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Introduction. Chronic viral hepatitis is still a major public health 
concern in the EU. In order to halt the progression of the disease 
and to prevent onward transmission, timely recognition and accu-
rate clinical management are crucial. The aim of the present study 
was to investigate the role of the general practitioner (GP) in the 
screening of persons at risk and in the clinical management of 
chronic viral hepatitis patients in six EU countries.
Methods. An online survey among GPs and secondary-care special-
ists was conducted in the UK, Germany, the Netherlands, Hungary, 
Italy and Spain. In the GP survey, we used a four-point Likert scale 
to find out how commonly risk groups are screened. In both surveys, 
we measured GPs involvement in monitoring clinical indicators 
in patients undergoing antiviral treatment, and explored whether 
patients in four clinical scenarios are referred back to primary care. 
Results. Between five and 10 experts per professional group were 
surveyed, except for Spain (GPs: n = 2; Specialists: n = 4) and, 
in the case of the GP survey, Hungary (GPs: n = 1) and Germany 
(GPs: n  =  4). Migrants are variably or not routinely screened 
for hepatitis B/C in the majority of cases. The majority of GPs 
reported that hepatitis B/C screening was routinely offered to peo-
ple who inject drugs. In Hungary, Italy and in the Netherlands, 
screening sex workers is not a regular practice. As to whether GPs 
offer screening to men who have sex with men, responses varied; 

in Germany, the Netherlands and Italy, screening was “variably” 
or “commonly” implemented, while in Hungary the practice 
seems to be sporadic. In the UK, screening for hepatitis B seems 
to be common practice among GPs, while hepatitis C testing is 
only occasionally offered to this risk group. Most GPs (> 44%) in 
all countries except Hungary reported that hepatitis B/C screen-
ing was very commonly offered to HIV patients. 
The role of GPs in monitoring hepatitis cases and the referral of 
cases back to GPs by specialists varied both within and between 
countries. GPs are unlikely to monitor clinical outcomes other 
than side effects in patients undergoing treatment. Patients who 
have had a sustained virological response are usually referred 
back to GPs, whereas patients undergoing antiviral treatment and 
those who do not respond to treatment are rarely referred back.
Conclusions. The GP’s decision to offer screening to risk groups 
often seems to be an individual choice of the healthcare pro-
fessional. Raising GPs’ awareness of the disease, for example 
through the adoption of effective strategies for the dissemination 
and implementation of the existing guidelines for general prac-
tice, is strongly needed. The role of GPs and specialists involved 
in the management of chronically infected patients should also be 
clarified, as opinions sometimes differ markedly even within each 
professional group.

ORIGINAL ARTICLE

The role of the general practitioner in the screening 
and clinical management of chronic viral hepatitis  

in six EU countries 
A. BECHINI1*, M. LEVI1*, A. FALLA2, A. AHMAD3, I. VELDHUIJZEN4, E. TISCIONE1, P. BONANNI1

1 Department of Health Sciences, University of Florence, Florence, Italy; 2 Department of Public Health, Erasmus MC, University 
Medical Center Rotterdam, The Netherlands; 3 Department of Health Sciences, Hamburg University of Applied Sciences, Hamburg, 

Germany; 4 Division of Infectious Disease Control, Public Health Service Rotterdam-Rijnmond, Rotterdam, The Netherlands
*A. BECHINI and M. LEVI contributed equally to this work, and are the co-first authors.
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Summary

Introduction

Viral hepatitis B and C are of major public health con-
cern in the European Union, although there are dis-
tinct geographical variations in the prevalence and in-
cidence of viral hepatitis across countries. In the EU, 
the burden of disease is generally low in the north-
western countries and higher in the south-eastern re-
gion: the prevalence in the general population varies 
from 0.4% to 5.2% for anti-HCV and from 0.1% to 
5.6% for HBsAg  [1,  2]. However, as there is a lack 
of representative data in higher-risk populations, such 
as migrants from countries where hepatitis is endem-
ic  [3], the true prevalence is probably higher. In or-
der to halt the progression of the disease to advanced 
hepatic fibrosis, cirrhosis, and/or hepatocellular car-

cinoma, and to prevent onward transmission, timely 
recognition and accurate clinical management of the 
disease are of extreme importance. Both the general 
practitioner (GP) and the secondary-care specialist 
are involved in the diagnosis of chronic viral hepatitis 
and in the clinical management of infected patients. 
Several studies have explored the primary-care physi-
cian’s role and experiences in treatment and shared-
care with specialists in North America [4-6], in Aus-
tralia [7-9] and in some parts of Asia [10, 11]. To the 
best of our knowledge, however, the remit of the GP 
in the clinical management of the disease in the EU 
member states has not been extensively evaluated. 
The aim of the present study, which is part of the EU 
funded Project “HEPscreen: Screening for hepatitis B 
and C among migrants in the European Union”, was 
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to investigate, by means of a semi-quantitative online 
survey, the role of the GP in the screening of persons 
at risk and in the clinical management of chronic vi-
ral hepatitis patients in six EU countries: Germany, 
Hungary, Italy, the Netherlands, Spain and the United 
Kingdom. 

Methods

Two semi-quantitative online surveys were developed 
and administered, respectively, to general practitioners 
(GPs) and to secondary-care specialists (SPs), i.e. gastro-
enterologists, hepatologists and infectious-disease spe-
cialists, working in the six EU countries. Both surveys 
were pilot tested, translated into the national languages 
of the study countries, uploaded into the open-source on-
line software package LimeSurvey, and sent by email to 
healthcare professionals, who were board members of 
clinical associations and professional networks. Rather 
than reaching a large representative sample of practising 
clinicians, the aim was to involve 5-10 experts deemed 
able to reflect on practices within their specialty in both 
professional groups. Respondents were contacted via 
email in July  2012 and further reminded twice during 
data collection, which closed in September 2012. Data 
were exported from LimeSurvey to SPSS 19.2 (Inc. Chi-
cago, IL) for descriptive analysis. In the GP survey, we 
aimed to find out how commonly population groups at 
higher risk, namely migrants from endemic countries, 
people who inject drugs (PWID), sex workers, men 
who have sex with men (MSM), HIV positive patients 
and patients with abnormal liver function test (LFT) re-
sults, are screened for hepatitis B/C by GPs in the six 
countries. To this end, we used a four-point Likert scale 
(“very common”; “variable or not routinely”; “rarely or 
never”; “unsure”). 
In both the GP and specialist survey, the same scale 
was used to determine whether GPs were involved 
in the clinical management of patients: specifically, 
whether they were involved in monitoring alanine ami-
notransferase (ALT), viral load and side effects in pa-
tients undergoing antiviral treatment. We also explored 
whether patients were referred back to primary care in 
four clinical/patient scenarios, i.e. i) patients not quali-
fying for treatment after the initial evaluation; ii) those 
undergoing antiviral treatment; iii) those who have a 
sustained virological response (SVR) due to treatment; 
and iv) those who are non-responders to treatment. The 
replies given by the two professional groups were com-
pared.

Results

Respondent profile (Tab. I)
The respondent target of between five and 10 experts per 
professional group was achieved, except in the cases of 
Spain (GPs: n = 2; Specialists: n = 4), Hungary (GPs: 
n = 1) and Germany (GPs: n = 4) (Tab. I). 
The majority of specialists (77%) were gastroenterolo-
gists/hepatologists; 21% were infectious-disease spe-
cialists and a small proportion were community/practice 
nurses. Overall, around half of the participating GPs see 
a few (1-10) chronic hepatitis patients per year, whereas 
more than 90% of the secondary-care specialists see 
chronic hepatitis patients on a weekly basis. 

Screening by GPs for groups at higher risk 
(Tab. II)
Migrants from endemic countries. Results from the GP 
survey showed that 75% of respondents in Germany, 
56% in the Netherlands, the one in Hungary and one of 
the two in Spain stated that it was very common to offer 
hepatitis B testing to migrants from endemic regions. On 
the other hand, approximately half of the respondents in 
the UK (60%) and Italy (50%) and the other respondent 
in Spain answered that this was not routine.
Except for Hungary, where the one respondent was un-
sure, most GPs in the study countries stated that they 
either routinely or variably offered screening for hepati-
tis C to migrants from endemic regions. 
People who inject drugs. The majority of GPs from the 
UK, Germany and Italy, along with the one in Hungary 
and the two in Spain, reported that they routinely offered 
hepatitis  B/C screening to PWID. In the Netherlands, 
although screening for hepatitis C appears to be com-
monly practised by GPs for PWID, screening for hepati-
tis B varied between very commonly (44%) or variably 
(44%) offering the test.
Sex workers. In Germany and the UK most GPs (75% 
and 70%, respectively) answered that it was very com-
mon to offer a hepatitis B test to sex workers, and the 
two respondents in Spain were also of this opinion. The 
single Hungarian GP stated that it was a variable prac-
tice. In the Netherlands, respondents were split between 
judgements of “very common” and “variable”. In Italy, 
no apparent trend could be discerned.
The majority of GPs in the UK, Germany and the Neth-
erlands, and both respondents in Spain, stated that it was 
very common to recommend hepatitis C testing to sex 
workers. In Italy, most replies were split between “very 
common” and “variable”. The respondent in Hungary 
reported that it was not routinely practised.

Tab. I. Response rate by professional group and by country.

UK n (%) DE n (%) NL n (%) HU n (%) IT n (%) ES n (%) Total n (%)
GPs 10 (25) 4 (10) 9 (22.5) 1 (2.5) 14 (35) 2 (5) 40 (100)
Specialists 10 (15.6) 9 (14.1) 22 (34.4) 10 (15.6) 9 (14.1) 4 (6.3) 64 (100)
Total n (%) 20 (19.2) 13 (12.5) 31 (29.8) 11 (10.6) 23 (22.1) 6 (5.8) 104 (100)

n: number of health professionals who participated in the survey.
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Tab.  II. Frequency of screening for hepatitis B or C for population 
groups at higher risk by primary-care physicians in the six countries. 

Migrants

HBV
UK DE NL HU IT ES

(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)
Very 
common 20% 75% 56% 100% 14% 50%

Variable or 
not routinely 60% 25% 22% 0% 50% 50%

Rarely or 
never 10% 0% 22% 0% 29% 0%

Unsure 10% 0% 0% 0% 7% 0%

HCV
UK DE NL HU IT ES

(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)
Very 
common 40% 75% 67% 0% 29% 50%

Variable or 
not routinely 30% 25% 11% 0% 57% 50%

Rarely or 
never 10% 0% 22% 0% 14% 0%

Unsure 20% 0% 0% 100% 0% 0%
People who inject drugs

HBV
UK DE NL HU IT ES

(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)
Very 
common 90% 75% 44% 100% 64% 100%

Variable or 
not routinely 0% 25% 44% 0% 14% 0%

Rarely or 
never 0% 0% 0% 0% 14% 0%

Unsure 10% 0% 12% 0% 8% 0%

HCV
UK DE NL HU IT ES

(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)
Very 
common 50% 75% 67% 100% 72% 100%

Variable or 
not routinely 30% 25% 22% 0% 14% 0%

Rarely or 
never 0% 0% 11% 0% 14% 0%

Unsure 20% 0% 0% 0% 0% 0%
Sex workers

HBV
UK DE NL HU IT ES

(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)
Very 
common 70% 75% 44% 0% 36% 100%

Variable or 
not routinely 0% 25% 45% 100% 29% 0%

Rarely or 
never 0% 0% 11% 0% 14% 0%

Unsure 30% 0% 0% 0% 21% 0%

HCV
UK DE NL HU IT ES

(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)
Very 
common 60% 75% 56% 0% 36% 100%

Variable or 
not routinely 20% 25% 33% 100% 43% 0%

Rarely or 
never 0% 0% 11% 0% 14% 0%

Unsure 20% 0% 0% 0% 7% 0%

Tab. II.

Men who have sex with men

HBV
UK DE NL HU IT ES

(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)
Very 
common 60% 50% 44% 0% 36% 0%

Variable or 
not routinely 20% 50% 56% 100% 36% 50%

Rarely or 
never 0% 0% 0% 0% 21% 0%

Unsure 20% 0% 0% 0% 7% 50%

HCV
UK DE NL HU IT ES

(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)
Very 
common 20% 50% 44% 0% 36% 50%

Variable or 
not routinely 50% 50% 45% 100% 43% 50%

Rarely or 
never 0% 0% 11% 0% 21% 0%

Unsure 30% 0% 0% 0% 0% 0%

Patients with HIV

HBV
UK DE NL HU IT ES

(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)
Very 
common 80% 75% 67% 0% 79% 50%

Variable or 
not routinely 0% 25% 22% 100% 0% 50%

Rarely or 
never 0% 0% 0% 0% 7% 0%

Unsure 20% 0% 11% 0% 14% 0%

HCV
UK DE NL HU IT ES

(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)
Very 
common 50% 75% 44% 0% 71% 100%

Variable or 
not routinely 30% 25% 22% 100% 14% 0%

Rarely or 
never 0% 0% 11% 0% 7% 0%

Unsure 20% 0% 23% 0% 8% 0%

Screening for hepatitis B for patients with abnormal 
liver funcion test results

1ST Abnormal 
Test Results

UK DE NL HU IT ES

(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)
Very 
common 40% 50% 44% 100% 64% 50%

Variable or 
not routinely 50% 50% 45% 0% 22% 0%

Rarely or 
never 0% 0% 11% 0% 14% 50%

Unsure 10% 0% 0% 0% 0% 0%

2ND Abnormal 
Test Results

UK DE NL HU IT ES

(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)
Very 
common 60% 100% 89% 100% 64% 50%

Variable or 
not routinely 30% 0% 11% 0% 36% 0%

Rarely or 
never 0% 0% 0% 0% 0% 50%

Unsure 10% 0% 0% 0% 0% 0%
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Men who have sex with men. As to whether GPs offer 
screening to MSM, replies indicated that it was “variably” 
and “commonly” practised in Germany, the Netherlands 
and Italy, while in Hungary it seems to be a sporadic prac-
tice. In the UK, while screening for hepatitis B seems to 
be common practice among GPs, the majority view is that 
hepatitis C testing is offered only occasionally to MSM. 
Patients with HIV. Most GPs (>  44%) in all countries 
reported that it was very common practice to offer hepa-
titis B/C screening to HIV patients, except in Hungary, 
where the respondent stated that screening was not rou-
tinely offered.
Patients with abnormal liver function test results. A first ab-
normal LFT result would very commonly prompt approxi-
mately half of the GP respondents in each country and the 
one in Hungary to screen a patient for hepatitis B, while the 
others stated that this would not routinely be the case. On 

the other hand, a second abnormal LFT result would alert 
most GPs to recommend a hepatitis B test to their patients. 
While a first abnormal LFT result would only lead half of 
the GPs to request a hepatitis C test, apart from Italy and 
Hungary, where most would ask for a hepatitis C test, a 
second or repeat abnormal LFT would prompt the majority 
of GPs in all countries to screen for hepatitis C.

The involvement of GPs in the clinical 
management of the disease (Tab. III) 
ALT. In Germany, the majority of respondents indicated 
that it was very common for GPs to monitor ALT in pa-
tients undergoing antiviral treatment. A similar, but less 
marked, trend could be seen in Italy, where over half the 
GPs selected “very common”. GPs in Spain appeared to 
be involved in monitoring ALT variably according to the 
vast majority of respondents. The trends in these three 
countries contrast with that observed in the Netherlands, 
where nearly three quarters (71%) indicated that GPs 
were rarely or never involved in monitoring ALT. In the 
UK and in Hungary, over half (55%) indicated that GPs 
were rarely or never involved, the remaining replies be-
ing distributed across the other answer options. 
Viral load. The results from both the GPs’ and special-
ists’ surveys show that, in the UK, the Netherlands, Hun-
gary and Spain, most GPs are rarely or never involved in 
monitoring viral load among patients undergoing antivi-
ral treatment. Also in Italy, despite the diverse spread of 
opinion, the largest proportion (39%) indicated that GPs 
were rarely or never involved. In Germany, a slight trend 
towards “very common” was observed.
Side effects. A diversity of opinion emerged from both 
surveys in most countries. The clearest picture emerged 
from Germany, where the majority view (62%) was that 
GPs were very commonly involved in monitoring side 
effects. The dominant view in Italy was more towards 
very common (35%) or variable (52%) monitoring of 
side effects by GPs, whereas the majority view inclined 
more towards variable to rarely or never in the UK, the 

Tab. II. 

Screening for hepatitis C for patients with abnormal 
liver funcion test results

1ST Abnormal 
Test Results

UK DE NL HU IT ES
(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)

Very 
common 40% 50% 33% 100% 64% 50%

Variable or 
not routinely 40% 50% 34% 0% 29% 50%

Rarely or 
never 0% 0% 33% 0% 7% 0%

Unsure 20% 0% 0% 0% 0% 0%

2ND Abnormal 
Test Results

UK DE NL HU IT ES
(n = 10) (n = 4) (n = 9) (n = 1) (n = 14) (n = 2)

Very 
common 60% 100% 56% 100% 79% 50%

Variable or 
not routinely 20% 0% 33% 0% 22% 50%

Rarely or 
never 0% 0% 11% 0% 0% 0%

Unsure 20% 0% 0% 0% 0% 0%

Tab. III. GPs’ involvement in monitoring clinical indicators and side effects of antiviral treatment.

GPs involvement in monitoring ALT
ACCORDING TO GPs UK (n = 10) DE (n = 4) NL (n = 9) HU (n = 1) IT (n = 14) ES (n = 2)
Very common 20% 75% 0% 100% 64% 50%
Variable or not routinely 40% 0% 22% 0% 21% 50%
Rarely or never 20% 0% 56% 0% 14% 0%
Unsure 20% 25% 22% 0% 0% 0%
ACCORDING TO SPECIALISTS UK (n = 10) DE (n = 9) NL (n = 22) HU (n = 10) IT (n = 9) ES (n = 4)
Very common 0% 56% 0% 10% 33% 0%
Variable or not routinely 10% 11% 23% 10% 67% 100%
Rarely or never 90% 11% 77% 60% 0% 0%
Unsure 0% 22% 0% 20% 0% 0%
COMBINED RESULTS UK (n = 20) DE (n = 13) NL (n = 31) HU (n = 11) IT (n = 23) ES (n = 6)
Very common 10% 62% 0% 18% 52% 17%
Variable or not routinely 25% 8% 23% 9% 39% 83%
Rarely or never 55% 8% 71% 55% 9% 0%
Unsure 10% 23% 6% 18% 0% 0%
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Netherlands and Hungary. In Spain no majority opinion 
emerged. 

Referral back to GPs/primary care from 
specialist secondary care (Tab. IV)
Patients who do not qualify for treatment after an in-
itial evaluation. In the Netherlands and in Spain, the 
majority of respondents in both surveys agreed that pa-
tients who do not qualify for treatment after an initial 
evaluation are only variably or not routinely referred 
back to primary-care practitioners. Specialists’ opin-
ion was in contrast with that of GPs in the UK, where 
90% of specialists (vs 10% of GPs) indicated that these 
patients were rarely or never referred back to Gps. In 
Italy, although the majority of specialists (56%) se-
lected “variable”, around one third indicated “rarely or 
never”, while 57% of GPs selected “very common”. In 
Germany, the majority opinion was divided between pa-
tients being very commonly (54%) and variably (39%) 
referred back to GPs. In Hungary, no dominant opinion 
could be observed. 
Patients undergoing antiviral treatment. Overall, the 
majority of respondents in all countries (84% in the 

Netherlands, 83% in Spain, 65% in the UK, 64% in 
Hungary, 48% in Italy and 38% in Germany) stated 
that patients undergoing antiviral treatment were rarely 
or never referred back to GPs. Only in Germany and 
Italy did the majority of GPs (75% and 57%, respec-
tively) indicate that these patients were very commonly 
referred back to GPs, although around one quarter se-
lected “rarely or never”. In Germany, although 44% of 
specialists reported “rarely or never” referring back pa-
tients undergoing antiviral treatment, the same percent-
age indicated that referral was variable. In Italy, 78% of 
secondary-care specialists indicated that these patients 
were rarely or never referred back to GPs (while 57% of 
GPs stated that it was very common).
Patients with a sustained virological response due to 
treatment. In the UK, despite divergent opinions from 
GPs, most GP and specialist respondents reported that 
referral back to GPs was very common for patients who 
have SVR on account of treatment. This was also the 
dominant opinion in Germany (61%) and in the Nether-
lands (49%), where, however, 42% stated that patients 
with these characteristics were variably or not routinely 
referred back to GPs. In Hungary, opinion was divided 
between “very commonly” and “rarely or never”. In Ita-

Tab. III.

GPs involvement in monitoring viral load
ACCORDING TO GPs UK (n = 10) DE (n = 4) NL (n = 9) HU (n = 1) IT (n = 14) ES (n = 2)
Very common 0% 50% 0% 0% 36% 0%
Variable or not routinely 30% 25% 11% 0% 43% 50%
Rarely or never 50% 25% 67% 100% 21% 50%
Unsure 20% 0% 22% 0% 0% 0%
ACCORDING TO SPECIALISTS UK (n = 10) DE (n = 9) NL (n = 22) HU (n = 10) IT (n = 9) ES (n = 4)
Very common 0% 33% 0% 0% 22% 0%
Variable or not routinely 0% 22% 0% 10% 11% 25%
Rarely or never 100% 22% 100% 70% 67% 75%
Unsure 0% 22% 0% 20% 0% 0%
COMBINED RESULTS UK (n = 20) DE (n = 13) NL (n = 31) HU (n = 11) IT (n = 23) ES (n = 6)
Very common 0% 38% 0% 0% 30% 0%
Variable or not routinely 15% 23% 3% 9% 30% 33%
Rarely or never 75% 23% 90% 73% 39% 67%
Unsure 10% 15% 6% 18% 0% 0%
GPs involvement in monitoring side effects
ACCORDING TO GPs UK (n = 10) DE (n = 4) NL (n = 9) HU (n = 1) IT (n = 14) ES (n = 2)
Very common 10% 75% 0% 0% 50% 100%
Variable or not routinely 50% 0% 22% 100% 36% 0%
Rarely or never 20% 25% 56% 0% 14% 0%
Unsure 20% 0% 22% 0% 0% 0%
ACCORDING TO SPECIALISTS UK (n = 10) DE (n = 9) NL (n = 22) HU (n = 10) IT (n = 9) ES (n = 4)
Very common 10% 56% 0% 10% 11% 0%
Variable or not routinely 40% 11% 46% 20% 78% 50%
Rarely or never 50% 11% 55% 40% 11% 50%
Unsure 0% 22% 0% 30% 0% 0%
COMBINED RESPONSES UK (n = 20) DE (n = 13) NL (n = 31) HU (n = 11) IT (n = 23) ES (n = 6)
Very common 10% 62% 0% 9% 35% 33%
Variable or not routinely 45% 8% 39% 27% 52% 33%
Rarely or never 35% 15% 55% 36% 13% 33%
Unsure 10% 15% 7% 27% 0% 0%



A. BECHINI ET AL.

E56

ly, although the majority judged referral to be very com-
mon, one third selected “rarely or never” and one quarter 
“variably or not routinely”. Opinion was also divided in 
Spain, where half of the respondents selected “rarely or 
never”, one third “very common”, and 17% “variably or 
not routinely”. 
Non-responders to treatment. Non-responders to treat-
ment are rarely or never referred back to GPs, accord-
ing to the majority of respondents in all countries ex-
cept Italy, where 44% stated that referral back to GPs 
was very common for these patients (the percentage 
was higher among GPs: 64%). In Germany, most re-
ported that referral back to the GP occurred variably or 
not routinely. 

Discussion

In patients with chronic viral hepatitis, shared manage-
ment based on close collaboration between the GP and 
the specialist physician, through the identification of 
their respective tasks, is necessary for the appropriate 
diagnostic and therapeutic management of the patient 

along the care pathway. Since most people with chronic 
hepatitis are asymptomatic until cirrhosis or hepatocel-
lular carcinoma are established, the initial diagnosis 
and management of chronic hepatitis relies on prima-
ry-care physicians to identify and screen high-risk in-
dividuals [12]. The GP can contribute significantly by 
promptly identifying and screening of those at risk, by 
providing counselling and information, by referring the 
patient to the specialist for disease staging and also by 
liaising/cooperating with the hospital services involved 
in the specialist management of patients. 
Non-uniform practices are likely to create or exacerbate 
health inequalities, and might be an important cause of 
the “under-treatment” phenomenon, i.e. the disparity be-
tween the number of chronic hepatitis patients and the 
number of patients actually receiving treatment  [13]. 
To our knowledge, this is the first study conducted con-
temporarily in six EU countries with the aim of investi-
gating the role of the GP in the screening practices for 
risk groups and in the clinical management of chronic 
viral hepatitis patients. Given the careful selection of 
the survey participants and national representatives of 
the experts in their respective fields, it may justifiably 

Tab. IV. Frequency of referral back to GPs for: i) patients who do not qualify for treatment after the initial evaluation; ii) patients undergoing 
antiviral treatment; iii) patients with sustained virological response due to treatment; and iv) patients who are non-responders to treatment.

