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Abstract

Background

Healthcare workers (HCWSs) are at high risk of hepatitis C virus (HCV) infection. Indeed,
they are exposed to blood and body fluid which put them at an important risk of transmission
of various blood borne pathogens including HCV. The goal of this study was to determine
the magnitude of occupational exposure to hepatitis C virus infection as well as the factors
associated to this exposure among HCWs at a Tunisian University Hospital in 2017.

Methods

A hospital-based cross-sectional study was carried out at Fattouma Bourguiba University
Hospital in Monastir Governorate (Tunisia) from 01 June 2017 to 31 August 2017. Data
were collected using an anonymous questionnaire. To determine factors associated with
occupational exposure to hepatitis C virus infection, we performed multivariate analysis.

Results

Among the 1493 included participants, more than half (56.7) had at least one exposure to
blood or body fluid. A history of needle stick injury was reported by 48.3% of the respon-
dents. Exposure to blood or body fluid splash into the face was announced by 32.1%
HCWs. Doctors had the highest risk of exposure (AOR = 12.425; 95% ClI: [05.310-29.075]).
Participants working at surgical departments were the most exposed comparing to workers
at others departments (AOR = 7.440; 95% CI: [4.461-12.408]). Two exposed female HCWs
were tested positive corresponding to a HCV infection prevalence of 0.13% (95% IC: [0.11—
0.16%)]).
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Conclusion

Occupational exposure to hepatitis C virus infection was high at the university hospital of
Monastir. Despite the low magnitude of HCV infection, preventive actions should be taken to
promote the safety of health care personnel.

Introduction

Globally, Viral hepatitis C (HCV) infection is a public health problem [1]. Its prognosis may
be severe and can be responsible of an important burden related to work disability or to death
by cirrhosis and liver cancer [2,3]. Among the chronically infected HCV patients, 80% are
asymptomatic which are silent carriers and cause of high transmission rate [4]. HCV transmis-
sion occurs mainly by parenteral exposure to infectious blood or body fluids through injuries
to the skin or mucous membranes [4,5].

Healthcare workers (HCWs) have a high risk of HCV infection. Indeed, health profession-
als have the most dangerous biohazard comparing to others professionals [6]. HCWSs are par-
ticularly exposed to various blood borne pathogens primarily hepatitis B virus (HBV), HCV
and HIV [7]. Repeating the performance of exposure prone procedures is an important risk
for health professional. Sharp injuries to HCWs feature among the main occupational acci-
dents in healthcare, however, many of them are still unreported [8-10]. Many factors are asso-
ciated to the risk of seroconversion after an occupational blood exposure such as the injury
type, the virus load in the index patient, the amount of infectious material transmitted and
genetic characteristics of the injured worker [8]. Therefore, the prevalence of HCV infection
among exposed HCWs is variable. In previous studies, it is estimated at 0%-17% [8,11-13].

Infected HCWs can transmit HCV virus to their patients [14]. Therefore, the prevention of
HCV transmission to health care givers and treating them if infected, is very important to
break the chain of HCV transmission and to alleviate the burden of this infection. The primary
prevention of HCV is only possible by avoiding exposures since vaccination does not exist
[15]. Treating HCV infection become possible due to the advent of direct-acting antivirals
(DAAs) [16].

Describing the magnitude of occupational exposure to HCV infection and its associated
factors is necessary for the safety of both HCWs and patients. In Tunisia, health professional
exposure to HCV still poorly explored. Tunisian publications on HCV infection among
HCWs are rare [17].

We aimed to determine the magnitude of occupational exposure to hepatitis C infection
and its associated factors among HCWs at the University Hospital of Fattouma Bourguiba of
Monastir (Tunisia) in 2017.

Methods
Setting and design

We carried out a hospital based cross-sectional study at Fattouma Bourguiba University hospi-
tal (FBUH) in Monastir governorate from 01 June 2017 to 31 August 2017. Monastir is a city
in east central of Tunisia. FBUH includes 10 surgical departments, 23 medical departments,
six laboratories, administrative and pharmacy wards with a total of 2020 healthcare workers
(HCWs ).
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Population

The study population included health workers from all departments and categories (physi-
cians, dentists, anesthetists, midwives, nurses, laboratory personnel/technicians, housekeeping,
administrative, security and pharmacy staff) at FBUH who accepted to participate to the study.
Considering a prevalence of HCV infection of 1%, alpha error of 5% and a marginal error of
0.5%, the required sample size was 1521 HCWs and we added 20% (in order to replace the
number of non-responders), so the estimated sample size was of 1825 participants.

