizational/

institutional change and systemic change
[7, 10]

Process Reengineering [25]
Local/individual change, organizational/

institutional change and systemic change
[7, 10]

Deming’s System of Profound 
Knowledge PDSA cycles / Total 
Quality Management (TQM)

[26, 27] Local/individual change [7, 8, 10, 28]

CHSRF’s Evidence-Informed Change 
Management Approach

[29]
Local/individual change, organizational/

institutional change and systemic change
[1, 7]

Wheel [30]
Local/individual change, organizational/

institutional change and systemic change
[7, 10, 16]

General Electric’s (GE’s) Change 
Acceleration Process (CAP) model

[31] Organizational/institutional change [8, 32]

Influencer Change Model [33] Local/individual change [8, 28]

Insurrection 
Method

[34]
Local/individual change, organizational/

institutional change and systemic change
[7, 10]

CLARC Change model [35] Systemic change [8, 36]

Prosci ADKAR [37] Systemic change [8, 36]

Hinings and Greenwood’s Model of 
Change Dynamics

[38]
Local/individual change and organizational/

institutional change 
[1, 7]

Concern-based adoption model 
(CBAM)

[39] Organizational/institutional change [8, 40]

Institute for Healthcare 
Improvement’s Triple Aim Model

[41] Systemic change [1, 7]

Accelerated Implementation 
Methodology (AIM)

[42] Systemic change [8, 43, 44]

Canada Health Infoway’s Change 
Management Framework

[45]
Local/individual change, organizational/

institutional change and systemic change
[1, 7]

Judson 
Method

[46]
Local/individual change, organizational/

institutional change and systemic change
[7, 10, 16]

Jick & Kanter Ten 
Commandments for 
Executing Change

[47]
Local/individual change, organizational/

institutional change and systemic change
[7, 10, 48, 49]

Kanter Big Three Model of 
Organizational Change

[50]
Local/individual change and organizational/

institutional change 
[1, 7]

Participatory action research (PAR) [51]
Local/individual change, organizational/

institutional change and systemic change
[10, 7]

Kotter’s 8-Step Model [52]
Local/individual change, organizational/

institutional change and systemic change
[1, 4-8, 10, 16, 21, 

53-71]
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internal processes, organizational structure, history of 
change, culture, problems, enabling factors, context 
and dynamics, relationships among people, attitudes, 
orientations, motivations, skills and beliefs of people, 
agents of change. In addition, the external environment 
in socio-economic, political, and geographical terms 
should be investigated to understand the whole 
environment in qualitative terms.

Step 2: Assessment
The second step requires the understanding of strengths 
and weaknesses in quantitative terms. This can be achieved 
through the assessment of processes, level of stress, 
available resources (technologies, people, and materials), 
skills, institutional mechanisms and regulations, current 
outputs and performance, constraints, and risks.

Step 3: vision
Once the current situation has been defined in terms of 
organization and processes, as well as resources and 
results, it is useful to define the vision in terms of goals 

in the short, medium, and long term. It is important 
to define the target and what need is addressed, what 
change is expected to be achieved, and then the related 
strategy, outcomes, and value in qualitative terms.

Step 4: Need
Consequently, it is necessary to define in quantitative 
terms the objectives to be achieved. Problems and 
opportunities should be defined and then goals, and 
objectives should be settled.

Step 5: Wins
To encourage change, short-term payoffs, wins and 
rewards should be defined for all stakeholders. This will 
help to demonstrate the value of change and to make it 
desirable and a priority.

Step 6: Plan
A key step is the definition of the plan for change that 
should be integrated into the existing organizational 

Tab. II (follows). Content analysis.

Model
Reference of 
the original 
publication

Theme
Reference in which 

the model was 
retrieved

Advent Health Clinical 
Transformation (ACT) Model

[72] Local/individual change [8, 72]

Cake model
Landmark 
Worldwide 

reported by [40]
organizational/institutional change [8, 40]

Lewin’s 3-Stage Model of Change / 
Force-Field Model

[73]
Local/individual change, organizational/

institutional change and systemic change
[5-8, 10, 74-84]

Lippitt’s Phases of Change Theory [85]
Local/individual change, organizational/

institutional change and systemic change
[1, 7, 10, 80]

Luecke’s Seven steps 
Method

[86] Local/individual change, organizational/
institutional change and systemic change

[7, 10, 49]

Lukas Organizational Model for 
Transformational Change in 
Healthcare Systems

[9]
Local/individual change and organizational/

institutional change 
[1, 7]

Pettigrew’s Context/ Content/ 
Process Model

[87]
Local/individual change and organizational/

institutional change 
[1, 7, 88, 89]

National Health Service (NHS) 
Change Management Guidelines

[90]
Local/individual change, organizational/

institutional change and systemic change
[1, 7]

Prochaska and DiClemente’s Change 
Theory

[91]
Local/individual change, organizational/

institutional change and systemic change
[7, 80]

Riches four-stage model [92] Organizational/institutional change [8, 93]

Roger’s Diffusion of Innovation (DOI) 
Theory

[94] Organizational/institutional change [84]

AMICUS - Silversin and Kornacki’s 
model

[95] Organizational/institutional change [8, 21, 96]

Six Sigma DMAIC
Smith and Galvin 
1986 (Motorola) 
reported by [97]

Local/individual change, organizational/
institutional change and systemic change

[7, 10]

McKinsey 7S Model of Change [98] Organizational/institutional change [8, 83]

Lean Thinking [99]
Local/individual change, organizational/

institutional change and systemic change
[7, 10]

Young’s Nine Stage Framework [100] Local/individual change [8, 101]
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structure. The pathway should be defined along with the 
steps to be taken, the actions and the flow. All the subjects 
who will be affected by change should be involved 
during the whole process to ensure their understanding 
and support. In addition, the interactions and influences 
as well as the time and resources needed in human and 
material terms should be defined.

Step 7: Communication
To better manage the change process, communication 
should be addressed. Commitment and collaboration 
should be promoted by determining how to communicate 
the change to each professional by detailing the message, 
the way, and how to explain the implications of each 
action. Communication should not be unidirectional, but 

Tab. III. Topics and levels of change.

Topics
Number of citations

ModelsLocal/individual 
change

Organizational/institutional 
change

Systemic 
change

Total

Awareness 26 31 20 77 30

Assessment 22 25 16 63 26

Vision 28 29 27 84 25

Need 22 26 17 65 26

Wins 8 9 9 26 11

Plan 28 29 24 81 31

Communication 36 42 38 116 30

Resistance 7 8 5 20 10

Training 6 7 7 20 11

Test 3 4 2 9 5

Revision 10 10 9 29 11

Implementation 16 17 14 47 20

Monitoring 17 14 14 45 19

Institutionalization 16 14 15 45 16

Iteration 5 3 4 12 6

Fig. 1. 15-Steps conceptual framework. 
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it is important to receive feedbacks and to interact with all 
the stakeholders, as well as to generate empowerment. In 
these terms, the communication and change leaders who 
can guide, support, engage, and gain approval should also 
be defined.

Step 8: Resistance
To avoid problems in implementing change, it is useful 
to identify possible sources of resistance, to define 
how to prevent them and how to approach them if any 
problem arises. Response and intervention plans should 
be established in the event of adverse attitudes or change 
rejection.

Step 9: Training
In the establishment of an environment suitable for change 
a key role is played by training. A training plan should 
be defined for instruction, education, skills and capacity 
development, and a plan to help or support people should 
be detailed.

Step 10: Test
Once the path to be taken and the management of detours 
have been defined, change should be experimented through 
a test.

Step 11: Revision
After the test, it should be understood what worked well, 
what could be improved, and what was wrong and should 
be revised. During this step the plan is revised and adjusted 
involving all stakeholders, based on the test outputs.

Step 12: Implementation
Once the path has been defined and revised as described 
in the previous step, change can be implemented. All the 
actions defined by the plan should be introduced and the 
new processes should be implemented.

Step 13: Monitoring
When the change has been implemented, it should be 
checked by periodic and continuous monitoring. Outputs 
and progress should be measured and reviewed, and 
feedbacks on results should be collected.

Step 14: Institutionalization
Change should be institutionalized through mechanisms of 
reinforcement and integration in the organizational culture. 
Change should be propagated and made a habit.

Step 15: Iteration
Change cannot be a stable process but should be 
constantly revised and adapted, and therefore the actions 
should be periodically readapted through the iteration of 
the previous steps.

Discussion and conclusions

The article describes the stages of development and 

proposes a 15-step conceptual framework for supporting 
change in healthcare process innovations. The structuring 
of the framework integrates 53 evidences from the 
literature and 42 change management models applied 
to the healthcare context, through 244 implementation 
actions.
The focus in the structuring of the framework is not 
only placed on the steps to follow but also on their 
implementation. The importance of involving the 
stakeholders affected by the change is highlighted in 
each step, as strongly suggested in the literature and by 
the experts interviewed.
The methodology for the framework conceptualization 
follows eight development steps proposed by Jabareen 
(2009) and it integrates literature analysis, qualitative 
methods, and interactive processes of co-creation with 
international experts [12].
Thanks to the use of an integrated multi-method process, 
the proposed framework intends to be a generalized 
tool applicable to different healthcare contexts and it is 
proposed as a step-by-step guide to support change in 
healthcare processes.
The validation of the framework is further supported by a 
real-world analysis. The case study investigated refers to 
the work of Basu (2021) [102]. The analysis investigated 
the implementation of a District Clinical Specialist Team 
(DCST) in the Ekurhuleni Health District and its three 
sub-districts, one of five districts of Gauteng province 
(South Africa) in the context of maternal health.
The work suggests the importance of awareness and 
initial assessment to fully understand the organizational 
structure of the service provider and to define a vision 
and the needs to be addressed and then to establish an 
action plan. Therefore, to support change initiatives 
a specific focus should be given to the role of each 
actor. This aspect should be achieved establishing wins, 
implementing a communication, and training plan, and, 
above all, being prepared to manage resistance and to 
support the institutionalization of actions. Furthermore, 
to test and monitor the implementation of actions is 
necessary in order to understand the results of the 
changes adopted, and a continuous review is essential in 
order to follow the changing needs of the context. Finally, 
the work highlighted that the results of the process 
re-engineering, in terms of improvement of maternal 
health indicators, can be related to the management of 
change, specifically concerning communication and 
empowerment of the subjects involved who have held 
the role of change agents [102].
Pilot tests will help to further validate the method and 
to highlight its outputs in terms of success of change 
processes.
The analysis is supported by the use of a structured multi-
method design for the development of generalizable 
grounded theory that includes desk research and experts’ 
opinion. The limitations of the analysis are the use of a 
non-systematic literature review, the inclusion of models 
applied to heterogeneous healthcare contexts, the lack 
of an experimental validation and the involvement of 
experts from only two national contexts. 
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Future studies should analyse other geographical 
contexts in order to enlarge the evidence, experimental 
studies aimed at defining the needs and peculiarities of 
specific services and test the applicability of the method 
should be implemented and the framework could be 
revised based on future changes in the context or specific 
needs.
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Recognize when a significant 
shift impacts key success 
factors

Control the processes “What” and “How” method
Awareness, 
Assessment

Identify which factors are in 
need of adjustment

Identify criticalities “What” and “How” method Need

Determine what changes are 
necessary in each factor

Define the objective “What” and “How” method Vision

Formalize decision to proceed 
with changes

Identify the actions “What” and “How” method Plan

Execute changes to achieve full 
intent

Implement the change “What” and “How” method Implementation

Define the change
State a definition of change and 
outcomes

Accelerated Implementation 
Methodology (AIM)

Need, Vision

Build agent capacity
Identify Change Agents and sustain 
competency development

Accelerated Implementation 
Methodology (AIM)

Awareness

Assess the climate
Check for implementation history and 
current level of stress

Accelerated Implementation 
Methodology (AIM)

Assessment

Generate Sponsorship Create commitment
Accelerated Implementation 
Methodology (AIM)

Communication

Determine change approach
Define if change is compliance-driven 
or commitment-driven

Accelerated Implementation 
Methodology (AIM)

Vision

Develop target readiness
Identify sources of resistance and how 
to manage them

Accelerated Implementation 
Methodology (AIM)

Resistance

Build communication plan
Define messages, audience and 
implement a feedback loop 

Accelerated Implementation 
Methodology (AIM)

Communication, 
Monitoring, Iteration

Develop reinforcement 
strategy

Create reinforcement mechanisms to 
reinforce performance expectations

Accelerated Implementation 
Methodology (AIM)

Institutionalization

Create cultural fit
Create consistency of the change with 
the corporate culture

Accelerated Implementation 
Methodology (AIM)

Vision

Prioritize action
Develop an Implementation Plan that 
is integrated with the technical project 
plan

Accelerated Implementation 
Methodology (AIM)

Plan

Design
Define change needed, assemble team, 
develop vision, communicate, and 
mitigate barriers

Advent Health Clinical 
Transformation (ACT) Model

Plan, Vision, 
Communication

Pilot Define short run wins
Advent Health Clinical 
Transformation (ACT) Model

Wins

Implement Maintain focus and educate
Advent Health Clinical 
Transformation (ACT) Model

Training, 
Implementation

Sustain
Institutionalize into culture and 
measure

Advent Health Clinical 
Transformation (ACT) Model

Monitoring, 
Institutionalization

Performance Continual feedback
Advent Health Clinical 
Transformation (ACT) Model

Monitoring, Iteration

Leadership
Define a guide that can understand, 
support, explain, and implement

AMICUS Silversin and 
Kornacki’s model

Communication

Shared vision Establish a vision statement
AMICUS Silversin and 
Kornacki’s model

Vision

Culture and compact Information and awareness
AMICUS Silversin and 
Kornacki’s model

Awareness

Aligning the team Create a coalition
AMICUS Silversin and 
Kornacki’s model

Communication

Involving physicians early Engage physicians
AMICUS Silversin and 
Kornacki’s model

Communication

Developing tension Create urgency
AMICUS Silversin and 
Kornacki’s model

Communication
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Addressing resistance
Identify and define how to approach 
resistances

AMICUS Silversin and 
Kornacki’s model

Resistance

Building consistency Define durable actions
AMICUS Silversin and 
Kornacki’s model

Plan

Why change Define the need Beckhard-Harris change map Need

Define the desired future state Define the objective Beckhard-Harris change map Need

Describing the present state Describe problems Beckhard-Harris change map
Awareness, 
Assessment

Getting from here to there Define the route Beckhard-Harris change map Plan

Managing during the transition 
stage

Measure the progress Beckhard-Harris change map Monitoring

Exploration Define the need for change
Bullock and Batten’s four-
phase model

Need

Planning Understand the problem
Bullock and Batten’s four-
phase model

Plan

Action Identify, agree, and implement change
Bullock and Batten’s four-
phase model

Assessment, 
Implementation

Integration Stabilize and embed change
Bullock and Batten’s four-
phase model

Institutionalization

Conversation of 
acknowledgment

Understand the goals Cake model Need

Conversation of action Define what to do Cake model Plan

Conversation of possibilities 
and opportunities

Scan the variety of possibilities of how 
to achieve that goal

Cake model Awareness

Conversation of relatedness 
and purpose

Explore staff’s capabilities Cake model Assessment

Governance and leadership
Define mechanisms that guide and 
regulate the course of an organization

Canada Health Infoway’s 
Change Management 
Framework

Assessment

Stakeholder engagement

Informing / involving / consulting /
collaborating / empowering people 
who can affect or who are affected by 
the achievement of an organization’s 
objective

Canada Health Infoway’s 
Change Management 
Framework

Awareness, 
Communication

Communications
Deliver the right message, to the right 
person, through the right channel, at 
the right time

Canada Health Infoway’s 
Change Management 
Framework

Communication

Workflow analysis and 
integration

Workflow analysis and integration
Canada Health Infoway’s 
Change Management 
Framework

Plan

Training and education
Provide instruction for knowledge and 
skill development

Canada Health Infoway’s 
Change Management 
Framework

Training

Monitoring and evaluation Oversee and assess impacts
Canada Health Infoway’s 
Change Management 
Framework

Monitoring

Planning
Understand context and dynamics and 
determine the readiness and capacity

CHSRF’s Evidence-Informed 
Change Management 
Approach

Awareness, Plan

Implementing
Take actions improving effectiveness 
and efficiency

CHSRF’s Evidence-Informed 
Change Management 
Approach

Implementation

Spreading Propagate change
CHSRF’s Evidence-Informed 
Change Management 
Approach

Institutionalization
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Sustaining Monitor and adjust processes
CHSRF’s Evidence-Informed 
Change Management 
Approach

Monitoring, Revision

Communicator Explain changes and their impact CLARC Change model Communication

Liaison
Report to leaders the impact of change 
and to staff the feedbacks

CLARC Change model Communication

Advocate Promote positive attitude CLARC Change model Communication

Resistance Manager Understand and address resistance CLARC Change model Resistance

Coach Help to build knowledge CLARC Change model Training

Innovation Configurations Define a goal
Concern-based adoption 
model (CBAM)

Need

Stage of Concerns
Identify staff members’ attitudes and 
beliefs

Concern-based adoption 
model (CBAM)

Awareness

Levels of Use
Understand how staff are using a 
program

Concern-based adoption 
model (CBAM)

Assessment

Plan Plan the change

Deming’s System of 
Profound Knowledge 
PDSA cycles / Total Quality 
Management (TQM)

Plan

Do Carry out or test the change

Deming’s System of 
Profound Knowledge 
PDSA cycles / Total Quality 
Management (TQM)

Implementation, Test

Study/Check Examine the results

Deming’s System of 
Profound Knowledge 
PDSA cycles / Total Quality 
Management (TQM)