Patients who do not qualify for treatment after initial evaluation
ACCORDING TO GPs UK (n = 10) DE (n = 4) NL (n = 9) HU (n = 1) IT (n = 14) ES (n = 2)
Very common 50% 50% 33% 100% 57% 50%
Variable or not routinely 10% 50% 56% 0% 21% 0%
Rarely or never 10% 0% 11% 0% 21% 50%
Unsure 30% 0% 0% 0% 0% 0%
ACCORDING TO SPECIALISTS UK (n = 10) DE (n = 9) NL (n = 22) HU (n = 10) IT (n = 9) ES (n = 4)
Very common 10% 56% 14% 20% 11% 0%
Variable or not routinely 0% 33% 59% 30% 56% 100%
Rarely or never 90% 0% 27% 30% 33% 0%
Unsure 0% 11% 0% 20% 0% 0%
COMBINED RESULTS UK (n = 20) DE (n = 13) NL (n = 31) HU (n = 11) IT (n = 23) ES (n = 6)
Very common 30% 54% 19% 27% 39% 17%
Variable or not routinely 5% 39% 58% 27% 35% 67%
Rarely or never 50% 0% 23% 27% 26% 17%
Unsure 15% 8% 0% 18% 0% 0%
Patients undergoing antiviral treatment
ACCORDING TO GPs UK (n = 10) DE (n = 4) NL (n = 9) HU (n = 1) IT (n = 14) ES (n = 2)
Very common 0% 75% 11% 0% 57% 0%
Variable or not routinely 40% 0% 22% 0% 14% 0%
Rarely or never 40% 25% 56% 100% 29% 100%
Unsure 20% 0% 11% 0% 0% 0%
ACCORDING TO SPECIALISTS UK (n = 10) DE (n = 9) NL (n = 22) HU (n = 10) IT (n = 9) ES (n = 4)
Very common 10% 0% 0% 10% 22% 25%
Variable or not routinely 0% 44% 5% 0% 0% 0%
Rarely or never 90% 44% 95% 60% 78% 75%
Unsure 0% 11% 0% 30% 0% 0%
COMBINED RESULTS UK (n = 20) DE (n = 13) NL (n = 31) HU (n = 11) IT (n = 23) ES (n = 6)
Very common 5% 23% 3% 9% 43% 17%
Variable or not routinely 20% 31% 10% 0% 9% 0%
Rarely or never 65% 38% 84% 64% 48% 83%
Unsure 10% 8% 3% 27% 0% 0%
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be assumed that the replies gathered provide a fair pic-
ture of the GP’s remit in the countries considered. How-
ever, caution is needed in interpreting the results where 
the respondent target of five to ten experts could not be 
reached (in Spain and Hungary). 
According to our results, the GP’s role and referral 
back to GPs vary within and between countries. What 
seems certain is that GPs are unlikely to monitor any 
clinical outcomes (such as viral load) other than some 
side effects in patients undergoing treatment, indicat-
ing that this is considered the remit of specialists in 
secondary care.
Results from a Turkish study showed that GPs were not 
able to follow up chronic viral hepatitis B and C pa-
tients because of their limited awareness of diagnostic 
facilities and treatment options [14]. Indeed, while the 
majority of GPs had adequate knowledge of HBV and 
HCV transmission and of risk factors, a low percent-
age was well informed about the treatment of chronic 
patients with elevated ALT. In particular, the Turkish 
study identified gaps in GPs knowledge of the appro-
priate use of diagnostic tests and interventions to iden-
tify and manage patients with chronic viral hepatitis. 
The authors concluded that further coordination with 

secondary-care specialists was warranted in order to 
ensure that patients were followed up in the primary-
care setting [14]. 
Strategic programmes of health education and aware-
ness-raising, for both professionals and risk groups, 
should be established. In the EU, two different strate-
gies are used to identify persons with HBV or HCV in-
fection: population screening and healthcare provider-
initiated testing (based on identified risk-factors). Pop-
ulation screening is not cost-effective, owing to the low 
prevalence of HBV and HCV infections in the general 
EU population, while the healthcare provider-initiated 
identification of HBV or HCV infection among defined 
risk groups is a valuable instrument in secondary pre-
vention. Making GPs aware of risk factors, such as de-
mographic, behavioural, occupational and medical risk 
factors, and clinical signs or symptoms of hepatitis, 
may efficiently improve case identification. Patients 
with chronic HBV or HCV infection should be referred 
for medical care and case-management, and those test-
ing negative but with risk factors for acquiring HBV or 
HCV infection should receive counselling on preven-
tion (those at risk of HBV infection should also be of-
fered vaccination) [15].

Tab. IV. 

Patients with sustained virological response due to treatment
ACCORDING TO GPs UK (n = 10) DE (n = 4) NL (n = 9) HU (n = 1) IT (n = 14) ES (n = 2)
Very common 10% 50% 22% 0% 57% 0%
Variable or not routinely 30% 25% 56% 0% 14% 0%
Rarely or never 20% 25% 11% 100% 29% 100%
Unsure 40% 0% 11% 0% 0% 0%
ACCORDING TO SPECIALISTS UK (n = 10) DE (n = 9) NL (n = 22) HU (n = 10) IT (n = 9) ES (n = 4)
Very common 70% 67% 59% 40% 22% 50%
Variable or not routinely 10% 22% 36% 0% 44% 25%
Rarely or never 10% 0% 5% 30% 33% 25%
Unsure 10% 11% 0% 30% 0% 0%
COMBINED RESULTS UK (n = 20) DE (n = 13) NL (n = 31) HU (n = 11) IT (n = 23) ES (n = 6)
Very common 40% 61% 49% 36% 44% 33%
Variable or not routinely 20% 23% 42% 0% 26% 17%
Rarely or never 15% 8% 6% 36% 30% 50%
Unsure 25% 8% 3% 27% 0% 0%
Patients non-responders to treatment
ACCORDING TO GPs UK (n = 10) DE (n = 4) NL (n = 9) HU (n = 1) IT (n = 14) ES (n = 2)
Very common 20% 50% 11% 0% 64% 0%
Variable or not routinely 20% 25% 44% 100% 21% 0%
Rarely or never 20% 25% 22% 0% 14% 100%
Unsure 40% 0% 22% 0% 0% 0%
ACCORDING TO SPECIALISTS UK (n = 10) DE (n = 9) NL (n = 22) HU (n = 10) IT (n = 9) ES (n = 4)
Very common 10% 11% 0% 0% 11% 25%
Variable or not routinely 0% 44% 0% 10% 33% 0%
Rarely or never 90% 33% 100% 50% 55% 75%
Unsure 0% 11% 0% 40% 0% 0%
COMBINED RESULTS UK (n = 20) DE (n = 13) NL (n = 31) HU (n = 11) IT (n = 23) ES (n = 6)
Very common 15% 23% 3% 0% 44% 17%
Variable or not routinely 10% 38% 13% 18% 26% 0%
Rarely or never 55% 31% 77% 46% 30% 83%
Unsure 20% 8% 7% 36% 0% 0%
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In the USA, approaches to the screening, diagnosis and 
management of viral hepatitis patients vary consider-
ably among primary-care physicians. Indeed, studies 
in the USA have shown deficiencies in the way some 
primary-care providers diagnose, treat or refer patients 
with HCV [16-23]. One such study investigated the as-
sociation between the characteristics of the physician 
or practice and screening and treatment for HCV infec-
tion: more experienced physicians (longer in practice) 
and those based in affluent, suburban settings were 
more likely to order ALT tests  [16]. In another study, 
a cross-sectional mail survey of 217 family physicians 
revealed insufficient levels of knowledge about screen-
ing and counselling for chronic hepatitis and hepatocel-
lular carcinoma; in addition, around half of the physi-
cians referred patients with chronic HBV or HCV to 
the specialist for further management [12]. Our results 
show that patients who have had a sustained virologi-
cal response are generally referred back to the GP, while 
patients undergoing antiviral treatment and those who 
do not respond to treatment are rarely referred back to 
primary care. 
As new treatment options, especially for hepatitis  C, 
have become available in recent years, access and ad-
herence to treatment are important determinants of the 
success of screening programmes [2]. 
Since 2012, population-based anti-HCV screening of 
all adults born between 1945 and 1965 has been rec-
ommended in the USA, where the prevalence of anti-
HCV is highest in black non-Hispanics (6.42%) and 
in Mexican Americans (3.26%) [24]. In the EU, par-
ticular attention should be paid to providing screening 
and treatment for hepatitis B and C for migrant groups 
at high risk of chronic infection. The adoption of a tar-
geted screening and treatment programme in primary 
care could be an effective strategy. Results from our 
study in the UK, suggest that standard screening prac-
tices are lacking, and allude to a shared role for GPs 
in the clinical monitoring of ALT, viral load and side 
effects. Referral back to the GP of patients undergo-
ing antiviral treatment is not common, although GPs 
and specialists differed markedly in their estimates of 
the frequency of referral back to GPs of patients who 
do not qualify for treatment. In a recent UK study, 
GPs expressed concerns about screening and treating 
patients in primary care, considering their workload 
and also the sustainability of such a strategy  [25]. 
Immigrants mentioned practical barriers, such as lan-
guage and communication difficulties, limited time 
on account of long working hours, and, in some cases, 
limited trust and confidence in general practice-based 
care [25]. 
Indeed, chronic hepatitis  B and C infections are often 
undiagnosed in primary care. According the ‘Hepatitis B 
and C surveillance in Europe – 2012’ report, in the mi-
nority of cases in which information on the testing facil-
ity was available, 27% of hepatitis B and 21% of hepati-
tis C cases were diagnosed in general practice [26]. One 
German study, involving 21,008 subjects, reported that 
the prevalence of HBsAg, anti-HCV and HCV-RNA was 

0.52%, 0.95%, and 0.43%, respectively. Infections were 
previously unknown in 85% and 65% of HbsAg- and an-
ti-HCV-positive individuals, respectively  [27]. German 
hepatitis B and C treatment guidelines recommend HB-
sAg and anti-HCV screening in several pre-defined risk 
groups. According to the participants in our survey, most 
GPs in Germany report commonly screening population 
groups at higher risk. The management of patients un-
dergoing treatment seems to be shared between GPs and 
specialists. Easy to apply guidelines with defined risk 
scenarios may help to diagnose previously unknown in-
fections [27]. Previous results from the HEPscreen Pro-
ject showed that the availability of training programmes 
to improve skills and knowledge of viral hepatitis dif-
fered across the six EU countries. Among the experts 
interviewed (268 health professionals), 80% and 73% 
were aware of hepatitis B and hepatitis C guidelines, 
respectively, in their country  [28]. The findings of the 
present study could provide impetus to the formulation 
of precise and clear guidelines targeting primary-care 
physicians and secondary-care specialists. These should 
explicitly specify, in a shared-care model, the different 
responsibilities in the management of chronic hepatitis 
patients, so as to deliver more effective healthcare.

Conclusions

Although the GP’s role in the screening and clinical 
management of chronic viral hepatitis is crucial to timely 
diagnosis and linkage to specialist care, the diversity of 
responses often observed suggests inadequate awareness 
of explicit recommendations, which results in a lack of 
uniform practices among experts. The GP’s decision to 
offer screening to risk groups often seems to be an indi-
vidually motivated choice of the healthcare professional. 
The inconsistencies observed in screening practices may 
mean that many chronic infections remain undetected. 
This underscores the need to raise GPs’ awareness of 
this silent epidemic, for example through the adoption of 
effective strategies for the dissemination and implemen-
tation of the existing guidelines for general practice. The 
role of GPs and specialists involved in the management 
of chronically infected patients should also be clarified, 
as opinions sometimes differed markedly even within 
each professional group. 
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Introduction. Pneumonia remains a common reason for hospital-
izing infants and the elderly worldwide, and streptococcal infec-
tion is often responsible. The aim of this study was to assess the 
burden of pneumonia in a large general population.
Methods. All pneumonia-related hospitalizations from 2004 to 
2013 in north-east Italy were identified from the hospital records 
with a first-listed diagnosis on discharge of bacterial pneumonia, 
or a first-listed diagnosis on discharge of meningitis, septicemia 
or empyema associated with a secondary diagnosis of bacterial 
pneumonia. We identified major comorbidities, calculated age-
specific case-fatality rates (CFR), and estimated the related cost 
to the health care system.
Results. Of the 125,722 hospitalizations identified, 96.9% were 
cases of pneumonia, 2.4% of septicemia, 0.4% of meningitis, and 
0.3% of empyema; 75.3% of hospitalizations involved ≥ 65-year-

olds. The overall CFR was 12.4%, and it increased with age, 
peaking in people over 80 (19.6%).
The mean annual pneumonia-associated hospitalization rate was 
204.6 per 100,000 population, and it peaked in 0- to 4-year-old chil-
dren (325.6 per 100,000 in males, 288.9 per 100,000 in females), 
and adults over 65 (844.9 per 100,000 in males, 605.7 per 100,000 
in females).
Hospitalization rates dropped over the years for the 0-4 year-olds, 
and rose for people over 80. The estimated overall annual cost of 
these pneumonia-related hospitalizations was approximately € 41 
million.
Conclusions. This study shows that the burden on resources for 
pneumonia-related hospitalization is an important public health 
issue. Prevention remains the most valuable tool for containing pneu-
monia, and vaccination strategies can help in the primary prevention 
of infection, possibly reducing the number of cases in all age groups.
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Summary

Introduction

Pneumonia remains a common reason for the hospitali-
zation of infants and elderly  adults  [1-3]. The disease 
can be caused by a variety of micro-organisms, but the 
pathogen most often responsible for pneumonia is the 
bacterium Streptococcus pneumoniae, especially in in-
dustrialized countries [4, 5].
Pneumonia pathogens may be reported in different ways, 
depending on the capabilities of in-hospital laboratories, 
how studies on them are designed, and the season or re-
gion in which studies are conducted [6]. They can cause 
a spectrum of diseases of variable severity and, when 
the organism invades normally sterile sites such as the 
bloodstream and meninges, the resulting forms are clas-
sified as invasive pneumococcal disease (IPD) [1].
Pneumococcal infections in adults can be a cause of 
community-acquired pneumonia (CAP), a respiratory 
disease with a high prevalence in the general population, 
a marked clinical heterogeneity, and a variable sever-
ity [2]. CAP remains a leading cause of morbidity and 
about 30% of CAP patients require hospitalization. 

The introduction of a 7-valent pneumococcal conjugate 
vaccine (PCV7) that targets seven serotypes (4, 6B, 9V, 
14, 18C, 19F and 23F) as part of children’s national im-
munization programs has led to a reduction in the hospi-
tal admission rates for all-cause pneumonia, particularly 
among children. A herd effect has also been reported in 
some countries [7-10].
The arrival on the market of more valent conjugate vac-
cines (10-valent and 13-valent) and the availability of 
13-valent pneumococcal conjugate vaccine (PCV13) for 
adults, offers new opportunities to prevent the diseases 
caused by S. pneumoniae [11].
An immunization program based on a 7-valent pneu-
mococcal conjugate vaccine (PCV7) was first in-
troduced in the Veneto and Friuli Venezia Giulia 
regions of north-east Italy in the early 2000s as an 
optional vaccination only for infants at risk (at 2-3 
and 14  months old). The program was subsequently 
extended to offer vaccination to all children in the 
Veneto and Friuli Venezia Giulia regions in 2005 
and 2009, respectively. In 2010, PCV13 was adopted 
in both regions instead of the PCV7 vaccine, and a 
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catch-up program was implemented for infants up to 
36 months old. 
The present study investigated the pneumonia potential-
ly preventable by vaccination, considering hospitaliza-
tion for pneumonia and for meningitis, septicemia and 
empyema associated with pneumonia. We estimated: i) 
the pneumonia-related hospitalization (PRH) rate; ii) the 
age-specific case-fatality rate (CFR); iii) the trends of 
the PRH rates by PCV7 or PCV13 vaccination period for 
each region; and iv) the economic cost of PRH.

Methods

Setting and data source
We conducted this retrospective study in the Veneto and 
Friuli Venezia Giulia regions, which have populations 
of 4.9 and 1.2 million, respectively. We analyzed the 
hospital discharge records (HDRs) of public and accred-
ited private hospitals in the two regions from 1 January 
2004 to 31 December 2013. HDRs include the follow-
ing data: details of the hospital; patient’s name, date of 
birth, gender, place of residence, and date of admission; 
surgical and other procedures; and date and type of dis-
charge. Each HDR contained one primary diagnosis (or 
first-listed diagnosis) and up to five secondary diagnoses 
based on the diagnostic codes of the International Clas-
sification of Diseases, Ninth Revision, Clinical Modifi-
cation (ICD-9-CM). Generally speaking, the first-listed 
diagnosis concerns the main condition identified during 
the patient’s hospital stay, while other diagnoses indi-
cate associated or contributing conditions (comorbidi-
ties and/or complications). 

Inclusion and exclusion criteria
The PRH rate was calculated considering all hospitaliza-
tions identified from the HDRs as having a first-listed di-
agnosis on discharge of bacterial pneumonia potentially 
preventable by vaccination, or a first-listed diagnosis on 
discharge of meningitis, septicemia, or empyema associ-
ated with a secondary diagnosis of bacterial pneumonia 
potentially preventable by vaccination. Table I shows the 

diagnostic codes used as inclusion criteria. Only HDRs 
concerning residents of the Veneto or Friuli Venezia Gi-
ulia regions were considered. Day hospital admissions 
were disregarded for the purpose of this analysis.

Comorbidity
We obtained information on comorbid conditions from 
all hospital diagnoses mentioned in the HDRs. The ICD-
9-CM diagnostic codes were selected on the basis of the 
current recommendations for pneumococcal vaccination 
in the Italian vaccination program  [12] (see Table  II). 
The presence of at least one of these comorbidity codes 
was used to classify patients by specific comorbidities.

Pneumonia-related hospitalization rate 
Based on the total number of hospital admissions con-
cerning Veneto and Friuli Venezia Giulia residents in 
each year considered, annual hospitalization rates were 
calculated by dividing the annual number of hospitaliza-
tions by the population in the year considered, accord-
ing to the Veneto Regional Authority’s statistical office, 
and expressing the rates as hospitalizations per 100,000 
population. For patients readmitted within 30 days, only 
the first hospital stay was considered when calculating 
the hospitalization rate. The length of hospital stays 
was calculated as the days elapsing between the dates 
of admission and discharge, and the mean hospital stay 
was calculated. The case-fatality rate (CFR) was calcu-
lated by dividing the number of in-hospital deaths by 
the number of patients hospitalized with a diagnosis of 
pneumonia-related diseases, expressed as a percentage. 
Only first hospital stays were considered.

Temporal trends of the PRH rate  
by vaccination period
In the Veneto, the vaccination coverage for 24-month-
old infants was low (10-40%) up until 2005, then rapidly 
increased from 2006 to 2010 (70-80%), and has exceed-
ed 80% since 2011. In Friuli Venezia Giulia, the cover-
age rate was low up until 2009, then reached 70-80% in 
2009, and has exceeded 80% since 2010.

Tab. I. Diagnostic codes used for hospital discharge record selection.

Pneumonia-related hospitalization
Discharge Diagnoses Group

International Classification of Diseases 9 – Clinical Modification Codes

First-listed discharge diagnosis Another discharge 
diagnosis

Pneumococcal pneumonia  
[S. pneumoniae pneumonia] 481

Unspecified pneumonia [pneumonia 
without a causative organism identified] 485-487; 482.9

Meningitis

321, 013.0, 003.21, 036.0, 036.1, 047, 047.0, 047.1, 047.8, 047.9, 
049.1, 053.0, 054.72, 072.1, 091.81, 094.2, 098.82, 100.81, 112.83, 
114.2, 115.01, 115.11, 115.91, 130.0, 320, 320.0, 320.1, 320.2, 
320.3, 320.7, 320.81, 320.82, 320.89, 320.8, 320.9, 322, 322.0, 322.9

plus
481; 485-487; 482.9

Septicemia 038.1, 038.4, 003.1, 020.2, 022.3, 031.2, 036.2, 038, 038.0, 038.2, 
038.3, 038.8, 038.9, 054.5, 790.7

plus
481; 485-487; 482.9

Empyema 510 plus
481; 485-487; 482.9
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In classifying vaccination coverage at 24  months, we 
distinguished between: a “PCV7 period”, when the cov-
erage rate was < 40%; a “late PCV7 period” when it was 
70-80%; and a “PCV13 period”, when it exceeded 80% 
(Tab. III). 
Throughout the study period, the 23-valent pneumococ-
cal polysaccharide vaccine (PPV23) was optionally of-
fered to 65-year-olds, achieving a low coverage (< 50%) 
in both regions.
For each region (considering only first hospital admis-
sions), the trends of the PRH rates were calculated for 
the three vaccination periods and correlated with the 
pneumococcal vaccination coverage in children. 

Estimated cost
The annual cost of the PCV13 vaccination campaign 
was calculated using the acquisition cost of the vaccine 
(€ 42.5 per dose; three doses for children and one dose 
for a one cohort strategy (in the elderly), the time per 
injection for immunization activities (physician, health 
visitor or nurse, records: 8.6 minutes [13]). To convert 
this time into a cost, we considered the hourly cost of 
each actor (€ 71/hour for a physician, € 18 for a health 
visitor). The vaccination coverage rate considered to es-
timate the overall cost was 90% of children and 50% of 
elderly people. The population considered was the resi-
dent population in 2014 (newborn and 65 year-olds).
The estimated cost to the health care system of PRHs 
was calculated using the diagnosis-related groups 
(DRGs) of hospitalized patients. The DRGs depend 
on the patients’ ICD classification at the time of their 
discharge from hospital, their age and gender, and the 
consumption of resources during their hospital stay. Ac-

cording to the DRG-based reimbursement system, every 
hospitalized patient belongs to a group of diagnostically 
homogeneous cases. Patients within each category are 
therefore similar in clinical terms, and are expected to 
require the same level of hospital resources. As a result, 
patients in the same DRG are assigned the same reim-
bursement charges. All hospital stays were considered 
for patients readmitted within 30 days. 

Statistical analysis 
The data were analyzed using the chi-square test, Stu-
dent’s t-test for unpaired data, and Pearson’s test, and 
95% confidence intervals were calculated, as appropri-
ate. A p value < 0.05 was considered significant. Analy-
ses were performed using the Statistical Package for the 
Social Sciences (SPSS 16.0; SPSS Inc., Chicago, IL, 
USA). Significant trends over the years considered were 
assessed as average annual percent changes (AAPC), a 
summary measure of the trend over a given fixed inter-
val that is computed as a weighted average of the an-
nual percent change (APC) emerging from the joinpoint 
model, using weights equating to the length of the APC 
interval. If an AAPC lies entirely within a single join-
point segment, the AAPC is the same as the APC for that 
segment [14]. 

Ethical principles
The study was conducted on data routinely collected by 
the health services and linked to anonymized records that 
make it impossible to identify the individuals concerned. 
The data analysis was performed on anonymized aggre-
gated data in the Local Health Authority registries that 
are recorded with the patient’s consent and can be used 
in aggregate form for scientific studies without further 
authorization [15]. This study complies with the Decla-
ration of Helsinki and with Italian privacy law (Decree 
n. 196/2003 on the protection of personal data).

Results

Pneumonia-related hospitalizations 
Overall, we identified 133,936 PRHs and 8,214 (6.1%) 
of them were disregarded because they concerned re-
admissions within 30 days. Of the 125,722 hospitaliza-

Tab. II. Diagnostic codes considered to identify comorbidities.

Code description International Classification of Diseases 9 – Clinical 
Modification Codes

Asplenia or severe dysfunction of the spleen 282.5-282.6, 289.4-289.5; 759.0
Chronic renal disease or nephrotic syndrome 581, 582, 584, 585;
Immunodeficiency or immunosuppression 0420-0449, 279
Chronic heart disease 393-398, 414, 416
Chronic lung disease 490-496
Chronic liver disease 571-573
Diabetes mellitus 250
Malignant neoplasms 140-209

Tab. III. Study period and vaccination coverage in children by region.