Variables

Occupational exposure: defined as an exposure to blood or body fluid all types combined:
exposure to sharp injury or/and blood or body fluid splash into eyes, face or injured skin.

Measurements

Five milliliters of venous blood were collected from each participant. The samples were trans-
ported to the FBUH microbiology Laboratory for analysis. A 3rd generation ELISA (Enzyme-
Linked Immunosorbent Assay) test (Abbott®)) was performed as a screening test for all sub-
jects included in the survey. A result was considered positive for anti-HCV antibodies if the
serum tested had an absorbance ratio greater than one. For Samples found positive or doubtful
at initial screening, a second test, was performed on a different sample serving as a control
using a 3rd generation immunoblot test. The positivity of a result is defined by the identifica-
tion of at least two viral proteins. A search for viral RNA for HCV using a qualitative PCR
technique was performed for subjects diagnosed positive for the two anti-HCV antibody tests.

Data collection

An anonymous structured French version questionnaire was used to collect data on demo-
graphic characteristics (age, sex, occupation, department, length of employment), on the
potential presence of HCV infection risk factors, on the number, place and circumstances of
accidents during working hours, as well as on the measures taken after an accident. Data col-
lection from HCWs was facilitated by medical interns using a confidential interview.

Data analysis

Data were collected and analyzed using SPSS version 20 software. To describe the study popu-
lation quantitative variables were expressed by means and standard deviations(SD) or medians
and interquartile range (IQR) and qualitative ones were by percentages.

We explored factors associated with occupational exposure to hepatitis C virus infection by
a bivariate statistical analysis: Chi2 test, or the Fisher test for comparison of frequencies and
student t test for comparison of means and a multivariate statistical analysis by logistic regres-
sion including all variables with a p-value < 0.25 in the bivariate analysis.

Ethical considerations

This study was carried out under Good Clinical Practice conditions using ethical standards
collections. The medical and research ethics committee of the University Hospital of Farhat
Hached of Sousse approved the protocol. We submitted a letter of permission to FBUH
administration body and to each head of different hospital departments. We explained the
objective of the study to each participant. Every entrant was informed that the survey was com-
posed by blood sample collection for HCV screening and interviews. We informed them that
the participation to the study is voluntary. Moreover, participants could withdraw from the
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study during the interview. We obtained a written informed consent for participation from
each volunteer. We ensured participants that their test results were kept confidential due to a
unique code specific to each study participant. Laboratory personnel had only access to the
unique codes written on test tubes. Participants’ identifiers (name and phone number) were
written in a separate file. Only the research team members had access to this file. All partici-
pants were informed of the result in an individual letter containing the test result and preven-
tive recommendations. Participants with positive result were linked to gastroenterology
service for counseling and care.

Results
Socio-demographic characteristics

A total of 1493 HCWs of FBUH were tested through this study corresponding to a total
response rate of 81%. Their median age was of 36 years (IQR: 31-46 years). Women repre-
sented 73% of the study population corresponding to a sex ratio of 0.36. The majority of the
responders were nurses (34.6%). Participants had a median work experience of seven years
(IQR: 3-16 years). The study covered responders mainly from medical departments (40.5%)
and surgery ones (39%). Almost half (50.4%) of the participants were resident in Monastir city.
Among included HCWs, 480 (33.4%) had previous HCV antibodies test performed mainly in
the context of pregnancy or prenuptial assessment (17%). All had a negative result. See details
in Table 1.

Table 1. Description of sociodemographic characteristics of HCWs of FBUH (Monastir 2017).

Characteristics N %
Sex
Man 384 26.8
Woman 1048 73.2
Age
<30 345 24.6
31-35 309 22.1
36-40 237 16.9
>40 510 36.4
Work experience (years)
<5 478 40.1
6-10 282 23.7
11-15 118 9.9
>15 314 26.3
Profession
Physician 308 21.6
Nurses 493 34.6
Technician 314 22.0
Housekeeper 214 15.0
Administrative security and pharmacy staff 96 6.8
Department
Medical 583 40.5
Surgical 561 39.0
Laboratory 141 9.8
Others 153 10.7

https://doi.org/10.1371/journal.pone.0274609.t001
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Risky behavior and history of medical procedures

The majority (88.2%) of the responders did not have risky behaviors. For medical procedures,
38.8% of the participants reported a history of having surgical intervention and 34.8% of
women had at least one caesarean operation. Twenty-one (1.4%) participants lived with house-
hold members infected with HCV (Table 2).