Monitoring

Act
Adopt the change or run again the 
cycle

Deming’s System of 
Profound Knowledge 
PDSA cycles / Total Quality 
Management (TQM)

Revision, Iteration

Evaluate total performance Measure the as-is performance
Evaluation, re-evaluation, 
and action (ERA) Method

Assessment

Re-evaluate system design 
management and culture

Measure the as-is organization
Evaluation, re-evaluation, 
and action (ERA) Method

Awareness

Act: Develop a change strategy, 
an action plan and conduct 
training

Plan the change and train
Evaluation, re-evaluation, 
and action (ERA) Method

Plan, Training

Leading Change Develop leadership commitment
General Electric’s (GE’s) 
Change Acceleration Process 
(CAP) model

Communication

Creating A Shared Need Define a need for all the stakeholders
General Electric’s (GE’s) 
Change Acceleration Process 
(CAP) model

Need

Shaping a Vision Articulate a clear and legitimate vision 
General Electric’s (GE’s) 
Change Acceleration Process 
(CAP) model

Vision

Mobilizing Commitment Execute an influence strategy
General Electric’s (GE’s) 
Change Acceleration Process 
(CAP) model

Implementation

Making change last Assess helping and hindering factors
General Electric’s (GE’s) 
Change Acceleration Process 
(CAP) model

Awareness

Monitoring process Measure progresses
General Electric’s (GE’s) 
Change Acceleration Process 
(CAP) model

Monitoring
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Changing Systems and 
Structures

Identify what influence the change and 
adapt it

General Electric’s (GE’s) 
Change Acceleration Process 
(CAP) model

Revision

Power dependencies Define relations within the organization
Hinings and Greenwood’s 
Model of Change Dynamics

Awareness

Interest dissatisfaction
Define orientation and motivation of 
members

Hinings and Greenwood’s 
Model of Change Dynamics

Awareness

Value commitments
Determine the skill of leadership in 
generating commitment

Hinings and Greenwood’s 
Model of Change Dynamics

Communication

Market context
Understand needs of market and 
constraints

Hinings and Greenwood’s 
Model of Change Dynamics

Need

Institutional context
Understand institutional needs and 
constraints

Hinings and Greenwood’s 
Model of Change Dynamics

Assessment

Capacity for action
Understand environmental, 
technological, and size-related 
constraints

Hinings and Greenwood’s 
Model of Change Dynamics

Assessment

Organizational change Determine implementation actions
Hinings and Greenwood’s 
Model of Change Dynamics

Plan

Clarify measurable results Specify goals/outcomes Influencer Change Model Assessment

Find vital behaviours Determine needs Influencer Change Model Need

Use six sources of influence
Personal/Social/Structural Motivation/
Ability

Influencer Change Model Awareness

Individuals and Families
Develop relationships, involve, and 
empower

Institute for Healthcare 
Improvement’s Triple Aim 
Model

Communication

Redesign of “Primary Care” 
Services and Structures

Develop health promotion
Institute for Healthcare 
Improvement’s Triple Aim 
Model

Communication

Prevention and Health 
Promotion

Reduce the need of healthcare
Institute for Healthcare 
Improvement’s Triple Aim 
Model

Plan

Cost Control Make economic evaluations
Institute for Healthcare 
Improvement’s Triple Aim 
Model

Wins, Monitoring

System Integration Match services and demand
Institute for Healthcare 
Improvement’s Triple Aim 
Model

Vision

Build a point of View
Identify opportunities and a business 
concept

Insurrection 
Method

Need

Write a manifesto
Draw implications and explain 
inevitability

Insurrection 
Method

Vision

Create a coalition Identify voluntary recruits
Insurrection 
Method

Communication

Pick your targets and your 
moments

Involve someone with power and use 
the right moment

Insurrection 
Method

Communication

Co-opt and neutralize Create a win-win situation
Insurrection 
Method

Wins

Find a translator Identify forward thinking
Insurrection 
Method

Communication

Win small, win early, win often Demonstrate the success
Insurrection 
Method

Wins, Monitoring

Isolate, infiltrate, integrate Spread the idea
Insurrection 
Method

Communication

The ideal self Define the objective
International Change Theory 
of Boyatzis

Need
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The real self Analyse strengths and gaps
International Change Theory 
of Boyatzis

Awareness, 
Assessment

A learning agenda Reinforce strengths and reduce gaps
International Change Theory 
of Boyatzis

Plan

Practice
Experiment with and practice new 
habits

International Change Theory 
of Boyatzis

Test

Get support Create supportive helps
International Change Theory 
of Boyatzis

Communication, 
Training

Analyze the organization and 
its need for change

Analyse the status of the organization, 
strengths, weaknesses and needs

Jick & Kanter Ten 
Commandments for 
Executing Change

Awareness, 
Assessment, Need

Create a vision and a common 
direction

Create a central vision
Jick & Kanter Ten 
Commandments for 
Executing Change

Vision

Separate from the past Disengaging from the past
Jick & Kanter Ten 
Commandments for 
Executing Change

Vision

Create a sense of urgency Convince that change is necessary 
Jick & Kanter Ten 
Commandments for 
Executing Change

Communication

Support a strong leader role
Choose a leader to guide, drive, and 
inspire the team

Jick & Kanter Ten 
Commandments for 
Executing Change

Communication, Plan

Line up political sponsorship
Create a supportive environment with 
managers, change implementors and 
recipients of change

Jick & Kanter Ten 
Commandments for 
Executing Change

Communication

Craft an implementation plan Develop a change plan
Jick & Kanter Ten 
Commandments for 
Executing Change

Plan

Develop enabling structures
Create new mechanisms for 
implementing change

Jick & Kanter Ten 
Commandments for 
Executing Change

Implementation

Communicate, involve people 
and be honest

Create empowered and aware 
environment using full involvement, 
communication, and disclosure

Jick & Kanter Ten 
Commandments for 
Executing Change

Communication

Reinforce and institutionalize 
change

Make the change the new normal and 
top priority to prove the commitment

Jick & Kanter Ten 
Commandments for 
Executing Change

Implementation, Wins, 
Institutionalization

Analyze and plan change
Analyse the organization and make a 
plan

Judson 
Method

Assessment, Plan

Communicate the change Communicate to people
Judson 
Method

Communication

Gain acceptance of new 
behaviours

Eliminate resistances
Judson 
Method

Resistance

Change from status quo to a 
desired state

Implement and empower others to act 
on the change

Judson 
Method

Implementation

Consolidate and institutionalize 
the new state

Reinforce and institutionalize change
Judson 
Method

Institutionalization

Motions

Define motion (Organization –
Environmental / Intraorganizational 
Components / Intraorganizational 
Individuals)

Kanter et al. “Big Three” 
Model of Organizational 
Change

Assessment

Changes
Define change (Identity / Coordination 
/ Control)

Kanter et al. “Big Three” 
Model of Organizational 
Change

Need
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Roles
Defile role (Strategist / Implementer / 
Recipient)

Kanter et al. “Big Three” 
Model of Organizational 
Change

Awareness, 
Communication

Increase Urgency Create a sense of urgency Kotter’s 8-Step Model Communication

Build the Guiding Team Pull together a guiding team Kotter’s 8-Step Model Communication

Get the Vision Right Create clear, simple, uplifting visions Kotter’s 8-Step Model Vision

Communicate for Buy-In
Communicate the vision through 
simple, heartfelt messages

Kotter’s 8-Step Model Communication

Empower Action Empower people to act on the vision Kotter’s 8-Step Model
Communication, 
Vision

Create short-term wins
Create short-term wins to make results 
tangible

Kotter’s 8-Step Model Wins

Don’t Let Up
Maintain momentum and state of 
emergency

Kotter’s 8-Step Model Communication

Make change stick Anchor changes in corporate culture Kotter’s 8-Step Model Institutionalization

Specify the value desired by 
the customer

Define the objective Lean Thinking Need

Identify the value stream for 
each product that adds value

Identify the value Lean Thinking Vision

Make the product flow 
continuously

Create a continuous flow Lean Thinking Plan

Introduce pull between all 
steps from the next upstream 
activity

Eliminate push actions Lean Thinking Plan

Begin the process again until 
reaching perfection

Iterate the process Lean Thinking Revision, Iteration

Unfreeze
Information and awareness for those 
who will be affected by the change

Lewin’s 3-Stage Model of 
Change 

Awareness, 
Communication

Change Introduction of change and transition
Lewin’s 3-Stage Model of 
Change 

Implementation

Freeze Refreezing and stabilization of change
Lewin’s 3-Stage Model of 
Change 

Institutionalization

Scout Diagnose the problem
Lippitt’s Phases of Change 
Theory

Need

Enter
Make an assessment of capacity and 
motivation

Lippitt’s Phases of Change 
Theory

Awareness, 
Assessment

Diagnose
Diagnosing the system’s client problem 
and identify agent’s commitment to 
change, power, and stamina

Lippitt’s Phases of Change 
Theory

Vision

Plan
Establishing alternative routes defining 
strategies and action plan

Lippitt’s Phases of Change 
Theory

Plan

Act
Transforming intentions into actual 
efforts and select and understand the 
role of change agents

Lippitt’s Phases of Change 
Theory

Awareness

Stabilize and evaluate
Stabilise change with communication, 
coordination, and feedbacks

Lippitt’s Phases of Change 
Theory

Communication, 
Monitoring

Terminate Withdraw from helping relationships
Lippitt’s Phases of Change 
Theory

Implementation

Mobilize energy and 
commitment by jointly 
identifying problems and 
solutions

Accept the need and the urgency and 
identify problems

Luecke’s Seven steps 
Method

Awareness, 
Assessment, Need

Develop a shared vision of how 
to organize and manage for 
competitiveness

Develop a vision and motivate 
employees to accept change

Luecke’s Seven steps 
Method

Vision, Resistance, 
Wins
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Concept Description Reference Topics

Identify the leadership
Use a strong leadership in supporting 
change

Luecke’s Seven steps 
Method

Communication

Focus on results, not on 
activities

Measure the results
Luecke’s Seven steps 
Method

Monitoring

Start change at peripheries and 
let it spread without pushing 
from top

Implement the natural change
Luecke’s Seven steps 
Method

Implementation

Instil success through policies, 
procedures and systems

Guide the transition
Luecke’s Seven steps 
Method

Plan

Review and adjust strategies in 
response to arising problems

Monitor and adjust strategies for any 
problem 

Luecke’s Seven steps 
Method

Monitoring, Revision

Impetus to transform Manage external pressures
Lukas Organizational Model 
for Transformational Change 
in Healthcare Systems

Awareness

Leadership commitment and 
support

Acknowledgement of senior 
management of the necessity of 
change

Lukas Organizational Model 
for Transformational Change 
in Healthcare Systems

Communication

Improvement initiatives
Engage staff in meaningful problem 
solving and initiatives to better 
operations

Lukas Organizational Model 
for Transformational Change 
in Healthcare Systems

Communication, Plan

Alignment from top to bottom
Alignment to achieve consistency of 
organization

Lukas Organizational Model 
for Transformational Change 
in Healthcare Systems

Vision

High quality patient care
Integration to bridge traditional intra-
organizational boundaries between 
individual components

Lukas Organizational Model 
for Transformational Change 
in Healthcare Systems

Resistance, 
Implementation

Strategy Define a plan of action
McKinsey 7S Model of 
Change

Vision, Need

Systems Schedule daily activities and procedures
McKinsey 7S Model of 
Change

Plan

Structure Organizational structure
McKinsey 7S Model of 
Change

Awareness

Staff Map people and capabilities
McKinsey 7S Model of 
Change

Assessment

Skills Define skills and competencies needed
McKinsey 7S Model of 
Change

Training

Shared Values Understand goal and core values
McKinsey 7S Model of 
Change

Need

Style Strategical leadership
McKinsey 7S Model of 
Change

Communication

Know where you’re going and 
why

Define outcome, develop business case, 
and select the team

National Health Service 
(NHS) Change Management 
Guidelines

Need, Plan

Analyse and design Design the process and the strategy
National Health Service 
(NHS) Change Management 
Guidelines

Plan, Vision

Gain commitment Develop commitment
National Health Service 
(NHS) Change Management 
Guidelines

Communication

Deliver it Implement and execute the actions
National Health Service 
(NHS) Change Management 
Guidelines

Implementation

Reinforce it Revise the actions
National Health Service 
(NHS) Change Management 
Guidelines

Revision
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Concept Description Reference Topics

Sustain it
Make it sustainable and create 
continuous improvement

National Health Service 
(NHS) Change Management 
Guidelines

Institutionalization, 
Iteration

Identify problems Define the need
Participatory action research 
(PAR)

Need

Consult an external expert Involve external experts
Participatory action research 
(PAR)

Communication

Gather data and perform initial 
diagnosis

Measure and evaluate
Participatory action research 
(PAR)

Assessment

Give feedback to management Return to management
Participatory action research 
(PAR)

Communication

Jointly diagnose problems Determine the problems in group
Participatory action research 
(PAR)

Need

Perform a joint action planning Plan the steps in group
Participatory action research 
(PAR)

Plan

Act Implement the change
Participatory action research 
(PAR)

Implementation

Gather data after action Measure and revise
Participatory action research 
(PAR)

Monitoring, Revision

Content Define area, target, and assumptions
Pettigrew’s Context/ 
Content/ Process Model

Need, Vision

Context

Define internal context (strategy, 
structure, culture, management, and 
political processes) and external context 
(national, economic, political, and social)

Pettigrew’s Context/ 
Content/ Process Model

Awareness, 
Assessment

Process
Define actions, reactions, interactions, 
models of change, implementation 
approach and patterns

Pettigrew’s Context/ 
Content/ Process Model

Plan, Resistance, 
Implementation

Identify and select processes 
for redesign

Identify processes and prioritize in 
terms of urgency (most important or 
higher conflict)

Process Reengineering Need

Identify enablers for new 
process design

Map capabilities Process Reengineering
Awareness, 
Assessment

Define the business strategy 
and process vision

Specify business objectives Process Reengineering Need, Vision

Understand the current 
process’s flow and structure

Analyse processes and systems Process Reengineering
Awareness, 
Assessment

Design the new process Design involving users Process Reengineering Plan

Prototype the new process
Prototype and refine with successive 
iterations

Process Reengineering
Test, Revision, 
Iteration

Implement the process and 
associated systems

Implement the new processes to 
support change

Process Reengineering Implementation

Communicate ongoing results 
of the effort

Use communication strategies Process Reengineering Communication

Build commitment toward 
change at each step

Create cohesion Process Reengineering Institutionalization

Pre-contemplation Acknowledge the problems
Prochaska and DiClemente’s 
Change Theory

Awareness, 
Assessment, Need

Contemplation Raise consciousness of the issue
Prochaska and DiClemente’s 
Change Theory

Awareness, 
Communication

Preparation Plan the change
Prochaska and DiClemente’s 
Change Theory

Plan

Action Engage in change activities
Prochaska and DiClemente’s 
Change Theory

Implementation



S. SILVOLA ET AL.

E432

Supplement 2 (follows). Concepts deconstruction and aggregation 

Concept Description Reference Topics

Maintenance
Reinforce the 
change

Prochaska and DiClemente’s 
Change Theory

Institutionalization

Relapse Revisit the actions
Prochaska and DiClemente’s 
Change Theory

Revision

Awareness
Define nature of change, needs and 
risks and draft communication program

Prosci ADKAR 
Awareness, 
Communication

Desire
Define goals and demonstrate 
commitment

Prosci ADKAR Need

Knowledge
Define steps for change and training 
strategy

Prosci ADKAR Plan, Training

Ability Facilitate capability building Prosci ADKAR Training

Reinforcement Define rewards and give feedbacks Prosci ADKAR Wins, Monitoring

Denial
Management of shock, disbelief or 
rejection using communication

Riches four-stage model 
Resistance, 
Communication

Resistance
Management of adverse attitude and 
resistance using acknowledgement

Riches four-stage model Resistance

Exploration
Exploration and testing of change using 
support, training, and short-term goals

Riches four-stage model Training, Wins, Test

Commitment
Managing the acceptance of change as 
a new routine using recognition

Riches four-stage model Implementation

Awareness

Define categories for adopter of 
innovation (Innovators, Early Adopters, 
Early Majority, Late Majority and 
Laggards)

Roger’s Diffusion of 
Innovation (DOI) Theory

Awareness

Persuasion
Definition of the attitude (favourable or 
unfavourable)

Roger’s Diffusion of 
Innovation (DOI) Theory

Awareness

Decision Understand pros and cons
Roger’s Diffusion of 
Innovation (DOI) Theory

Assessment, Wins

Implementation Puts the innovation to use
Roger’s Diffusion of 
Innovation (DOI) Theory

Implementation

Continuation Checks the results
Roger’s Diffusion of 
Innovation (DOI) Theory

Monitoring

Define Build Awareness Six Sigma DMAIC Awareness

Measure Define the need Six Sigma DMAIC Need, Assessment

Analyze Create desire to change Six Sigma DMAIC
Communication, 
Monitoring, Wins

Improve Define abilities and train knowledge Six Sigma DMAIC Training

Control Reinforce the change Six Sigma DMAIC Institutionalization

Jointly diagnosis change Mobilise commitment Six Steps
Awareness, 
Communication

Develop a shared vision Define how to organize and manage Six Steps Vision, Plan

Foster consensus for change Create cohesion and competence Six Steps Training

Spread revitalization to all 
department

Revitalise from bottom to top Six Steps Revision

Institutionalize revitalization 
through policies

Define policies, structures, and systems Six Steps Institutionalization

Monitor and adjust strategies Respond to problems Six Steps
Monitoring, 
Resistance

The change message

Identification of five key change beliefs: 
discrepancy, appropriateness, self-
efficacy, principal support, personal 
valence