Vaccine 

Period Vaccination 
coverage in 

children
(24 months 

of age)

Type of 
offerVeneto

Friuli 
Venezia 

Giulia

PCV7 
2004-2005 2004-2008 < 40%

limited to 
groups at 

risk
2006-2010 2009-2010 70-80% extended 

to all 
childrenPCV13 2011-2013 2011-2013 > 80%
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tions thus included in the analysis, 6.8% (8,510 hospi-
talizations) concerned children under five years of age, 
and 75.3% (94,715 hospitalizations) concerned adults 
over 65. The first diagnosis was pneumonia in 121,823 
(96.9%) of cases, while it was pneumonia-related sep-
ticemia in 3,025 (2.4%), meningitis in 539 (0.4%) and 
empyema in 335 (0.3%).
The patients were male in 52.6% of cases (66,131 pa-
tients); the mean hospital stay was 11.9 ± 10.1 days, and 
did not vary between genders. The mean hospital stay 
increased significantly with age (p  <  0.001), reaching 
about 13 days for patients aged 65 or more.
The characteristics of the sample are shown in Table I. 
In the sample as a whole, 32.4% of patients had at least 
one chronic comorbidity and the number of comorbidi-
ties tended to increase with age (p < 0.001); their fre-
quencies by principal type are shown in Figure 1. As for 
outcome, the overall CFR was 12.4% and remained sta-
ble during the study period. This rate increased with age, 
peaking in people over 80 years old (19.6%).
The overall annual PRH rate during the study period was 
204.6 per 100,000 population (221.2 per 100,000 males 
and 188.8 per 100,000 females). Both genders showed 
two age-related peaks, one in children aged 0-4 years 
(325.6 per 100,000 in males, 288.9 per 100,000 in fe-
males), the other in adults over 65 years old (844.9 per 

100,000 in males, 605.7 per 100,000 in females). The 
hospitalization rates for pneumonia were highest for 
the 0-4 and 80+ age groups, irrespective of the differ-
ent types of vaccine used or their coverage. The rates 
for children up to 4 years of age were similar to those 
for 65- to 79-year-olds, at about 330 hospitalizations per 
100,000 population a year. The PRH rate was stable dur-
ing the study period, ranging from 200.9 per 100,000 in 
2004 to 198.7 per 100,000 in 2013 [AAPC: 0.3%; (95% 
CI: -1.0; 1.6)]. The rate dropped significantly among 
the 0- to 4-year-olds, from 379.7 per 100,000 in 2004 
to 211.9 per 100,000 in 2013 [AAPC: -4.6%; (95% CI: 
-6.5; -2.7)], while it rose significantly for adults aged 80 
or more, from 1,370.3 per 100,000 in 2004 to 1,658.4 
per 100,000 in 2013 [AAPC: 2.7%; (95% CI: 1.2; 4.3)] 
(Fig. 2).
Figure 3 shows that the PRH rate was consistent with 
the timing of the vaccination programs by region. The 
PRH rate was 204.9 per 100,000 in the Veneto, and 
203.3 per 100,000 in Friuli Venetia Giulia. In the Veneto, 
the PRH rate dropped for the 0- to 4-year-olds from the 
early PCV7 period (2004-2005) to the late PCV7 period 
(2006-2010), and to the PCV13 period (2011-2013): 
-9.3% and -29.0% respectively; p < 0.01. A significant in-
verse trend was seen for people over 80 years old, whose 
PRH rates rose by 9.9% and 25.2%, respectively, over 

Tab. IV. Hospital admissions for pneumonia by patients’ characteristics and age group (2004-2013).

Variable Total
Age groups

0-4 5-14 15-64 65-79 80 +

Number of subjects 125,722 8,510 3,924 18,573 32,926 61,789

Gender [n (%)]

Males 66,131 (52.6) 4,625 (54.3) 2,167 (55.2) 11,450 (61.6) 20,646 (62.7) 27,243 (44.1)

Females 59,591 (47.4) 3,885 (45.7) 1,757 (44.8) 7,123 (38.4) 12,280 (37.3) 34,546 (55.9)

First-listed diagnosis [n (%)]

Pneumonia 121,823 (96.9) 8,319 (97.8) 3,838 (97.8) 17,600 (94.8) 31,677 (96.2) 60,389 (97.7)

S. pneumoniae 4,002 (3.2) 659 (7.7) 371 (9.5) 967 (5.2) 930 (2.8) 1075 (1.7)

without a causative organism 
identified 117,821 (93.7) 7,660 (90.0) 3,467 (88.4) 16,633 (89.6) 30,747 (93.4) 59,314 (96.0)

Septicemia 3,025 (2.4) 88 (1.0) 28 (0.7) 582 (3.1) 1015 (3.1) 1,312 (2.1)

Meningitis 539 (0.4) 50 (0.6) 16 (0.4) 248 (1.3) 177 (0.5) 48 (0.1)

Empyema 335 (0.3) 53 (0.6) 42 (1.1) 143 (0.8) 57 (0.2) 40 (0.1)

Comorbidity [n (%)]

Chronic lung disease 13,965 (11.1) 307 (3.6) 115 (2.9) 1,255 (6.8) 4,994 (15.2) 7,294 (11.8)

Diabetes mellitus 13,574 (10.8) 1 (0.0) 7 (0.2) 1,494 (8.0) 5,186 (15.8) 6,886 (11.1)

Chronic heart diseases 10,990 (8.7) 10 (0.1) 1 (0.0) 454 (2.4) 3,319 (10.1) 7,206 (11.7)

Malignant neoplasm 7,380 (5.9) 19 (0.2) 26 (0.7) 1,088 (5.9) 3,154 (9.6) 3,093 (5.0)

Chronic liver disease 2,882 (2.3) 9 (0.1) 6 (0.2) 1,000 (5.4) 1,161 (3.5) 706 (1.1)

Immunodeficiency 135 (0.1) 16 (0.2) 10 (0.3) 62 (0.3) 36 (0.1) 11 (0.0)

Asplenia 93 (0.1) 33 (0.4) 31 (0.8) 17 (0.1) 6 (0.0) 6 (0.0)

Chronic renal disease 110 (0.1) 1 (0.0) 5 (0.1) 27 (0.1) 39 (0.1) 38 (0.1)

Length of hospital stay 
[days (DS)] 11.9 (10.1) 4.7 (3.9) 4.9 (3.7) 10.9 (10.3) 13.,0 (10.2) 12.9 (10.2)
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the same periods. In Friuli Venezia Giulia, the figure was 
much the same for the 0- 4-year-olds, with reductions of 
21% and 31.7% from the early to the late PCV7 period, 
to the PCV13 period (p < 0.01); while the PRH rate rose 

by 8.4% (p < 0.01) from the first to the last period among 
individuals aged 80 years or more (Fig. 3).
The overall estimated costs of the vaccination campaign 
for new-born and 65-year-olds was € 8.5 million (€ 6.4 

Fig. 1. Percentage of comorbidity and case fatality rate by type of comorbidity and age group (2004-2013).

Fig. 2. Pneumonia-related hospitalization rate (per 100,000 population) by age group (2004-2013).
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million in children and € 2.1 million in the elderly). The 
purchase of PCV13 vaccine cost € 7.6 million (€ 5.9 for 
children and € 1.7 for the elderly). 
The estimated overall annual cost of the PRHs was ap-
proximately € 41 million, with an estimated cost per pa-
tient of €  3,059. People over 65 accounted for 74.9% 
of the estimated annual overall pneumonia-related cost 
(€ 30.6 million in all, corresponding to € 22.9 per person 
over 65 in the general population). 

Discussion

This retrospective observational study assessed the 
trends of pneumonia-related hospitalization in a popula-
tion of 6.2 million, confirming that the burden on hospi-
tal resources is an important public health issue.
The PRH rate was stable on the whole, but dropped 
significantly for infants (0-4 years old), and this trend 
may be thanks to a greater vaccination coverage in this 
age group since 2008. Hospital admissions for pneumo-
nia involving children aged 0-4 years dropped once the 
PCV7 coverage rate improved, and even more after the 
PCV13 vaccine was introduced. The same situation was 
confirmed in both regions, but Friuli Venezia Giulia had 
a lower hospitalization rate than the Veneto, probably 
due to differences in the two regions’ admission mo-
dalities for this age group. Much the same picture has 
emerged in other areas [9, 10, 16].
The reduction in PRHs for infants seen in our sample 
was initially lower than the figures reported in previ-
ous observational studies  [8,  17]. This may be due to 
a different diffusion of pneumococcal serotypes in our 
region, leading to a better coverage after the addition of 
more serotypes in the 13-valent conjugate vaccine (espe-
cially 19A, 3 and 1) [18]. 
The risk of pneumonia increases considerably with age 
and our analysis revealed a rising trend in the hospitaliza-
tion rate for the very elderly (80 + years old). In contrast 
with our data, a similar retrospective study conducted in 

the US on hospital discharge records for the years 1997 
to 2009 showed a substantial reduction in adult hospital 
admissions for pneumonia [7]. This difference could have 
several explanations. The magnitude of the indirect ef-
fects of vaccine-derived immunity depends on multiple 
influences relating to the transmissibility of the infection, 
the nature of the vaccine-induced immunity, the serotypes 
circulating, the patterns of mixing and transmitting infec-
tions in a given population, the type and schedule of vac-
cine used, the coverage achieved and, more importantly, 
the population’s immunity. The heterogeneity of immu-
nity and the complexity of populations make it difficult to 
draw comparisons  [19, 20]. Active surveillance systems 
for monitoring invasive bacterial diseases show that se-
rotypes not covered by the 7-valent pneumococcal con-
jugate vaccine (such as 19A) play a significant part in the 
burden of pneumonia-related disease [18], suggesting the 
likelihood of a reversal of the herd effect [21]. 
Our analysis confirms the mortality rate reported in oth-
er studies, with a CFR of 12%, and even higher in high-
risk patients [22]. 
The introduction of PCV13 for infants in north-east Italy 
in 2010, and its subsequent use in people over 65 years old, 
can be expected to produce some benefits in years to come. 
A limitation of this retrospective study lies in that it is 
impossible to rule out external factors that might con-
found the apparent effect of vaccination on the age-
specific rates of hospitalization for pneumonia, such as 
changes in patient management or the diagnostic coding 
of pneumonia. Any systematic shift in the management 
of pneumonia is unlikely to have coincided with the in-
troduction of the pneumococcal vaccine, however [8].
A better understanding of the effects of higher-valence 
vaccines could improve the sensitivity of surveillance 
systems and add to our understanding of the potential 
invasiveness of serotypes not included in PCVs (the 
prevalence of their carriage could be compared with 
their prevalence in invasive pneumococcal disease). This 
is an aspect of surveillance that has hitherto been largely 
overlooked. 

Fig. 3. Average annual pneumonia-related hospitalization rates for children by vaccination coverage (CVC), age group and region
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A large trial to ascertain the efficacy of PCV-13 in adults 
> 65 years of age was begun in the Netherlands in 2008. 
The main objective of this trial was to establish the ef-
ficacy of PCV-13 in the prevention of a first episode of 
vaccine-serotype specific CAP (vaccine efficacy 45.6%). 
The study also tested the efficacy of PCV-13 against first 
episodes of non-bacteremic vaccine-serotype-specific 
CAP and vaccine-serotype-specific invasive pneumo-
coccal disease (IPD). The results indicated that PCV-13 
was effective in preventing vaccine-serotype pneumo-
coccal, bacteremic, and non-bacteremic CAP, and vac-
cine-serotype IPD, but not all-cause CAP [23]. 
It is not easy to estimate the morbidity of S. pneumoniae 
diseases due to variable levels of accuracy in reporting 
the cases diagnosed, and to differences in surveillance 
methods and microbiological methods, but HDRs can be 
useful for assessing the cases severe enough to warrant 
hospitalization [14]. 
In our sample, 96.9% of the patients with pneumonia 
were first-listed diagnoses, so their disease was probably 
community-acquired (since hospital-acquired infections 
are not normally recorded as a first diagnosis). Vaccina-
tion can only have an impact on CAP, not on hospital-
acquired pneumonia, because of the different types of 
agent involved. S. pneumoniae is considered the most 
common pathogen responsible for pneumonia, account-
ing for about 24% of all cases [6, 24]. 
One of the difficulties in this setting concerns the avail-
ability of microbiological data and the dubious accuracy 
of the total number of hospital admissions identified as 
being related to S. pneumoniae (SP) due to coding er-
rors in the hospital records. In our dataset, the number 
of SP-specific diagnoses was very low and varied by age 
group. The use of different diagnostic testing procedures 
may have influenced the pattern emerging between the 
diagnostic subgroups. This is the impression that emerg-
es on comparing the percentage of pneumonia cases of 
unspecified etiology in our study (93.7%) with the 55% 
found in a recent study conducted in Australia, where 
cases hospitalized for CAP underwent a standardized, 
detailed assessment for bacterial and viral pathogens [8]. 
A review on the burden of CAP among adults in Europe 
showed that Italy had the lowest rate of identification of 
pneumococcal disease and recommended improvements 
in the diagnostic assays used to detect pneumococcal 
pneumonia with a view to enhancing the detection rate 
and generating a more accurate epidemiological pic-
ture [25]. 
It is important to ensure a good vaccination coverage 
among older people for both influenza and pneumococ-
cal disease. In the latter period of our study, the annual 
influenza vaccination coverage in our elderly population 
dropped from about 75% in 2004 to about 60% in 2013, 
meaning that other measures are needed to prevent pneu-
monia in seniors [26]. 
Continued monitoring and longitudinal analyses are 
warranted to assess the longer-term effects of various 
contributing factors such as serotype replacement, and 
vaccination coverage, as well as catch-up programs. 
This will be particularly important as new pneumococ-

cal conjugate vaccines offering additional serotype pro-
tection are licensed and included in immunization pro-
grams.
From the economic point of view, the implementation 
of PCV13 vaccination in the elderly is justified by the 
cost-effectiveness of this preventive measure. Our es-
timated costs are similar to those indicated in a model 
used in another study conducted in the same geographi-
cal area [27], presumably indicating that the benefits of 
vaccination could be extended to our context.

Conclusions

Prevention remains the most valuable tool to help reduce 
the burden of pneumonia, and vaccination strategies can 
be used for the primary prevention of infection and pos-
sibly to contain this disease in all age groups. The avail-
ability of new-generation pneumococcal conjugate vac-
cines with a broader antigenic spectrum and suitable for 
people of all ages suggests interesting new opportunities 
for improving the control of pneumococcal disease in 
the population as a whole. 
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Introduction. Health care Workers are exposed to infectious dis-
eases more than the general population. Many of these infections 
are preventable by vaccination. The objective in this study is to 
investigate whether, how, and which vaccination underwent Sar-
dinia Health Care Workers (HCWs) and the variability of policies 
in different Hospital Health Managements of the whole region.
Methods. In March 2013, we enrolled the Hospital Health Man-
agement of all the 32 Sardinia hospitals. We investigate on immu-
nity against vaccine-preventable diseases and education cam-
paigns about recommended vaccinations for HCWs. Flu, hepati-
tis B, measles-mumps-rubella, varicella and tuberculosis were the 
objects of our research.

Results. In most of the hospitals, influenza vaccination coverage 
among HCWs is less than 6%. Hepatitis B antibody assay was 
performed in all the respondent hospitals but only 14 had avail-
able data as collected electronically. Most of the hospitals did not 
perform serological tests for the evaluation of antibodies against 
Varicella, Measles, Mumps and Rubella in their HCWs. In 30 hos-
pitals Mantoux test was replaced or integrated by “in vitro” test 
for health surveillance protocols.
Conclusions. This method produced a large amount of data in 
small time and at a low cost. Sending back data to respective Hos-
pital Health Management (HHM) we took a step towards greater 
awareness of the issue of biological risks of HCWs and of vaccine 
coverage.
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Summary

Introduction

Health care workers (HCWs) are defined as persons 
working in health-care milieu having potential exposure 
to patients and to infectious materials; they are exposed 
to infectious diseases more than the general population 
although many of these infections are preventable by 
vaccination. When infected, HCWs may transmit the in-
fection to patients or colleagues [1].
Outbreaks due to vaccine-preventable diseases in health 
care facilities are often associated with serious morbid-
ity and mortality among patients, disruption of health-
care services, and high costs for the National Health 
Service [2].
Immunization of HCWs is a major infection prevention 
measure [3] to protect HCWs and, indirectly, the patients 
who may not be naturally immunized or vaccinated [4]. 
Vaccination is a very effective tool to promote safety 
within health care facilities for both HCWs and patients. 
Nevertheless, inadequate coverage of HCWs against 
vaccine-preventable diseases is a global problem [5].
In Italy, vaccination policies for HCWs are based – on 
one hand – on the “National Vaccination Plan” [6] which 
reinforces the recommendation to vaccinate HCWs 
against selected vaccine preventable diseases. On the 
other hand, the Italian Legislative Decree 81/08 reorgan-

izes and revises all the provisions regarding health and 
safety at work. In particular, the Decree ratifies the obli-
gation to the employers to provide vaccination to work-
ers exposed to biological risk and emphasizes the key 
role of the Occupational physician for assessing biologi-
cal risk, identifying and managing susceptible workers, 
and organizing and implementing vaccine campaigns. 
Therefore, employers and Occupational physicians have 
to manage vaccination activities within hospitals for 
their workers. In this sense, the following vaccinations 
are strongly recommended: anti-hepatitis B, anti-influ-
enza, anti-measles-mumps-rubella, anti-varicella and 
anti-pertussis. The Italian law has drastically limited the 
use of the anti-TB vaccination to very few categories of 
HCWs: those who are at high risk of exposure to mul-
ti-drug-resistant tubercular bacterial strains, and those 
who work in high-risk environments and – in the case of 
positive Mantoux Test – they cannot undergo preventive 
therapy because of clinical contraindications to the use 
of specific drugs. The aim of our study was to inves-
tigate  (1) whether, how, and which vaccination under-
went the Sardinia HCW’s; (2) the variability of policies 
and solutions in different Hospital Health Managements 
(HHM) of the whole region.
Consequently, an indirect aim was to raise awareness 
about HHMs’ compliance rate to vaccination programs 
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and orient them in a positive approach towards vaccina-
tion in Sardinia. 

Methods

In March 2013, we enrolled by both phone and a writ-
ten questionnaire sent by e-mail the 32 HHM of all Sar-
dinia hospitals which have totally 5,650 beds serving the 
whole Sardinia population (1.600.000 inhabitants).
A self-reported structured form was completed by 
HHMs. In case of lacking or inadequate response HHMs 
were successively contacted by phone to complete infor-
mation. According to some critical aspects highlighted in 
2010 by a team of occupational physicians of the Italian 
Society of Occupational Health and Industrial Hygiene 
(SIMLII), the questionnaire included 10 items based on 
multiple-choice questions. Each hospital was allowed to 
mark more than one answer per item.
The study investigated about the immunological pattern 
of HCWs towards Influenza, hepatitis  B (HB), mea-
sles-mumps-rubella (MMR), varicella and tuberculosis 
(TBC). Furthermore, information was collected about 
the performed educational campaign for influenza vac-
cination. Specifically, five questions concerned flu vac-
cination and investigated (a) effective accomplishment 
of the educational campaign on vaccination and its start-
ing, (b) the campaign planners, (c) the different strate-
gies used to inform health professionals about the oppor-
tunity to undergo vaccination, (d) the topics used dur-
ing the campaign, and (e) available data on vaccination 
coverage. One question regarded HB vaccination and 
the gathered data about compliance to vaccination. Two 
questions were addressed to serological surveillance: the 
first one asked whether serological tests for detection of 
MMR and Varicella viruses’ antibodies were included in 

routine surveillance of HCWs by Occupational Health 
Physicians. The other one asked whether serological re-
sults were collected. The last two questions concerned 
TBC: one investigated whether and in which occasions 
HCWs underwent Mantoux skin test, the other one de-
tected whether Mantoux was replaced or integrated by 
“in vitro” test.
The results were returned to each HHM in order to pro-
vide them a comparison with the other hospitals. In addi-
tion, we suggested recommendations about vaccination 
in HCWs according to National laws and National and 
International scientific communities.

Results

Out of the 32 hospitals enrolled in the study, 30 joined 
our survey (94% compliance): three were University 
Hospitals and 27 were General Hospitals. The two non-
responding hospitals were long-term care institutes. The 
total number of HCWs of the 30 hospitals was 12,977. 
Among these, 26% were medical staff, 47% nurses, and 
27% represented other hospital staff.

Influenza
Twenty-five out of the 30 hospitals (77%) accomplished 
the vaccination campaign against flu carried out between 
October and December 2011, particularly November, in 
18 hospitals. 
All the hospitals answered to the questions concerning 
the communication methods during the flu campaign: 
18  hospitals (72%) informed HCWs about the chance 
to be vaccinated by newsletter to unit managers, nursing 
and technicians coordinator, 8 (32%) sending newslet-
ter to unit managers only, 7 (28%) through active call, 2 
(8%) using posters and advertising. 

Fig. 1. Influenza vaccination coverage rate in HCWs of 23 Sardinia Hospitals.
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The coordination of the campaign was performed 
by HHM in 20  hospitals (80%), by Health visitors 
in 8  (32%) and by Occupational Health Physicians in 
7 hospitals (28%). In 8 (32%) hospitals the Prevention 
Department managed the campaign. Therefore different 
professionals were involved in managing and coordinat-
ing the campaign in the different hospitals at the same 
time. This heterogeneity may depend on the hospital 
characteristics in terms of structure, complexity, size, 
and (urban or rural) area.
Concerning the topics used during the vaccination cam-
paign to inform HCWs all 25 hospitals enlightened 
about professional and social responsibility in patients’ 
protection; 20  reported also efficacy and safety of the 
vaccine and 17 warned about the frequency and severity 
of influenza. 
Data of vaccination coverage among HCWs were report-
ed only by 23 hospitals. The coverage rate is shown in 
Figure 1; 74% of the hospitals indicated a coverage rate 
lower than 10%. 

Hepatitis B
Data on immunization coverage were available in 14 of 
30 hospitals (Fig. 2). Regional average was 76%; 5 hos-
pitals were below the average and 9 were above, only 
one hospital had 92% vaccination coverage.  Antibody 
assay (anti-HBs) was carried out in all the 30 respondent 
hospitals but only 14 had electronically collected data.

Varicella, Measles, Mumps, Rubella
Most hospitals did not perform serological tests to detect 
antibodies against Varicella, Measles, Mumps and Ru-
bella viruses in HCWs.

Three (10%) hospitals applied health surveillance for 
those viruses and other two hospitals performed sero-
logical test for Rubella in higher risk occupational cat-
egories.
No hospital had available data on immunity to those in-
fections.

Tuberculosis
Intradermal Mantoux test was used in 29 of 30 hospi-
tals: in 32% of hospitals HCWs were submitted to the 
Mantoux test at the hiring time and/or in post exposure 
situations.
In 1 hospital, Mantoux test was replaced by “in vitro” 
test (Quantiferon) and in 20 hospitals Quantiferon inte-
grated Mantoux test.

Discussion

Vaccination is an important prophylactic action to re-
duce the number of susceptible HCWs and to indirectly 
protect susceptible patients and colleagues  [7]. An ad-
ditional benefit is a reduction in work time lost due to 
illness. Despite the persistence of outbreaks of vaccine-
preventable diseases in health care facilities, HCWs vac-
cination rates remain suboptimal globally. Higher vacci-
nation coverages among HCWs than the actual would be 
useful both to reinforce occupational safety in health care 
facilities and to prevent nosocomial outbreaks [1, 8, 9].
The Italian Health Ministry recommends HCWs to un-
dergo vaccinations (i.e. anti-hepatitis  B, anti-flu, anti-
measles-mumps-rubella, varicella, anti-pertussis and, 
when indicated, anti-tuberculosis) not only to reduce 

Fig. 2. Immunization coverage for Hepatitis B in 14 Sardinia Hospitals. 
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employees’ absenteeism that may increase workload 
for staff, but also to prevent the nosocomial infection 
risk, especially in elderly or immunocompromised 
patients  [6]. The same Institution have also included 
among the new objectives of the National Prevention 
Plan 2014-2018 an increasing vaccination coverage for 
both general and high-risk population including HCWs, 
by looking for a cooperation between regions in which 
regions more experienced can support regions with the 
lowest vaccination coverage [10].
Several outbreaks of health care facility-acquired influ-
enza, including immunosuppressed or old patients, have 
been documented as a consequence of low vaccine effec-
tiveness, thus requiring consequently an indirect protec-
tion. Influenza vaccination of all HCWs is recommend-
ed by the World Health Organization (WHO), [11] US 
Centers for Disease Control and Prevention (CDC) [1], 
and by the Italian Ministry of Health [6] in order to pre-
vent transmission of influenza from HCWs to patients. 
Nevertheless, the same countries show a low uptake of 
influenza vaccine in HCWs [12]. A global literature re-
view on vaccination programs in HCWs reported a per-
centage of vaccination coverage ranging from 2.1% to 
82%, with highest uptake rates occurring in USA  [13] 
(from 40% to 87.4%)  [14,  15,  16,  17], followed by 
Germany (26.9%)  [18], and Spain (from 14.7% to 
38%) [19]. In Italy, data on vaccination coverage among 
HCWs are not regularly collected and the few ad-hoc 
studies have shown low coverage rates of 0-29%  [20], 
and 20.8% [21]. In the 2012-2013 season, the coverage 
rate for the working-age population was 10%  [22]. In 
our survey most of Sardinia hospitals had an influenza 
coverage rate lower than 6%.
Some studies highlighted how compulsory influenza 
vaccination with forfeit for non-adhesions was associat-
ed with larger compliance to vaccination programs [23]. 
Other authors asserted that voluntary vaccination of 
HCWs against influenza would represent the most effec-
tive strategy  [24]. Hospitals that used personal contact 
approach had higher vaccination rates [24, 25]. Differ-
ently, newsletters sent by HHM to unit managers, and 
both nurse and technician coordinators were the most 
frequent tool used by Sardinia hospitals. Nevertheless, 
this tool obtained a vaccination coverage lower than 
10% in 74% of the involved hospitals. A recent Italian 
study implemented different actions such as education, 
promotion, and easy access to staff vaccination in order 
to increase HCWs vaccination coverage  [26]. Despite 
these efforts, the results showed that the vaccination cov-
erage in the hospital staff was underperforming. On the 
light of these results, new techniques of information and 
empowerment on the importance of flu vaccination for 
HCWs should be considered and activated.
In 1997, CDC recommended HBV vaccination for all 
HCWs [27]; nevertheless, HBV vaccine coverage rate 
in USA was 63.4%, well below the 90% goal  [28]. 
Similar percentages were reported in other countries 
(85% for Belgium, 55.4% for India, and 55% for Mo-
rocco) [29, 30, 31].