Occupational exposure to hepatitis C virus infection

More than half (56.7%, n = 804) of the interviewed HCWs, were exposed at least once to blood
or body fluid. Twice or more OBE was reported among 35.4% (n = 502) of the participants.
History of needlestick injury was reported by 48.3% (n = 701) of the respondents. For 32.1%
(n = 455) of the study population we noted a history of blood or body fluid splash into the eyes
and/or face and/or injured skin (Fig 1).

Magnitude of hepatitis C infection. Among 1493 HCWs tested for anti-HCV antibody,
only two were positive corresponding to a prevalence of 0.13% (1C95%:0.11-0.15). Among
exposed HCW, this prevalence was of 0.25% (IC%:0.22-0.28). The two were females. One was
anurse in a surgical department and had a history of sharp injury more than once (one expo-
sure by scalpel). She reported having transfusion before 1987 and a history of surgical inter-
vention and endoscopy. The second participant tested positive was a housekeeper and was
exposed to a needle stick injury and had a history of scarification. Both had a good practice of
standard precautions. For the two cases source patient was not identified and serological fol-
low-up was not done after the accident. Both were addressed to the gastroenterology depart-
ment for care. Viral RNA for HCV was tested negative for the housekeeper and she was
considered as spontaneously recovered. The nurse had a positive viral RNA for HCV and she
was linked to care.

Table 2. Distribution of risky behaviors and history of medical procedures among HCWs (N = 1493).

Risk factor N %

Behavioral
No behavioral risk 1318 88.2
Alcohol drinking 70 4.8
IV drug use 15 1
Multiple sexual partner/s 73 5.7
Practicing tattoos 36 2.5
Practicing piercing 65 4.6
Household member with HCV 21 1.4

Medical procedures
Care outside Tunisia 153 10.8
Transfusion before 1987 51 3.5
Antecedents of surgical intervention 563 38.8
Antecedents of caesarean® 295 34.8
Antecedents of curettage® 283 33.7
Organ transplant 8 0.5
Acupuncture 23 1.6
Mesotherapy 12 0.8
Varicose sclerosis 12 0.8

“ratio per woman.

https://doi.org/10.1371/journal.pone.0274609.1002
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Fig 1. Types of occupational exposure to hepatitis C virus infection among health care workers.

https://doi.org/10.1371/journal.pone.0274609.9001

Factors associated with occupational exposure to hepatitis C virus infection. The uni-
variate analysis demonstrated that occupation and work place were significantly associated
with occupational exposure of the participants to blood or body fluid.

Also in the multivariate analysis occupation and work place were independently associated
with occupational exposure. Doctors were the most exposed to hepatitis C virus infection than
other HCW's (AOR = 12.425; 95% CI: 05.310-29.075). Participants working at surgical depart-
ments had the highest risk of exposure comparing to those at others departments
(AOR = 7.440; 95% CI: 4.461-12.408) (Table 3).

Discussion

This study found an occupational blood or body fluid exposure (OBE) prevalence rate of
56.7% in a Tunisian university hospital. Doctors and participants working at surgical depart-
ments were more exposed than others categories. Of the 1493 HCW tested, only two exposed
women were tested positive.

More than half of the participants experienced at least one OBE. The prevalence of OBE
was lower as that reported in a study from Morocco (64.38%) [18]. Another study from Bosnia
and Herzegovina showed that 70% of HCWs reported at least one type of exposure [19]. In
this study, almost half of the responders had a history of needle stick injury (NSI). Exposure to
body fluids is another source for HCWSs to contract blood-borne infection from workplace.
Our survey showed that 32.1% of them had a history of blood or body fluid splash into the
face. Alemayehu and colleague in Ethiopia have shown that 26.5% of service providers got
sharp injury and 36.1% had exposure to blood and body fluids [20]. A study from an Algerian
university hospital showed that NSI represented 81% of total exposures [21]. In Australia a
study conducted revealed that 42% of HCWSs had body fluid exposures during one year [22].