The institutionalizing change 
model

Assessment
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Commitment

Make emphasis on change recipient 
involvement and participation: 
compliance, identification, and 
internalization

The institutionalizing change 
model

Awareness

Readiness Use effective Organizational Diagnosis
The institutionalizing change 
model

Awareness

Adoption Create readiness for change
The institutionalizing change 
model

Communication

Strategies

Define the strategy: active 
participation, management of internal 
/ external information, formalization 
activities, diffusion practices, rites 
and ceremonies, human resource 
management practices, persuasive 
communication

The institutionalizing change 
model

Plan, Vision, 
Communication

Institutionalize revitalization 
through policies

Understand managerial influence 
strategies and institutionalize into 
culture

The institutionalizing change 
model

Institutionalization

Assessment Assess the change measuring
The institutionalizing change 
model

Monitoring

Reinforcement
Reinforce using change agents and 
targets attributes

The institutionalizing change 
model

Wins, 
Institutionalization

Establish the need to change Create urgency Wheel Need, Communication

Develop and spread a vision of 
a planned change

Communicate and disseminate Wheel
Vision, 
Communication

Diagnose and analyze the 
current situation

Focus on the current state Wheel Awareness

Generate recommendations Identify potential paths Wheel Assessment, Plan

Detail the recommendations Lists the options Wheel Plan

Pilot test the 
recommendations

Test the change Wheel Test

Prepare the recommendations 
for rollout

Refine recommendations and prepare 
a plan

Wheel Revision

Roll out the recommendations Implement the change Wheel Implementation

Measure, reinforce, and refine 
the change

Monitors, adapts, and reinforces the 
changes 

Wheel
Monitoring, 
Institutionalization

Pre-change
Definition of potential changes, risks, 
and problems

Young’s Nine Stage 
Framework

Awareness, 
Assessment, 
Resistance

Stimulus
Awareness to the signs of a potential 
need for change

Young’s Nine Stage 
Framework

Need

Consideration Identify the reasons for change
Young’s Nine Stage 
Framework

Vision

Validate need
Define who, what, when and why 
change

Young’s Nine Stage 
Framework

Plan

Preparation Define progress criteria and monitoring
Young’s Nine Stage 
Framework

Monitoring

Commit
Identify the commitment necessary to 
overcome resistance

Young’s Nine Stage 
Framework

Resistance

Do-check-act
Activate a guided process of change to 
keep the transition phase aligned

Young’s Nine Stage 
Framework

Communication, 
Monitoring

Results Build a continuous learning process
Young’s Nine Stage 
Framework

Training

New normal
Establish an embedded new behavioural 
norm to deliver unconscious results

Young’s Nine Stage 
Framework

Institutionalization
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Background. Family physicians play a crucial role in healthcare 
delivery systems worldwide. In Iran, the family physician program 
has been introduced in only two provinces, with its expansion to 
other regions currently stalled due to various challenges. This 
study aims to identify the barriers and challenges hindering the 
effective implementation of the family physician program in urban 
areas of Iran.
Methods. This qualitative study utilized purposeful sampling to 
select health system policymakers, senior administrators, and 
physicians as participants. Data were collected through semi-
structured interviews with 32 participants until saturation was 
reached. The data were analyzed using grounded theory, involv‑
ing open, axial, and selective coding to identify key themes and 
sub-themes.

Results. The primary challenge in implementing the urban family 
physician program was conflicting interests among stakeholders, 
identified as the core category. Key contributing factors included 
payment mechanism complexities, stewardship, structural issues, 
financial constraints, and cultural elements. Specialist physi‑
cians, in particular, resisted the program’s implementation, often 
employing reverse referral as a coping strategy. These challenges 
collectively hindered the nationwide rollout of the program.
Conclusions. Addressing the barriers to implementing urban 
family physician policies requires a comprehensive reassessment 
of stakeholder roles and a restructuring of the payment system. 
Additionally, proactive efforts to resolve the complex contextual 
challenges within the healthcare system are essential for the suc‑
cessful implementation of these policies.
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Summary

Introduction

The family physician program stands as a globally 
recognized cornerstone of healthcare systems  [1]. The 
World Health Organization (WHO) has emphasized 
the pivotal role of implementing the family physician 
program as a strategic imperative to enhance healthcare 
service quality, foster equitable healthcare distribution, 
and curtail costs  [2]. Therefore, family physicians 
bear the responsibility of furnishing comprehensive 
and high-quality healthcare services to safeguard and 
enhance individual, familial, and communal well-
being  [3]. Moreover, evidential discourse underscores 
the indispensability of this program in realizing universal 
health coverage (UHC) [4, 5]. As a result more than 100 
nations are affiliated with the World Organization of Family 
Doctors (WONCA) and have embraced this paradigm. In 
these countries, the family physician program, open to all 
citizens, is delineated, and family physicians fulfil the 
role of gatekeepers within the healthcare framework [6].

Considering the absolute benefits of family physician 
programs, most nations would be motivated to establish 
such initiative. Nevertheless, the rollout of the family 
physician program has been a tapestry of accomplishments 
and trials. Manca et al. underscored in the Canadian 
context the pivotal attributes of comprehensive care, 
preventive care, and care continuity engendered by this 
program  [7]. Meanwhile, Scler’s study spotlighted the 
United States, where issues in payment systems and 
conflicts of interest with insurers, alongside disparate 
care quality and coverage among payer entities, emerged 
as primary program challenges  [8]. In other studies, 
the most important challenges of the family physician 
program were weak governance, financing and payment 
system problems, weak referral system and cultural 
considerations [9, 10]. 

Family physician program in Iran

In the Iranian context, after a comprehensive analysis of 
diverse healthcare systems and a nuanced assessment of 
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the Canadian and British family physician models, the 
Ministry of Health and Medical Education (MoHME) 
inaugurated a family physician program tailored for rural 
regions in 2005 [11]. Subsequently, efforts were directed 
toward extending this program to urban areas, with Fars 
and Mazandaran provinces serving as pilot zones since 
2012. However, despite a decade’s passage, this initiative 
remains confined to a mere two out of the nation’s 31 
provinces, a trajectory that fails to exhibit nationwide 
proliferation  [12]. Owing to the relative novelty of this 
program within the country, empirical inquiry delving 
into the predicaments and challenges of the urban family 
physician program (UFPP) has been scant. Behzadifar 
et al. uncovered persisting obstacles to the realization of 
the family physician program’s positive health impact, 
necessitating targeted measures to surmount these 
impediments. Iranian health decision-makers and policy 
architects are compelled to confront these challenges 
head-on, harnessing all available capacities to surmount 
them  [13]. Mehrolhassani et al. have investigated the 
challenges of implementing the urban family physician 
program in Iran. The study’s findings revealed that the 
most significant challenge in UFPP was the international 
pressure and rush to implement the program without prior 
infrastructure preparation. Also, the budget limitations and 
diversity of insurance organizations and their interactions 
with the health system have been among the most 
important challenges in implementing the program [14]. 
In this study, the challenges and obstacles of urban family 
physician implementation have been updated and the 
relationship between the factors has been investigated 
in a deeper way using the grounded theory method. A 
new approach has been used to investigate obstacles 
and challenges and categorize them into two causal and 
contextual categories. Strategic recommendations for 
policymakers and managers in Iran and similar contexts 
have been presented lastly.

Methods

Study design
This research adopts a qualitative approach to delve into 
the intricacies of challenges and issues pertaining to the 
UFPP in Iran.

Setting and sampling
The study was conducted within the premises of the 
MoHME in Tehran, as well as Fars and Mazandaran 
Universities of Medical Sciences, two provinces each 
hosted the UFPP. The provincial healthcare network 
encompassed both public and private hospitals, 
community health centers, and health insurance 
organizations. The participants for this study were 
meticulously selected through purposive sampling. 
This encompassed individuals possessing expertise or 
research experience in the domain of family physician 
practice, seasoned senior managers with a minimum of 
five years in policymaking and family physician program 
implementation, as well as urban family physicians. 

Additionally, a snowball sampling technique was 
incorporated, originating from the initial interviewees, to 
identify potential further participants. This recruitment 
process persisted until data saturation was reached, 
culminating in 32 interviewees (Tab. I.). The interviews 
were conducted in person, with the lead author venturing 
to Fars, Mazandaran, and Tehran provinces.

Data collection
A topic guide, meticulously shaped by the literature review 
and the insights of the research team, underpinned the data 
collection process. This guide encompassed overarching 
inquiries touching upon executive hurdles of the UFPP, 
training and evaluation, referral systems, electronic 
health records, financing, and payment systems. The 
interview sessions were scheduled at times and locations 
catering to the participants’ preferences. Each interview 
was embarked upon with a preamble outlining the study 
objectives and ensuring the confidentiality of responses. 
Upon agreement, informed consent forms were obtained. 
With participants’ consensus, the interview sessions were 
recorded. Moreover, during these interviews, detailed 
notes were compiled to facilitate probing questions and 
recap the session’s main takeaways, aligning with the 
principle of “member checking” [14]. On average, each 
interview spanned about an hour. In instances where face-
to-face interviews were unfeasible, telephone interviews 
were conducted with three participants.

Data analysis
The initial two interviews and preliminary analyses 
were a collaborative effort of researchers RM and 
AA. After aligning on the interview methodology and 
coding procedures, RM and AA continued with the 
subsequent interviews. The data analysis was anchored 
in the grounded theory approach, serving to unearth 
the axial and causal relationships between the study’s 
thematic components. RM, RS and SA transcribed 
the interviews verbatim. Following a comprehensive 
review of the transcripts, the researchers established 
open codes, subsequently progressing to axial codes in 
accordance with Strauss and Corbin’s framework [15]. 
Thereafter, selective coding was enacted, culminating 
in the identification of the core category by discerning 
logical and causal interconnections among themes 
and sub-themes. The entire coding process and the 
delineation of relationships were subject to collective 
scrutiny and endorsement by all authors. The initial 
manuscript framework was constructed by RM and AA, 
and subsequently refined under the aegis of RS, SA and 
MB. All authors reviewed and edited the manuscript and 
approved the final version of the manuscript.

Ethical Issues/Statement
This study was part of a PhD thesis supported by the 
School of Health Management, Iran University of 
Medical Sciences, Iran (IUMS/SHIMS-97-4-37-13765) 
and received ethical sanction from the National 
Institute for Ethics in Biomedical Research (Ethics 
Code: IR.IUMS.REC.1397.920). Key ethical principles 
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including obtaining informed and voluntary consent, 
confidentiality of information shared, anonymity of 
research participants and beneficence were considered.

Results

The participants boasted an average professional tenure 
of 15 years, all marked by a minimum of five years’ 
engagement in policymaking, program implementation, 
research, and field work within the family physician 
domain (Tab. I).
In the initial stage of coding, a total of 1679 open-
source codes surfaced. Subsequent scrutiny, involving 
a comparative analysis and the integration of analogous 
codes, yielded a refined set of 483 codes—those directly 
aligned with the research question. These distilled codes 
were further grouped into categories, which in turn 
amalgamated to forge sub-themes. This hierarchical 

structuring culminated in the establishment of broader 
thematic clusters. Four cardinal themes emerged and 
their interrelation is illustrated in Figure 1.
Central to the emergent theory, Conflict of Interest 
(COI), emerged as the fulcrum around which the study’s 
narrative revolved. This core category profoundly 
underscored its status as the principal impediment 
obstructing the nationwide rollout of the UFPP. 
Concomitantly, the referral and payment systems, 
designated as the “causal factors”, significantly 
contributed to fomenting COI. Simultaneously, the study 
unveiled the pertinence of “Contextual factors” within 
the healthcare ecosystem, namely stewardship, structural 
dynamics, financial dynamics, and cultural elements, all 
exerting their influence in challenging the execution of 
reform initiatives like the UFPP.
The participants’ perspectives highlighted specific 
strategies adopted by stakeholders to address UFPP 
issues and mitigate COI. These strategies encompassed 

Tab. I. Characteristics of the study participants.

No Position Organization City
Experience

Years
1 Policy maker MoHME Tehran 28
2 Executive assistant to the deputy for curative affairs University of Medical Sciences Shiraz 22
3 Executive assistant to the deputy for curative affairs University of Medical Sciences Mazandaran 28
4 Executive director of the deputy for public health University of Medical Sciences Shiraz 14
5 Executive director of the deputy for public health University of Medical Sciences Mazandaran 19
6 Senior director of the health insurance organization University of Medical Sciences Shiraz 26
7 Senior director of the health insurance organization University of Medical Sciences Mazandaran 20
8 Senior manager of the family physician program University of Medical Sciences Mazandaran 16
9 Executive assistant of the district health networks the district health networks Shiraz 20

10
Senior director of the Social Security Insurance 
Organization

University of Medical Sciences Sari 19

11
Senior manager the family physician program of 
the Social Security Insurance Organization

Social Security Organization Shiraz 20

12 Policy maker MoHME Tehran 27
13 Professor of public health department MoHME Tehran 22
14 Senior manager National institute for health research Tehran 28
15 Associate professor of medical department University of Medical Sciences Tehran 12

16 Researcher
Islamic Parliament Research Center  

of the Islamic Republic of Iran
Tehran 5

17 Director of family physician program MoHME Tehran 18
18 Manager of the district health networks University of Medical Sciences Shiraz 11
19 Specialist physician in the private sector University of Medical Sciences Shiraz 25
20 Specialist physician in the private sector University of Medical Sciences Mazandaran 15
21 Specialist physician in private sector University of Medical Sciences Shiraz 18
22 Specialist physician in public sector University of Medical Sciences Mazandaran 22
23 Specialist physician in public sector University of Medical Sciences Shiraz 21
24 Family physician in private sector University of Medical Sciences Mazandaran 16
25 Family physician in private sector University of Medical Sciences Shiraz 17
26 Family physician in private sector University of Medical Sciences Mazandaran 20
27 Family physician in private sector University of Medical Sciences Shiraz 17
28 Family physician in public sector University of Medical Sciences Mazandaran 19
29 Family physician in public sector University of Medical Sciences Shiraz 27
30 Family physician in public sector University of Medical Sciences Mazandaran 17
31 Family health expert in private sector University of Medical Sciences Shiraz 18
32 Family health expert in public sector University of Medical Sciences Mazandaran 5
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lobbying and a concept termed “reverse referral,” 
collectively christened as coping strategies. Each theme 
is elucidated as follows:

Theme 1 (Core category):  
Conflict of interest
The insights gleaned from the interview data 
unequivocally underscored how COI cast a substantial 
pall over the comprehensive and nation-level deployment 
of the UFPP. The participants’ narratives illuminated that 
the lack of cohesive stewardship and the incongruence 
in the objectives of two pivotal ministries, the Ministry 
of Health and Medical Education and the Ministry of 
Cooperatives, Labor and Social Welfare(MoCLSW), 
intensified the COI predicament. The MoHME, entrusted 
with the mantle of UFPP execution, was handicapped by 
a dearth of authoritative clout to orchestrate the actions 
of other stakeholders.
“An underlying challenge in implementing the UFPP is 
the existence of conflicting interests due to the presence 
of two ministries with differing orientations.By ignoring 
the stewardship of the MoHME, the MoCLSW created 
problems in the implementation process of the program 
and implemented parallel programs such as the pilot 
project of “Amin’s physician” in Gilan in 2013.” 
(Participant 14)
A substantial hurdle lay in the dominant role of 
physicians within Iran’s healthcare fabric. Their potent 
positions held within the system were paradoxically 
antagonistic to the UFPP’s implementation, potentially 
curbing the excessive delivery of specialized care a 
practice sustained by a fee-for-service (FFS) model. 
Simultaneously, the dual roles donned by physicians 
as both policymakers and implementers, straddling the 
public and private spheres, exacerbated COI concerns.
“The intersection of physicians’ roles as policymakers 
within the MoHME and the Supreme Council for Health 
Insurance, coupled with their legislative positions within 
the parliament, manifests overt conflicts of interest.” 
(Participant 12)

Theme 2: Casual factor; Fee-for-service 
Payment system
This theme includes the triggering factor for the COI. The 
healthcare system in Iran is dominated by the FFS payment 

mechanism especially at the secondary and tertiary health 
care. Hence healthcare properties such as hospitals are paid 
per service they provide. Even public hospitals, besides 
the budget paid by government, charge per service they 
provide, payable jointly by patients and the insurance 
organizations/companies. The FFS mechanism applies 
to the individual payment level as well; physicians who 
work in the public hospitals or clinics also receive the main 
part of their revenue through fee-for-service mechanism. 
Private sector hospitals and clinics are fully paid based 
on FFS. Even pharmacies which are generally private, are 
paid through the amount of medication they sell to patients. 
Hence by establishing UFPP, with its inherent role of 
gatekeeping, the referral of patients to the secondary and 
tertiary level is regulated and this can affect the earnings at 
both the property and individual levels.
“The intrinsic nature of the referral system inherently 
breeds a conflict of interest, as it limits inadequate 
referrals and induced demands.” (Participant 20)
“Our prevalent FFS payment mechanism inherently 
generates this Conflict of Interest. The more patients 
a doctor attends to within the FFS system, the greater 
their earnings.” (Participants 18, 19).

Theme 3: Contextual factors
It was recognized that COI not only manifested but also 
grew within the landscape of Iran’s healthcare system. 
Vital contextual factors encompassing stewardship, 
structural dynamics, financial considerations, and 
cultural facets emerged as pivotal determinants 
impacting UFPP implementation.