In 1991, Italy introduced HBV mandatory vaccination 
for infants and 12-year-old adolescents until 2003 when 
the two cohorts joined together  [32]. In persons who 
received primary immunization in the first year of life, 
immune memory for HBsAg lasted for at least 17 years 
and additional booster doses were not needed to enhance 
long-term immunization  [33,  34,  35,  36]. In Italian 
HCWs who did not receive HBV vaccination as adoles-
cents and are older than 35-36 years, testing HCWs at 
hiring time and administering the vaccine to those who 
prove susceptible to HBV infection is strongly advised. 
In Italy, the coverage rate of HBV vaccination ranged 
from 43% to 87% [37]. Thus, we emphasize that efforts 
should be made to increase the number of vaccinated 
HCWs for HBV protection.
Measles, mumps, rubella, and varicella (MMRV) are 
highly contagious diseases, and pose a high risk for both 
HCWs and patients [2]. In Italy, the percentage of im-
munization in HCWs ranged from 85.7% to 95.1% for 
varicella, from 47% to 96.8% for rubella, from 71.4% 
to 97.8% for measles, and from 52.5% to 87.6% for 
mumps  [38, 39]. These results show a significant pro-
portion of unprotected workers. In fact, most of the 
Sardinia hospitals did not perform serological tests for 
MMVR on HCWs. 
Furthermore, tuberculosis still remains a severe world-
wide health problem, especially among immunocom-
promised patients. High percentage of latent Mycobac-
terium tuberculosis infection among HCWs and the in-
creasing number of Mycobacterial strains resistant to the 
main drug therapies increases the need for prevention 
programs health care workers.
Tuberculin skin test (TST) is still globally recommended 
to screen HCWs [40] despite its limitations. In effect, the 
need for a return visit to assess the test effect, often, re-
sults in a low compliance to follow-up [41]. These limits 
could be overtaken by advancement in the in vitro test, 
which detects the interferon-g production in response to 
other Mycobacterium tuberculosis antigens. QuantiFER-
ON-in tube test (QFT-in tube) does not need for a second 
visit to interpret results and it has a higher specificity 
than TST  [42]. An Australian study compared QFT-in 
tube test to the TST in HCWs. The results demonstrated 
that positive QFT-in tube test strongly correlated with 
risk factors for TB exposure more than positive TST, 
especially in a low tuberculosis prevalence population. 
Yet, a positive TST strongly correlated with a prior his-
tory of BCG vaccination [43]. 
The main limitation of the study regards the data 
collection method. Specifically, we have used a non-
validated questionnaire, which can result in a low 
level of reliability of the data. Furthermore, we did 
not examine the vaccination coverage according to 
the different occupational categories and healthcare 
settings. This did not allow us to identify specific 
professionals or healthcare areas that mainly need for 
specific intervention strategies to increase vaccina-
tion coverages.
Nevertheless, there are several advantages from this re-
search. The data from the whole Sardinia district have 
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shown in HHM a low level of awareness about HCWs 
vaccination. Furthermore, we have highlighted some 
critical aspects that can be considered by the local poli-
cy-makers to organize tailored preventive interventions. 
We, thus, emphasize the strong need to implement infor-
mation programs addressed to HCWs about vaccination-
preventable diseases for potentially spreading in hospital 
settings complying with a patient-centered care system. 
Another key-point of our study is a pragmatic low-budg-
et method to communicate with health managers; this 
method has allowed us to get a large amount of data in 
a small lapse of time, thus reducing costs. Finally, our 
study provides evidence for stimulating health managers 
of Sardinia about the need to identify HCWs susceptible 
to threats of some infectious diseases damaging the hos-
pital setting. This step is essential to achieve preventive 
strategies aimed to guarantee the health of both patients 
and HCWs.
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The aim of this study was the quality of service evaluation of two 
different organizational ways in delivering infant vaccination 
according to a Regional Vaccination Plan.
Eleven vaccination centres were selected in two Local Health 
Units (ASLs) belonging to the Regional Health Service of the Lazio 
Region, Italy. The services offering paediatric vaccinations for 
children under three years of age, delivered without an appoint-
ment (VACP) or with the need for an appointment (VACL), were 
investigated. The quality aspects under evaluation were communi-
cational efficiency, organisational efficiency and comfort. Subjec-
tive data were collected from different stakeholders and involve 
the elicitation of best and worst feasible performance conditions 
for the ASLs when delivering VACP/VACL services. Objective 
data consists in the observation of current performances of the 
selected vaccination centres. Quality scorecards were obtained 

from the combination of all data. Benchmarking between VACP 
and VACL, i.e., two different organisational ways in delivering 
infant vaccination, can be performed as a result of the probabilis-
tic meaning of the evaluated scores.
An expert of vaccination services, i.e., a virtual combination of 
patients, doctors and nurses, claims the quality of service deliv-
ery of the ASLs under investigation with probability 78.03% and 
69.67% for VACP and VACL, respectively. In other words, for 
short, the quality scores of the ASLs were 78.03% for VACP and 
69.67% for VACL. Furthermore our results show how to practi-
cally improve the current service delivery.
The QuaVaTAR approach can result in improvements of the qual-
ity of the ASLs for the two different ways of delivering paediatric 
vaccinations in a simple and intuitive way.
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Summary

Introduction

The concept of quality, which was embraced during the 
second half of the last century, has spread exponential-
ly in many areas. In the healthcare field, providers and 
policy makers have engaged in an extended search for 
useful approaches to measure and improve service per-
formance in terms of quality, volume and user’s perspec-
tive [1-5].
In Donabedian’s classic framework, service quality is 
represented by considering structure, process and out-
come using classes of key performance indicators 
(KPIs). The first class considers the organisational re-
sources that ensure the functioning of health services 
and may be obtained from data generated “routinely” 
at healthcare facilities. The second class measures relief 
provided to the patient using data obtained from prop-
erly completed records. The third aims to assess the out-
comes of healthcare interventions [6].

The Declaration of Alma-Ata in 1978 established the 
right and duty to participate individually and collectively 
in the planning and implementation of healthcare [7].
A main problem in measuring the quality of health-
care service could result from the fact that often, due 
to the lack of standards, different KPIs can be chosen 
to evaluate different providers; and this could lead to 
some benchmark issues. Furthermore, the evaluation 
process should include directly and actively both users 
and other stakeholders who participate in the organisa-
tion and delivery of services. To manage the KPIs het-
erogeneity and overcome the partiality of the decision 
maker’s “absolutistic” point of view, an innovative and 
quantitative approach was defined and applied in differ-
ent hospital settings [8, 9]. Later, the focus of the project 
has shifted from the hospital to local services, with the 
“Quality in Vaccination: Theory And Research” (Qua-
VaTAR) project, to assess the quality of vaccination ser-
vices [10, 11].
The aim of this work is to illustrate a new application 
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of the QuaVaTAR approach for the quality evaluation 
of selected paediatric vaccination centres of the Lazio 
Region of Italy according to the Regional Vaccination 
Plan 2012-2014 [12].

Materials and methods

In April-July 2010, two of the twelve Local Health Units 
(ASLs) within the Regional Health Service of the Lazio 
Region of Italy were involved in this case study accord-
ing to their willingness to participate: ASL RMH, locat-
ed in the edge of Rome; and ASL RMF, located outside 
the city. Eleven vaccination centres were selected: two 
centres in one of the five districts of the ASL RMH and 
nine centres in the four districts of the ASL RMF. The 
two different ways of offering paediatric vaccinations to 
children under three years of age, with the need for an ap-
pointment (VACP) and without an appointment (VACL), 
were evaluated. The service quality aspects under evalu-
ation were communicational efficiency, organisational 
efficiency and comfort. For each of these aspects, two 
quality KPIs were selected. Communicational efficiency 
was represented as the means and time of communicat-
ing information related to the vaccine with oral or writ-
ten support before or during vaccination. Organisational 
efficiency was represented by the time a user spent in the 
waiting room and the time a user spent for vaccination. 
Comfort was represented by the opening times, and the 
presence of toys and/or a nursing room. KPIs and their 
possible values were the same for VACP and VACL, ex-
cept for waiting time ranges.

Subjective data
An opinion survey was conducted at the two ASLs to 
collect “subjective data” related to the selected quality 
aspects of VACP and VACL. A well-defined question-
naire was administered to different groups of stakehold-
ers: parents and escorts of immunised children (P/E), 
medical doctors (D) and nurses (N) working in the 
ASL. There were three sections in the questionnaire: an 
anonymous demographic section with questions on age, 
education, marital status and job; an informative section 
on the functioning of a generic vaccination service as 
presented by institutional guidelines; and a judgment 
section to assess specific performance conditions of de-
livery (defined in terms of the selected KPIs) containing 
8 questions on communicational efficiency, 16 questions 
on organisational efficiency and 8 questions on comfort. 
Judgments expressed by stakeholders were used to as-
sess probabilities (i.e., values ranging from 0-100%) of 
specific events related to communicational efficiency, 
organisational efficiency and comfort of the vaccina-
tion delivery. Different weights were chosen to combine 
judgments of each stakeholder: 0.3, 0.4, and 0.3 for P/E, 
D and N, respectively. This allowed to obtain the Ex-
pert, i.e. a “super” virtual stakeholder, point of view. The 
maximum and minimum probabilities which were as-
sessed with this opinion survey define the best and worst 
achievable service quality scores for the ASLs.

Objective data
In the same period of the survey, April-July 2010, the se-
lected KPIs were measured at the vaccination centres of 
the ASLs during the service delivery. These observations 
were recorded in an “objective data” set. They included 
waiting times (minutes), duration of vaccinations (min-
utes), indicators of means of communication and indica-
tors of comfort features (true/false values).

Quality scorecard
Subjective and objective data were entered into a spread 
sheet that easily implements a quality scorecard accord-
ing to a well-defined algorithm [9, 11]. Specific weights 
were chosen to combine the quality aspects under inves-
tigation and evaluate the overall quality score.
The overall quality for VACP/VACL is given by the 
weighted sum of the corresponding quality aspects (i.e., 
organisational efficiency, communicational efficiency 
and comfort).
The relevance of communicational efficiency, organisa-
tional efficiency and comfort was equal to 0.5, 0.3 and 
0.2, respectively for both VACP and VACL.

Results

Questionnaires were administered to 416 stakeholders. 
The main socio-demographic characteristics of the inter-
viewees are summarised in Table I. Statistical difference 
was present only for educational level as for VACP 88% 
of parents or escort had a high educational level in con-
trast with 77% in VACL (p < 0.003).
Table  II shows the results of the survey related to the 
communicational efficiency.
From the Expert’s point of view (i.e., the combination 
of all stakeholders’ points of view), the minimum value 
of communicational efficiency (1.84% for VACP and 
6.30% for VACL) is obtained if the information is not 
provided. In contrast, the maximum value for VACP 
(90.95%) and VACL (90.22%) were assessed if the in-
formation is provided through a brochure with the aid 
of a person. The difference was related to the moment 
considered more efficient for communication: during 
vaccination for VACP, in the waiting room for VACL.
The maximum values of organisational efficiency 
(94.91% for VACP and 81.22% for VACL) were as-
sessed if the service is provided with waiting time less 
than 10-15 minutes (for VACP/VACL) and duration time 
less than 10 minutes. In both cases, however, a vacci-
nation time of 10-20  minutes was considered efficient 
(84.21% for VACP and 74.21% for VACL).
The maximum values of comfort (95.61% for VACP and 
90.17% for VACL) were assessed if the vaccination am-
bulatory is open alternatively in the morning and in the 
afternoon with the presence of children’s toys and avail-
ability of a nursing room.
During the study 198  vaccination deliveries were ob-
served.
Table  IIIa shows different performance conditions re-
lated to the communicational efficiency which were ob-
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served at the ASLs during the vaccination delivery. The 
majority of performances were observed whit informa-
tion provided orally by a person during the vaccination 
phase.
For organizational efficiency the majority of perfor-
mances were observed with a waiting time less than 10-
15  minutes (for VACP/VACL) and a vaccination time 
less than 10 minutes (Tab. IIIb).
Vaccination time greater than 30 minutes were never ob-
served.
Considering comfort, for VACP, 58.00% of the services 
offered vaccination in the morning and in the afternoon; 
48.00% have a nursing room and 75.00% toys (48.00% 
have both); while for VACL vaccination are admin-
istered only in the morning; in most cases the service 
provided toys (84.00%), and in 27.50% a nursing room 
(18.80% both).

Table IV shows the quality scorecard of the ASLs under 
evaluation for the two ways of offering vaccination and 
for different stakeholders. From the cumulative result 
the probability that an expert claims the quality of VACP 
was 78.03%, while the probability that an expert claims 
the quality of VACL was 69.67%.

Discussion

By adopting the QuaVaTAR approach it is possible to 
evaluate quantitatively and qualitatively the organiza-
tional characteristics of the vaccination services. In 
a first study it was applied to evaluate the different 
quality in the provision of HPV vaccination in three 
ASLs of the Lazio Region of Italy [11]. In the present 
work the same method was applied to evaluate differ-
ent ways of delivering the same children vaccination, 

Tab. I. Socio-demographic characteristics of the interviewed stakeholders.

Stakeholder demographic characteristic
VACP VACL

Stakeholder n° Median age 
(SD)

High 
School Married Job n° Median age 

(SD)
High 

School Married Job

P/E 226 34 (6.7) 200 213 173 162 34.9 (5.7) 125 147 98
N 8 39.2 (8.4) 8 5 8 8 39.7 (13.2) 8 5 8
D 9 46.1 (9.6) 9 7 9 3 39.0 (9.8) 3 2 3
Total 243 35.6 (7.2) 217 225 190 173 35.2 (6.2) 136 154 109

VACP: paediatric vaccinations to children under three years of age with the need for an appointment
VACL: paediatric vaccinations to children under three years of age without an appointment 
P/E: Parents and escorts of immunised children
N: Nurses 
D: Medical doctors

Tab. II. Communicational efficiency of the vaccination delivery assuming different performance conditions.

Subjective data related to the communicational efficiency

Performance
VACP VACL

P/E
(%)

N
(%)

D
(%)

Expert
(%)

P/E
(%)

N
(%)

D
(%)

Expert
(%)

Information is provided through a brochure 
with the aid of a person in the waiting room 86.65 60.00 63.33 69.33 84.73 96.00 90.00 90.22

Information is provided through a brochure 
with the aid of a person during the vaccination 
phase

79.83 90.00 100 90.95 75.93 93.00 87.78 85.79

Information is provided through a brochure 
without the aid of a person at the time of the 
vaccination service direct call

54.89 60.00 51.67 55.13 53.40 57.80 57.78 56.47

Information is provided through a brochure 
without the aid of a person in the waiting room 53.22 40.00 43.33 45.30 51.79 51.00 60.56 55.06

Information is provided through a brochure 
without the aid of a person during the 
vaccination phase

41.39. 25.00 26.67 30.58 37.74 39.50 48.89 42.73

Information is provided orally by a person in 
the waiting room 71.63 75.00 50.00 63.99 69.02 75.50 70.00 71.35

Information is provided orally by a person 
during the vaccination phase 72.38 95.00 76.67 80.88 65.20 77.50 62.22 67.70

information is not provided 6.14 0 0 1.84 10.01 11.00 0 6.30
VACP: paediatric vaccination to children under three years of age with the need for an appointment
VACL: paediatric vaccinations to children under three years of age without an appointment.
P/E: Parents and Escorts of immunised children
N: Nurses 
D: Medical doctors
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i.e. VACP and VACL. Identical KPIs chosen for the 
first study were used here. This is not a limitation. In 
fact, due to the flexibility of the method, other KPIs 
could be chosen, depending on users’ interest.
In this study VACP obtained a better result than VA-
CL, and the only significant difference was seen in the 
instruction level of parents/escorts, where those with 
an higher instruction level preferred VACP, showing 
a greater interest in that type of service organization 
that allowed a better management of time.
Subjective data measure how stakeholders perceived 
the VACP and VACL service quality of providers. 
Focusing on communicational efficiency, the results 
suggest that the best way to perform communication 

is to provide information through a brochure with 
the aid of a person during the vaccination phase for 
VACP and in the waiting room for VACL. For organi-
sational efficiency, as expected, the maximum value 
for VACP and VACL was for a waiting time of 10-
15  minutes, respectively, and a vaccination time of 
less than 10 minutes. A short waiting time with a vac-
cination time of 10-20 minutes was however consid-
ered efficient for both VACP and VACL. For comfort, 
as expected, the maximum value corresponded to the 
opening time both in the morning and in the afternoon 
with the presence of toys and nursing room. These 
were the so called targets for VACP and VACL. These 
values do not correspond to the theoretical maximum 

Tab. IIIa. Performance conditions related to the communicational efficiency of the ASLs vaccination services.

Objective data related to the communicational efficiency

Performance
VACP VACL

Performance frequency 
(%)

Performance frequency 
(%)

Information is provided through a brochure with the aid of a person 
in the waiting room 17.10 0

Information is provided through a brochure with the aid of a person 
during the vaccination phase 17.10 32.40

Information is provided through a brochure without the aid of a 
person at the time of the vaccination service direct call 0 0.60

Information is provided through a brochure without the aid of a 
person in the waiting room 0 0.60

Information is provided through a brochure without the aid of a 
person during the vaccination phase 0 0.60

Information is provided orally by a person in the waiting room 0 9.00
Information is provided orally by a person during the vaccination 
phase 65.80 56.80

Information is not provided 0 0
VACP: paediatric vaccinations to children under three years of age with the need for an appointment
VACL: paediatric vaccinations to children under three years of age without an appointment.

Tab. IIIb. Performance conditions related to the organisational efficiency of the ASLs vaccination services.

Objective data related to the organisational efficiency
VACP VACL

Performance
Performance frequency

(%)

Performance
Performance frequency

(%)Wt
(minutes)

Dt
(minutes)

Wt
(minutes)

Dt
(minutes)

< 10 < 10 41.00 < 15 < 10 51.70
10 e 20 < 10 22.60 [15-30] < 10 23.60
20 e 30 < 10 12.10 [30-45] < 10 7.90

> 30 < 10 13.60 > 45 < 10 1.10
< 10 [10-20] 4.50 < 15 [10-20] 7.90

10 e 20 [10-20] 3.10 [15-30] [10-20] 5.60
20 e 30 [10-20] 3.10 [30-45] [10-20] 1.10

> 30 [10-20] 0 > 45 [10-20] 0
< 10 [20-30] 0 < 15 [20-30] 0

10 e 20 [20-30] 0 [15-30] [20-30] 0
20 e 30 [20-30] 0 [30-45] [20-30] 0

> 30 [20-30] 0 > 45 [20-30] 1.10
VACP: paediatric vaccinations to children under three years of age with the need for an appointment 
VACL: paediatric vaccinations to children under three years of age without an appointment 
Wt = Waiting time (minutes) 
Dt = Vaccination Time (minutes)
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score values (i.e., 100%). This is not a “limitation” of 
the model; better performance measured by different 
KPIs could exist. In this study, however, only perfor-
mances that could be effectively implemented by the 
ASLs were modelled.
It is worth noting that different stakeholders may have 
a different perception of the service quality also re-
lated to the modality of providing vaccination. For 
example, for communicational efficiency, while in 
VACL all category considered better to give informa-
tion through a brochure in the waiting room, and this 
was the best achievable target, in VACP parents con-
sidered better this way while doctors and nurses con-
sidered more efficient to give information during the 
vaccination phase, and this was the best achievable 
value considered by the Expert. This seems logical; 
in fact when access is planned the vaccination phase 
could be the best moment for communication, as a 
long waiting time is not foreseen. When access is free, 
a longer waiting time can be expected by the P/E and 
this time could be used for communication.
Despite the best efficient way of communication con-
sidered also the use of a brochure, this was used dur-
ing vaccination or in the waiting room only in 34% 
and 32% of VACP and VACL providing. The use of a 
brochure could therefore improve the quality of both 
VACP and VACL. For organisational performance 
does not seem that there is a difference between VACP 
and VACL, although the considered waiting times 
were different. A difference was seen for comfort 
related to the opening times of the service. In VACP 
in the majority of cases it is possible to have an ap-
pointment both in the morning and in the afternoon, 
while VACL is offered only in the morning. Although 
the double possibility proved to be the most efficient, 
the values reached 95.61% for VACP and 90.17% for 
VACL.

Conclusions

The top management of the ASLs needs to take in seri-
ous consideration that, in terms of business risks, 21.97% 
and 31.33% are the probabilities that an expert “do not” 
claim the quality of the ASLs for the two ways of de-
livering the pediatric vaccination, VACP and VACL, re-
spectively. The good news is that there exist margins of 
improvements. And the general criterion to obtain this is 
simple and intuitive by using the QuaVaTAR approach. 
It is necessary to transform the performance conditions 
currently observed during the vaccination delivery in 
those which are better for the stakeholders, as suggested 
by the opinion survey which involved parents/escorts, 
nurses and doctors.
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Tab. IV. Quality scorecard of the ASLs vaccination services.

Quality scorecards
VACP

Overall quality = 78.03%

VACL

Overall quality = 69.67%

Stakeholder
Organizational 

efficiency
(weight 0.3)

Communicational 
efficiency

(weight 0.5)

Comfort

(weight 
0.2)

Organizational 
efficiency

(weight 0.3)

Communicational 
efficiency

(weight 0.5)

Comfort

(weight 
0.2)

P/E 71.07 76.11 65.95 74.09 68.66 62.12
N 81.82 88.14 69.23 76.63 81.78 38.59

D 83.48 78.38 72.91 68.38 71.04 63.57

Expert
= 0.3P/E + 0.3N + 

0.4D
79.26 80.63 69.72 72.57 73.55 55.64

VACP: paediatric vaccinations to children under three years of age with the need for an appointment 
VACL: paediatric vaccinations to children under three years of age without an appointment P/E: Parents and escorts of immunised children
N: Nurses
D: Medical doctors
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Background. Pseudomonas aeruginosa is an important life-
threatening nosocomial pathogen which plays a prominent role in 
wound infections in burns patients. We designed this study to iden-
tify the isolates of P. aeruginosa recovered from burns patients at 
the genus and species levels by means of primers targeting oprI 
and oprL genes.
Methods. During a 5-month period, wound samples were taken 
from burns patients and plated on MacConkey agar. All suspected 
colonies were screened for P. aeruginosa by means of a combina-
tion of phenotype tests. Specific primers for oprI and oprL genes 
were then used for the molecular identification of colonies. 
Results. During the 5-month period, bacterial isolates recovered 
from burn wound infections were analyzed. Phenotype identifica-

tion tests identified 171 (34.8%) P. aeruginosa isolates. However, 
molecular techniques that used species-specific primers to detect 
the amplicon of the oprL gene confirmed the exact identification 
of P. aeruginosa in only 133 cases; in the other isolates, the use 
of genus-specific primers detected the amplicon of the oprI gene, 
which confirmed the identification of fluorescent pseudomonads. 
Conclusions. This study indicates that molecular detection by 
means of an assay targeting the oprL gene is a useful technique for 
the rapid and precise detection of P. aeruginosa in burns patients. 
In addition to phenotype testing, PCR detection should be carried 
out in order to promptly ascertain the best aggressive antibiotic 
therapy for P. aeruginosa infections, thereby significantly improv-
ing clinical outcomes.

ORIGINAL ARTICLE

PCR-based assay for the rapid and precise distinction 
of Pseudomonas aeruginosa from other Pseudomonas 

species recovered from burns patients 
A. GHOLAMI1, A. MAJIDPOUR2, M. TALEBI-TAHER2, M. BOUSTANSHENAS2, M. ADABI2

1 Department of Internal Medicine, Rasoul-Akram Hospital, Iran University of Medical Sciences, Tehran, Iran; 2 Antimicrobial 
Resistance Research Center, Rasoul-Akram hospital, Iran University of Medical Sciences, Tehran, Iran 

Keywords

Pseudomonas aeruginosa • Burns patients • OprL, OprI

Summary

Introduction

Burn injury, one of the most common and devastat-
ing forms of trauma, is a major public health problem 
worldwide. Burn wounds can easily become infected 
because the skin no longer acts as an effective physi-
cal barrier against microbes. P. aeruginosa is the most 
common source of burn wound infections  [1]. While 
these bacteria rarely cause disease in healthy individu-
als, they may do so in immuno compromised patients, 
such as those with AIDS or cystic fibrosis, and in burns 
patients [2]. The accurate identification of P. aeruginosa 
and detection of their susceptibility to antimicrobials are 
critical components of the management of burned pa-
tient. P. aeruginosa colonisation is normally detected 
by culturing wound swabs on artificial media. Typical 
isolation media used in wound infections include blood 
agar and chocolate agar and selective agars such as Mac-
Conkey agar and cetrimide-based media. Although large 
numbers of P. aeruginosa isolates are often present in 
clinical samples from burns patients, their detection and 
precise identification can often be challenging. For ex-
ample, other species of Pseudomonas, as well as Steno-
trophomonas maltophilia, Achromobacter xylosoxidans 
and Ralstonia pickettii, have been shown to grow on ce-
trimide-based media  [3], and may be indistinguishable 

from non-pigmented strains of P. aeruginosa. Difficul-
ties in recognizing P. aeruginosa are compounded by 
difficulties in biochemical identification. Biochemical 
test kits such as API 20 NE are commonly used for iden-
tification [4]; however, this technique has been seen to 
display a high rate of misidentification of oxidase-posi-
tive Gram-negative rods, including P. aeruginosa [5]. In 
addition, testing requires the use of a pure bacterial sub-
culture and a minimum incubation time of 48 h. Hence, 
identification by means of this method requires at least 
3  days. Another limitation of the conventional culture 
technique is that P. aeruginosa can easily be mistaken 
for closely related Gram-negative bacilli. The use of mo-
lecular techniques such as PCR could enable accurate 
and rapid identification of P. aeruginosa [6, 7]. L and I 
lipoproteins are two outer membrane proteins of P. ae-
ruginosa, and are responsible for the inherent resistance 
of the bacterium to antibiotics and antiseptics. As these 
proteins are found only in this organism, they could be 
used as a reliable marker for the rapid identification of 
P. aeruginosa in clinical samples  [8,  9]. In this study, 
we examined a technique for the rapid and precise iden-
tification of P. aeruginosa strains isolated from burns 
patients hospitalized in a main burns center in Iran. The 
performance of this technique, which utilizes PCR am-
plification of I lipoprotein (OprI) to detect the genus and 
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L lipoprotein (OprL) to detectthe species of P. aerugi-
nosa strains, was compared with that of phenotypic and 
routine biochemical identification used in laboratories. 