Participants working at surgical departments were more exposed than others. This is in
accordance with the literature. Indeed, several studies have shown that there is higher inci-
dence of accidents in operating theaters than in other wards [7,19,23]. Moreover, in the pres-
ent study being Doctor was an independent risk to OBE. However, in others studies doctors
were significantly less likely to report exposure incidents than nurses and support staff [7,19].
In a Korean survey, housekeeping showed the highest OBE rate [24]. Another study carried
out at a tertiary care hospital in Mumbai (India) nurses were the most exposed to OBE whereas
being nurse was a protective factor to OBE according to Alemayehu and colleague [20].
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Table 3. Factors associated with occupational exposure of HCW's of FBUH to hepatitis C virus (Monastir, Tunisia 2017).

Total* OE:n % x*" p-value AOR*" 95%CI** p-value
Total 1417 804 56.7
Sex 1368 786 57.5 3.397 0.060
Men 360 192 53.3
Women 1008 594 58.9
Work experience (years) 1140 661 58 1.001 0.801
< =5ans 460 272 59.1
6-10 ans 268 151 56.3
11-15 ans 113 63 55.8
>15 299 170 56.9
Occupation 1362 777 57.6 120.890 <0.0001 <0.0001
Physician 294 201 68.4 12.425 5.310-29.075
Nurses 481 315 65.5 10.142 4.395-23.406
Technician 297 146 49.2 6.345 2.722-14.788
Housekeeper 205 107 52.2 6.597 2.792-15.587
Administrative and pharmacy staff 85 8 9.4 1
Work place 1373 791 57.6 144.603 <0.0001 <0.0001
Medical 561 328 58.5 3.925 2.355-6.542
Surgical 538 381 70.8 7.440 4.461-12.408
Laboratory 136 59 43.4 2.637 1.453-4.786
Others 138 23 16.7 1
Age 1338 768 57.4 1.864 0.601
<=30 330 199 60.3
30-35 298 164 55
36-40 227 130 57.3
>40 483 275 56.9

* Missing data were excluded

X% chi-square value, AOR: Adjusted Odds Ratio, 95% CI: Adjusted 95% Confidence Interval.

https://doi.org/10.1371/journal.pone.0274609.t003

In our study sex was not a risk factor for exposure. In the literature results are contradic-
tory, indeed being male decrease the risk of OBE in a study done in Eastern Ethiopia however
another study in Jimma University Medical Center (Addis Ababa) showed the opposite
[13,20].

The prevalence of hepatitis C infection among HCW tested in the present survey was 0.13%
(IC95%:0.11-0.16%). This was comparable to the prevalence of hepatitis C infection in the
general population at Monastir governorate (0.20%) [25]. Other studies also showed that the
prevalence of HCV among HCW was comparable or lower than the general population
[12,14].

The prevalence of HCV infection in this study was similar to the 0% prevalence reported
among healthcare workers of the Najran region.Southwestern Saudi Arabia and those of a
Damascus Hospital [12,26]. Other results from studies on university hospitals were close to
our findings [13,14]. However, a systematic review by Westermann et al. concluded that
HCWs in Europe, USA, Africa, Middle East and South Asia were most exposed than the gen-
eral population especially those working in areas with high exposure to blood contact (e.g. dial-
ysis, blood banks, etc.) but in Japan there was no difference detected in the risk of HCV
between HCWSs and general population [8].
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In our study the seropositive HCW's were two women exposed to occupational blood expo-
sures. Risk factors related to HCV infection among health staff were not explored in the pres-
ent work. In the literature the risk of HCV transmission increase with several factors such as
the deep of injuries and procedures involving hollow-bore needle placement in the source
patient’s vein or artery, viral load of the source patients, professional experience (etc.) [6,27].

This study had several limitations. First, it was limited to HCWs in a tertiary hospital; thus
the results may not be generalizable to other settings. Nonetheless, it was hospital based and
OBEs were studied with consideration to occupational characteristics. Second, reporting bias
is possible because of possible underestimation of the response rate. Third this study might
underestimate the true prevalence of HCV infections as some HCW: s refused to participate
perhaps because they suspected that they were already infected and did not want to know their
status.

Conclusion

This is a pilot Tunisian hospital based study done in order to determine the magnitude of hep-
atitis C infection and occupational exposures to blood and body fluids among HCWs. The
actual infection rate was comparable to the general population, despite the high exposure to
blood and body floods (56.7%). Doctors and participants working at surgical departments
were more exposed than others categories. Our findings can help public health officers to
develop preventive measures in order to monitor occupational exposure to HCV and others
blood borne pathogens and to promote patient and HCWs safety. We recommend to prepar-
ing regular and up to date training sessions to increase the awareness about adherence to safety
procedures among all HCWs.
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