Stewardship 
Stewardship, a foundational pillar of any healthcare 
system, exerts a direct influence on other core functions, 
namely resource provisioning and service delivery. 
Within Iran’s healthcare ecosystem, the lack of evidence-
informed policy crafting, a top-down decision-making 
paradigm, paucity of stakeholder participation in policy 
formulation, lack of transparency and accountability, 
and managerial instability collectively contribute to 
policy faltering.
“Our policy-making oftentimes overlooks historical 
experiences and fails to engage key stakeholders in 
UFPP formulation... For the UFPP one day the president 

Fig. 1. Theoretical framework of the reasons for Non-expansion of UFPP in the country.
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asked the [ MoHME] minister to establish it within one 
year, and one year later the minister formally opened 
the UFPP in Shiraz while no negotiation had been made 
with the key stakeholders like specialist doctors, general 
doctors, insurance organizations and companies, 
pharmacies and drug industries, etc. Even people were 
not aware of such program and the program was not 
promoted in public” (Participants 11, 15).

Structural dynamics

The bedrock for policy implementation rests in the 
establishment of requisite structural foundations. Within 
Iran’s healthcare landscape, deficits in human resources, 
particularly a scarcity of General Practitioners (GPs) and 
specialists – a pivotal prerequisite for UFPP execution 
– loom large. Moreover, inadequacies in healthcare 
network development, a lack of interconnectivity between 
primary, secondary, and tertiary tiers of healthcare 
delivery, a frail primary healthcare infrastructure, and 
dearth of electronic health records and clinical guidelines 
surfaced as recurrent concerns.
“Our electronic infrastructure remains ill-equipped for 
the UFPP and referral system implementation; we have 
various electronic features within our healthcare system 
working unconnected and incompatible with each 
other … and the absence of adequate family physicians 
compounds this deficiency.” (Participants 20, 27).

Financial dynamics 

In the realm of financial considerations, uncertainty 
surrounding sustainable resources emerged as a foremost 
obstacle tarnishing UFPP implementation. The inefficiencies 
and inadequacies besetting insurance organizations, owing 
to a fragmented health insurance apparatus and an absence 
of fund pooling, exacerbated the situation. Furthermore, 
the convergence of UFPP implementation with prevailing 
political and economic sanctions in Iran cast further 
shadows on the program’s progress.
“Within 2-3 years post UFPP launch, allocated 
financial resources were slashed by half, diverted to 
non-UFPP endeavors… So since 2012 no minister at 
the MoHME would risk applying a nationwide UFPP. It 
would be a big risk for them endangering their credits” 
(Participants 4, 7).

Cultural elements

Foremost among the UFPP’s predicaments was the 
absence of adequate education and a suitable cultural 
milieu predating its rollout. The pervasive trend towards 
overspecialization in Iran exacerbated resistance towards 
prevention-focused initiatives.
“Our approach has sorely lacked culture-building. 
Patients used to take an appointment from a specialist 
doctor for a simple headache. Everyone likes bypassing 
GPs.” (Participants 12, 26).

Theme 4: Coping strategies
The existence of COI, coupled with causal and contextual 
health system factors within the UFPP’s implementation, 

elicited negative responses from stakeholders, termed 
“coping strategies,” targeted to shut down or game the 
UFPP, including lobbying and reverse referrals.

Resistance against UFPP implementation 
Originally rooted in the endeavor to sway legislative 
votes, the concept of lobbying has permeated the UFPP 
landscape. Some stakeholders, through members of 
parliament,, were engaged prior to, during, or following 
parliament’s decision-making sessions, in order to 
cancel or postpone the expansion of UFPP to the rest of 
the country.
“The UFPP targets the legitimate xand illicit interests 
of numerous stakeholders; they impede the UFPP and 
safeguard their personal interests. The parliament has been 
influenced a lot by such stakeholders” (Participant 12).

Reverse Referrals
A few years after implementation of the UFPP in Shiraz, 
due to huge resistance against the referral mechanism 
among specialist doctors and patients, the government 
allowed the UFPP run with optional referrals. Through 
such initiative patients can refer directly to specialist 
physician with no order from a family physician, while 
a referral through a family physician route would 
benefit the specialist doctors by a higher FFS payable 
by insurance organizations. This framework incentivizes 
specialists to redirect patients to family physicians for 
referral tickets, even if patients initiate contact directly 
with specialists. Such dysfunctional consequence 
increases the cost of running the UFPP.
“In the UFPP, substantial incentives lure specialists to 
refer patients back and forth, favouring the insidious 
phenomenon of ‘reverse referrals’. By such behaviour 
government and payers would incur a higher financial 
burden.” (Participant 4).

Discussion

Efforts to enhance health system performance through 
policy interventions must inherently grapple with the 
intricate challenges of implementation [16]. Despite Iran’s 
accentuation on UFPP within its upper-ier health policies, 
the program’s nationwide deployment has been confined 
solely to the provinces of Fars and Mazandaran, with its 
broader realization quashed. The study’s core category 
underscores the pivotal role of COI as the fundamental 
obstacle impairing nationwide UFPP implementation. 
The COI originates from intricacies within the payment 
system. With FFS as the dominant payment mechanism, 
the family physician, acting as a gatekeeper within the 
referral system, curtails patient access to hospitals and 
specialists and such gauging role would affect volume 
of patients refer to the secondary level of care and so the 
earning at this level. For a better understanding of the 
potential effect of establishing UFPP on patients access 
to the secondary care and the resulted revenue for care 
providers we should remind that Iran’s urban population 
have not ever needed a referral order and they could access 
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specialist care in public and private sector. Furthermore, 
data on secondary care in Iran show a huge rate of 
inappropriate services, including inappropriate hospital 
admissions, inappropriate diagnostic services  [17], 
and even inappropriate interventions, such as invasive 
procedures [18] that induced to patients [19], especially 
due to asymmetric information between patients and 
healthcare providers [20].
Hence introduction of a gatekeeping role could affect 
earnings in the secondary care level with a dominant 
FFS payment mechanism  [21]. Hence, although FFS 
mechanisms for the secondary care may improve access 
to healthcare services [22], it can result in COI against 
preventive mechanisms and gatekeeping policies such 
as family physician programs. Current evidence is 
in consistent with this conclusion  [23]. Alternatives 
such as reforming payment systems, amalgamating 
methodologies, and implementing pay-for-performance 
(P4P) initiatives can steer healthcare professionals’ 
conduct [24, 25]. 
Besides the payment mechanism, the family physician 
program’s tribulations unfold against the backdrop 
of contextual factors within the healthcare system, 
encompassing stewardship, structural, financial, and 
cultural complexities. The top-down implementation 
of healthcare policies has a long history in Iran’s health 
system [26], and the UFPP was no exception to this rule. 
The implementation was ordered directly from Iran’s 
president to the minister, with a strict deadline  [27]. 
While this approach may prove effective for small-scale 
interventions [28], establishing a UFPP with substantial 
and influential stakeholders, including public and 
private sector physicians, hospitals, and pharmaceutical 
industries, would pose significant challenges [29]. The 
global experience around successful implementation of 
family physician programs also supports gradual and 
bottom-up or clear and agreed processes among the key 
stakeholders [30]. Stakeholder engagement, recognized 
as pivotal, should underpin policy development from 
formulation to evaluation, particularly as stakeholders 
hold the power to influence policy outcomes [31-33].
Lack of technical infrastructure such as electronic records, 
which is a chronic problem in Iran’s health system [34] 
and shortage of trained family physicians  [13] also 
were among structural barriers that halted to expansion 
of the UFPP. Evidence also suggests that without a 
comprehensive electronic medical record system and 
e-referrals, which interconnects all levels of care, family 
physician programmes will be challenged [35].
Iran’s UFPP was also challenged by lack of financial 
support which is one of the essential pre-requisites of 
any family physician policy in the world [10].
Last but not the least, the governmen in Iran did not consider 
role of public and their culture in the implementation of 
the UFPP. The public’s interest in specialized care and 
bypassing GPs which is a general trend in most Iranian 
urban population  [36], as well as insurance companies’ 
coverage even on non-referred consultations and 
procedures, meant that UFPP would face low adherence by 
people. Such resistance caused the MoHME step back from 

compulsory referrals to optional referrals so that patients 
could bypass the GP if they preferred to do so. Political, 
social, and economic elements, alongside national and 
cross-sectoral determinants, exert substantial influence on 
referral system execution  [37]. International experience 
over the establishment of family physicians also shows 
that government should work on cultural aspects of care 
and behaviour of people towards promotion of preventive 
care rather than treatment car  [38, 39]. Cultivating trust 
in family physicians through robust education and media 
campaigns are essential strategies [40, 41]. Overall, as a 
result of different sources of conflicting interests, Iran’s 
UFPP was challenged seriously, and various stakeholders 
showed their resistance against its establishment. The 
blurred border of public and private organizations in 
Iran’s health system also reinforced the resistance against 
the establishment and expansion of the UFPP. Such 
resistance is caused by dual engagement of stakeholders, 
including specialized physicians, in the public and private 
sectors  [42]. However, where the UFPP is established, 
such as the Fars Province, the policy was gamed through 
the “reverse referral” phenomenon which would increase 
the operational cost of UFPP and threaten the cost-
effectiveness of the policy [43, 44].

Conclusions

Successful implementation of preventive medicine 
policies, such as family physicians programs hinges on a 
comprehensive re-evaluation of mechanisms, particularly 
addressing the COI barrier via payment system reform. 
FFS payment systems in secondary care can cause COI 
against preventive initiatives and gatekeeping policies. 
Strengthening infrastructures, assuring financial resources, 
integrating stakeholder perspectives, and meticulous 
monitoring are paramount. Robust commitment from 
governmental and parliamentary bodies, alongside 
transparent regulations and stringent oversight, are 
prerequisites for successful reform implementation.

Key messages

1. Implications for policy-makers 
Establishing preventive and gatekeeping policies such as 
family physician programs can trigger conflict of interests 
for those earn from healthcare market.
Fee-for-service payment mechanism for reimbursing 
secondary care within public sector can cause conflict of 
interest against preventive care policies.
Establishing family physician programs need a 
comprehensive understanding of the main stakeholders’ 
interests and powers and conducting necessary 
negotiations with them.

2. Implications for public 
By conducting this study we tried to help policymakers 
for better establishment of health care reforms, especially 
preventive programs. Programs such as family physician, 
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when established without sufficient initiations and 
consideration of stakeholders, can cause resistance which 
will result in waste of resources for governments and the 
public. Governments and policymakers should define 
payment systems that are not contrary to the interests 
of those working in the health care system, including 
healthcare providers and the related industries such as 
pharmaceutical companies. People should be considered 
by policymakers when a policy is going to be established 
and their concerns should be addressed.
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Introduction

One of the key objectives of any health system is to 
provide appropriate financial mechanisms to support 
households in accessing health services  [1]. As a 
result, the importance of sustainable health financing 
is emphasized to ensure uninterrupted and worry-free 
access to these services [2]. Sustainable health financing 
refers to a government’s ability to meet the financial 
needs of the health sector and ensure the timely provision 
of resources to achieve the health system’s goals without 
compromising the government’s financial stability [3].
The general challenges related to sustaining health 
system financing include the rising costs of healthcare 
services driven by factors such as technological 
advancements, demographic changes, and increasing 
consumer expectations. Additionally, governments 
often face difficulties in generating sufficient financial 
resources to meet the health system’s commitments [4].
According to the World Health Organization, a health 
system is financially sustainable if it can maintain 
a continuous balance between its commitments to 
stakeholders and the financial resources available to 
meet those commitments [5]. In Iran, Article 10 of the 

General Health Policies highlights the importance of 
sustainable financing [6], and recent resource shortages 
in the health system have further underscored the need to 
focus on sustainability [5].
There are various methods for financing a health 
system, including general taxation, national and social 
health insurance, private or voluntary health insurance, 
out-of-pocket payments, external aid, and charitable 
contributions [7]. In many OECD countries and nations 
with national health systems (NHS), financing heavily 
relies on income-based tax revenues  [8]. The primary 
advantage of tax-based financing is its sustainability and 
the broad participation of all members of society, regardless 
of their health status, facilitating risk pooling and sharing 
across the population. This approach also mitigates issues 
such as adverse selection and risk selection, which are 
common in other financing systems [9].
Studies have shown that tax revenues are one of 
the key determinants in advancing toward universal 
health coverage  [10]. For example, a study by 
Tangcharoensathien et al. (2020) demonstrated that 
government health expenditures, strong political 
commitment, and the prioritization of a tax-funded 
medical welfare scheme were crucial to achieving 
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Summary

Background. “Ensuring uninterrupted and free access to health 
services highlights the critical need for sustainable health financ‑
ing. Given that tax revenues are essential for achieving universal 
health coverage, this study, conducted in 2024, aims to identify 
strategies for generating sustainable financial resources through 
taxation.
Methods. This qualitative study gathered data through in-depth, 
semi-structured interviews with 10 experts. Participant selection 
continued until data saturation was achieved, using purposeful 
and snowball sampling to ensure maximum diversity. Thematic 
analysis was employed for data analysis, using Atlas.ti software 
(version 8).
Findings. The study identified strategies for generating tax-based 
sustainable financial resources across five main topics: transpor‑
tation, services, production, individuals, and 11 subtopics. These 
subtopics include traffic control schemes, highway and road tolls, 

taxes on urban and intercity transportation systems, fines for traf‑
fic violations and vehicle inspection deficiencies, equipment and 
device imports, corporate sales and revenue, health-damaging 
products, environmental pollutants, industrial production and 
petroleum products, businesses and occupations, and long-term 
exit or migration taxes for health professionals.
Conclusions. Implementing tax policies on the identified items 
requires strong political support, fostering a shared under‑
standing among stakeholders at various levels of policy-making 
and implementation, and aligning executive program designs 
with existing infrastructure. Enhancing regulatory systems and 
increasing transparency in resource allocation are also essen‑
tial to improving the implementation of health-related tax poli‑
cies. Further research should carefully examine the economic and 
social side effects of these taxes on different sectors of society.
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universal health coverage in Thailand  [11]. Similarly, 
Javadinasab et al. found that various methods exist for 
sustainably financing health promotion services. These 
methods include indirect taxes on goods, taxes on health-
related behaviors such as tobacco, alcohol, and gambling, 
leveraging the capacity of social insurance funds in 
Germany and Turkey, and relying on government budgets 
in all the studied countries. According to their findings, 
the choice of financing method or a combination thereof 
depends on the political, social, and cultural structure of 
each country [12].
However, an important consideration when financing 
health services through taxation is that the use of these 
resources—and their allocation to the health system—
must pass through the filter of political decisions. 
Governments and politicians must decide, within the 
political decision-making process, whether tax revenues 
should be allocated to health, education, defense, or 
infrastructure  [8]. Therefore, conducting a study to 
identify tax-based sustainable financing strategies and 
examining each of these strategies is essential to support 
policymakers in making informed political decisions in 
this area.
A review of the existing literature reveals that most studies 
on sustainable financing strategies have focused on health 
insurance or specific areas of health services, with the 
majority conducted outside Iran. While some of these 
studies mention sustainable financing methods, including 
tax-based approaches, no comprehensive study has 
focused specifically on taxation. Moreover, the selection 
of the best strategies for creating tax-based sustainable 
financial resources is influenced by the political, social, 
and cultural context of each country. Given Iran’s specific 
circumstances – such as the impact of comprehensive 
sanctions on the domestic economy, resulting in economic 
instability, and the emergence of the concept of a resilient 
economy in response to these sanctions – identifying 
tax-based sustainable financing strategies could play a 
critical role in building financial capacity. In light of this, 
the present study was conducted to identify tax-based 
sustainable financing strategies for Iran’s health system.

Methods

In this study, expert interviews were conducted to 
identify methods for creating tax-based sustainable 
financial resources. This qualitative research, conducted 
in 2024, followed an inductive approach, moving from 
the micro-level to the macro-level [13]. The study was 
grounded in the principles of phenomenology, which 
focuses on understanding individuals’ experiences, 
perceptions, and feelings regarding the phenomenon or 
subject under investigation [14].
A total of 10 participants were interviewed, including 
managers and policymakers from the Ministry of Health, 
hospital managers, and faculty members and researchers 
in health services management, health policy, and health 
economics from medical universities across the country.
Participants were selected based on their expertise and 

experience in the subject matter. The inclusion criteria 
required at least three years of experience in their current 
position, a willingness to participate, relevant education 
or experience related to the subject, decision-making or 
policymaking experience in the field, and a record of 
producing scientific articles, books, or research related 
to the study topic.
The majority of participants were male (60%), held 
Ph.D. or postdoctoral degrees (80%), and 40% were 
faculty members. Half of the participants had 20 to 30 
years of work experience, with degrees in health services 
management, health economics, general economics, and 
health and public policy.
Data collection was carried out through semi-structured 
interviews, a common qualitative data collection method 
due to its flexibility and depth [15]. The interview guide 
included questions on financing methods in the country’s 
health system and served as a tool to structure the 
conversation while allowing the interviewer to explore 
topics in various ways. The guide was developed based 
on existing literature and expert feedback.
As is typical in qualitative research, the exact sample size 
was not predetermined, and sampling continued until 
data saturation was reached. Sampling was purposive 
and snowball-based, focusing on individuals with the 
most relevant knowledge on the topic. The number of 
interview sessions and participants was determined at 
the discretion of the research team.
The average interview duration was 45 minutes, with 
a range of 20 to 70 minutes. To ensure participant 
comfort and maintain focus and efficiency, flexibility 
was provided in scheduling interviews. For participants 
unable to attend face-to-face interviews due to time 
constraints or distance, telephone or virtual interviews 
were used as acceptable alternatives [16].
For data analysis, thematic analysis was employed. 
Using an inductive approach, the researchers first 
familiarized themselves with the range and diversity of 
the content. They identified key concepts and themes and 
developed a thematic framework based on these insights. 
All interviews were reviewed according to this thematic 
framework, organized under appropriate thematic 
categories, and compared for concepts, contradictions, 
experiences, and existing research. Patterns and 
relationships were then inferred from the findings. As 
a result, the methods, components, and dimensions for 
creating tax-based sustainable financial resources in 
Iran’s health system were extracted from the interview 
texts and categorized under relevant themes. Atlas.ti 
version 8 software was used for this analysis.
In qualitative research, terms such as Credibility, 
Dependability, Conformability, and Transferability 
are used in place of traditional concepts like validity 
and reliability  [17]. To enhance the credibility and 
transferability of the findings, researchers took several 
measures, including conducting pilot interviews, 
maintaining long-term engagement with the research 
environment, increasing the diversity of the sample, 
staying continuously engaged with the data, allowing 
sufficient time for interviews, gathering extensive 
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information and evidence, and reviewing interviews 
multiple times.
Before conducting the interviews, a participant 
information form was sent via email or fax to inform 
participants about the study. At the start of the interviews, 
held at the participants’ workplaces, the researchers 
provided explanations about the study’s objectives and 
assured the confidentiality of the information. Informed 
consent was obtained from all participants. With their 
consent, the interviews were recorded, and note-taking 
was also employed during the sessions.