Materials and methods

Qualitative conventional detection
This study was carried out during a 5-month period, at 
a major center for the admission of burns patients in 
Tehran, Iran. Samples were obtained from burn wounds 
by swabbing. As in the routine phonotype tests usually 
performed in clinical laboratories, we inoculated burn 
wound swabs onto several selective media for the isola-
tion of P. aeruginosa, including blood agar, MacConkey 
agar and Muller Hinton agar, and carried out incubation 
at 37ºC for 24-48  h. The isolates were presumptively 
identified by means of routine tests: colony morphology 
and pigment formation on selective medium, positive 
oxidase test, glucose fermentation, hydrolysis of gelatin 
and growth at 42ºC [10, 11]. 

Molecular (PCR) detection
DNA extraction. In order to minimize contamination 
and hence the possibility of false-positive results, all 
DNA isolation procedures were carried out in a room 
physically separated both from that used to set up nu-
cleic acid amplification reaction mixtures and from the 
post-PCR room. Bacterial genomic DNA was extracted 
from all phenotypically and biochemically tested strains, 
as well as from the reference strain P. aeruginosa ATCC 
27853, by means of a boiling method. For this purpose, 
depending on colony size, three to six colonies were 
picked from bacterial plates and mixed into 0.25  ml 
DNase/RNase-free water in sterile 1.5  ml eppendorf 
tubes in order to obtain a turbid suspension of bacteria 
(~ 1-2 × 109 cells/ml). The cell suspensions were kept in 
a boiling water bath for 10 minutes to lyse the cells, and 
were then centrifuged at 10000 g at 4°C for 10 minutes. 
Finally, the supernatant was transferred, in sterile condi-
tions, into another tube and used as a DNA template. 
Extracted DNA was stored at -20°C prior to PCR ampli-
fication [12].
Primer selection. The primers used in this study are 
shown in Table  I. PCR amplification of I lipoprotein 
(OprI) for the detection of Pseudomonas genus and L li-
poprotein (OprL) for the detection of P. aeruginosa spe-
cies was performed on all phenotypically tested strains 
of P. aeruginosa.

PCR amplification. In order to minimize contamina-
tion, all reaction mixtures were set up in a PCR room 
separate from that used for DNA extraction and amplifi-
cation and from the post-PCR room. PCR was complet-
ed in adapted PCR micro centrifuge tubes according to 
the thermocycler used. Following optimization, reaction 
mixtures (25 μl) were set up as follows: 11 μl DNase/
RNase-free water, 8  μl 2x PCR Master Mix (1.5  mM 
mgcl2, Denmark), 0.5 μl of each set of primers (OprL or 
OprI) and 5 μl of DNA template. The reaction mixtures 
were subjected to the following empirically optimized 
thermal cycling parameters in a thermocycler (Senso-
Quest Labcycler, Germany): 94°C for 5 min, followed 
by 30 cycles of 94°C for 1 min, 55°C for 1 min, 72°C 
for 1 min, and a final extension at 72°C for 10 min. Posi-
tive (P. aeruginosa ATCC 27853 DNA) and multiple 
negative (water) amplification controls were included in 
every set of PCR reactions.
Detection of amplicons
Following amplification, aliquots (10 μl) were removed 
from each reaction mixture and examined by means of 
electrophoresis (80 V, 45 min) in gels composed of 1% 
agarose in TBE buffer (40 mM Tris, 20 mM boric ac-
id, 1 mM EDTA, pH 8.3). Gels were visualized under 
UV illumination by using a gel image analysis system 
(UVitec, Cambridge, United Kingdom) and all images 
were archived. Where a band was visualized at the cor-
rect expected size for OprI, the specimen was considered 
positive for Pseudomonas genus; if a band was visual-
ized at the correct expected size for OprL loci, the speci-
men was considered positive for P. aeruginosa species.

Results

During the 5-month period, 491 bacterial samples re-
covered from burn wound infections were analyzed. 
The above-mentioned routine phenotype and biochemi-
cal tests enabled P. aeruginosa isolates to be recovered 
from 171 (34.8%) patients. By contrast, molecular tech-
niques detected only 133 (27.08%) samples positive for 
P. aeruginosa species and 38 (7.73%) samples positive 
for pseudomonas genus. PCR assays employing each 
primer pair yielded DNA products of the predicted sizes 
(Fig. 1 and 2). The OprI and OprL amplicon genes were 
detected in all 133 P. aeruginosa isolates simultane-
ously. Table II shows the comparison of phenotype and 
biochemical testing with the molecular detection of P. 
aeruginosa in samples from burn wound infections.

Tab. I. Primers used in this study.

Primer 5’-sequence-3’ Product length (bp) Reference
OprI-F ATGAACAACGTTCTGAAATTCTCTGCT

249 7
OprI-R CTTGCGGCTGGCTTTTTCCAG
OprL-F
OprL-R

ATGGAAATGCTGAAATTCGGC
CTTCTTCAGCTCGACGCGACG 504 7
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Discussion

Bacterial infections in burn wounds are common and 
are difficult to control. In recent decades, following the 
introduction of antibiotic therapy, P. aeruginosa has 
emerged as one of the most problematic Gram-negative 

bacteria in modern hospital settings. This organism is in-
creasingly isolated as a nosocomial pathogen, and is re-
sponsible for high morbidity and mortality rates in burns 
patients, mechanically ventilated patients and those with 
cystic fibrosis [13, 14]. Infection by this bacterium is par-
ticularly problematic, since the organism is intrinsically 

Fig. 1. PCR amplification using Pseudomonas genus-specific primers (Opr I gene), M: marker, line 1: positive control, lines 2, 3, 4: clinical 
isolates of Pseudomonas genus, line 5: negative control.

Fig. 2. PCR amplification using P. aeruginosa-specific primers (Opr L gene), M: marker, line 1: positive control, lines 2, 3, 4, 5, 6: clinical iso-
lates of P. aeruginosa, line 7: negative control.

Tab. II. Comparison of phenotype and biochemical tests with molecular detection of P. aeruginosa in samples from burn wound infections.

Phenotypically & biochemically +
(no. of isolates tested)

PCR(OprI)+
no. of isolates 

PCR(OprL)+
no. of isolates 

171 171 133
Biochemical method+: strains confirmed as P. aeruginosa on phenotype and biochemical testing.
PCR (OprI)+: strains confirmed as Pseudomonas genus by PCR amplification of OprI.
PCR (OprL)+: strains confirmed as P. aeruginosa genus by PCR amplification of OprL.
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resistant to many drug classes and is able to acquire re-
sistance to all effective antimicrobial drugs. Some stud-
ies carried out in Iran have also indicated that infections 
caused by multi-drug resistant (MDR) P. aeruginosa 
are widespread in Iranian hospitals [15, 16]. It is there-
fore important to identify P. aeruginosa accurately and 
rapidly and to ascertain the susceptibility pattern of this 
organism; this may avoid prolonged and sometimes un-
necessary antibiotic treatments, which could select other 
antibiotic-resistant pathogens [12]. The identification of 
P. aeruginosa has traditionally relied on phenotypic and 
biochemical methods. These tests take a long time to 
perform and require extensive hands-on work by techni-
cians, both for setup and for ongoing evaluation. Various 
methods have been developed to identify P. aeruginosa 
species rapidly and accurately. According to our litera-
ture review, PCR has the potential to identify microbial 
species rapidly and precisely through the amplification 
of gene sequences unique to a particular organism [17]. 
Indeed, several PCR-based, DNA probe methods have 
been developed to detect various pathogens in clinical 
samples and water and food samples  [18]. Also in the 
case of P. aeruginosa, molecular methods have been re-
ported to be superior to phenotypic methods in identi-
fying P. aeruginosa species  [19]. The outer membrane 
proteins of P. aeruginosa play important roles in the 
interaction of the bacterium with the environment [20]. 
In the present study, two PCR assays were performed 
individually for the molecular detection of two outer 
membrane lipoprotein genes, oprI and oprL, in samples 
from burn wounds [21]. According to the phenotype and 
biochemical tests carried out in this study, 171 (34.82%) 
of 491 bacterial samples recovered were classified as P. 
aeruginosa. However, while the results of our molecu-
lar tests on oprI and oprL genes confirmed that many 
of these isolatesbelonged to the pseudomonas genus, 
only 133  (77.7%) of them were confirmed as P. aeru-
ginosa species. Thus, there was nearly complete agree-
ment between molecular and conventional phenotype 
and biochemical detection techniques with regard to 
the attribution of the Pseudomonas genus, but not the P. 
aeruginosa species. This may account for the potential 
phenotype misidentification of P. aeruginosa which has 
been recently described  [22]. Alternatively, discrepant 
results (PCR- /biochemical+) may emerge in the case of 
true P. aeruginosa colonization, in that a false negative 
culture result may be due to sample overgrowth by other 
bacteria, or to the presence of non-cultivable organisms 
or auxotrophic mutations of the organism. Indeed, it has 
been shown that oprI is conserved among members of 
fluorescent pseudomonads  [23,  24]. De Vos et al. de-
signed a multiplex PCR assay based on oprI and oprL 
genes for the molecular detection of P. aeruginosa, and 
showed that its specificity and sensitivity were 74 and 
100%, respectively  [7]. Lavenir et al. also noted that 
all 268 of the P. aeruginosa strains that they detected 
contained the oprI and oprL genes (sensitivity = 100%, 
specificity = 80%) [25]. This is in line with our findings. 
Although our PCR and DNA sequence analyses revealed 
some isolates that had been misidentified by phenotype 

testing, it must be said that our study was not designed 
to ascertain the frequency of misidentification of isolates 
from burn wound infections or to compare the relative 
accuracy of different phenotype identification systems. 
The isolates analyzed in this study constituted a biased 
set of atypical isolates that were difficult to identify. 
Nevertheless, these isolates were well suited to provid-
ing a rigorous test of our PCR assays and represented 
strains for which molecular analysis would be expected 
to be most useful. Our study also confirms that various 
non-aeruginosa pseudomonal species can occasionally 
be recovered from burn wound infection cultures. In this 
regard, genotype-based identification methods circum-
vent the problem of phenotype variation and provide 
more accurate species identification. 

Conclusions

It is important that primary diagnostic bacteriology 
methods have the ability to detect transient and early 
Pseudomonas colonization in burns patients as soon as 
possible, so that: (i) aggressive antibiotic regimes may 
be reconsidered; (ii) the patient can be managed opti-
mally, with a view to avoiding early biofilm formation 
and chronic colonization with P. aeruginosa, and (iii) 
appropriate infection control precautions can be taken.
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Background. Human papillomavirus (HPV) has been implicated 
as one of the principal causes of cervical cancer, which is the 
second highest cause of cancer deaths among Nigerian women. 
Objective. This study was aimed at determining the presence of 
HPV DNA in abnormal cervical cytology of a group of women 
who were screened using Papanicolaou staining technique.
Methodology. A total of 200 women attending the Obstetrics and 
Gynaecology clinic of the Federal Teaching Hospital, Ido-Ekiti, 
were screened by means of conventional Pap smear screening, 
while positive samples underwent molecular analyses by means of 
DNA isolation techniques and polymerase chain reaction (PCR). 
Result. Results revealed that 14 (7%) of the subjects were positive 
for abnormal cytology. Abnormalities found among the subjects 

included: low-grade squamous intraepithelial lesions (LSIL), 
which constituted 50% of the total abnormal smears, high-grade 
squamous intraepithelial lesion (HSIL) and atypical squamous 
cells of undetermined significance (ASCUS), which were 28.6% 
and 21.4%, respectively. Molecular analyses showed that all the 
samples from abnormal cervical cytology subjected to HPV DNA 
extraction and gene amplification contained HPV DNA. 
Conclusions. The high prevalence of HPV DNA in abnormal 
cytology gives credence to the fact that the presence of HPV is 
a critical indicator of the development of cervical cancer. Thus 
more effort should be put into vaccine production and distribution 
in order to reduce the incidence of cervical cancer in Nigeria. 
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Summary

Introduction

Human papillomavirus (HPV) belongs to the family 
Papillomaviridae, which is capable of infecting humans. 
Like all papillomaviruses, HPV establishes productive 
infection only in keratinocytes of the skin or mucous 
membranes [1]. HPV is a small non-enveloped icosahe-
dral DNA virus that replicates  in the nucleus of squa-
mous epithelial cells  [2]. High-risk human papilloma-
viruses (HR-HPVs) are able to infect several types of 
epithelial cells, but more frequently cause cancer in the 
uterine cervix [3].
Various risk factors are associated with the occurrence 
of HPV infection; these include: smoking, multiparity, 
early onset of sexual intercourse, oral contraceptive use 
and Human Immunodeficiency Virus. They contribute 
greatly to an individual’s chances of developing cervi-
cal cancer [4]. Cervical cancer ranks as the second most 
frequent cancer among women in Nigeria, and the most 
frequent cancer among women between 15 and 44 years 
of age. About 23.7% of women in the general popula-
tion are estimated to harbor cervical HPV infection at 
any given time  [1]. The prevalence of HPV genotypes 
in cervical cytological samples varies greatly in differ-
ent geographical regions and shows a strong correlation 
with cervical cancer incidence. Epidemiological studies 

have consistently shown that the most important deter-
minants of HPV infection in women are the number of 
sexual partners, the age of initiation of sexual activity, 
and the sexual behaviour of the male partner [5].
Clifford et al. randomly selected women from 11 coun-
tries for HPV DNA testing, using GP5+/6+ PCR anal-
yses  [6]. Women aged 15-74  years who did not have 
cytological abnormalities were included (n  =  15613). 
They found that age-standardized prevalence varied 
nearly 20-fold among different populations: from 1.4% 
in Spain, to 25.6% in Nigeria. Overall, age-standardized 
HPV prevalence was five times higher in sub-Saharan 
Africa than in Europe, with intermediate prevalence in 
South America and Asia. In terms of types, HPV type 
16 was the commonest type in all regions except sub-Sa-
haran Africa, where HPV type 35 was equally common. 

Materials and methods

Ido-Ekiti is located in Ido/Osi Local Government Area 
of Ekiti State, Nigeria. It is situated in the Northern part 
of the state, where the routes from Oyo, Osun and Kwara 
states converge. Ido-Ekiti is the headquarters of Ido/Osi 
local council. The hospital is located in Ido-Osi Local 
Government Area of Ekiti State, which lies south of 



MOLECULAR DETECTION OF HPV DNA IN CERVICAL SMEARS

E87

Kwara and Kogi State, East of Osun State and north of 
Ondo State, and has a total land area of 5887.890 sq km. 
The 2006 population census by the National Popula-
tion Commission put the population of Ekiti State at 
2,384.212 people.

Study population
The study was carried out among women attending the 
Gynaecology Clinic of the Federal Teaching Hospital, 
Ido-Ekiti who were between the ages of 15-64  years, 
willing to participate and met the inclusion criteria. A 
structured close-ended questionnaire was administered 
to these patients after informed consent had been ob-
tained, followed by clinical examination.

Inclusion criteria
Female patients attending the Obstetrics and Gynaeco-
logical unit, between 15 to 64 years of age, who con-
sented to take part in the study, and non-patients who 
met other inclusion criteria and agreed to participate in 
the study.

Exclusion criteria
Female patients over 65 years or under 15 years; male 
patients; patients who do not give consent to take part 
in the study and patients who have had total abdominal 
hysterectomy.

Ethical clearance
Approval for this study was obtained from the Ethics 
Review Committee of the Federal Teaching Hospital, 
Ido-Ekiti, after which informed consent was obtained 
from patients and/or parents and guardians. The study 
was done at no financial cost to the subjects, and infor-
mation from the patients and/or parents and guardians 
were confidential.

Sample collection and analysis
A structured close-ended questionnaire was admin-
istered to the subjects after due consent had been ob-
tained; cervical smears were collected by a gynaecolo-
gist after visual inspection. The smears collected were 
immediately fixed to slides before being transferred to 
the laboratory for processing. The fixed smears were 
stained by the cytotechnologist using the Papanicolaou 
staining procedure and read by a histopathologist using a 
light microscope. The smears were classified as normal, 
inflammatory, abnormal (epithelial lesion) or unsatisfac-
tory. 

Data Analysis
Descriptive statistics (mean, frequency, standard devia-
tion and percentage) and a graph were used to present 
the results, in order to provide a clear representation of 
the data analyzed. The statistical package for social sci-
ence version 17.0 for windows was used to test for the 
level of significance of the results obtained. Both con-
tinuous and discrete variables were generated. The rela-
tionship between categorical variables and outcome of 

interest was tested by means of Chi-square test at 95% 
(p < 0.05) confidence interval.

PCR/DNA extraction 
Molecular analyses began with the extraction of DNA 
from the cervical smears that were positive for intraepi-
thelial neoplasia. The coverslips present on the slides 
during Pap staining were removed with the aid of xy-
lene, and the smears carefully removed by means of 
sterile scapel blades. A DNA extraction kit produced 
by Integrated DNA Technologies, USA, was utilized 
for DNA extraction. The extracted smears were trans-
ferred to 1.5ml tubes for DNA extraction. Buffy coats 
and proteinase K were used to lyse the cells of the virus, 
and DNA extraction was done by means of chloroform. 
PCR components were produced by Integrated DNA 
technologies (USA); the PCR reaction contained prim-
ers Gp5: 5’TTTGTTACTGTGGTAGATACTAC-3’and 
Gp6: 5’GAAAAATAAACTGTAAATCATATTC-3’. 
The reaction was programmed as follows. Initial dena-
turing step at 95°C for 15 min, 10 cycles of 30s at 94°C, 
90s at 72°C, followed by 30 cycles of 30s at 94°C, 90s 
at 63°C and 90s at 72°C, with a final extension of 72°C 
for 10 min. A DNA band of 150 kb was considered a 
positive result.

Gel electrophoresis procedure
Agarose (3g) was heated in solution in a microwave un-
til it had completely dissolved, and was then allowed to 
cool in a water bath set at 50-55°C. The required num-
bers of combs were placed in the gel tray; 5 ul of eth-
idium bromide was added to the cooled gel, which was 
then poured into the gel tray. The gel was allowed to cool 
for 15-30 min at room temperature. The combs were re-
moved and placed in an electrophoresis chamber and 
covered with buffer (TAE). DNA and standard (ladder) 
was loaded onto the gel, which was electrophoresed for 
at least an hour. DNA bands were visualized by means 
of a gel imaging system.

Results

Table I shows the socio-demographic and reproductive 
characteristics of the respondents; about two-thirds 133 
(66.5%) of the women had attained their sexual debut 
at ≤ 15 years of age. Married women accounted for 176 
(88.0%), and 146 (73%) had a tertiary education.
Figure 1 shows the distribution of the abnormal cervical 
cytology by type of abnormality. Three different types of 
abnormality were found among the subjects. Low-grade 
squamous intraepithelial lesions (LSIL) constituted the 
main form of abnormal cytology, accounting for 50% 
of the total abnormal smears. High-grade squamous in-
traepithelial lesions (HSIL) were 28.6%, while atypical 
squamous cells of undetermined significance (ASCUS) 
were 21.4%.
All the samples presenting abnormal cervical cytology 
underwent HPV DNA extraction and gene amplification; 
all contained HPV DNA (Fig.  2). Fourteen abnormal 
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Fig. 1. Distribution of abnormal cervical cytology types amongst subjects in relation to acquisition of HPV infection.

Tab. I. Socio-demographic and reproductive characteristics of the respondents.

Variables Frequency (%) Variables  Frequency (%) 
N = 200

Age (years) Age at sexual debut (years)
15-24 5 (2.5) ≤ 15 133 (66.5)
25-34 50 (25.0) > 15 67 (33.5)
35-44 80 (40.0)
45-54 47 (23.5) Parity
55-64 18 (9.0) 0 45 (22.5)

1-3 116 (58.0)
> 3 39 (19.5)

Level of education
Primary 4 (2.0) Previous genital infection
Secondary 23 (11.5) Yes 126 (73.0)
Tertiary 146 (73.0) No 74 (37.0)
None 27 (13.5)

Marital status Number of sexual partners
Single 19 (9.5) 0-1 174 (87.0)
Married 176 (88.0) > 1 26 (13.0)
Divorce 5 (2.5)

Alcohol intake Male partner circumcision
Yes 31 (15.5) Yes 192 (96.0)
No 169 (84.5) No 8 (4.0)

Tobacco use
Yes 9 (4.5)
No 191 (95.5)

Type of marriage**
Monogamy 57 (31.5)
Polygamy 124 (68.5)

Use of oral contraceptives
Yes 111 (55.5)
No 89 (44.5)
** N=181

ASCUS: Atypical cells of uncertain 
significance

LSIL: Low-grade squamous 
intraepithelial lesion

HSIL: High-grade squamous 
intraepithelial lesion
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cervical cytology samples underwent molecular studies. 
Of these 14 samples, 7 had low-grade squamous intraep-
ithelial lesions, 4 were high-grade squamous intraepithe-
lial lesions and the remaining 3 atypical squamous cells 
of uncertain significance. The molecular results showed 
the analysis of HPV DNA in cervical samples to be a 
predictor of seropositivity. The 1-14 bands indicated in 
the gel electrophoresis image (1-14) are indicative of 
the presence of HPV DNA. Lane 1 represents (M) High 
ranger 1kb DNA Ladder; lanes 2-15 are amplified HPV 
genome: 1,2,3,4,5,6,7,8,9,10,11,12,13,14, and lane  16 
shows a negative control (NC).

Discussion

Results showed that the largest number of abnormal smears 
were of low-grade squamous cell carcinoma (LSIL), which 
accounted for about 50% of abnormalities. This is similar 
to the results obtained by Obaseki and Nwafor (2013), 
who reported that LSIL accounted for the highest percent-
age (66.27%) of abnormalities found [7]. 
In this study, HPV DNA was extracted from all the sam-
ples with abnormal cytology; all of the subjects with ab-
normal cervical cytology were also positive for the pres-
ence of HPV DNA. This is in line with the results of the 
study by Sharifah et al. (2009), in which all 38 abnormal 
cervical cytology smears analysed were positive for the 
presence of HPV DNA [8]. HPV DNA was discovered in 
all the cases of low-grade quamous cell carcinoma, high-
grade squamous cell carcinoma and atypical squamous 
cells of uncertain significance. This high prevalence of 
HPV DNA in abnormal cytology observed in this study 
also lends credence to several studies which have cast 
doubt on the existence of HPV DNA-negative abnormal 
cervical smears [8]. Indeed, various studies have shown 
a high prevalence of HPV DNA in abnormal cytology; 
this is in agreement with the presence of HPV DNA in 
all our abnormal cervical smears [4]. The frequency of 
HPV in abnormal cervical cytology also underlines the 

strong correlation between cervical cancer, HPV DNA 
positivity and abnormal cervical cytology.
Even though genotyping could not be done in this study, 
the presence of HPV DNA in all abnormal cervical 
smears reveals a dire need for a national program
 for vaccination against HPV infection in Nigeria. There 
is also a need to look at the various screening methods 
utilized for detecting HPV infection and, where possi-
ble, molecular techniques should be incorporated along-
side with serology and the Papanicolaou test. 
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Introduction. The aim of the study was to assess the efficacy of 
a school-based intervention for reducing tobacco consumption 
among physiotherapy students.
Materials and methods. This controlled trial involved two groups 
of physiotherapy students: a treatment group  (A) and a control 
group (B). Treatment consisted of a seminar on smoking-related 
diseases (3 hours) and training (at least 10 months) in a respira-
tory diseases or thoracic surgery unit. The control group (B) did 
not undergo any treatment. The main outcome was the prevalence 
of smokers. Follow-up lasted 3 years. 
Results. Groups A and B comprised 78 and 72 students, respec-
tively. The two groups did not differ in terms of gender distribu-
tion, mean age, prevalence of smokers and nicotine dependence. 

In group A, the prevalence of smoking declined from 36% to 33% 
between T0 and T1 (3 years), the relative risk (RR) at T1 being 0.93 
(95% CI: 0.6-1.44). In group  B, the prevalence increased from 
28% to 35% between T0 and T1, with a RR at T1 of 1.26 (0.76-
2.11). The prevalence reduction “attributable” to the intervention 
in group A 7.7%, while a 27.8% increase in prevalence “attribut-
able” to the absence of intervention was found in group B. How-
ever, the differences were not statistically significant.
Conclusions. School-based interventions seem to be effective in 
reducing the prevalence of smoking among healthcare students. 
Further studies on larger samples and with standardized method-
ology are required in order to confirm these preliminary findings. 
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Summary

Introduction

Reducing tobacco consumption is a public health prior-
ity at the international and national levels. According to 
the WHO, smoking kills nearly 6  million people each 
year [1].
Although the prevalence of smokers has declined by 
more than 4 percentage points in Italy in the last 20 years, 
it began to increase again between 2013 and 2014 [2]. 
Among Italian hospital personnel, including physician, 
healthcare workers, nurses and students, the prevalence 
of smokers is, paradoxically, higher than in the general 
population. According to recent surveys, about 44% of 
health professionals smoke, which is almost twice the 
prevalence in general population  [3,  4]. Similar rates 
have been shown by a survey conducted among more 
than 800 nursing students, 42% of whom currently 
smoke [5]. The majority of hospital workers who smoke 
do so in the hospital, and more than 90% of healthcare 
workers have seen colleagues smoking cigarettes inside 
the hospital at least once (47.4% in staff toilets, 33.4% in 
kitchens and 4.7% in patients’ rooms) [3]. 
Physicians and healthcare workers should play a key 
role in encouraging smokers to quit and to achieve long-
term abstinence. Their behaviors can set an example and 
contribute to the spread of healthy lifestyles [6]. Thus, it 

is crucial that they receive good training on smoking-re-
lated diseases and smoking prevention. However, this is 
uncommon; for instance, UK Medical Colleges include 
factual knowledge of nicotine addiction and withdrawal 
symptoms in only 50% of curricula [7]. In Italy, although 
90% of medical residents in Public Health report hearing 
about smoking-related issues during their undergraduate 
courses, only 17% claim to have received specific smok-
ing cessation training during specialization [8]. Surveys 
conducted among Italian Health Professional School 
students reveal that 94.3% of the respondents should 
receive specific training to quit smoking, but that only 
21.3% do so during their study courses [9].
School-based interventions to reduce and prevent smok-
ing have been widely implemented and results have been 
summarized in a systematic review by Murphy-Hoefer 
that concludes that, while some promising results have 
been achieved, rigorous evaluation of a wider range of 
programs is needed [10]. 
The present study aims to contribute to the international 
debate on school-based anti-smoking interventions by 
evaluating the efficacy of a school-based intervention 
in reducing the prevalence of smokers among physio-
therapy students.
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Materials and methods

Study design
A non-randomized trial with two independent arms was 
carried out between 2008 and 2013.
Sample and setting
Students on two different physiotherapy courses at a 
teaching hospital in Rome were enrolled for the study: 
course A students participated in a seminar on smoking-
related diseases and were enrolled for training in res-
piratory and thoracic surgery units. Course B students 
constituted a control group and did not receive any treat-
ment. All students were in their first academic year, and 
were followed up for three consecutive years. To calcu-
late the sample size, we assumed a 35% prevalence of 
smokers in the experimental group and a prevalence re-
duction of 15%. In order to obtain a power of 80% with 
α set at 0.05, we had to enroll at least 72 subjects in the 
experimental group. 

Interventions
Group A underwent two different treatment steps: 
1. Seminar on smoking-related diseases.
The seminar took place during the first semester of train-
ing and lasted three hours. Contents regarded individual 
and community risks and the costs of tobacco consump-
tion in terms of health, life quality and economic aspects.
2. Training in respiratory and thoracic surgery units.
Training lasted at least 6  months in clinical units and 
four months in surgical units. Each student treated at-
tended at least 10 months of training in services dealing 
with tobacco-related diseases.

Outcome and questionnaire
An anonymous questionnaire was administered to all 
participants of both courses in the first year (T0) and the 
third and last year of their university studies (T1). Per-
sonal data were collected: age and gender, smoking (yes/
no), number of family members who smoked (asked on-
ly in the first year). Students who smoked were asked 
about their own level of nicotine addiction (Fagerström 
score) [11] at T0. On this test, subjects who scored 1 or 2 
were considered to have low addiction to nicotine, while 
those who scored 3 or more were considered to be from 
moderately to highly addicted.

Statistical analysis
The demographic characteristics of both groups were re-
corded, and differences between the groups at T0 and at 
T1 were evaluated by means of Pearson’s chi2 test for 
qualitative variables and the Student’s t-test for quantita-
tive variables. 
The prevalence of smokers in the two groups at T0 and 
T1 was calculated. The relative risk (RR) of smoking at 
T0 and T1 and the 95% confidence interval (95% CI) 
were calculated in both groups. The attributable risk 
(AR) of smoking was calculated for both groups. In 
this study, AR was used to quantify the risk attributable 

to treatment (group  A) or to the lack of the treatment 
(group B).

Ethics 
The study was performed in accordance with the prin-
ciples of the Declaration of Helsinki [12]. The research 
protocol was submitted to the research ethics commit-
tee concerned for consideration, comment, guidance and 
approval, and informed consent was obtained from all 
subjects enrolled.

Results

At T0 (before intervention), the treated group  (A) was 
composed of 43 males and 35 females, with an average 
age of 22 years, 36% of whom smoked; group A sub-
jects had an average of 1.2 smoking relatives. At T0, the 
control group (B) was made up of 75 members, 39 males 
and 33 females, with an average age of 22.5 years and an 
average of 0.9 smoking relatives; only 28% of group B 
subjects smoked at T0. The level of nicotine dependence 
estimated by means of the Fagerström score at T0 was 
low among smokers in both groups. No statistically sig-
nificant differences in demographic factors or the level 
of nicotine dependence emerged between the two groups 
at T0.
After the intervention (T1), group A comprised 75 par-
ticipants, 38 males and 37 females, with an average age 
of 25 years. The percentage of smokers was seen to have 
decreased over time, from  36 (T0) to 33 (T1). At T1, 
group  B counted 57 participants, 28  males and 29 fe-
males, with an average age of 25 years. In this group, 
the percentage of smokers increased from 28% (T0) to 
39% (T1).
In group A, only three participants where lost between 
T0 and T1 (4%), while in group B 15 participants were 
lost (21%).
The table above shows four comparisons and the rela-
tive risks that emerged. The first comparison is between 
the prevalence of smoking in groups A and B before the 
intervention. The prevalence was higher in group A than 
in group B at T0 (A: 36% vs B: 28%). The relative risk 
(RR) for group A was 1.29 (95% CI: 0.8-2.1). The sec-
ond comparison shows an inversion in the prevalence of 
smokers between the two groups after the intervention: 
35% in group B and 33% in group A; the RR of group A 
compared with group B was 0.95 (95% CI: 0.59-1.53). 
On comparing the prevalence of smokers in group A be-
tween T0 and T1, a decrease from 36% to 33% was seen, 
the RR at T1 being 0.93 (95% CI: 0.6-1.44). In group B, 
the prevalence increased from 28% to 35% between T0 
and T1, with a RR of 1.26 (0.76-2.11) at T1.
Table III shows the Attributable Risks (AR%) of smok-
ing in the two groups: the first AR indicates the percent-
age of students in the treated group who stopped smok-
ing because of the intervention; the second AR indicates 
the percentage of group B students who started smok-
ing that can be attributed to the lack of intervention. In 
group  A, the reduction in smoking prevalence “attrib-
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utable” to the intervention amounted to 7.7%, while a 
27.8% increase in smoking prevalence “attributable” to 
the lack of intervention was found in group B.
The difference between the AR of group A and the AR 
of group B provides a measure of the effectiveness of the 
intervention in reducing the risk of smoking. None of 
the risk measures calculated was statistically significant.

Discussion

The intervention seems to have been effective in reduc-
ing the risk of smoking in the experimental group, es-
pecially in comparison with the control group, in which 
the prevalence of smoking increased in the absence of 
intervention. At the international level, evidence of 
the effectiveness of school-based interventions against 
smoking is not homogeneous. While the latest system-
atic reviews on the issue are controversial, there is a 
consensus that results in terms of reducing or preventing 
smoking mainly depend on the approach of the interven-
tion implemented. Thomas reports that school-based in-
terventions that combined social competence and social 

influences showed a significant effect both at one year 
and over longer follow-up. By contrast, studies adopting 
a social-influences program alone showed no overall ef-
fect at any time point, and multimodal interventions and 
those with an information-only approach proved similar-
ly ineffective. He argues that interventions involving so-
cial competence and those combining social competence 
and social influences have yielded positive results [13]. 
Santon agrees that complex approaches show promise, 
with some persistence of abstinence (30 day prevalence 
of abstinence or continuous abstinence at six months), 
especially those that incorporate elements sensitive to 
the stage of change and use motivational enhancement 
and CBT [14]. Carson concludes his systematic review 
by claiming that there is some evidence to support the 
effectiveness of community (including school-based) in-
terventions in reducing the number of young people who 
take up smoking. However, the evidence is not strong 
and the studies reviewed contain a number of methodo-
logical flaws [15].
This study has several limitations.
First, the small sample size did not allow us to obtain 
statistical significances in the analysis performed. Sec-

Tab. I. Demographic characteristics and smoking behaviors of participants.

Demographic characteristics and 
smoking behaviors 

T0 T1
A B Tot P A B Tot P

Gender
M (%) 43 (55) 39 (54) 68 (45)

0.91
38 (51) 28 (49) 66 (50)

0.86
F (%) 35 (45) 33 (46) 82 (55) 37 (49) 29 (51) 66 (50)

Age Mean (SD) 21.8 (6.0) 22.5 (5.5) 22.1 (5.8) 0.46 25.3 (6.5) 25.3 (5.3) 25.3 (6.0) 0.99

Smoker
Yes (%) 28 (36) 20 (28) 48 (32)

0.29
25 (33) 22 (39) 47 (36) 0.53

No (%) 50 (64) 52 (72) 102 (78) 50 (67) 35 (61) 85 (64)
N° of smokers in family Mean (SD) 1.2 (1.6) 0.9 (0.9) 1.1 (1.3) 0.16 - - - -
Nicotine dependence: 
Fagerström’s score Mean (SD) 1.25 (1.8) 1.55 (1.9) - 0.58 - - -

T0 = baseline, first academic year
T1 = three years later, last academic year
Not asked

Tab. II. Relative risk of smoking, stratified by intervention and group (A versus B) and times (T0 versus T1).

Group and time Non smokers (%) Smokers (%) RR 95% CI

Bt0 52 (72.2) 20 (27.8) 1
0.8-2.1

At0 50 (64.1) 28 (35.9) 1.29
Bt1 37 (65.0) 20 (35.0) 1

0.59-1.53
At1 50 (66.7) 25 (33.3) 0.95
At0 50 (64.1) 28 (35.9) 1

0.66-1.44
At1 50 (66.7) 25 (33.3) 0.93
Bt0 52 (72.2) 20 (27.8) 1

0.76-2.11
Bt1 37 (65.0) 20 (35.0) 1.26

Tab. III. Percent smoking prevalence attributable (AR%) to the presence or absence of intervention.

Groups T0 T1 AR% 95% CI (AR%)
Smokers A (Ngroup A) 28 (78) 25 (75)  -7.69* -52.93;37.55
Smokers B (Ngroup B) 20 (72) 20 (52) 27.78** -15.57;71.13
* -7.69% is the decrease in smoking prevalence which can be attributed to the intervention
** 27.78 % is the amount of smoking prevalence which can be attributed to lack of intervention 
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ond, the intervention was not standardized and consisted 
of two different activities (seminar and practical train-
ing); it is therefore unclear which part of the interven-
tion mostly contributed to the results obtained. Third, 
the percentage of group  B subjects who were lost to 
follow-up was high; failure to investigate the reason for 
this phenomenon could have introduced a bias into the 
findings of the study. Fourth, as the T0 and T1 data were 
not paired, it is likely that the statistical analysis was not 
very accurate. Fifth, the data collected were insufficient 
to enable us to determine whether other important fac-
tors, in addition to the intervention, may have influenced 
the prevalence of smoking. Finally, the fact that the study 
was neither randomized nor blind could reduce the reli-
ability of the results.
Nevertheless, the study suggests that the intervention 
was effective. Further studies with larger samples and 
better defined intervention should be conducted in order 
to assess the impact of campaigns to improve awareness 
and prevention among young adults enrolled in health-
care training. 

Conclusions

School-based interventions could play a key role in 
the global fight against smoking. Moreover, education 
and training on tobacco-related diseases could improve 
awareness and promote healthy behaviors among health-
care practitioners, who have a leading role to play in fos-
tering healthy lifestyles in the community. However, as 
evidence of the success of anti-smoking initiatives is not 
strong, further research on the efficacy and cost-effec-
tiveness of school-based interventions should be under-
taken. 
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Introduction. Smoking tobacco during pregnancy is a prevent-
able risk factor for adverse pregnancy outcomes. The aim of the 
study was to assess the impact of an information and training pro-
gram implemented by the perinatal network of Auvergne, France, 
on smoking during pregnancy. 
Methods. A multi-center before-and-after population-based 
study, based on two cross-sectional surveys, was carried out 
between July 2003 and June 2004, and between December 2008 
and January 2010. Pregnant women aged over 18 years, with a 
fluent command of written and spoken French, were eligible. The 
main outcome was the prevalence of pregnant women who smoked 
daily. The preventive program consisted of informing women and 
healthcare providers and training healthcare providers. Multivar-
iate analysis was performed by means of manual logistic regres-
sion and crude and adjusted Odds Ratios were calculated. 

Findings. “Before” and “after” surveys involved 1027 and 720 
women, respectively. In the “after” survey, a higher percentage of 
women smoked daily at the time of diagnosis (43.49% vs 51.94%, 
adjusted Odds Ratio 1.45 [1.10; 1.90]) and during the third term 
(40.53% vs 51.94%, adjusted Odds Ratio 1.62 [1.24; 2.12]). 
Environmental tobacco smoke exposure among non-smokers was 
higher in the “after” survey: 52.83% vs 69.57% adjusted Odds 
Ratio 1.95 [1.54; 2.47].
Conclusions. The program did not reduce smoking during preg-
nancy. Exposure to environmental tobacco smoke increased. 
French public health authorities should introduce a new policy 
aimed specifically at tackling tobacco use during pregnancy and 
exposure to second-hand smoke, and which takes into account the 
entire environment of pregnant women. 
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Summary

Introduction

It is well documented that maternal smoking during 
pregnancy is a preventable risk factor for adverse preg-
nancy outcomes. Tobacco interferes with the develop-
ment of brain structures, which results in a higher risk 
of low birth weight, stillbirth, pre-term delivery and 
placental detachment  [1-3]. There is also evidence of 
an association between tobacco consumption during 
pregnancy and both infant mortality and the risk of nico-
tine dependence during adolescence [3, 4]. In addition, 
several studies have identified environmental tobacco 
smoke (ETS) as a risk factor for adverse effects on both 
fetuses and children [1-3, 5, 6].
The Prochaska cycle of the process of change has been 
applied to the various stages of tobacco dependence: 
pre-contemplation, contemplation, preparation, action, 
maintenance and relapse. Pregnant women commonly 
go through the Prochaska cycle from the pre-contempla-
tion to the contemplation stages. McBride et al. identi-
fied pregnancy as an appropriate moment to stop smok-

ing [7] and advocated developing preventive procedures 
during this period. 
A national survey conducted in France in 2010 showed 
that tobacco consumption remained a major health prob-
lem and, in particular, that consumption had increased 
among women  [8]. The Association of Users of Com-
puterized Data in Paediatrics, Obstetrics and Gynaecol-
ogy (AUDIPOG) reported in 2008 that, although con-
sumption was lower during pregnancy, 14% of pregnant 
women still smoked. 
Two special interest groups at the university hospital of 
Clermont-Ferrand, Auvergne, France –  the DATAMA-
TER group, a regional hospital research program, and 
the CAFE group, an inter-regional hospital research pro-
gram - and the perinatal network of Auvergne (Réseau 
de Santé Périnatale Auvergne-RSPA) have been working 
on tobacco consumption during pregnancy [9-11]. They 
developed an information and training program target-
ing the general public and healthcare providers, to deal 
with tobacco use in pregnant women.
The main aim of the present study was to assess the im-
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pact of the program on reducing tobacco consumption 
during pregnancy. 

Methods

This study was approved by the ethics committee of 
Clermont-Ferrand (N°2003-AU509 for the “before” sur-
vey and 2007-AU 735 for the “after” survey). 

The perinatal network of Auvergne
Auvergne is a rural region of south-central France with 
an estimated population of 1 343 964 , i.e. 2.1% of the 
French population (http://www.insee.fr/fr/bases-de-
donnees). Auvergne currently has 10  maternity units 
(3 level-I with obstetric units only, 6 level-II with ob-
stetric and neonatology units and 1 level-III with ob-
stetric, neonatology and neonatal hospitalization units). 
Maternity units were reorganized between 2003 and 
2009, and six units were closed. The number of births 
in 2003 and 2004, during the period of the “before” sur-
vey, was 13769 and 13779, respectively, and in 2008 and 
2009, during the period of the “after” survey, 13852 and 
13849, respectively. The rate therefore remained stable 
over time (http://www.insee.fr/fr/themes/detail.asp?reg_
id=99&ref_id=etat-civil-naissances). Created in 1994, 
the RSPA includes all healthcare professionals working 
in the gynecology-obstetric and paediatric units of the 
maternity hospitals of Auvergne, 364 healthcare provid-
ers working in local mother-and-child protection centres 
and in the surgeries of general practitioners (Gps), and 
outpatient gynecologists (https://www.auvergne-perinat.
org/). The RSPA aims to improve pregnant women’s 
health through better coordinated management, the im-
provement of quality of care and the development of 
preventive and educational procedures. To this end, it 
manages computerized medical records throughout the 
regional area and organizes yearly scientific meetings to 
present its research and actions to its members. 

Patients
Women aged 18 years or more, with a fluent command of 
spoken and written French, who lived in the administra-
tive area of Auvergne and had given birth to a baby after 
at least 22 weeks of gestation (or 500 grams in weight) 
were deemed eligible for the study. They were recruited 
at the maternity hospitals at the time of delivery or in the 
immediate post-partum. 

Methods
A multi-center cross-sectional before-and-after popu-
lation-based study was conducted. The “before” survey 
was performed between July 2003 and June 2004 in 
16 maternity hospitals, and the “after” survey between 
December 2008 and January 2010 in 11 such facilities. 
The month in which the survey should be carried out in 
each maternity hospital was randomly selected by the 
statisticians of the university hospital of Auvergne. Data 
were collected over four consecutive weeks. 

Questionnaires were composed of items regarding the 
women’s social characteristics, the course of pregnancy 
and delivery conditions. Women were questioned about 
daily smoking before pregnancy, on diagnosis of preg-
nancy, in the third term and during the immediate post-
partum. Yes/no items investigated ETS at home, at work 
and in the company of family or friends.
The main outcome was the prevalence of pregnant wom-
en who smoked daily. 
All participants gave their informed consent to be en-
rolled. The surveys were approved by a French ethics 
research committee (N°2003-AU 509 for the “before” 
survey and 2007-AU 735 for the “after” survey).

Information and training program
The information and training program was implemented 
by the RSPA, and was addressed both to women and their 
family circles and to healthcare professionals. It was di-
vided into three waves: information of the women and 
family circles, information and training of the healthcare 
providers (Fig. 1). Healthcare providers were midwives, 
obstetricians, gynecologists, pediatricians, psychiatrists 
and general practitioners. 
The first wave consisted of publicizing the results of the 
“before” survey in regional newspapers in September 
2004 and June 2008. The RSPA website created the ses-
sion “addictive behavior” in February 2007 and, in April 
2007, published the national guidelines on addictive 
behavior during pregnancy. The RSPA then produced 
a poster in collaboration with communication advisers 
and smokers. The poster was displayed in the waiting 
rooms of regional maternity hospitals, in local mother-
and-child protection centers, and in the surgeries of gen-
eral practitioners (GPs) and outpatient gynaecologists. 
It was sent to healthcare professionals in January 2008.
The second wave began in June 2005 with one RSPA 
“scientific day” of training devoted to tobacco consump-
tion during pregnancy. In May 2007, the actions imple-
mented by the RSPA to deal with tobacco consumption 
during pregnancy were presented to participants in the 
“scientific day” of the Perinatal Prevention Research In-
formation Association (Association Périnatalité Préven-
tion Recherche Information – APPRI).
The third wave was composed of two sessions (Level 1 
and Level 2) of continuous medical training and educa-
tion (CME). The aims of the Level  1 session were to 
explain tobacco dependence, to train healthcare person-
nel in the management of pregnant women smokers at 
all stages of the Prochaska cycle, and to improve the 
screening of pregnant women. Level 2 sessions aimed 
to strengthen the knowledge of healthcare professionals 
who had already attended session 1, and was based on 
medical histories, role plays, advice on prescribing, and 
an introduction to cognitive behavioral therapies. An in-
strument to measure carbon monoxide levels was given 
to participants after the Level 2 session. All the sessions 
were held over two days, 6 hours a day, by a specialist in 
addictions. Five Level 1 sessions and four Level 2 ses-
sions were held, beginning in December 2007 and Sep-
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Fig. 1. Chronology of the surveys and the information and educational program.

Fig. 2. Flow chart of women involved in the “before and after” study.
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tember 2008, respectively. Fifty-eight healthcare profes-
sionals took part in Level 1 and 14 in Level 2. 

Statistical methods
Descriptive analysis was performed to assess the wom-
en’s characteristics and the prevalence of smoking. As 
the samples from the “before” and “after” surveys were 
non-comparative, a Mantel-Haenszel method was used 
to identify any socio-demographic and medical variables 
that might be confounding factors. A threshold of 10% 
was applied in the Mantel-Haenszel method. Bivariate 
analysis was performed by means of logistic regression 
and calculation of crude Odds ratio (OR) and adjusted 
Odds ratio (aOR) with their 95% Confident Intervals 
(95% CI) for qualitative variables, and by means of Stu-
dent’s t-test for quantitative variables. Multivariate anal-
ysis was then performed by means of manual logistic re-
gression, taking into account all significant interactions. 
Tobacco smoking was compared before pregnancy, at 
the time when pregnancy was diagnosed, during preg-
nancy and in the post-partum period, taking into account 
the confounding factors previously identified. Crude 
Odds ratio (OR) and adjusted Odds ratio (aOR) with 
their 95% CI were calculated on confounding factors. A 
significance threshold of 5% was applied in all the sta-
tistical analyses. Statistical analysis was performed by 
means of SAS software (V9.3. SAS Institute Inc., Carry, 
NC, 2002-2003).

Results

Of the 1132 eligible women in the “before” survey and 
the 840 eligible women in the “after” survey, 1027 and 
720, respectively, were finally included in the present 
study (Fig. 2). 
The descriptive analysis showed no significant differ-
ence in socio-demographic characteristics between the 
“before” and “after” groups; the only exception con-
cerned occupational status, in that a higher percentage 
of women were in employment in the “after” survey: 
73.42% vs 80.06%, OR 1.45 [1.15; 1.83]. Regarding 
the women’s medical data, a significant difference was 

observed only for parity, which was higher in the “be-
fore” survey: 64.97% vs 52.48%, OR 0.60 [0.49; 0.73]. 
Concerning the data on newborns, the only difference 
observed was in the 5-minute Apgar score, with lower 
Apgar scores in the “after” group: 1.37% vs 2.92% OR 
2.17 [1.09; 4.29] (Tab. I). 
Two confounding factors were identified by the Mantel-
Haenszel method: occupational status and parity. In the 
multivariate analysis, occupational status was the sole 
explanatory variable that had an effect. 
The trend in tobacco consumption indicated that a 
higher percentage of women in the “after” survey con-
tinued smoking: 43.49% vs 51.94%, aOR 1.45 [1.10; 
1.90] on diagnosis; 40.53% vs 51.94%, aOR 1.62 [1.24; 
2.12] during the third term, and 39.87% vs 46.46% aOR 
1.31 [1.00; 1.72] in post-partum period. The majority of 
women quit smoking spontaneously before the diagno-
sis rather than after (Tab. II). 
Pregnant women involved in the “after” survey were 
more exposed to at least one kind of ETS: 63.58% vs 
75.24% aOR 1.74 [1.41; 2.15] overall and 52.83% vs. 
69.57% aOR 1.95 [1.54; 2.47] among non-smokers. 
They were also more exposed to ETS at work and in the 
company of family or friends (Tab. III). 

Discussion

Main results
The information and training program failed to reduce 
tobacco consumption during pregnancy. One unexpect-
ed finding was the higher exposure of pregnant women 
to ETS at work and with family or friends. 

Comparisons with other studies
Previous studies have identified distinct trends in to-
bacco consumption during pregnancy, including a sig-
nificant rate of “spontaneous quitters” before pregnancy 
or at the time of diagnosis  [12]. Four studies have as-
sessed the efficacy of training programs on healthcare 
professionals – midwives and the personnel of obstetric 
and pediatric units – and medical students [13-16]. Un-

Tab. I. Descriptive and bivariate analysis of socio-demographic, medical and newborn data among the 1027 and 720 women included in the 
“before” and the “after” surveys.