Findings

The aim of this study was to identify strategies for 
creating sustainable tax-based financial resources. The 
experts’ opinions were categorized into five Topics, 
which are summarized below (Tab. I):

Transportation

Traffic Schemes and Odd-Even Day Plans

All participants in the study agreed that a portion of the 
revenue generated from traffic schemes and odd-even 
day plans should be allocated to the health system. These 
schemes, implemented to reduce pollution in Tehran, aim 
to improve public health by limiting vehicle emissions. 
Therefore, it is essential that part of the revenue be 
directed toward the health sector, which is responsible 
for maintaining and promoting public health.
“This scheme aims to prevent air pollution and 
consequently protect individuals’ health, so a percentage 
of this revenue should be injected into the health system.” 
(P 5).

Tolls for Highways and Roads

Traffic accidents are the leading cause of death in the 
country and result in numerous fatalities and serious, 
sometimes lifelong injuries each year. These accidents 
impose significant costs on the health system, especially 
emergency services and hospitals. To mitigate the 
financial burden on the health sector due to traffic 
accidents, all interview participants agreed that a 

percentage of tolls collected from highways and roads 
should be allocated to the health system.
“According to the sixth item of the 2024 budget, a 
percentage should be allocated to the health system from 
the road maintenance fund.” (P 4).

Tolls for Urban and Road Transport Systems
Aging urban transport fleets are a significant source of air 
pollution in large cities, contributing to a range of health 
problems, both short- and long-term, and increasing 
healthcare costs. Most interview participants suggested 
that municipalities should be required to pay taxes to 
compensate for the damage caused by pollution from 
outdated transportation fleets. However, one participant 
disagreed with the idea of imposing such taxes, citing 
potential conflicts between municipalities and the health 
system.
“I’m not very supportive because it creates significant 
challenges between municipalities and the health 
system.” (P 8).

Fines for Traffic Violations and Lack of Vehicle 
Inspection
Certain traffic violations are enforced to protect people’s 
lives and health, while vehicle inspections are required to 
ensure that vehicles function properly, reducing emissions 
and the risk of accidents due to technical failures. Given 
that these regulations are meant to safeguard public 
health and safety, all interview participants agreed that a 
significant portion of the revenue from these fines should 
be allocated to the health system. Many participants 
noted that current third-party vehicle insurance amounts 
are insufficient to cover the true costs of health-related 
issues caused by traffic accidents.
“Traffic fines are imposed to protect individuals’ health, 
and vehicles without inspection are inherently unsafe 
and harmful.” (P 2).

Service Sector

Importing Equipment and Machinery
Most participants expressed opposition to taxing imports 
of equipment and machinery, citing concerns about the 
potential negative impact on production. However, some 

Tab. I. Strategies for Creating Sustainable Tax-Based Financial Resources.

Main Theme Topics Subtopics

Strategies for Creating 
Sustainable Tax-Based 
Financial Resources

Transportation

Traffic schemes and odd-even day plans
Tolls for Highways and Roads
Tolls for Urban and Road Transport Systems
Fines for Traffic Violations and Lack of Vehicle Inspection

Service Sector
Importing Equipment and Machinery
Sales and Revenue of Companies and Institutions

Production Sector
Products and Goods Harmful to Health
Environmental Pollutants
Industrial Factory Productions and Petroleum Products

Individual Sector
Businesses and Enterprises
Long-Term Exit Fees or Migration of Health Specialists
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suggested that only imports of equipment that harm 
the health system should be taxed for the benefit of the 
health sector. A minority believed that taxes should be 
applied to all imported equipment.
“Taxes on industrial machinery and equipment should 
be collected from the importer before installation and 
from the employer during operation.” (P 9).

Sales and Revenue of Companies and Institutions

The topic of taxing the sales and revenue of companies 
and institutions for the health system was also discussed. 
Three perspectives emerged from the interviews: the 
first supported taxing high-revenue companies, the 
second proposed taxing companies and institutions 
that are harmful to health, and the third suggested 
taxing all companies specifically for the benefit of the 
health system. Since both public and private companies 
generate tax revenue, participants reasoned that they 
could serve as an important source of financial resources 
for the health sector.
“Tax should be levied on the net profit of companies. 
Even if a company’s product has negative externalities, 
a higher tax should be imposed. Therefore, the criteria 
for determining companies and the amount of tax should 
also be based on the harm caused and the extent of the 
damage.” (P 6).

Production Sector

Products and Goods Harmful to Health

All interview participants agreed that taxes should be 
imposed on products harmful to health, such as cigarettes 
and tobacco, and the revenue should be allocated to the 
health system. Given that these products are major risk 
factors for diseases like lung cancer, bladder cancer, 
and cardiovascular conditions, which place a substantial 
financial burden on the health sector, it is essential for 
the tax revenue from such products to help offset these 
expenses. Additionally, many interviewees suggested 
that harmful food items, such as sugary drinks and 
unhealthy fats, should also be subject to similar taxes.
“Taxes should be collected from both the producers 
and consumers of all harmful products and goods. The 
current value-added tax system is not effective, as it 
merely increases prices.” (P 3)
“Harmful products should be identified, especially food 
items, and taxes should be imposed based on the external 
effects of each. Taxes should be levied on both producers 
and consumers, with an additional 10% on the value-
added tax.” (P 4).
“Harmful products fall into two categories: 1) those that 
harm only the individual consumer, like sugary drinks, 
where taxes should be imposed on the producer; and 
2) those that harm others as well, like cigarettes, where 
taxes should be levied on both the producer and the 
consumer.” (P 7).
Additionally, Participant 10 highlighted that the issue of 
taxing harmful products should be considered during the 
process of issuing production and health licenses.

Environmental Pollutants

Environmental pollutants have been increasing and pose 
a significant threat to public health, with both direct 
and indirect impacts. All interviewees agreed that taxes 
should be imposed on environmental pollutants due to 
their harmful effects on public health, which lead to 
higher costs for the health system.
“Why is all the revenue from pollutants deposited into 
municipal and environmental accounts? What about the 
health system?” (P 2).
“Pollutants should be identified and categorized, and 
taxes should be imposed according to the severity of 
their impact on health, with the revenue being allocated 
to the health system.” (P 4).

Industrial Factory Productions and Petroleum Products

All interviewees agreed that taxes should be imposed 
on industrial factory productions to benefit the health 
system. They also noted that the current 10% value-
added tax dedicated to the health sector is insufficient 
and should be revised. Some participants suggested 
expanding the list of taxable items to include new 
products.
“A higher percentage should be collected compared 
to the past, and new products should be added to the 
existing list.” (P 6).
Additionally, some participants believed that the criteria 
for taxing manufacturing factories should be based on the 
harm caused by their products or the level of pollution 
emitted by these factories.

Individual Sector

Businesses and Enterprises

All participants agreed that taxes should be imposed on 
businesses and enterprises, both within and outside the 
health sector.
“Taxes should be earmarked; otherwise, it is challenging 
to mandate every business to pay taxes specifically for 
health purposes. However, if taxes are not earmarked, 
the government could allocate a portion of the total 
taxes collected from businesses to the health sector”.
Some interviewees suggested that taxes should be 
collected only from high-income businesses, while 
others proposed a progressive tax system, where the 
tax rate increases with higher income, considering this 
approach fairer.

Long-Term Exit Fees or Migration of Health Specialists

The majority of interviewees supported taxing long-
term exit or migration fees for health professionals 
leaving the country. Given the trend of migration among 
healthcare professionals, this approach could help cover 
their educational costs and potentially deter them from 
leaving.
“When someone has been educated in the country and 
wants to leave, they have imposed costs on the country’s 
educational system. Therefore, they should pay a 
portion of the free education costs. The main problem is 
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identifying individuals planning long-term departure.” 
(P 3).
One interviewee disagreed with taxing permanent 
migration of specialists, citing high implementation 
costs as a major obstacle.
“In my opinion, due to the very high administrative 
costs, it is not feasible.” (P 5).

Discussion

One key finding from the interviews is the identification 
of the transportation sector as a viable method for 
generating sustainable tax-based financial resources. This 
includes strategies such as implementing traffic plans, 
odd-even traffic schemes, tolls on highways and roads, 
fees for outdated urban and road transportation fleets, 
traffic fines, and penalties for lack of vehicle technical 
inspections. Similarly, Javadinasab et al.   [12] suggest 
levying pollution charges in cities with populations over 
one million to address environmental pollution, support 
public transportation development, and contribute to 
the financial sustainability of Iran’s health system. 
Another study also proposes increasing taxes on airline 
tickets as a potential strategy for generating financial 
resources   [18]. To achieve financial sustainability, it 
is crucial to ensure that health-related revenues from 
transportation fees and fines are collected efficiently and 
systematically.
Regarding the “services sector,” the interviewees 
identified methods such as “taxes on imports of 
equipment and devices” and “taxes on the sales and 
revenues of companies and institutions” as promising 
for creating sustainable tax-based financial resources. 
Tadaion and Moradi  [18] and Javadinasab et al.   [12] 
have similarly suggested higher value-added taxes as 
a sustainable financing strategy for Iran’s insurance 
system. For example, the government of Ghana funded 
part of its national health insurance by increasing 
the value-added tax by 2.5%  [19]. Another proposed 
strategy includes taxing foreign currency transactions 
to generate sustainable financial resources for the 
health sector [18].
In comparison, health systems in some OECD countries 
and nations with national health systems rely heavily 
on income-based tax revenues. In contrast, developing 
and low-income countries often depend more on 
consumption-based tax revenues, resulting in lower 
overall tax revenue  [8]. Therefore, it is recommended 
that Iranian policymakers, particularly in the health 
sector, work to enhance the infrastructure necessary 
for implementing income-based taxes and ensure that a 
portion of these revenues is allocated to the health system.
The study reveals that the “production sector” is a 
promising strategy for enhancing the sustainability 
of financial resources in the health system. This 
sector includes taxing health-damaging products 
and goods, environmental pollutants, industrial 
manufacturing, and petroleum products. The World 
Health Organization supports taxing harmful products 

like tobacco, cigarettes, and alcoholic beverages as 
effective strategies [8]. Tadaion, Moradi, Mosaddegh 
Rad, and colleagues have also proposed taxes 
on harmful goods and environmentally polluting 
industries as sustainable financing strategies for Iran’s 
health insurance system [18, 20]. The government of 
Ghana partially funded its national health insurance 
by increasing taxes on health-damaging products [21]. 
Similarly, Javadinasab et al. suggested taxing 
unhealthy foods and sugary drinks, with revenues 
allocated to health services, and imposing a pollution 
fee on oil refineries and petrochemical units as 
strategies for sustainable financial resources in Iran’s 
health system [12].
Taxing unhealthy foods and sugary drinks has been 
shown to be a successful method for financing health 
promotion services, promoting behavioral change, 
and generating sustainable resources. Wu et al. (2020) 
demonstrated that increasing cigarette taxes led to 
approximately 1.5 million men quitting smoking, with the 
highest cessation rates among low-income groups, and a 
long-term reduction in mortality from tobacco-related 
diseases  [22]. Goodchild et al. found that raising the 
price of cigarettes by one dollar in 181 countries helped 
prevent mortality, supported sustainable development 
goals, and could enhance the health system’s financial 
capacity  [23]. Given that cigarette prices in Iran are 
still below the global average, the tax policy on these 
products remains underdeveloped. Thus, taxes on health-
harmful products are highly recommended due to their 
dual benefits of improving public health and increasing 
revenue.
In the “individuals” sector, experts identified businesses 
and long-term exit taxes or emigration of specialized 
healthcare personnel as viable methods for generating 
tax-based financial resources. Oketch et al. (2013) 
also highlighted exit taxes as an alternative sustainable 
financing mechanism for public healthcare in 
Kenya  [24]. Implementing such taxes requires cultural 
sensitiity and overcoming societal resistance through 
public education on the benefits of these tax allocations 
for overall well-being and health. This strategy 
necessitates careful planning and policy development to 
ensure its success.

Conclusions

This study identifies various tax-based strategies across 
the transportation, services, production, and individual 
sectors for supporting the health sector. Implementing 
these policies necessitates strong political backing, a 
cohesive understanding among stakeholders at all levels 
of policymaking and execution, and alignment with 
existing infrastructure.
Given potential public resistance to some proposed 
taxes, it is advisable for governments to concurrently 
develop educational and promotional programs to 
enhance public understanding and acceptance of these 
policies. To improve the effectiveness of health-related 
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tax policies, there is a need to strengthen monitoring 
systems and ensure transparency in the allocation of 
resources. Additionally, future research should examine 
the economic and social impacts of these tax strategies 
on different sectors of society to ensure comprehensive 
evaluation and adaptation.
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Introduction

Equity in access to health services ensures that all 
individuals, regardless of their socioeconomic status, 
geographic location, gender, or ethnicity, have the 
opportunity to obtain the healthcare they need  [1]. 
Equity in health service delivery means that resources 
are distributed based on need, and barriers to accessing 
these services are minimized  [2]. Universal Health 
Coverage (UHC) aims to ensure that all people receive 
the health services they need without suffering financial 
hardship. By ensuring that vulnerable and marginalized 
populations have access to health services, equity 
reduces health disparities and improves overall health 
outcomes  [3]. Equitable access to healthcare leads to 
early detection and treatment of diseases, reducing 
morbidity and mortality rates. Equity in health services 
fosters social cohesion and equity, contributing to societal 
well-being and stability  [4]. Healthier populations are 
more productive and contribute more effectively to 
the economy. Equitable health systems thus support 
economic growth and development [5].
Hospital beds are a critical resource in healthcare 
systems. They are essential for providing inpatient 

care, which includes not only routine medical and 
surgical care but also intensive care for severe illnesses 
and conditions  [6]. Adequate availability of hospital 
beds ensures that patients can receive timely medical 
intervention, which is crucial for effective treatment and 
recovery. Access to hospital beds is linked to the quality 
of care provided. Overcrowded hospitals can lead to 
suboptimal care and increased risk of infections and 
other complications  [7]. Proper allocation of hospital 
beds impacts patient outcomes positively by ensuring 
that individuals receive the necessary care without 
delays. This is particularly vital in emergencies and 
for critical care patients  [8]. Adequate hospital bed 
availability supports public health efforts, especially 
during pandemics or health crises, by providing the 
infrastructure needed to handle sudden increases in 
patient volume. Efficient use of hospital beds can reduce 
healthcare costs by minimizing unnecessary admissions 
and optimizing resource utilization [9].
Equitable distribution of hospital beds means ensuring 
that all regions, especially underserved and rural areas, 
have sufficient beds to meet the healthcare needs of their 
populations  [10]. It involves considering factors such 
as population density, disease burden, and geographical 
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Summary

Background. Equity in health service delivery ensures that 
resources are distributed based on need, minimizing barriers to 
access and reducing health disparities. Hospital beds are a criti‑
cal healthcare resource, essential for providing timely and effec‑
tive medical care. This study aims to evaluate the equity in the 
distribution of hospital beds in Lorestan Province, western Iran, 
using the Gini coefficient and Lorenz curve as analytical tools.
Methods. Data on the number of hospital beds and population 
statistics for each city in Lorestan were collected from the Lorestan 
University of Medical Sciences and the Statistical Center of Iran. 
The equity of hospital bed distribution was assessed using the 
Gini coefficient and Lorenz curve, with analyses conducted using 
R statistical software.
Results. Lorestan Province, with a population of 1,678,873, has 

significant disparities in hospital bed distribution. The Gini coef‑
ficient for hospital beds was 0.27, indicating moderate inequality. 
The Lorenz curve showed a substantial deviation from the equity 
line, highlighting the imbalance. Khorramabad and Aligudarz 
exhibited the highest inequality, while Rumeshkan, Kuhdasht, and 
Poldokhtar had more equitable distributions.
Conclusions. The study reveals notable inequities in hospital 
bed distribution in Lorestan Province, emphasizing the need 
for targeted policy interventions. Strategic resource allocation, 
infrastructure development, and policy reforms are essential to 
enhance healthcare equity. Continuous monitoring and consid‑
eration of additional healthcare resources and socioeconomic 
factors are recommended for comprehensive future assessments.
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challenges. Equitable distribution of hospital beds ensures 
that all individuals, regardless of location, have access to 
necessary inpatient care  [11]. This reduces geographic 
disparities in health outcomes and optimizes the use 
of healthcare resources, preventing the overloading 
of some hospitals while others remain underutilized. 
It contributes to health equity by addressing the needs 
of marginalized and vulnerable populations who might 
otherwise face barriers to accessing inpatient care [12]. 
It also supports the efficiency of the healthcare system 
by allocating resources based on need and demand, 
thereby improving overall system performance. 
Additionally, equitable distribution positively impacts 
community health by ensuring that local populations 
have access to essential healthcare services, which is 
crucial for community-wide disease prevention and 
management  [13]. Equitable distribution of hospital 
beds is essential for achieving UHC, improving patient 
outcomes, and ensuring the efficient functioning of the 
healthcare system. It plays a significant role in reducing 
health inequalities and enhancing the general health and 
well-being of the population [14].
The aim of this study is to evaluate the equity in the 
distribution of hospital beds in Lorestan Province, 
located in western Iran. Despite the recognized 
importance of equitable distribution of hospital beds, 
many regions, particularly in low- and middle-income 
countries, continue to face significant disparities. This is 
often due to a lack of comprehensive data and analysis 
that can guide effective resource allocation  [15]. 
This study seeks to fill this gap by providing a 
detailed regional analysis of hospital bed distribution, 
highlighting areas of inequity and potential areas for 
improvement. For policymakers and decision-makers, 
this study offers critical insights into the current state 
of hospital bed allocation in Lorestan Province. By 
identifying disparities and highlighting underserved 
areas, this research provides a foundation for informed 
decision-making aimed at enhancing healthcare equity. 
The findings can guide the development of targeted 
interventions and resource allocation strategies that 
ensure all residents have adequate access to inpatient 
care. Furthermore, this study contributes to the broader 
discourse on UHC by emphasizing the necessity of 
equitable resource distribution as a cornerstone of health 
equity. Policymakers can use the insights gained from 
this analysis to support initiatives aimed at reducing 
health disparities, improving patient outcomes, and 
achieving UHC goals. The study’s evidence-based 
recommendations can inform strategic planning and 
policy formulation, ultimately fostering a more equitable 
and efficient healthcare system in Lorestan and similar 
regions.