“Before” survey 
% [ma ± sdb] (Nc)

“After” survey
% [ma ± sdb] (Nc)

Odds Ratio
CI (95%)

Age of the mothersd [29.73 ± 4.87] (1027) [29.71 ± 5.19] (720) -
Family status (couple) 95.52 (1027) 95.55 (719) 1.01 [0.63; 1.60]
Occupational status (work) 73.42 (1027) 80.06 (697) 1.45 [1.15; 1.83]
Age on first cigaretted [16.44 ± 2.85] (607) [16.18 ± 2.88] (367) -
Parity (≥ 1) 64.97 (1019) 52.48 (707) 0.60 [0.49; 0.73]
Type of pregnancy: single 98.44 (1027) 98.16 (708) 0.85 [0.40; 1.77]
Weeks of gestation at birth [39.17 ± 1.55] (1027) [39.24 ± 1.56] (715) -
≥ 37 weeks 95.81 (984) 94.83 (678) 0.80 [0.51; 1.26]
Birth weighte [3261.74 ± 498.91] (1024) [3243.5 ± 508.4] (717) -
 5-Minute Apgar score < 7 1.37 (1023) 2.92 (720) 2.17 [1.09; 4.29]

am: mean; bsd: Standard Deviation; cN: number of women with information on the variable;  dage in years; e birth weight in grams.
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like the present study, these studies revealed a benefi-
cial effect of the training program. The survey involv-
ing midwives revealed a positive impact on the number 
of cigarettes smoked a day  [13]. The study performed 
in obstetric and pediatric units showed that healthcare 
providers changed their behaviour, though the differ-
ence was not statistically significant for all the outcomes 
measured [14]. Finally, the two studies involving medi-
cal students showed an impact on the students’ confi-
dence and attitude to dealing with tobacco consumption 
during pregnancy [15, 16]. 
Concerning exposure to at least one kind of ETS, the 
self-reported prevalence among non-smokers in the “af-
ter” survey (69.2%) was higher than that recorded by 
Aurrekoetxea in Spain (55.5%) [17]. In the present study, 
ETS exposure at home (23.35%) did not differ from the 
values measured by Aurrekoetxea in Spain (24.7%) and 
the WHO report for EU15 (25%) [17, 18]. By contrast, 
ETS exposure at work (32.15%) was higher than the val-
ues registered by Aurrekoetxea in Spain (9.8%) and the 
WHO report for EU15 (13%) [17, 18]. 

Implications
The rate of spontaneous quitters before pregnancy or on 
diagnosis remained moderate. The advice and support 
of physicians are reported to be effective in encourag-
ing patients to give up smoking [19]. Training healthcare 
professionals is also recognized to have a positive effect 
on smoking cessation, although none of the 15 studies 
included in the recent Cochrane review targeted preg-
nant women  [20]. The consensus is that anti-smoking 
interventions are effective on the both outcomes of both 
mothers and babies and should be implemented in all 
maternity hospitals  [12]. It is important to take advan-
tage of this ‘teachable moment’, to use the term of Mc-
Bride et al. [7], because, if the opportunity is passed up, 
the rate of smoking cessation will be significantly lower 
for several years  [21]. Consequently, prevention pro-
grams such as that organized by the RSPA are of great 
value. However, they could be considerably improved. 
First, such programs should target not only physicians 
but also medical students, through the use of both clas-
sic training methods and web-based training [22]. Sec-

Tab.  II. History of smoking before, during and after pregnancy among the 1027 and 720 women included in the “before” and the “after” 
surveys, according to occupational status.

“Before” survey 2003-
2004 

na (%)b Nc

“After” survey 2008-
2010

na (%)b Nc

Crude Odds Ratio
[CId 95%]

Adjusted Odds Ratioe

[CId 95%]

Before pregnancy 407 (67.05%) (607) 253 (70.28%) (360) 0.81 [0.67; 0.99] 0.83 [0.67; 1.01]
Diagnosis of pregnancy 264 (43.49%) (607) 187 (51.94%) (360) 1.40 [1.08; 1.82] 1.45 [1.10; 1.90]
Third term 246 (40.53%) (607) 187 (51.94%) (360) 1.59 [1.22; 2.06] 1.62 [1.24; 2.12]
Post-partum period 242 (39.87%) (607) 164 (46.46%) (360) 1.31 [1.00; 1.71] 1.31 [1,00; 1.72]

Stop smoking rate Stop smoking rate
Diagnosis of pregnancy 143 (35.14%) (407) 89 (35.18%) (253) 1.00 [0.72; 1.39] 1.00 [0.72; 1.40]
Third term 39 (14.77%) (264) 19 (10.16%) (187) 1.53 [0.85; 2.75] 1.51 [0.84; 2.71]
Post-partum period 5 (2.03%) (246) 27 (14.59%) (185)

Relapse rate Relapse rate
Third term 21 (6.12%) (343) 19 (10.98%) (173) 1.89 [0.99; 3.62] 1.85 [0.95; 3.58]
Post-partum period 1 (0.28%) (361) 4 (2.41%) (166) -

an: number of individuals in that response category; b%: percentage; cN: number of individuals with information on the variable; dCI: Confident Interval;  
eaccording to women’s occupational status. 

Tab. III. Exposure to environmental tobacco smoke among the 1027 and the 720 women involved in the “before” and the “after” surveys and 
among non-smokers.

“Before” survey 
na (%)b Nc

“After” survey
na (%)b Nc

Crude Odds ratio
[CId 95%]

Adjusted Odds 
ratioe

[CId 95%]
Overall population
At home (yes) 376 (36.61%) (1027) 24 (31.77%) (705) 0.81 [0.66; 0.99] 0.86 [0.70; 1.05]
At work (yes) 237 (31.43%) (754) 197 (37.38%) (527) 1.30 [1.03; 1.65] -
With family or friends (yes) 495 (48.20%) (1027) 461 (66.91%) (689) 2.17 [1.78; 2.65] 2.26 [1.84; 2.78]
At least one type of tobacco exposure 653 (63.58%) (1027) 538 (75.24%) (715) 1.74 [1.41; 2.15] -
Among non-smokers
At home (yes) 168 (22.64%) (742) 117 (23.35%) (501) 1.04 [0.8; 1.36] 1.07 [0.82; 1.41]
At work (yes) 144 (25.31%) (569) 127 (32.15%) (395) 1.40 [1.05; 1.86] -
With family or friends (yes) 275 (37.06%) (742) 282 (57.55%) (490) 2.30 [1.82; 2.91] 2.36 [1.86; 2.99]
At least one type of tobacco exposure 392 (52.83%) (742) 349 (69.57%) (509) 1.95 [1.54; 2.47] -

an: number of individuals in that response category; b%: percentage; cN: number of individuals with information on the variable; dCI: Confident Interval;  
eaccording to women’s occupational status
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ond, they should make healthcare professionals aware 
of pregnant women’s environment (familial and oc-
cupational status, deprivation), psychological health 
and ETS, in order to identify those women’s needs [3, 
23]. Particular attention should also be paid to pregnant 
women’s partners  [3, 24, 25]. Indeed, it is noteworthy 
that, during a woman’s pregnancy, her partner also goes 
through the Prochaska circle. Interventions should there-
fore aim at helping couples to definitively quit smoking. 
Third, preventive programs could also provide specific 
support for women who continue to smoke by including 
face-to-face interventions and group therapy. Incentive 
measures and other strategies, such as physical activ-
ity, also seem to have a positive impact on tobacco con-
sumption [1, 12, 26-29]. Fourth, the program should also 
target the couple at different time-points, such as before 
pregnancy (pre-wedding and family planning consulta-
tions) and in the post-partum period, which is a high-risk 
period for smoking relapse. 

Study limitations
The study has certain limitations. First, “before” and 
“after” surveys should be performed in exactly the same 
conditions. Assessment of the impact of the program may 
have been distorted by the public health measures against 
tobacco consumption introduced by the French govern-
ment. The price of a packet of cigarettes increased by 
about 40% between 2002 and 2004, during the period 
of the “before” study (http://www.inpes.sante.fr/10000/
themes/tabac/consommation/marche-tabac.asp). In addi-
tion, a ban on smoking in public areas was imposed by 
decree in November 2006 and enforced in February 2007 
and January 2008, before the “after” survey. The presence 
of strong legal regulations may explain the increase in ETS 
exposure between the “before” and “after” surveys. This 
increase might have impaired the effects of our prevention 
program. Second, the preventive program was assessed 
by means of a multi-center population-based survey with-
out a control group. Third, no secondary outcomes were 
measured, such as those included in the Cochrane review 
(percentage of follow-up appointments made, percentage 
of self-help materials given, number of “quit dates” pre-
scribed), an omission that prevented us from identifying 
the positive effect of the program [12]. Fourth, the inclu-
sion criterion of a fluent command of spoken and written 
French might have excluded immigrant women, who are 
more exposed to tobacco consumption and ETS [30]. Fi-
nally, the information poster may have given rise to feel-
ings of guilt that were counterproductive. 

Conclusions

In conclusion, the information and training program 
seemed not to have reduced tobacco smoking during 
pregnancy. Moreover, unexpectedly high levels of ETS 
were revealed. Consequently, government authorities 
in France need to introduce new public health policies 
aimed specifically at tackling the problem of tobacco 
use and exposure to ETS during pregnancy. Programs 

that are too broad may leave out parts of the population, 
as shown by the increase in ETS exposure. 
The solution is therefore to build pregnancy-based pro-
grams and to prevent smoking among men and women 
who are going to have children (such as pre-wedding 
intervention). We also need a better understanding of 
the image of tobacco and its dangers and how people 
consider its harmful effects on fetuses. Questions related 
to the environment of pregnant women also need to be 
addressed. Impact measurement and cost-effectiveness 
analyses of every program should be undertaken in order 
to assess how best to implement the strategies. 
Public health stakeholders should be aware that some 
of the programs usually developed may not reach their 
objectives, and that any newly funded program should 
focus more closely on specific targets and provide strong 
evidence of efficacy. 
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Aflatoxins are secondary metabolites of moulds known to be car-
cinogenic for humans, and therefore should not be ingested in 
high doses. This study aimed to determine the level of mould and 
aflatoxin contamination in dehydrated chilli and nutmeg imported 
from India and Indonesia, respectively, packaged in Italy, and 
commercialized worldwide.
We tested 63 samples of chilli (22 sanitized through heat treat-
ment and 41 not heat-treated) and 52  samples of nutmeg (22 
heat-treated and 30 not heat-treated) for aflatoxin, moulds and 
moisture content. 
Heat-treated samples were less contaminated than untreated sam-
ples. Spices in powder form (both chilli and nutmeg) were more 

contaminated than whole ones. In untreated spices, we observed 
a positive correlation between mould and moisture content. Of 
the powdered nutmeg and chilli samples, 72.5% and 50% tested 
positive for aflatoxin contamination, with a range of 0-17.2  μg 
kg-1 and 0-10.3 μg kg-1, respectively.
The steam treatment of spices would be useful in reducing the 
initial amount of moulds. Although the risk from the consumption 
of spices contaminated with aflatoxins is minimal, owing to the 
small amount used in food, preventive screening of the whole food 
chain is very important, especially because the most frequently 
identified toxin was B1, which is the most dangerous of the four 
toxins (B1, B2, G1, G2). 
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Summary

Introduction

Aspergillus, Penicillium and Fusarium are ubiquitous, 
saprophytic moulds. They may contaminate natural 
foods and animal feeds, producing mycotoxins that ex-
ert toxic effects on human and animal health  [1]. My-
cotoxins are produced by the secondary metabolism of 
moulds, the most common being the aflatoxins (AFs). 
These are mainly produced by two species of environ-
mental filamentous fungi, A. flavus and A. parasiticus, 
and rarely by A. nomius  [2], which can grow in many 
types of food, particularly in cereals.
Fungal growth in food is favoured by poor conditions 
in the producing countries, temperatures of 25-30°C, 
humidity between 88% and 95%, and water activity 
values greater than 0.78. Furthermore, in these environ-
mental conditions, mycotoxins are very likely to be pro-
duced [3, 4].
Since 1993, AFB1 and a natural mixture of aflatox-
ins have been classified as “carcinogenic to humans” 
(group  1) by the International Agency of Research on 
Cancer  [5], while AFM1, a metabolite of AFB1, has 
been classified as “probably carcinogenic to humans” 
(group  2A). Today, AFs are well known to be toxic, 
mutagenic, carcinogenic, immunosuppressive, and ter-
atogenic agents  [5], capable of crossing the placental 

barrier [6]. Extensive experimental evidence shows that 
AFs can induce liver cancer in most species, including 
humans, notably among HBV carriers, as AFs and hepa-
titis B virus are co-carcinogens [7]. 
Mycotoxins can be found in a large variety of foods, 
such as cereals, fruit, infusion herbs, spices, coffee, 
cacao, fodder, etc. Fungal contamination can occur 
throughout the production chain, from the harvesting, 
drying and storage phases to product transportation [8]. 
Zinedine et al. [1] reported that about 50% of samples of 
some Moroccan cereals and spices were contaminated 
by mycotoxins. In a survey on cereals and cereal prod-
ucts conducted in the UK retail market, the Food Survey 
Information sheet [9] reported that the vast majority of 
the samples (71.8%) contained mycotoxins, although at 
levels below the regulatory limits for contamination in 
Europe [10]. However, the survey also showed that only 
7 samples from the 220 analysed (3.2%) were found to 
contain levels of mycotoxins above the regulatory limits 
laid down in EU legislation [10], and in most cases these 
levels were only marginally above the limit.
In Europe, there are two specific regulations regard-
ing mycotoxins: one concerns the methods of sam-
pling and analysis for the official control of the levels 
of mycotoxins in foodstuffs [11], while the other estab-
lishes maximum levels of certain contaminants in food-



MYCOTIC AND AFLATOXIN CONTAMINATION IN SPICES

E103

stuffs [10, 12, 13], such as AFB1 in spices at 5 µg/kg and 
total aflatoxins at 10 µg/kg. 
In Italian cuisine, chillies, the fruit of the Capsicum an-
num plant of the Capsicum genus (family: Solanaceae), 
are among the most frequently used spices. The chilli 
is appreciated for its pungency, caused by the presence 
of capsaicinoids, which are known to have chemo-pre-
ventive, anti-carcinogenic  [14,  15], antioxidant  [16], 
anti-inflammatory [17], antiviral, antibacterial, and an-
tifungal properties [18]. Capsaicinoids are not stable in 
dehydrated chillies; they can lose their activity through 
oxidation [19]; consequently, chilli powder can lose up 
to 5% of its capsaicinoid content each month of stor-
age. Capsaicinoids are present in different amounts in 
chilli varieties and cultivars  [20]. Their concentration 
ranges from 0.001% to 0.01%, in fresh red pepper va-
rieties, especially paprika, from 0.1% to < 1% in strong 
chilli varieties [21]. Pino et al. [22] found that the con-
tent of capsaicinoids varied between 0.42% and 0.66%. 
Capsaicin (trans-8-methyl-N-vanillyl-6-nonenamide) 
and dihydrocapsaicin (8-methyl-N-vanillylnonanamide) 
account for about 77-98% of capsaicinoids present in 
chillies [21], followed by minor capsaicinoids, such as 
nordihydrocapsaicin, homocapsaicin, homodihydrocap-
saicin, nonivamide and other compounds [23, 24, 25].
Another spice often used in Italian cuisine is nutmeg, a 
dried ovoid seed of Myristica fragrans Houtt (family: My-
risticaceae). Nutmeg is widely used both as a food spice 
and in alternative medicine, as it has been reported to have 
antidiarrheal  [26], anti-inflammatory, anti-cancer  [27], 
antioxidant, antibacterial and antifungal  [28] properties. 
Nutmeg contains a mixture of hydrophobic and volatile 
compounds; among these, the most relevant are monoter-
pene hydrocarbons, followed by oxygenated monoterpe-
nes, and others such as ơ-caryophyllene, which is reported 
to be anti-inflammatory and antifungal [29].
The aim of this study was to investigate the occurrence 
of aflatoxins and moulds, and to measure moisture con-
tent, in dehydrated chillies and nutmeg imported from 
India and Indonesia, packaged in Italy, and commercial-
ized worldwide, in order to evaluate the health risk re-
lated to the consumption of these aflatoxin-laden foods, 
which are widely used in cooking worldwide. 

Methods

A total of 115 samples of commercial spices, all im-
ported and packaged by “Drogheria e Alimentari Spa” 
(Scarperia e San Piero, FI, Italy), were analysed for the 
presence of aflatoxins and moulds, and for the quantifi-
cation of moisture. The samples analysed were divided 
as follows: 63  samples of chilli (13  samples in whole 
form and 50 samples in powder) and 52 samples of nut-
meg (12 samples in whole form and 40 samples in pow-
der). For convenience, crushed samples (28 chilli and 13 
nutmeg) were included within those in powder form.
In order to reduce microbial contamination of the sam-
ples, and consequently to avoid microbial multiplication 
during the storage of packaged products, 22 chilli and 

22 nutmeg samples had been subjected to steam treat-
ment (100°C for a few minutes) by the supplier before 
shipment to the Italian factory (Drogheria & Alimentari 
Spa).

Detection of moulds 
Analyses were performed in conformity with Stand-
ard ISO 7218:2007/Amd1  [30] and ISO 21527-2  [31]. 
A 25  g portion of each sample was aseptically taken, 
placed in 225 ml of Buffered Peptone Water (BPW) (Ox-
oid Spa, Rodano, MI, Italy), and homogenized by means 
of a Stomacher for 60 s at normal speed. Three subse-
quent decimal dilutions in BPW were prepared. A 0.5 ml 
portion of each dilution was streaked with Yeast Extract 
Dextrose Chloramphenicol Agar (YEDC) (Oxoid Spa, 
Rodano, MI, Italy) and incubated for 5 days at 25 ± 1°C.
After incubation, colonies were counted and results were 
expressed as CFU per g of foodstuff (CFU/g).

Quantitative determination of aflatoxins B1, 
B2, G1, G2 
Sampling procedures were performed according to 
Regulation (EC) n° 401/2006 [11]. All organic solvents, 
methanol and acetonitrile, were HPLC-grade. A 25  g 
portion of each sample was extracted with 100  ml of 
acetonitrile/water (84:16 v/v) by means of a sonicator 
(Falc instruments, Treviglio, BG, Italy) for 20 minutes. 
The solution was filtered through filter paper and 5 ml 
of filtrate was purified with “Mycosep 228 AflaPat” 
(Romer Labs, Tulln, Austria). The eluate was directly 
used to perform HPLC analysis (Varian – Chicago, IL, 
USA). The analytical procedure was performed in ac-
cordance with Bononi et al. [32].
The HPLC instrument was equipped with a fluorescence 
detector and a post-column derivatization system (cor-
ing cell). Aflatoxins were detected at the excitation and 
emission wavelengths of 365 nm and 435 nm, respec-
tively, as per Golge et al. [33]. The column was an Om-
niSpher C18 (250 mm x 4.6 mm I.D., 5 µm particle size), 
and was maintained at 40°C during the analysis, which 
was performed at a flow rate of 0.8 mL/min. The mo-
bile phase was a mixture of water/methanol/acetonitrile 
(61/23/16, v/v/v). HNO3 (4M) and KBr (23.8g/l) were 
always added to the water, which was the derivatizing 
agent. The retention time of aflatoxins was approximate-
ly 12-23 min and the total run time was 30 min.
Calibration curves were constructed by using fortified 
samples at 4 incremental concentrations of total afla-
toxins: standards for AFB1, AFB2, AFG1, AFG2 were 
purchased from Or Sell (Limidi di Soliera, MO, Italy). 
The uncertainty value was calculated according to NM-
KL  [34]. The validation parameters assessed were: re-
covery (80-95%), limit of detection (LOD = 0.13 µg/kg 
for B1, G1 and G2 and LOD = 0.07 µg/kg for B2), limit 
of quantification (LOQ = 0.4 µg/kg for B1, G1 and G2 
and LOQ = 0.2 µg/kg for B2), repeatability (intra-day 
precision RSDr = 0.068 for B1 and 0.142 for B2), and 
reproducibility (inter-day precision RSDR =  0.088 for 
B1 and 0.174 for B2). 
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Determination of moisture content
The moisture content of samples was detected by meas-
uring the weight loss of 1-2 g of the samples in a ther-
mobalance (Ohaus, Switzerland) at 80°C. At the end of 
the process, the instrument showed the percentage of 
moisture of the sample on a wet-weight basis.

Statistical analysis 
The regression used for the correlation was linear, and 
the Pearson coefficient (p) was used to evaluate the be-
haviour of the variables. Microsoft Office Excel 2007.

Results 

Detection of mould and aflatoxin content
Mycotic contamination was lower than the detection 
limit (<  10  CFU/g) in 39.7% of chilli samples and in 
30.8% of nutmeg samples (Tab. I). 

The percentages of samples with high contamination 
(≥  103CFU/g) were higher in nutmeg (44.2%) than in 
chilli (17.5%) (Tab. I). Our results showed that in heat-
treated samples there was a statistically significant reduc-
tion in the presence of mould: this reduction was more 
marked in nutmeg than in chilli samples (p  =  0.0001 
and p = 0.067, respectively). Few nutmeg (18.2%) and 
no chilli samples had mould concentrations higher than 
103CFU/g. Undetectable AF content (< 0.4 µg/kg) was 
found in 58.7% and 44.2% of chilli and nutmeg samples, 
respectively (Tab.  I). The percentage of samples with 
contamination equal to or higher than 5 µg/kg was 4.8% 
for chilli and 7.7% for nutmeg. Interestingly, higher lev-
els of aflatoxin contamination (concentration >  1  µg/
kg) were found in treated samples (data not shown): 
a possible explanation for this could be that treatment 
abated the competitive effect by reducing the number of 
moulds, thereby promoting toxinogenesis by surviving 
moulds.
In order to study the different occurrences of moulds and 
AFs, the trend in contamination was plotted as a function 

Tab. I. Moulds and total aflatoxins in chilli and nutmeg samples (total, unheated, heated).

chilli nutmeg

Contamination N total 
samples (%)

N unheated 
samples (%)

N heated 
samples (%)

N total 
samples (%)

N unheated 
samples (%)

N heated 
samples (%)

Moulds
(CFU/g)

< 10 25(39.7) 13(31.7) 12(54.5) 16(30.8) 2(6.7) 14(63.6)
10 - < 102 13(20.6) 7(17.1) 6(27.3) 1(1.9) 0(0) 1(4.5)
102 - < 103 14(22.2) 10(24.4) 4(18.2) 12(23.1) 9(30.0) 3(13.6)
103 - < 104 8(12.7) 8(19.5) 0(0) 16(30.8) 12(40.0) 4(18.2)
≥ 104 3(4.8) 3(7.3) 0(0) 7(13.4) 7(23.3) 0(0)

Total Aflatoxins
(µg/Kg)

< 0.4 37(58.7) 25(61.0) 12(54.5) 23(44.2) 19(63.3) 4(18.2)
0.4 - < 3 19(30.2) 12(29.2) 7(31.9) 21(40.4) 9(30) 12(54.5)
3 - < 5 4(6.3) 2(4.9) 2(9.1) 4(7.7) 2(6.7) 2(9.1)
≥ 5 3(4.8) 2(4.9) 1(4.5) 4(7.7) 0(0) 4(18.2)
Total 63 (100) 41(100) 22(100) 52(100) 30(100) 22(100)
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Fig. 1. Mould and aflatoxin content of heat-treated and non-heat-treated samples. 



MYCOTIC AND AFLATOXIN CONTAMINATION IN SPICES

E105

of the granulometry (whole and powdered) of the two 
spices: mycotic contamination higher than 103CFU/g 
was found in 11 chilli samples, 63.6% of which were 
ground (Fig. 1). 
The mean level of mould contamination in powdered 
chilli samples was a little lower (1.6 × 103 ± 3.9 × 103 
CFU/g) than in whole chillies (4.7  ×  103  ±  1  ×  104 
CFU/g). This difference is greater if we consider the 
contamination level ≥ 104 CFU/g: 15.4% of whole chilli 
samples fell within this range, whereas only 2.0% of the 
ground samples did.
The two types of nutmeg samples displayed simi-
lar levels of mould contamination: whole (5.8 × 103 ± 
1×104 CFU/g) and powder (8.4 × 103 ± 1 × 104 CFU/g). 
If we consider the contamination level higher 
than104  CFU/g, the results were 8.3% and 15.0% of 
whole and powder samples, respectively. In this case, it 
was interesting to subdivide ground nutmeg into crushed 
samples (7.7%) and fine powder samples (18.5%). Inter-
estingly, and probably owing to the absence in nutmeg of 
antimycotic compounds, such as capsaicinoids, none of 
the whole nutmegs (Tab. II) and only 7.7% of chilli sam-
ples presented AFs (data not shown), whereas they were 
all contaminated by moulds. Ultimately, Table II shows 
that there was a statistical difference between powder 
and whole samples (p < 0.0001) regarding the aflatoxin 
content of both spices.

Influence of moisture on non-heat-treated 
nutmeg and chilli
A positive correlation (linear correlation r  =  0.19 and 
line gradient m = 998.4) was found between moisture 
and mould content in non-heat-treated nutmeg samples 
(Fig. 2), prevalently due to whole samples (linear cor-
relation r = 0.28 and line gradient m = 1349.8).
A negative correlation was also found between moisture 
and mould content in chilli samples (Fig. 3) (linear cor-
relation r = -0.17 and line gradient m = -779.63), mostly 
due to powder samples (linear correlation r = -0.44 and 
line gradient m = -1215.8), which showed a higher mois-
ture content (mean = 6.61; SD = 1.42) than whole ones 

(mean = 6.31; SD = 1.50). A positive correlation (Fig. 4) 
was found between aflatoxin production and moisture 
content in non-heat-treated nutmeg samples (linear cor-
relation r = 0.10 and line gradient m = 0.0593), preva-
lently in ground samples (linear correlation r = 0.32 and 
line gradient m = 0.2274). No correlation was found in 
chilli samples. The moisture content of products was al-
ways low; only one sample of nutmeg had a moisture 
content of 12.68%; the mould concentration of this sam-
ple was high (3.9 × 104CFU/g).
Whole chilli samples presented lower moisture content 
than powdered ones; together with the lesser availability 
of nutrients, this caused a slowdown in the multiplica-
tion of mould. Indeed, the percentage of samples with a 
detectable level of mould contamination was lower for 
whole chilli samples than for powdered ones.

Mycotoxin occurrence
Only six samples exceeded the B1 limit of 5 μg kg-1 set by 
European Commission Regulations [13]: three (5.77%) 
samples of heat-treated nutmeg powder, two (3.17%) of 
untreated chilli powder, and one (1.59%) of heat-treated 
chilli powder. We did not find any sample contaminated 
with aflatoxin G2, and aflatoxin G1 was only found in 
three powder samples (two nutmeg and one chilli). 

Discussion 

The quantification of moulds and aflatoxins in chilli 
and nutmeg is important because of their widespread 
culinary use and consequent ingestion by consumers, 
especially since storing spice products for long periods 
of time is one of the predisposing factors for aflatoxin 
production. Given that moulds produce mycotoxins, it is 
very important to evaluate the quality of spices that are 
shipped around the world [4].
Similar levels of contamination were found by Ham-
mami et al. [35] and Mandeel [36]. 
We could conclude that the antimycotic effect of cap-
saicinoids in chilli was more marked in ground samples 

Tab. II. Number and percentage, moisture and AF content of each mould contamination range.

Mould contamination Moisture 
mean

%

Moisture 
range

%

AF mean
μg/Kg

AF range 
μg/Kg

Unheated samples Range
Samples

N %

Chilli powder
< 10 7 17.1 7.16 5.74-8.22 2.06 0-10.3

10-103 14 34.2 6.47 4.94-7.95 1.03 0-3.9
≥ 103 7 17.1 7.21 5.4-9.58 1.2 0-7.0

Whole chilli
< 10 6 14.6 6.01 3.14-6.94 0.23 0-1.4

10-103 3 7.3 5.93 5.82-6.9 0 0
≥ 103 4 9.7 7.07 5.09-9.61 0 0

Nutmeg powder
< 10 2 6.7 9.84 9.38-10.3 1.1 0-2.1

10-103 4 13.3 7.91 4.02-9.9 2.5 0-4.8
≥ 103 12 40.0 9.04 4.71-11.1 0.6 0-2.0

Whole nutmeg
< 10 0 0 - - - -

10-103 5 16.7 10.99 9.83-12.0 0 0
≥ 103 7 23.3 9.00 5.32-12.7 0 0
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Fig. 2. Correlation between moulds and moisture contents in total (blue/grey) and whole (black) non-heat-treated nutmeg samples.

	
  

Fig. 3. Correlation between moulds and moisture contents in total (blue/grey) and powder (black) non-heat-treated chilli samples.

	
  

Fig. 4. Correlation between aflatoxins and moisture contents in total (blue/grey) and powder (black) non-heat-treated nutmeg samples.
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than in whole ones because the moulds were more ex-
posed to these molecules. As can be seen, ground chil-
lies were also those with the highest percentage (75.0%) 
of samples with detectable contamination (≥ 10 CFU/g). 
This can be explained by the fact that ground samples 
had the highest nutrient availability. Another aspect to 
consider is that the antimycotic effect of capsaicinoids is 
not sufficient to prevent mycotic multiplication in highly 
contaminated samples. 
Higher percentages of mould-contaminated samples 
in powdered than in crushed spices may be due to the 
greater surface area and availability of nutrients in 
ground spices (as opposed to whole ones), together with 
the absence in nutmeg of antimycotic compounds, such 
as capsaicinoids. 
As Kaaya & Eboku [37] reported with regard to cassava 
products, we found a positive correlation (linear cor-
relation r = 0.19 and line gradient m = 998.4) between 
moisture and mould content in non-heat-treated nutmeg 
samples (Fig. 2), prevalently due to whole samples (lin-
ear correlation r = 0.28 and line gradient m = 1349.8). 
It is plausible that the negative correlations observed 
in chilli samples (Fig.  3) were due to the presence of 
capsaicinoids, which could affect mould growth and 
consequently toxinogenesis. No correlation was found 
between aflatoxin production and mould contamination 
in non-heat-treated nutmeg samples, while a weak posi-
tive correlation was found in chillies. It is encouraging to 
note that the moisture content of the products analysed 
in this study was always lower than 12%; as a percentage 
greater than 12% allows microbial growth [38]. 
Given that aflatoxins are considered of great concern by 
health authorities, we detected the content of total afla-

toxins, B1, B2, G1 and G2 in our samples (Tabs.  II and 
III). Our results were almost always below the limit of 
5 μg kg-1 for B1 and 10 μg kg-1 for total AFs, according to 
European Commission Regulations [13] for spices, and 
lower than those found by other authors [35, 39, 40].

Conclusions

The current study showed a high incidence of mould, in 
both chilli and nutmeg. These moulds can multiply and 
produce AFs if spices are preserved in a critical condi-
tion for a long time, as may happen in the case of prod-
ucts that are commercialized worldwide. Interestingly, 
nutmeg samples were more contaminated by mould than 
chilli samples; this could be due to the antimycotic ef-
fect of capsaicinoids. Most studies have reported that a 
high mycotoxin content is due to the susceptibility of 
spices to fungal contamination and multiplication result-
ing from environmental and packaging conditions, such 
as high humidity and temperature [41]. We also saw that 
it could be useful to steam-treat spices before packag-
ing, in order to reduce the initial amount of moulds. A 
possible way to reduce moisture inside packages could 
be to use appropriate materials, such as sorbents; the re-
duction in moisture would then increase the replication 
time of mould, and consequently inhibit AF production. 
However, we did not test this in this study. Positive cor-
relations were found between moisture and mould and 
between moisture and aflatoxins only in untreated nut-
meg samples; in untreated chilli samples, the presence 
of capsaicinoids probably negatively affects these cor-
relations.

Tab. III. Aflatoxins detected in nutmeg and chilli samples (heated and unheated).

Samples Powdered nutmeg Whole nutmeg Powdered chilli Whole chilli

AFs negative
N 11 12 25 12
% 27.5 100 50.0 100

B1 positive
N 21 0 22 1
% 52.5 0 44.0 8.33
Mean 2.02 ± 1.81 ND 1.95 ± 1.68 0.11 ± 0.39

B1 + B2 positive

N 6 0 2 0
% 15.0 0 4.0 0
Mean B1 3.18 ± 3.45 ND 6.85 ± 4.59 ND
Mean B2 0.48 ± 0.41 ND 0.25 ± 0.07 ND

B1 + G1 positive

N 1 0 0 0
% 0.25 0 0 0
B1 3.1 ND ND ND
G1 0.9 ND ND ND

B1 +B2 + G1 
positive

N 1 0 0 0
% 0.25 0 0 0
B1 14.8 ND ND ND
B2 1 ND ND ND
G1 1.4 ND ND ND

G1 positive
N 0 0 1 0
% 0 0 2.0 0
G1 ND ND 1.0 ND

ND: Not detected (below the detection limit)



G. PESAVENTO ET AL.

E108

Concerning the occurrence of moulds and aflatoxins, we 
did not find any correlation (untreated samples).
Although the risk from the consumption of spices con-
taminated with aflatoxins is minimal, owing to the small 
amount used in food, preventive screening of the whole 
food chain remains very important, especially since the 
most frequently identified toxin was B1, which is the 
most dangerous of the four toxins (B1, B2, G1, G2).
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Healthcare workers who use or may be exposed to needles are at 
risk of needlestick injuries, which can lead to serious infections by 
bloodborne pathogens. These injuries can be avoided by eliminat-
ing the unnecessary use of needles and using safety devices. The 
present study was aimed at evaluating the impact of a safety-engi-
neered device, with passive fully automatic needlestick protection, 
on the rate of needlestick injuries among healthcare workers. 
The setting of the study was a network of five public healthcare 
institutions situated in a Northern Italian Region. Data on the 
type of device, the number of employees and the number of cathe-
ter devices used per year were collected through regular meetings 
with healthcare workers over a period of five years.
The most notable result of this study was the huge risk reduction 

associated with safety devices. Indeed, the risk of needlestick inju-
ries due to conventional devices was found to be 25-fold higher 
than that observed for safety devices. However, it is noteworthy 
that a considerable part of this excess can be explained by the 
different background number of devices used. 
Moreover, descriptive analysis suggested that individuals with 
a poor/moderate training level had a lower risk than those with 
good/high training, though the difference was not statistically sig-
nificant.
In conclusion, there is convincing evidence of a causal connection 
between the introduction of safety devices and the reduction in 
needlestick injuries. This consideration should prompt the intro-
duction of safety devices into daily clinical practice.
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Summary

Introduction

A “sharp injury” is a penetrating stab wound caused by 
a needle or other sharp object, and may result in con-
tact with blood or other body fluids. Needlestick inju-
ries (NSIs) are among the most prevalent occupational 
accidents, with hollow-bore needles and disposable sy-
ringes as the primary sources of injury [1-3]. In hospi-
tals, healthcare workers (HCWs), particularly nurses and 
physicians  [4,  5], are at higher risk, but cleaning staff 
and other workers may also be exposed to NSIs, owing 
to the inappropriate disposal of sharp objects [6]. HCWs 
are at risk of sharp injuries and subsequent infection 
by more than 40 bloodborne pathogens or species  [7]. 
The risk of HBV, HCV and HIV infection attributable 
to contact with infected blood has been estimated to 
be about 30.0%, 0.5%, and 0.3%, respectively. In Italy, 
the estimated yearly number of HCWs at risk of blood-
borne infections is about 900,000, with nearly 96,000 
NSIs [6, 8]. The importance of monitoring and prevent-
ing NSIs has been recognized in U.S. and European 
laws. In recent years, healthcare authorities, initially 
in the U.S. (Public Law, September 19, 2000), have fo-

cused their attention on identifying and utilizing proper 
medical devices to prevent NSIs and other sharp injuries 
in the workplace [9].
In Europe, Directive 2010/32/EU, approved on May 10, 
2010, requires EU member states to implement a global 
strategy to prevent occupational exposure to bloodborne 
pathogens in healthcare settings as a result of needle-
stick and sharp injuries, including the adoption of de-
vices incorporating safety features, on the basis of risk 
assessment [10].
The use of needlestick safety devices is an essential 
mean of protecting HCWs from NSIs [7, 11]. Several 
new devices are rapidly entering the market. However, 
not all devices are alike or equally effective. To signifi-
cantly decrease the risk of injury, the design of safety 
devices should take into account specific features. In 
particular, they should be needle-less and work pas-
sively; if user activation is necessary, the safety feature 
should be activated by means of a one-handed tech-
nique and allow the worker’s hands to remain behind 
the exposed sharp point. Moreover, they should be 
easy and practical; they should be safely and effec-
tively usable for patient care and should possess ad-
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ditional features, according to the American Nurses As-
sociation [12].
Several studies have reported that passive safety devic-
es offer better protection against accidental NSIs than 
active devices  [13-16]. However, certain authors have 
concluded that there is very low quality evidence that 
NSIs are significantly reduced by the using of safety de-
vices [17].
In the present paper, we evaluated the impact of a safe-
ty-engineered device on the prevention of NSIs in five 
public healthcare institutions in a Northern Italian Re-
gion (Liguria). This study, conducted at the Protection 
and Prevention Department of San Martino Hospital in 
Genoa, was aimed at assessing whether a reduction in 
the number of NSIs caused by catheters could be ob-
served as a consequence of the introduction of the In-
trocan Safety® IV Catheter Straight (ISCS  IV). The 
ISCS  IV is a safety device equipped with a fully au-
tomatic passive safety shield, and was investigated be-
cause it won the supply tender of Regione Liguria. This 
safety catheter requires no user activation; with regard 
to design and handling, it is identical to the conventional 
catheter [18, 19].
This device was phased in over the study period, starting 
with a replacement rate of 24% in 2006 and reaching full 
replacement in 2010 in almost all institutions, except for 
one in which only a very low replacement rate (30%) 
was reached.

Methods

The present study, designed as a quasi-experimental 
study, was performed in order to evaluate the impact of 
the ISCS IV (B. Braun Medical Inc., Germany) on the 
number of NSIs among HCWs over a five-year period 
(2006-2010). The ISCS IV was used for peripheral veni-
puncture and possessed a passive fully automatic needle-
stick protection. The setting of the study was a network 
of five public healthcare institutions located in Liguria, 
a Northern Region of Italy. The following healthcare in-
stitutions participated in the investigation: San Martino 
Hospital (SMH), Galliera Hospital (GH), Local Health 
Agency  1 (ASL  1), Local Health Agency  4 (ASL  4) 
and Local Health Agency 5 (ASL 5). SMH and GH are 
hospitals located in Genoa, while ASL 1, ASL   4 and 
ASL 5 represent local levels of the National Health Ser-
vice, consisting of small-sized hospitals and outpatient 
departments situated in Imperia, Savona and La Spezia, 
respectively. To participate in the study, detailed infor-
mation on the yearly number of NSIs and the type of de-
vice involved was required. Specifically, through regular 
meetings with HCWs, data were collected on the type of 
device, its classification as a conventional or safety intra-
venous catheter, the number of users and the number of 
catheter devices used per year by each institution.
As both conventional and safety devices were used con-
currently during the study period, it was impossible to 
establish, even approximately, the yearly number of 
HCWs who used each type of catheter. We therefore as-

sumed that the same number of HCWs were exposed to 
both catheters. The average number of yearly training 
hours in occupational health and safety per HCW in each 
institution was used as a measure of HCW expertise and 
knowledge of the proper use of catheters and the preven-
tion of sharp injuries. In this respect, HCWs were clas-
sified as having poor/moderate or good/high-level train-
ing, with 2 hours per year being set as a threshold value.
The relative frequency of NSIs was the main response 
variable of this investigation. For this reason, the overall 
number of employees per year in each healthcare insti-
tution was assumed to be the number of person-years 
at risk of NSIs. Accordingly, the relative frequency was 
calculated as the ratio of the number of NSIs per person-
year at risk, and indicated as the NSI rate (NSIR). The 
distribution of the NSIR was then analyzed according 
to the categories of each study characteristic or covari-
ate (i.e., type of catheter, healthcare institution, calendar 
year, staff training level). In addition, 95% confidence 
limits (95% CL) were computed for each rate, assuming 
the number of NSIs as a Poisson random variable [20].
Calendar year was taken as a continuous covariate (i.e., 
linear time trend) in order to estimate the mean yearly 
percent variation (MPV). The joint effect of all covari-
ates on NSIR was assessed by means of the Poisson re-
gression model, and rate ratio was used as a measure of 
relative risk (RR). For each RR, 95% CL were also com-
puted. Overall and covariate-specific statistical signifi-
cance was assessed by means of the likelihood ratio test. 
A two-tailed P-value < 0.05 was considered significant. 
All analyses were performed by means of STATA [21]. 
The Poisson regression analysis was applied in order to 
estimate the relative risk between NSIR and correspond-
ing 95% confidence limits (95% CL). All analyses were 
repeated on using the yearly number of catheters as a 
denominator (offset) of NSIR in the Poisson model [22].

Results 

The analysis of NSIs was performed on HCWs from five 
different Italian healthcare institutions. Table I shows the 
main features of each institution. SMH and GH are hospi-
tals with yearly catchment area populations of 1,500,000 
and 100,000, respectively; while ASL 1, ASL 4 and ASL 
5 include 3 to 4 small-sized hospitals, with yearly catch-
ment area populations between 150,000 and 217,000.
Table II describes the distribution of the number of medi-
cal devices, person-years at risk, NSIs, and the relative 
frequency of NSIR. During the study, the total number of 
person-years at risk was 122,464, and 286 NSIs occurred. 
These data show an overall average NSIR of 23.4 per 104 
person-years (95% CL = 20.8-26.2). The total number of 
catheter devices employed was 4,785,345, which corre-
sponded to a yearly average of 39.1 devices per HCW. Ta-
ble II also shows that the risk of NSIs due to conventional 
and safety catheters was 44.9 and 1.8, respectively, while 
the ratio of the number of conventional and safety cathe-
ters used per person-year was 51.8 and 26.4, respectively. 
Descriptive analysis revealed three risk levels: a lower 
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level (from 2.2 to 5.7 NSIR) for two hospitals (GH and 
SMH), an intermediate level (from 13.7 to 19.9 NSIR) 
for ASL 1 and ASL 5, and a higher level (101.6 NSIR) 
for ASL 4. Moreover, individuals with a poor/moderate 
and good/high training level had a NSIR of 19.1 and 24.4, 
respectively, while the NSIR calculated by calendar year 
showed a trend from 27.1 to 14.2.
Table III reports the result of the Poisson regression. The 
number of medical devices used during the study and 
the person-years at risk were considered in the model: 
the former as a log-transformed continuous covariate, 
the latter as an offset. A significant difference was found 
between RR calculated for conventional devices and that 
calculated for safety devices (RR = 12.50 vs RR = 1; P-
value < 0.001). 
All ASLs were found to be at higher risk of NSIs: these 
institutions showed RRs which were greater than 1.80 
when the NSIR of GH was used as a reference. By 

contrast, from the comparison between the two hos-
pitals (SMH vs GH), quite a small difference in risk 
(RR = 1.16; 95% CL = 0.42-3.24) was observed. In ad-
dition, a statistically significant two-fold increase in risk 
emerged when the overall rate of all ASLs was compared 
with the overall rate of the two hospitals (RR  =  2.00; 
95% CL = 1.01-3.92; P-value < 0.001) (data not shown).
Regression analysis showed no significant difference in 
NSIR between the two training categories (good/high 
vs poor/moderate: RR  =  0.88, 95% CL  =  0.48-1.62). 
Lastly, regression modeling confirmed the downward 
trend obtained in the descriptive context, even though 
in a weaker and not statistically significant manner 
(RR = 0.95, 95% CL = 0.87-1.05). In practice, a 5% re-
duction in NSI risk was expected to occur in the vari-
ous institutions during the study period (MPV -5%, 95% 
CL = -13.1% / +4.5%).

Tab. I. Main features of each healthcare institution.

Healthcare
institution Populationa Small-sized

hospitalsb
Bed

availabilityc
Bed

occupancy rated Admissionse

SMH 1,500.000 - 1500 86.74 63.35
GH 100,000 - 500 90.75 27.09
ASL 1 217,000 3 700 83.14 33.32
ASL 4 150,000 4 530 91.85 22.46
ASL 5 213,000 3 400 83.08 32.40

a Yearly population of catchment area
b Number of hospitals included in each ASLs
c Number of available hospital beds
d Percent ratio of the number of occupied hospital beds to the number of available beds per year
e Number of hospital admissions per year
SMH: San Martino Hospital; GH: Galliera Hospital; ASL: Local Health Agency

Tab. II. Risk of needlestick injuries.

Numbera Person-yearsb Ratioc NSId NSIRe 95%CLf

Catheter device
Conventional 3,170.695 61,232 51.8 275 44.9 39.9-50.5
Safety 1,614.650 61,232 26.4 11 1.8 1.0-3.2
Healthcare facilities
GH 513,595 17,630 29.1 10 5.7 3.1-10.5
SMH 842,000 44,872 18.8 10 2.2 1.2-4.1
ASL 1 499,250 27,786 18.0 38 13.7 10.0-18.8
ASL 5 610,000 12,090 50.5 24 19.9 13.3-29.6
ASL 4 2,320.500 20,086 115.5 204 101.6 88.5-116.5
Staff training level
Poor/moderate 609,250 24,054 25.3 46 19.1 14.3-25.5
Good/high 4,176.095 98,410 42.4 240 24.4 21.5-27.7
Calendar year
2006 886,750 24,768 35.8 67 27.1 21.3-34.4
2007 908,900 24,220 37.5 64 26.4 20.7-33.8
2008 951,900 24,234 39.3 55 22.7 17.4-29.6
2009 1,022.895 24,526 41.7 65 26.5 20.8-33.8
2010 1,014.900 24,716 41.1 35 14.2 10.2-19.7

Whole sample 4,785.345 122,464 39.1 286 23.4 20.8-26.2

a Total number of catheter devices; b Employees considered at risk of needlestick injuries per year; c Ratio of total number of catheter devices to person-
years at risk; d Number of needlestick injuries; e Occurrence rate of NSIs per 10,000 person-years; f 95% confidence limits for NSIR; SMH: San Martino 
Hospital; GH: Galliera Hospital; ASL: Local Health Agency



SAFETY CATHETERS AND PREVENTION OF NEEDLESTICK INJURIES

E113

Discussion

Assessment of the risk of HCW exposure to biohazards 
is one of the main issues for occupational health profes-
sionals. The present investigation provides convincing 
evidence that the implementation of safety catheters is 
related to the reduced occurrence of NSIs, confirming 
reported previously results [14, 16, 23].
Through this non-concurrent prospective investigation, 
we assessed the impact of safety-engineered devices in 
five Ligurian public healthcare institutions, following a 
specific regional competitive tender that offered the op-
portunity to start adopting safety needles. During the 
study, a marked downward trend in NSIR by calendar 
year was observed. Specifically, the NSIR declined by 
approximately 47% from 2006 to 2010, which corre-
sponds to a mean yearly reduction of about 9%. Over the 
same period, the number of medical devices employed 
per HCW increased by about 15%. Notably, conven-
tional catheters were gradually replaced by safety cath-
eters, starting from a replacement rate of about 24% in 
2006, and reaching full replacement in 2010 in almost 
all healthcare institutions considered in the study, except 
for ASL 4, which only reached 30% replacement. 
The most striking result of this study was the huge and 
statistically significant risk reduction associated with the 
use of safety devices. Indeed, the risk of NSIs due to con-
ventional catheters was found to be 25-fold higher than 
that observed for ISCS IV. However, it is noteworthy that 
a fairly large portion of this excess can be explained by 
the different background number of devices used, in that 
the number of conventional catheters used per person-year 
was almost double the number of safety devices used. 
Our analysis suggested that individuals with a poor/
moderate training level had a lower NSIR than those 
with better training, though the difference was not statis-
tically significant. This paradoxical result could also be 
explained by the large difference in the number of medi-
cal devices per person-year used in the study.

The present study certainly suffers from some epidemio-
logical limitations, the main one being due to the study 
design itself; a substantial bias stems from the fact that the 
exposure-disease relationship was only estimated on the 
available lumped data (institution level) and could not be 
extended to each individual (HCW level). Indeed, we did 
not know whether a worker who reported a NSI had pre-
viously received adequate training in occupational safety, 
since we only knew the yearly average of training hours 
per worker in each institution. Unfortunately, this draw-
back, which is typical of this type of study design, can only 
be avoided by conducting epidemiological investigations 
based on individual records (i.e., case-control study).
A second limitation is the lack of information on health-
care personnel truly at risk of exposure to NSIs, in that 
the concept of person-years at risk included the time 
contributions of all employees (healthcare providers, 
administrative and maintenance workers), regardless of 
their actual jobs. All healthcare facilities belong to the 
same Regional Health Authority and, accordingly, are 
subject to the same health policy guidelines and service 
standards, which set the priorities in clinical care, de-
fine the quality of assistance, and establish the number 
of medical and allied health professionals engaged in the 
public health sector. Considering the moderate extension 
of the regional catchment area, which definitely reflects 
a small variability in the overall disease burden, it is 
reasonable and realistic to assume that the proportion 
of medical and healthcare professionals truly at risk of 
exposure to bloodborne pathogens was constant across 
institutions. However, this does not guarantee that all 
healthcare providers within a public institution have a 
homogeneous risk level. In this respect, a moderate de-
gree of extra-Poisson variation or over-dispersion, due to 
the lack of some important covariates, was found. This 
was properly addressed by using a specific extension of 
the Poisson model, namely the negative binomial regres-
sion, which did not yield important changes.

Tab. III. Effect of catheter type and staff training on needlestick injury occurrence estimated through the Poisson regression model.

RRa 95%CLb P-value
Constantc 7.2 2.5-20.2 -
Catheter device < 0.001
Safety 1.00 Ref.d

Conventional 12.50 5.56-25.00
Healthcare facilities 0.236
GH 1.00 Ref.
SMH 1.16 0.42-3.24
ASL 1 1.83 0.80-4.21
ASL 5 2.00 0.80-4.96
ASL 4 3.19 1.17-8.67
Staff training level 0.680
Poor/moderate 1.00 (Ref.)
Good/high 0.88 0.48-1.62
Calendar year 0.307
Linear trend 0.95 0.87-1.05
a Needlestick injury occurrence rate ratio (relative risk) adjusted for the total number of catheter devices used; b 95% confidence limits for RR; c Baseline 
needlestick injury occurrence rate per 10,000 person-years at risk in all reference categories (year 2006) evaluated at the yearly median value (16,500) 
of catheter devices used; d Reference category. MH: San Martino Hospital; GH: Galliera Hospital; ASL: Local Health Agency
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Conclusions

This investigation revealed that the NSIR ratio associated 
with the use of the ISCS IV safety device was significantly 
lower than that of the traditional device. It can therefore be 
concluded that, despite the limitations of the investigation, 
there was a causal relationship between the introduction of 
the ISCS IV and the reduction in NSIs. In conclusion, con-
vincing evidence in favor of the ISCS IV should prompt 
the introduction of this new catheter device into daily clini-
cal practice, especially when a fair trade-off between clini-
cal performance and HCW safety can be achieved.
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