Methods 

Lorestan province
Lorestan is a province located in the western part of 
Iran. It is characterized by its mountainous terrain. The 

capital city of Lorestan is Khorramabad. As of the latest 
administrative divisions, Lorestan province comprises 
11 counties. Each of these counties includes several 
cities and rural districts. Figure 1 shows the location of 
Lorestan Province in western Iran. The geographical 
location of Lorestan Province is shown in Figure 1.

Data collection
In Lorestan province, Lorestan University of Medical 
Sciences (LUMS) is responsible for providing health 
services, including the establishment of hospitals. 
All government hospitals and services in the province 
are offered at government-regulated prices. Data on 
the number of hospitals and hospital beds in each city 
were collected from the Lorestan University of Medical 
Sciences website (https://lums.ac.ir). Population 
statistics for each city were obtained from the statistical 
center of Iran (https://amar.org.ir/). Since the data used 
in this study is publicly accessible and available online 
to any researcher, there was no need to obtain an ethics 
code.

Data analysis
To assess the equity in the distribution of hospital beds, 
we employed two widely used Gini coefficient [16] and 
the Lorenz curve indicators [17]. The Gini coefficient is 
a measure of statistical dispersion intended to represent 
the inequality of a distribution. A Gini coefficient of 
0 indicates perfect equality, where every city has 
the same number of hospital beds per capita. A Gini 
coefficient of 1 indicates maximum inequality, where 
one city has all the hospital beds. Interpret the Gini 
coefficient and its range: 0: Perfect equality. Every 
region has an equal number of hospital beds. 1: Perfect 
inequality. All hospital beds are concentrated in one 
region, and other regions have none. Understanding 
the Coefficient: Low Gini Coefficient (close to 0): 
Indicates a more equitable distribution of hospital 
beds. Regions have similar numbers of beds, showing 
relatively fair access across the board. High Gini 
Coefficient (close to 1): Indicates greater inequality 
in distribution. This suggests that some regions have a 
disproportionate number of beds compared to others, 
reflecting disparities in access to healthcare resources. 

Fig. 1. Geographic location of Lorestan Province.
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To calculate the Gini coefficient for the distribution 
of hospital beds in Lorestan, we first computed the 
number of hospital beds per 1,000 population for each 
city. We then applied the Gini coefficient formula to 
this distribution. The Lorenz curve is a graphical 
representation of the distribution of resources (in this 
case, hospital beds). It plots the cumulative percentage 
of the total number of hospital beds against the 
cumulative percentage of the population. The degree 
of curvature of the Lorenz curve indicates the level of 
inequality: the closer the curve is to the line of equality 
(45-degree line), the more equitable the distribution. 
Conversely, the further the Lorenz curve is from the 
line of equality, the more inequitable the distribution. 
We analyzed the distribution of hospital beds across 
the cities in Lorestan using the Gini coefficient and 
the Lorenz curve. The results provided a quantitative 
and visual representation of the equity in hospital bed 
distribution. This analysis allowed us to identify areas 
with significant disparities and propose targeted policy 
interventions to improve equity in healthcare resource 
allocation. The analyses were conducted using the R 
statistical software, with significance determined at a 
p-value of less than 0.05.

Results

The population of Lorestan province was 1,678,873 
people. There are 18 hospitals across the 11 cities of 
Lorestan province. Table I displays the population, 
number of hospitals, number of hospital beds, beds per 
1,000 people, and hospitals per 100,000 people.
The cities with the most hospitals were Khorramabad 
(6 hospitals), Borujerd (2 hospitals), and Aligudarz (2 
hospitals). and each of the remaining cities had one 
hospital. In 2023, the Gini coefficient for hospital beds 
in Lorestan province, compared to the population of 
each city, was estimated at 0.27. Figure 2 displays the 
Gini coefficient calculated for hospital beds in each city 
of Lorestan province.
The highest Gini coefficients for hospital beds were 
observed in the cities of Khorramabad, Aligudarz, and 

Delfan. The lowest Gini coefficients were observed in 
the cities of Rumeshkan, Poldokhtar, and Selseleh.
Figure 3 presents the Lorenz curve for the number of 
beds and active population in Lorestan province in 2023. 
According to this figure, the Lorenz curve deviates 
significantly from the optimal limit (Equity line, 45 
degrees). This increased distance between the curve and 
the justice line indicates a lack of proper distribution of 
hospital beds in Lorestan.

Discussion 

In this study, we assessed the equity in the distribution of 
hospital beds across Lorestan province in western Iran. 
Our analysis revealed a notable disparity in the allocation 
of hospital beds relative to population distribution 
among the 11 cities. With a Gini coefficient of 0.27, 
the results indicate a moderate level of inequality in the 
distribution of hospital beds. The Lorenz curve further 
underscores this inequity, with a substantial deviation 
from the 45-degree equity line, illustrating a significant 
imbalance between population needs and hospital bed 
availability.
When comparing our findings to other studies, our 
Gini coefficient of 0.27 is higher than those reported 
by Mosadeghrad AM (0.10) [18], Rezaei S (0.19) [19], 
Mosadeghrad AM (0.26) [20], and Rezaei S (0.19) [21]. 
These lower Gini coefficients suggest that these 
regions have a more equitable distribution of hospital 
beds. Conversely, our Gini coefficient is lower than 
those reported by Chavehpour Y (0.55)  [22], Asl IM 
(0.46) [13], Mosadeghrad AM (0.28) [23], Mosadeghrad 
AM (0.29)  [24], and Mosadeghrad AM (0.61)  [25], 
indicating that these studies found greater inequity in the 
distribution of hospital beds compared to our findings.
The variation in Gini coefficients across different studies 
highlights the disparities in healthcare resource allocation 
in various regions. Our study’s Gini coefficient being in 
the middle range of these comparisons suggests that while 
there is room for improvement, Lorestan’s distribution 
of hospital beds is relatively more equitable than regions 
with higher Gini coefficients but less equitable than 

Tab. I. Population, number of hospitals, number of hospital beds, beds per 1,000 people, and hospitals per 100,000 people in Lorestan province 
in 2023.

City Population
Number 

of Hospitals
Number 

of hospital beds
Beds per 

1000 People
Hospitals per 
100000 People

Khorramabad 506471 6 929 1.88 1.18
Borujerd 326452 2 549 1.68 0.61
Aligudarz 137534 2 259 1.88 1.45
Dorud 174508 1 189 1.08 0.57
Azna 71586 1 96 1.34 1.39
Rumeshkan 39058 1 0 0.0 2.56
Kuhdasht 166658 1 128 0.76 0.60
Delfan 65547 1 118 1.80 1.52
Selseleh 75559 1 79 1.04 1.32
Poldokhtar 73744 1 29 0.39 1.35
Sarab-e Dowreh 41756 1 64 1.53 2.39
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those with lower coefficients. These findings underscore 
the need for targeted policies to address and reduce the 
inequities in hospital bed distribution to ensure more 
equitable access to healthcare services for all populations 
within Lorestan province.
The differences in Gini coefficients calculated for the 
distribution of hospital beds in different studies can 
be attributed to several factors  [13]. Different regions 
may have varying levels of healthcare infrastructure 
development, population density, and healthcare needs. 

These regional differences can significantly impact the 
equity in the distribution of hospital beds. Variations 
in study design, data collection methods, and analysis 
techniques can lead to different Gini coefficients  [25]. 
For instance, differences in the time periods studied, 
the population data used, and the specific metrics for 
hospital bed distribution can all affect the results. The 
effectiveness and focus of healthcare policies and 
investments in different regions can lead to disparities 
in resource allocation. Regions with more robust 
healthcare policies and better investment in healthcare 
infrastructure may show lower Gini coefficients  [22]. 
Socioeconomic conditions, such as income levels, 
employment rates, and education, can influence 
healthcare access and distribution. Regions with 
higher socioeconomic status may have better access 
to hospital beds and more equitable distribution  [19]. 
Geographical factors, such as the urban-rural divide, 
terrain, and transportation infrastructure, can impact the 
accessibility and distribution of hospital beds. Regions 
with challenging geography may face more significant 
disparities [25]. Differences in population demographics, 
such as age distribution, prevalence of diseases, and 
population growth rates, can affect healthcare needs 
and the distribution of hospital beds. Regions with older 
populations or higher disease prevalence may require 
more hospital beds [26]. The balance between the demand 
for healthcare services and the supply of hospital beds 
can vary across regions. Areas with higher demand but 
limited supply may exhibit higher Gini coefficients [18]. 
The level of support and intervention from government 
and healthcare institutions can play a crucial role in 
ensuring equitable distribution. Regions with proactive 

Fig. 2. Gini coefficient calculated for each city in Lorestan province in 2023.

Fig. 3. Lorenz curve of hospital bed distribution based on popula-
tion in Lorestan province.
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government policies and strong institutional frameworks 
may achieve better equity in hospital bed distribution. 
These factors, individually or in combination, can 
contribute to the observed differences in Gini coefficients 
across various studies. Understanding these underlying 
reasons can help policymakers and healthcare planners 
devise strategies to address inequities and improve the 
overall distribution of healthcare resources [22].
Khorramabad, the provincial capital with a population 
of 506,471, has a Gini coefficient of 1.00, indicating 
the highest level of inequality. This suggests that 
hospital beds are not equitably distributed relative to the 
population. Aligudarz, with a Gini coefficient of 0.93, 
also exhibits significant inequality. Despite a smaller 
population of 137,534, the distribution of hospital beds 
in this city is highly uneven. Borujerd and Delfan have 
Gini coefficients of 0.75 and 0.85, respectively. These 
values indicate substantial but slightly lower inequality 
compared to Khorramabad and Aligudarz. Borujerd, 
with a population of 326,452 and 549 hospital beds, and 
Delfan, with 65,547 people and 118 beds, demonstrate 
a more equitable distribution than the highest inequality 
cities, yet still reflect notable disparities. Dorud (0.46), 
Selseleh (0.44), Azna (0.65), and Sarab-e Dowreh (0.60) 
present more moderate levels of inequality. These cities, 
with varying populations and hospital bed counts, show a 
somewhat better balance in the distribution of healthcare 
resources. However, there is still room for improvement 
to achieve more equitable access. Rumeshkan (0.00), 
Kuhdasht (0.33), and Poldokhtar (0.11) exhibit the lowest 
Gini coefficients, indicating relatively more equitable 
distributions of hospital beds. Rumeshkan, notably, has 
no hospital beds, which simplifies its Gini coefficient 
calculation to 0.00. Kuhdasht and Poldokhtar, despite 
having fewer beds, show a more equitable distribution 
relative to their populations.

Implications for Health Policy
Resource Allocation. The disparities highlighted by the 
Gini coefficients suggest a need for targeted resource al-
location to address inequities. Cities with high inequal-
ity, such as Khorramabad and Aligudarz, require strate-
gic interventions to ensure a more balanced distribution 
of hospital beds.
Infrastructure Development. Investment in healthcare 
infrastructure, particularly in cities with fewer hospi-
tal beds like Rumeshkan and Poldokhtar, can enhance 
equity. Ensuring that all cities have at least a minimum 
threshold of hospital beds is crucial for equitable health-
care access.
Policy Reforms. Policymakers should consider reforms 
that promote equitable healthcare distribution, such as 
incentives for hospitals to expand services in under-
served areas and regulations that ensure equitable access 
to healthcare resources.
Monitoring and Evaluation. Continuous monitoring of 
the distribution of healthcare resources using tools like 
the Gini coefficient can help track progress and identify 
areas needing further intervention.
By addressing these disparities, Lorestan province can 

move towards a more equitable healthcare system, en-
suring that all residents have fair access to necessary 
medical services regardless of their location.

Limitations
While this study provides valuable insights into the equity 
of hospital bed distribution in Lorestan Province, several 
limitations should be acknowledged. The study relies 
on publicly available data from Lorestan University of 
Medical Sciences and the Statistical Center of Iran. Any 
inaccuracies or limitations within these data sources could 
affect the findings. For instance, discrepancies in reporting 
hospital bed counts or population figures could influence 
the Gini coefficient and Lorenz curve analysis. The study 
focuses solely on the distribution of hospital beds and 
does not consider other critical healthcare resources such 
as medical staff, equipment, or outpatient services. Thus, 
the overall equity of healthcare access might be broader 
than what hospital bed distribution alone can reveal. The 
study does not account for geographical challenges and 
transportation issues that might affect access to hospital 
services. In mountainous and rural areas of Lorestan, 
physical access to hospitals can be a significant barrier 
despite an equitable distribution of beds. The analysis 
is based on data from a single year (2023), which may 
not capture temporal changes and trends in hospital bed 
distribution and healthcare needs over time. Longitudinal 
data would provide a more comprehensive understanding 
of equity trends and the impact of policy changes. The 
study does not integrate socioeconomic and demographic 
variables, such as income levels, education, and age 
distribution, which could influence healthcare needs 
and access. Including these factors might offer a more 
nuanced understanding of inequities in hospital bed 
distribution. The study does not directly assess the impact 
of hospital bed distribution on health outcomes. While 
equitable distribution is critical, the ultimate goal is to 
improve health outcomes. Future research should link 
hospital bed distribution to patient health outcomes to 
validate the implications of equity in resource allocation. 
Although the study compares Gini coefficients with other 
regions, differences in healthcare systems, policies, and 
socioeconomic contexts between Lorestan and other areas 
could limit the generalizability of these comparisons. The 
study provides recommendations for policy interventions 
but does not assess the feasibility and potential impact 
of these interventions. Further research is needed to 
evaluate the practical implementation and effectiveness 
of proposed policy measures in improving equity.
While this study provides valuable insights into the 
equity of hospital bed distribution in Lorestan province, 
it is important to acknowledge certain limitations. 
Firstly, the analysis was confined to a single province 
in western Iran, which may limit the generalizability 
of the findings to the broader context of Iran. The 
healthcare infrastructure, population distribution, and 
regional factors specific to Lorestan may differ from 
those in other provinces, leading to variations in equity 
levels. Therefore, caution should be exercised when 
extrapolating these results to other regions within the 
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country. Further research involving a broader range of 
provinces or a nationwide study would be necessary to 
draw more comprehensive conclusions about the equity 
of hospital bed distribution across Iran.

Conclusions

This study provides a comprehensive analysis of the 
equity in hospital bed distribution across Lorestan 
Province, western Iran, revealing significant disparities. 
With a Gini coefficient of 0.27, our findings indicate 
a moderate level of inequality, supported by the 
Lorenz curve’s deviation from the equity line. Cities 
like Khorramabad and Aligudarz exhibit the highest 
inequality, while Rumeshkan, Kuhdasht, and Poldokhtar 
show more equitable distributions. These disparities 
underscore the need for targeted policy interventions 
to ensure a fair allocation of healthcare resources. Our 
study highlights the critical role of equitable hospital 
bed distribution in achieving UHC, improving patient 
outcomes, and fostering overall societal well-being. 
Addressing these inequities requires a multifaceted 
approach, including strategic resource allocation, 
infrastructure development, policy reforms, and 
continuous monitoring. By implementing these 
measures, policymakers can enhance healthcare access 
and equity, particularly in underserved and rural areas. 
While our analysis focuses on hospital beds, future 
research should incorporate other healthcare resources 
and consider socioeconomic and demographic factors 
for a more comprehensive assessment. Ultimately, 
improving equity in healthcare resource distribution 
is essential for reducing health disparities, enhancing 
system efficiency, and promoting the general health and 
well-being of the population in Lorestan Province.
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The present article reviews the major historical plague epidem‑
ics that characterised human history by combining data derived 
from historical sources and biomedical evidence emerged in 
recent years thanks to advancements of palaeogenetics and pal‑
aeopathology.

Notes are offered on the Plague of Athens, the Antonine Plague, 
the Plague of Cyprian, the Justinian Plague, the Black Death 
down to more recent centuries and presenting key aspects that 
continued to be preserved over time and would also partly char‑
acterise the recent COVID-19 pandemic. 
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Summary

Introduction

The severe impact of the COVID-19 pandemic, 
amounting to more than 704,753, 890 cases worldwide 
and 7,010,681 deaths as of April 13, 2024  [1], on the 
world’s population has led the international scientific 
community to reflect deeply on the history of epidemic-
pandemic phenomena and the anthropic response, at 
medical as well as social and political levels. Indeed, 
those events have powerfully shaped the economic, 
political, and social aspects of human civilization [2-4]. 
Epidemic outbreaks have defined some of the basic tenets 
of modern medicine, pushing the scientific community 
to develop principles of epidemiology, prevention, 
immunization, and antimicrobial treatments [2-4]. 
The aim of this contribution is to retrace the main 
pestilential events that have disrupted human societies, 
starting from the mythical Achaean plague narrated 
in the Iliad to the plague of the 14th century AD, 
thus emphasising the interaction between scientific-
epidemiological and socio-cultural components. 

History of plague

Plague is an infectious disease of bacterial origin 
caused by the bacillus Yersinia pestis, a Gram-negative 
bacterium belonging to the enterobacteria family [5]. The 
disease is primarily a murine zoonosis, and its reservoir 

is made up of various species of rodents including the 
common rat (Rattus rattus). Many types of animals, 
such as rock squirrels, wood rats, ground squirrels, 
prairie dogs, chipmunks, mice, voles, and rabbits can be 
affected by plague. Wild carnivores can become infected 
by eating other infected animals. The vector is the rat flea 
(Xenopsylla cheopis): when the latter bites an infected 
rat to feed on its blood, it receives the bacterium in the 
esophagus, where it multiplies  [6]. The decimation of 
infected rat colonies forces fleas to seek alternative hosts, 
such as humans. In this case too, contagion occurs through 
the bite of the flea, which regurgitates the bacterium and 
carries it into the human blood. Added to these modes 
of transmission is, in the case of the pulmonary form, 
contagion from person to person through droplets, the 
respiratory droplets spread by coughing, and it can also 
be transmitted by animal scratches or by the inhalation 
of infected particles from animals having a respiratory 
infection; furthermore infection through the handling 
of infected animals is also documented or during the 
autopsy of infected animals [7-9].
Plague has occurred in people of all ages, though 50% 
of cases occur in people ages 12-45. It occurs in both 
men and women, though historically is slightly more 
common among men, probably because of increased 
outdoor activities that put them at higher risk. Modern 
antibiotics are effective in treating plague. Without 
prompt treatment, the disease can cause serious illness 
or death. Human plague infections continue to occur in 
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rural areas in the western United States, but significantly 
more cases occur in parts of Africa and Asia [10]. 
However, if the exact aetiology of the plague has only 
been clarified relatively recently, the disease has been 
well known since ancient times and has given rise 
to various pandemics throughout history, which is 
confirmed both in archaeological finds and in written 
sources. Regarding the latter, however, it should 
immediately be clarified that what the ancients would 
call plague did not necessarily refer specifically to 
infection by Y. pestis. The Latin word pestis, for example 
(as well as the corresponding terms that derive from it 
in many European languages) is in fact very often used 
to generally designate a misfortune, a calamity, a ruin, 
or a generic epidemic. Similarly, plaga (like the Greek 
πληγή), which gave rise to the corresponding Italian 
word piaga and the English plague, designates a serious 
damage, a scourge or a calamity; in the case of diseases, it 
does not specifically indicate what type of calamity [10]. 
Less vague, in the sense that it indicated a contagious 
infectious disease, is the term pestilentia, introduced in 
the late Roman Republican age and used for example 
by Julius Caesar (100-44 BC) to define the epidemic 
that broke out in Marseille, which forced the inhabitants 
to surrender. The use of pestilentia in these contexts 
is influenced by the miasmatic theory and is therefore 
frequently connected to the climatic and orographic 
conditions that accompany epidemics and endemics and 
is a sign of the progressive affirmation of the rationalistic 
interpretation of epidemics to the detriment of the long-
standing tendency prevalent, to consider them – not 
knowing the pathogens – as catastrophic events to be 
attributed to supernatural intervention [11].
A striking example is given by the ‘plague’ (νοῦσος) 
narrated at the opening of the Iliad (I.10), caused by 
Apollo to punish the Achaeans and their supreme leader 
Agamemnon. The latter had refused to return the young 
Chryseis, his war prey, to her father Chryses, priest of 
the god, chasing him away in a bad way. Chryses, having 
set out towards the sea, then stopped to pray to Apollo, 
reminding him of the many opulent sacrifices made to 
him and imploring her revenge:

the old man prayed to the lord Apollo, whom fair-
haired Leto bore: “Hear me, god of the silver bow, 
who stand over Chryse and holy Cilla, and rule 
mightily over Tenedos, Sminthian god, if ever I 
roofed over a temple to your pleasing, or if ever I 
burned to you fat thigh-pieces of bulls and goats, 
fulfill this prayer for me: let the Danaans pay for my 
tears by your arrows” So he spoke in prayer, and 
Phoebus Apollo heard him. Down from the peaks 
of Olympus he strode, angered at heart, bearing 
on his shoulders his bow and covered quiver. The 
arrows rattled on the shoulders of the angry god 
as he moved, and his coming was like the night. 
Then he sat down apart from the ships and let fly 
an arrow: terrible was the twang of the silver bow. 
The mules he assailed first and the swift dogs, but 
then on the men themselves he let fly his stinging 
shafts. [Iliad I. 35-52] [12]

The plague that appears in the Greek camp therefore 
serves to punish the arrogance (ὕβρις) of Agamemnon, 
who had dared to challenge the gods by rejecting the 
request of one of their priests. The same equation plague 
= divine punishment is present other times in Greek 
literature, for example in Sophocles’ Oedipus Rex  [vv. 
25-30, 168-187] (around 430-420 BC). In the prologue 
it is narrated how the Thebans, devastated by the plague, 
beg the wise king Oedipus to intervene to stop the spread 
of the disease. In both the Iliad and Oedipus Rex, no 
description is made of the disease. What matters is 
only to underline how it is caused by the supernatural 
intervention of the gods, in the first case by Apollo, 
triggered by the wicked action of man. The symptoms 
of νοῦσος as well as its course are also ignored, making it 
impossible to exactly identify the type. The only useful 
detail provided by the poetic account of the Iliad, namely 
that it affects mules first, then dogs and finally men, 
corresponds to the ‘classic’ scheme of zoonoses, favored 
by promiscuity. No mention is made even of prophylaxis: 
the only precaution to contain the contagion seems to be 
the elimination of the corpses through cremation, while 
for the rest the Achaean camp remains totally exposed as 
well as its occupants, defenseless and submissive to the 
unraveling of the events.
Just like the cause, the remedy is also, in both cases, 
linked solely to the supernatural sphere. In the Iliad, the 
soothsayer Calchas reveals what caused the plague, who 
will say that it broke out because of Apollo’s anger at 
the mistreatment of his priest; in Sophocles’ tragedy, 
however, the cause revealed by the oracle of Delphi 
is the killing, which went unpunished, of the previous 
sovereign Laius. Both human attitudes have caused the 
balance to be broken, and to remedy it will be necessary 
to restore it by returning, respectively, Chryseis to her 
father and identifying and punishing Laius’ murderer. 
The ‘didactic’ message conveyed by both episodes is 
therefore very clear: only respect for the will of the gods 
guarantees order and the status quo; on the contrary, the 
lack of respect towards the deities and the infringement 
of the rules triggers chaos and the epidemic, which is a 
symbolic manifestation of it. 
Among the plagues mentioned in ancient sources, 
only very few can be attributed with certainty to Y. 
pestis. Biblical descriptions, for example, are very 
vague to allow for certain identification. The Book of 
Samuel [1 Sam 5] narrates the plague of the Philistines 
(ca. 11th century BC), sent by God as punishment for 
having stolen the ark of the covenant from the defeated 
Israelites. The disease manifests itself through ‘buboes’, 
and the people’ groans, ‘rose to heaven’.
Another alleged plague account relates to the siege 
of Jerusalem by Sennacherib’s Assyrian army (701 
BC). The biblical source  [2 Kings 19:3] limits itself 
to asserting that one morning the besieged awoke to 
discover that during the night an angel of the Lord had 
killed all their enemies; however Herodotus, who also 
cites the episode, adds that ‘when they arrived, the 
enemies suffered an invasion of field mice at night that 
gnawed at their quivers and bows and shield straps, so 
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that the next day, left defenseless, they fled and fell in 
great numbers’  [Herodotus II, 2.141] The only clue to 
a possible plague epidemic is the presence of rodents in 
large numbers, but the hint is too vague to be conclusive.
As for the famous plague of Athens (430 BC), it 
was narrated in detail by Thucydides  [History of the 
Peloponnesian War II.2, 47-54].  [13] Ever since the 
beginning of written evidence, it had always been 
supposed that a person who had recovered from a certain 
disease became immune to contracting it again. Indeed, 
some 2,500 years ago, Thucydides (460 BC-404 or 399 
BC; Fig. 1), in his description of an epidemic that hit 
Athens, observed that “No one has ever been affected a 
second time, or at least fatally” [14, 15].
The plague arrived in Athens through the port at 
Piraeus  shortly after the beginning of the Second 
Peloponnesian War (431-404 BC) fought between 
Athens and Sparta. The symptoms described have, over 
time, suggested its identification as typhus, Ebola or 
haemorrhagic fever; more likely, however, it was typhoid 
fever, given that its pathogen, Salmonella enterica 
serovar Typhi, was found in DNA extracted from the 
dental pulp of three teeth recovered from the Athenian 
cemetery of Kerameikos  [16]. Thucydides reports the 
following symptoms of the disease: headache, red eyes, 
red throat, bad breath, sneezing, hoarseness, coughing, 
vomiting, convulsions, body blisters, fever, thirst, 
restlessness, sleeplessness, bowel ulcers, diarrhea, 
gangrene, memory loss. 
Other plagues reported by sources also do not appear to 
be caused by Y. pestis but by other pathogens. Moreover, 

it was not easy for the ancients to distinguish diseases 
only based on symptoms, so pathologies such as measles, 
chickenpox and smallpox were often confused with each 
other and with ‘plague’ itself [17]. 
This is the case, for example, of the Antonine Plague 
(165–180 AD) during the reign of Marcus Aurelius also 
known as the Plague of Galen (after Galen, the Greek 
physician who described it) (Figure 2).
Galen knew the plague and had direct experience because 
he was in Rome when the plague reached the city in AD 
166 and also during an outbreak among troops stationed 
at Aquileia during the winter of AD 168-169.
His suggestions, notes and remarks to the plague are 
scattered and often brief but they are interesting and enough 
to identify and recognize the plague as smallpox  [18]. 
His description of the exanthema is fairly typical of the 
smallpox rash; the symptoms described by Galen in the 
Methodus medendi while observing the troops stationed 
in Aquileia – fever, diarrhea, inflammation of the pharynx 
and eruptions on the skin, both dry or purulent, which 
manifested themselves around the ninth day of illness - 
rather indicate a smallpox pandemic with devastating 
consequences [17] (Fig. 3).
The Antonine Plague was a terrible, long, and destructive 
epidemic that had a terrible impact on the entire Roman 
Empire; it felled ten thousand people in first-century 
Rome; it began in Mesopotamia in late AD 165 or early 
AD 166 during Verus’ Parthian campaign, and quickly 
spread to Rome. It was possibly contracted and spread 
by soldiers who were returning from the exhausting and 
challenging campaigns of war in the Near East.
It lasted at least until the death of Marcus Aurelius in 
AD 180. This pandemic then spread across the Empire 
to North Africa, Western Asia and other parts of Europe; 
it is believed to have caused five million deaths.
In the same way, the Plague of Cyprian (around 250-
266 AD) (Fig. 4), which arrived in Rome after having 
devastated Africa and reached Britain, touching the Vallum 
Hadriani, favored by rapid emptying of cities. The disease 

Fig. 1. Tucidide (Θουκυδίδης) (Athens, 460 BC - Athens, after 404 or 
399 BC) (Adapted by the authors) (Wikipedia Commons - public 
domain).

Fig. 2. The angel of death striking a door during the plague of 
Rome: an engraving by Levasseur after Jules-Elie Delaunay (1894) 
(Wikipedia Commons -public domain).
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takes its name from Archbishop Cyprian of Carthage, who 
described it in De mortalitate [Chapter 14]: 

Now the fact that the belly, gripped by cramps, 
disperses the body’s strength in an uncontrolled 
dysentery, that deep within the bones the infection 
flares up causing sores in the throat and to expand by 
boiling, that the intestines are shaken by continuous 
vomiting, that the eyes burn with bloodshot, that the 
feet or other limbs have to be amputated due to the 
contagion of the unhealthy gangrene, which due 
to this loss or damage to parts of the body, while 
weakness creeps in everywhere, the step becomes 
uncertain, the hearing fades, the sight becomes 
dark, all this is useful to show our true faith.

As we can see, however, these symptoms, recently 
rediscussed by Harper, would seem to point in the 
direction of a hemorrhagic fever like Ebola rather than 
the plague [19].
No doubt however for the well-known epidemic 
that raged in the Byzantine Empire, especially in 
Constantinople, between 541 and 542 during the reign of 

Justinian I (527-565) and which we know well from the 
detailed account given by Procopius of Caesarea (490-
565) [Bellum Persicum 2.22] and other authors such as 
Gregory of Tours and Paul the Deacon [20].
Considered the first plague pandemic in history  [21], 
the Plague of Justinian caused a very high number of 
victims – almost 100 million according to Procopius 
– contributing to the decline of what remained of 
Roman Empire and the definitive transition between 
the Classical world and the Middle Ages. The Y. pestis 
bacillus responsible for the disease was found in some 
skeletons buried in Sens (France) and Aschheim, Bavaria 
(6th century); the analyzes conducted in 2014 by a team 
of scholars on the DNA extracted from the teeth of two 
individuals (A120 and A76) buried in the latter burial 
ground also demonstrated that the genomes belonged to 
a pathogen form a now extinct strain [22].
From the 6th century until around the year 1000, no 
major plagues or plagues occurred in Europe except 
for leprosy or scrofula  [23]. However, around the turn 
of the millennium a milder climate (especially in the 
continental West), together with the recovery of trade 

Fig. 3. Galen (Κλαύδιος Γαληνός). An 18th-century engraving by 
Georg P. Busch (Wikipedia Commons -public domain).

Fig. 4. 16th-century painting of Saint Cyprian, who documented 
the plague in his writings (Wikipedia commons - public domain).
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and the introduction of various technological innovations 
improved the quantity and quality of crops. The richer 
diet and the growth in individual living standards, 
combined with the sense of greater security conferred by 
the progressive stabilization of political structures, led to 
a progressive increase in the population which, however, 
in the long run led to the growth of urban development, 
with consequent overcrowding of the cities and 
deterioration of general hygienic conditions. Climatic 
conditions worsened again in the 14th century, when 
temperatures increased rains and the drop in temperature 
corresponded to a contraction in agricultural production 
which gave rise to various episodes of famine, leaving 
the population exhausted. The conditions were ideal for 
the outbreak of the second plague pandemic caused, 
once again by Y. pestis, the infamous Black Death which 
reached its peak in Europe from 1347 to 1351 causing 
about 15 to 25 million deaths.

The Black Death or bubonic plague

The bacillus appeared around the 1320s in Asia and 
reached the Crimea through the Russian steppes. Here 
the Tatar khan Ganī Bek occupied in the siege of Caffa 
(today’s Fedosia, Crimea) ordered the corpses of the 
infected dead to be thrown inside the city walls as an 
ante-litteram ‘bacteriological weapon’. From Caffa, 
a Genoese colony at the time, the plague was brought 
to Constantinople by Ligurian ships, finally landing in 
Europe from the ports of Genoa, Messina and Marseille 
to spread throughout the continent until reaching, 
in the space of three years, the extreme north and the 
Scandinavian peninsula.
Accounts of the time show that, as in ancient times, 
the disease was considered a divine punishment which 
desperately attempted to be remedied through prayers, 
penances, processions and pilgrimages. The medicine of 
the time ignored the aetiology of the disease and proved 
completely powerless in containing the pandemic. A 
report compiled at the University of Paris, for example, 
attributed the blame for the plague to some unknown and 
inscrutable celestial event: 

An astral conjunction, together with other 
conjunctions and eclipses, is the real cause of the 
gravely deadly corruption of the air around us, 
source of mortality and famine  [...]. We believe 
that the present epidemic or plague comes directly 
from the air corrupted in its substance, and not 
only from the alteration of its qualities. This fact 
must be understood in this way: since the air is, in 
fact, by its nature pure and clear, it does not putrefy 
and does not become corrupt unless evil vapors are 
mixed with it, following any cause. 
Many corrupt vapors, at the time of the said 
conjunctions and by their own virtue, rose from 
the land and the sea and spread into the air itself; 
many of those vapors, under the influence of the 
frequent blowing of hot and humid and violent 
southerly winds, owing to the damp and strange 

vapors which those winds carried with them, 
have corrupted the air in its very substance. 
Consequently, this air, thus corrupted, necessarily 
penetrating the lungs, attracted by breathing, 
corrupts the gaseous substance that is found in it 
and, due to the humidity, causes everything that is 
close to it to putrefy. This is where the fevers arise 
from nature, which corrupt the principle of life [...]. 
We cannot hide the fact that, when the epidemic 
proceeds from divine will, we have no other 
advice to give than to humbly entrust ourselves 
to this will, without abandoning the doctor’s 
prescriptions’ – (translation of the quoted passage 
by the Authors) [24]. 

In the impossibility of identifying a certain cause, 
scapegoats were sought for, identified, as often happens 
in similar cases, in the ‘weakest’ and most marginal 
categories of society, especially women and Jews.
As for prophylaxis, it was almost non-existent: doctors 
examined patients wearing a sort of beak-shaped mask - 
the use of which was perfected in the seventeenth century, 
an experienced French physician named Charles de 
Lorme (1584–1678), (who practiced in various regions 
of Europe during the 17th century) and was court doctor 
of Louis XIII (1601-1643) [25]. 
In 1619, the bubonic plague erupted in Paris, and Delorme 
created the “plague preventive costume” (Fig. 5), which 
consisted of a long overclothing garment which went 
from the neck all the way down to the ankle; the gist was 
that the air could not penetrate. The outfit also contained 
gloves, boots, and a hat; the hat was made of waxed 
leather. The hat was not really part of the costume; it was 
more of a symbol of the physician’s position as a medical 
practitioner. There was also a mask which had a nose 
half a foot long, shaped like a beak, filled with perfume 
with only two holes, one on each side near the nostrils; 
it could suffice to breathe and to carry along with the air 
one breathes the impression of the drugs enclosed further 
along in the beak. The mask is filled with aromatic herbs 
to help the wearer bear unpleasant smell. The eyes were 
also covered and protected with specs.
The doctor also has a stick to examine patients without 
touching them. With this complete set of equipment, 
Delorme and other physicians could assist patients who 
required their help [26]. 
During the 1619 French plague, Delorme was seen as 
a star, assisting numerous people struck by the plague. 
His clothing received many grants, and he was much 
appreciated; his name was associated with the term ‘the 
beak doctor’.
Alternatively, those who could (like the Pope in Avignon) 
practiced fumigation with herbs and aromatic substances 
to purify the air [27].
The Black Death took around four years to make its 
way along the Silk Road from the Steppes of Central 
Asia, via Crimea, to the Western most parts of Europe, 
the Middle East and North Africa. The Black Death 
had epochal consequences on late medieval European 
society, triggering an economic recession that caused 
revolts by peasants in various parts of Europe, such as 
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the jacquerie in France and England, and in Florence 
the riot of the Ciompi (wool workers), as well as the 
strengthening of the feudal system in Eastern Europe. 
In the long run, however, the demographic collapse 
imposed a redistribution of assets and incomes, creating 
new, better-paid jobs, while the shortage of labor led to 
the cultivation of only the most profitable and fertile land 
and stimulated new technological inventions. Those who 
survived therefore experienced a well-being that they 
had never achieved before. Even from a cultural point of 
view, the epochal tragedy represented a break with respect 
to values that had remained unchanged for centuries. 
Having called into question religious certainties, the 
man who escaped the scourge had to find a new role for 
himself within a universe in which everything was more 
precarious and he himself now appeared to be the direct 
architect of his own destiny. Despite its tremendous 
burden of mourning, the Black Death projected Europe 
into Humanism, closing the Middle Ages and starting a 
new era. A rough estimate is that 25 million people in 
Europe  died from plague during the Black Death. By 
the end of the 1800s, developments in bacteriology and 
infection control meant that medical researchers were 
able to observe and investigate the disease in detail for 
the first time. Three types of vaccines [28, 29] namely 
killed whole-cell (KWC) vaccines, live attenuated 
vaccines (EV76), and recombinant subunit vaccines, 
have been developed against plague.
Although KWC and EV76 vaccines provide protection 
against plague in animal models, both have side effects 
and need repeated immunizations for developing 
immunity in humans.  Analysis of centuries-old DNA 
from both victims and survivors of the Black Death has 

identified key genetic differences that helped people 
survive the plague. Evidence has been put forward that 
a gene variant that helped people survive the Black Death 
also significantly lessens the impact of COVID-19 [30]. 
The recent COVID-19 (2020) pandemic has brought the 
global population back to confront a world unprepared to 
deal with a health emergency of such magnitude, despite 
the fact that over time the cinema and media have helped 
shape the collective perception of pandemics, playing an 
educational role but also fueling myths and beliefs [31]. 
The contribution of health professionals, particularly 
WHO physicians [32], has been crucial, especially with 
the experience gained during the 2003 SARS outbreak 
that cost Dr. Carlo Urbani his life [33]. Early recognition 
of the disease and its systemic implications  [34], in 
fact, coupled with the implementation of preventive 
measures, proved essential to improve treatments and 
limit damage. Historical containment measures such as 
quarantine and curfews have proven their relevance [35] 
in stemming the spread of infection as much as possible, 
while highlighting the need to prioritize preventive 
medicine during health crises rather than allowing it to 
be influenced by political considerations [36].
Pandemics are not only health emergencies, but also 
events with profound social, political, and systemic 
implications. Historical experience and preventive 
medicine remain central to managing and preventing 
future health crises, while international collaboration 
and science must guide global responses.

Concluding remarks

Our essential review of the major epidemics of the ancient 
world and the Middle Ages allows us to draw the following 
general conclusions: 1. Psychological mechanisms shared 
by world populations and ancestral nature have always 
characterized the way in which the human species has 
tried to ‘rationalize’ sudden epidemic phenomena and has 
tried to counter them. 2. The application of a historical-
medical, archaeological and paleopathological approach 
to these problems not only allows scholars to reconstruct 
the origin and evolutionary path of infectious diseases, but 
also complements historical research in the strict sense, 
determining the global changes level of communities 
and societies shocked by the infectious phenomenon. 3. 
Epidemics have always represented a powerful catalyst in 
history. 4. A multidisciplinary approach to past epidemics 
can provide an interesting and useful key to understanding 
the pandemic events that characterize contemporary times. 
The next pandemic could be imminent, driven by factors 
such as urbanisation, climate change, global travel and 
zoonotic diseases; notwithstanding the enlightening 
insights gained from the recent outbreak, the medical 
community and the global population at large continue 
to exhibit deficiencies in their preparedness for future 
virus-based crises  [37]. A review of the historical 
records of plague  [38] and SARS  [39] reveals that 
pandemics have a significant impact not only on public 
health but also on social and political dynamics [40]. It 

Fig. 5. Copper engraving of a plague doctor of 17th-century 
Rome. (Wikipedia commons - public domain).
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is evident that innovation in health responses and global 
collaboration are vital to prevent and contain future 
epidemic threats [41]. The eradication of a pandemic is 
a complex process that necessitates a multidisciplinary 
approach, encompassing the eradication of infectious 
diseases and the utilisation of novel technologies [42, 
43]. The effective management of infectious diseases 
requires a multidimensional approach that integrates 
innovation, global collaboration, and historical 
analysis [44-46].

Note

A preliminary version of this research was presented 
at the congress Schemata, la città oltre la forma. 
Università degli studi di Catania & Università degli 
studi della Campania  “Luigi Vanvitelli”, Siracusa 
(Italy), 26-28 February, 2020.  Moreover, apart from 
reference [8], for which a direct quotation was inserted, 
all other citations of classical sources were limited to 
reporting the relevant passage without giving a full 
bibliographic reference.
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The diseases caused by the conflicts that have been 
raging in many parts of the world in recent years 
demonstrate once again the close link between health 
and peace. 
Health is a precious asset, one that is fundamental for 
both the individual and the community. Unfortunately, 
however, war has a deleterious effect on health, 
causing malnutrition and a predisposition to epidemic 
diseases in the population, especially among its poorest 
members [1]. Even hospitals and health facilities have 
become major strategic targets in many theatres of 
war [2], despite the fact that the Geneva Conventions 
clearly state that in no case can healthcare facilities and 
personnel be targeted by military operations [3]. 
People’s health is constantly endangered by wars, as 
well as by the famines and infectious diseases that 
follow. For instance, in 2022, cholera broke out again in 
Syria [4], a country that has been the scene of a bloody 
war for almost 15 years, and was further devastated by 
a destructive earthquake in February 2023. 
Massive displacements of people have undermined 
sanitation and waste management systems. 
Compounding this issue are the significant reductions 
in functioning health facilities, which are becoming 
increasingly overcrowded, a shortage of medical 
supplies and a lack of healthcare personnel. Water 
resources are increasingly scarce and the population is 
very often forced to drink unsafe water [5]. 
A similar situation has emerged in Sudan, although 
this country remains almost entirely absent from global 
news and debate, partly because the U.S. and European 

nations are preoccupied with the conflicts in Ukraine 
and Gaza, which are consuming their political and 
military resources. As a result, in Sudan there has been 
little international assistance, and healthcare facilities, 
around 70% of which are not operating at full capacity, 
are severely under-resourced [6]. 
Due to the civil war that broke out in April 2023, 14 
million children in Sudan have been left to fend for 
themselves. As the war rages on, famine and disease 
are on the rise [7].
The World Health Organization has reported that yet 
another cholera epidemic was officially declared by 
the Federal Ministry of Health (FMoH) on 12 August 
2024, following a new wave of cholera cases was 
documented on 22 July 2024. The previous epidemic 
had technically ended in June 2024. Between 22 July 
and 1 September, a total of 2,895 cholera cases were 
reported, resulting in 112 associated deaths and a case 
fatality rate (CFR) of 3.9% [8]. 
Unfortunately, cholera cases in the world have been 
significantly increasing over the past three years, 
with conflicts and the destruction of infrastructure 
contributing to this rise, as shown by data from 
the Weekly epidemiological record, published on 
September 6, 2024 [9] (Fig. 1).
Similarly, in the spotlight of the international media, the 
lives of the Ukrainian people are at risk not only due to 
attacks by the Russian armed forces, but also because 
of the destruction of many infrastructures and hospitals, 
as well as the difficulty of obtaining medicines and 
vaccinating children. In this scenario, the population 
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Summary

Health is a precious asset, essential for both individuals and com‑
munities. The wars that have affected various parts of the world in 
recent years have had a detrimental impact on health, leading to 
malnutrition and an increased vulnerability to epidemic diseases 
among the population, especially the poorest.
Hospitals and healthcare facilities themselves have become pri‑
mary strategic targets in many war zones. The destruction of infra‑
structure and hospitals, along with challenges in obtaining clean 

water and access to medicines, has contributed to the resurgence 
of epidemic diseases in countries where they had been eradicated. 
Additionally, the difficulty in ensuring vaccination programs for 
children raises the risk of these diseases spreading to areas typi‑
cally free from them.
The authors reflect on the consequences of wars on the health of pop‑
ulations and the close link between health and peace, presenting the 
latest data on ongoing epidemics in countries affected by war.
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is in constant danger of the spread of epidemic 
diseases such as measles  [10], poliomyelitis  [11] and 
tuberculosis [12].
Another country to consider is Yemen. After a decade of 
conflict, it is in economic collapse, with poverty, mass 
population displacement and a destroyed healthcare 
and social system.
In Yemen, measles and rubella are the main causes 
of child mortality and congenital disabilities, yet 
both diseases can be prevented and avoided through 
vaccines.
A huge number of children are unvaccinated; Save the 
Children data published in June 2024 shows that the 
percentage of children who have never had a routine 
vaccination - defined as “zero-dose” children - is three 
times higher in conflict zones (22.7%) than elsewhere 
around the world (7.1%) [13]. 
In countries such as Sudan, Yemen and Syria there are 
almost 87% of the total “zero dose” children.
At the end of November 2023, according to the World 
Health Organization (WHO) 50,795 suspected cases of 
measles and rubella were reported in Yemen, associated 
with more than 560 deaths: a strong increase compared 
to the 27,000 suspected cases and 220 deaths recorded 
in 2022 [14]. 
According to WHO and UNICEF data, the number 
of children worldwide who received three doses of 
diphtheria, tetanus, and pertussis (DTP) vaccine in 2023 
– a key indicator for global immunization coverage – 
amounted at 84% (108 million).
At the same time, the number of children who did not 
receive a single dose of vaccine increased from 13.9 

million in 2022 to 14.5 million in 2023 [15].  The latest 
trends show that many countries don’t vaccinate the 
children because several parents have doubts about the 
effectiveness and safety of vaccines so many children 
not vaccinated can transmit vaccine- preventable 
diseases at schools and in the community.
This is hands down a dangerous situation for the 
children; we also point out that half of the unvaccinated 
children in the world live in 31 countries affected 
by conflict, and in those geographical areas they 
are at risk of contracting some preventable diseases 
due to the lack of food and health services for the 
population [16].  
Among the numerous ongoing conflicts, the disastrous 
situation in the Gaza and the West Bank must warrants 
attention. The Israeli-Palestinian conflict has been 
marked by repeated violations of international human 
rights. An investigation by The Guardian newspaper, 
Amnesty International and the Human Rights Watch 
documented as early as 2009 the exploitation of Gaza’s 
civilian population as human shields and the use of 
white phosphorus in military operations [17].
As of today, 1.9 million people in Gaza, out of a total 
population of 2 million, are displaced. They live in 
makeshift shelters and overcrowded refugee camps, 
which they are often forced to abandon to avoid being 
targeted by Israeli bombings. In the Gaza Strip, 31 
out of 36 hospitals have been damaged or destroyed 
due to Israeli attacks. The region’s infrastructure has 
been completely devastated, with the waste and sewage 
disposal network demolished, and access to drinking 
water is critically limited. 

Fig. 1. Annual cholera cases and case fatality rate (CFR) reported by year, 1989-2023 (Data World Health Organization. Weekly epidemiologi-
cal record n. 36/2024).
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A similar scenario is now being seen in Lebanon, where 
approximately 346,000 people have been forced to leave 
their homes due to the ongoing violence stemming from 
Israeli strikes and attacks. Moreover, the government 
states that this number could grow to 1 million, with 
a significant portion of those displaced being women 
and children. Once again, the humanitarian situation 
is alarming, as displaced families struggle with 
inadequate access to basic needs such as food, water, 
and healthcare. Women and children, in particular, 
face heightened risks of exploitation and abuse in such 
chaotic environments [18]. 
In July 2024, the United Nations Children’s Fund 
(UNICEF) and the World Health Organization (WHO) 
reported the high risk of the spread of polio in Gaza, 
following the detection of viral traces in six wastewater 
samples in the central part of Gaza in June. Moreover, 
on August 23, polio was confirmed in an 11-month-old 
boy, who was left paralyzed. In this situation, tens of 
thousands of children under five years old are now at 
risk of contracting polio; indeed, 50,000 children have 
been born in Gaza alone since October 2023, and thus 
are without vaccination coverage. 
From the latest data provided in August 2024 by the 
Global Polio Eradication Initiative (GPEI), it is evident 

that polio tends to recur constantly. In addition to the 
two countries where it remains endemic, Afghanistan 
and Pakistan, polio is also present in those countries 
that are characterized by conditions of extreme 
poverty due to environmental phenomena and wars 
(Fig. 2).
Despite these challenges, an agreement was reached 
that allowed for more than 640,000 children under 
the age of 10 to begin receiving the new oral polio 
vaccine type 2 (nOPV2), starting from the 1st of 
September. During the first round of an emergency 
vaccination campaign conducted in three phases from 
September 1 to 12, 2024, approximately  560,000 
children  under ten were vaccinated against polio in 
the Gaza Strip [19].
This urgent, temporary humanitarian response aimed 
at preventing the spread of polio, which has resurfaced 
in Gaza after 25 years with the circulating variant of 
poliovirus type 2 (cVDPV2). All parties are respecting 
this humanitarian pause, and there is hope from various 
stakeholders that this positive momentum will continue. 
This will not only facilitate the vaccination of children 
against polio but also to prevent or treat the many other 
infectious diseases that can spread at any moment in 
this devastated land.
However, for a polio vaccination campaign to be 
effective, it must be able to reach at least 95% of 
children, and it is clear that such a percentage is 
difficult to achieve in any country at war. Furthermore, 
it is evident that vaccines alone can only be part of 
the effort to stop the spread of the virus. To prevent 
future epidemics, whether in Gaza, Ukraine, Sudan or 
Lebanon peace and health equality must be restored.
Only by restoring peace can we guarantee access to 
healthcare, vaccines, and medicines for the entire 
population. Ensuring access to safe, clean and treated 
water, along with adequate hygiene facilities, is essential 
for preventing the spread of infectious diseases. 
Any ceasefire or pause in hostilities will be crucial, 
such in the case of Gaza, is crucial for enabling full 
humanitarian access, not only to vaccines but also to 
the full range of assistance necessary to support the 
basic needs of civilians.
Moreover, to ensure safe and sustainable access to 
healthcare, advocating for peace and finding solutions 
to ongoing conflicts must remain an absolute priority. 
It is essential to allocate resources to healthcare aid and 
personnel. Only in this way can we effectively control 
epidemic outbreaks that could otherwise escalate 
severely at any moment.
Support for peace is therefore essential from a 
healthcare perspective to limit epidemics and save 
a significant number of lives. It is clear that peace is 
equally crucial in preventing these epidemics from 
spreading to countries—such as those in Europe—that 
seem secure. In these regions, outbreaks could have 
serious health consequences for the population, partly 
due to declining vaccination rates. Over the past 15 
years, the great clinical success of vaccinations has, 
in a way, also created its paradoxical limitation. In 

Fig. 2. Polio cases detected worldwide as of August 2024 (data 
“Global Wild Poliovirus 2017 - 2024”. Global Polio Eradication Initia-
tive GPEI. 24 August 2024).
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wealthy, developed Western countries like the United 
States and those of Western Europe, the disappearance 
or significant reduction of infectious diseases has 
diminished the perceived importance of vaccination. 
At the same time, the increased use of the internet and 
social media as sources of information has contributed 
to spreading news sometimes lacking any scientific 
basis. In addition to misinformation, there is the 
attitude of those who, in the face of the highly unlikely 
risk of an adverse vaccine reaction, overlook the clear 
benefits of immunization against disease, allowing 
doubts and suspicions to guide them. This fuels vaccine 
hesitancy, which, as history shows, has existed since 
Edward Jenner’s discovery of the vaccine in the late 
18th century [20]. Today, however, it is reaching levels 
that threaten herd immunity.
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