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Abstract. Hepatitis C virus (HCV) is one of the most common 
blood-borne pathogens transmitted from patients to health-
care workers (HCWs). HCV infection status among HCWs 
and occupational blood exposure accidents were monitored 
to assess the risk of HCV infection among 403 HCWs from 
a single institution between 1999 and 2009. Additionally, 
HCV-related malignancies were evaluated in the HCV-positive 
HCWs. HCV infection was detected in 3% of the subjects at 
the first survey. The HCWs that initially tested negative for 
HCV remained negative during the 10 years of the survey. Of 
note, a statistically significant decrease was observed in the 
number of HCWs that experienced occupational blood expo-
sure accidents, from 116 in 1999 to 72 in 2009 (p=0.0002). 
One HCV-infected HCW developed B-cell non-Hodgkin 
lymphoma (NHL) of the liver. The heavy chain gene combi-
nations detected in the DNA from the NHL tissue were of the 
type usually found in HCV-associated lymphomas, supporting 
the role of HCV infection in the lymphomagenesis of this 
patient. The set of universal precautions recommended by the 
US Center for Disease Control and Prevention aided in the 
prevention of HCV transmission from patients to HCWs, as 
all 390 HCV-negative HCWs remained negative for the dura-
tion of the survey. Consequently, these recommendations also 
serve to prevent the development of HCV-associated malig-
nancies such as hepatocellular carcinoma or B-cell NHL.

Introduction

Health-care workers (HCWs) are at an increased risk of expo-
sure to blood-borne pathogens. Hepatitis C virus (HCV) is 
one of the most common viruses transmitted from patients to 
HCWs. The frequency of HCV-positive blood donors ranges 

from 0.5-1.5% among industrialised nations in North America, 
Western Europe and Asia, and is believed to be higher among 
the general population (1,2). HCV infection contributes to 
chronic liver disease in many individuals worldwide.

Numerous studies have described the risk of HCV infec-
tion among HCWs. HCV may be transmitted by exposure to 
blood, semen and cerebral spinal fluid (3-5). Percutaneous 
HCV transmission may occur following needle-stick injures 
or cuts from other sharp instruments. Transmission may also 
occur after exposure of the eyes, nose, mouth or broken skin 
to HCV. The risk of infection varies with the type of exposure 
and other risk factors. Factors that increase the risk of HCV 
transmission from percutaneous exposure include a deep 
injury, visible blood on a surgical device, procedures involving 
placement of a needle directly into a blood vessel, and a high 
plasma viral load in the host. Transmission occurs in 3-10% of  
cases of percutaneous exposure to HCV (6-8).

Analysis of the risk factors for HCV infection among 
HCWs has generated conflicting results. In a previous study, 
2% of dentists and 9% of oral surgeons were shown to be posi-
tive for anti-HCV antibodies. The probability of being positive 
for anti-HCV antibodies increased with an increase in the 
percentage of professional time spent practising oral surgery. 
However, dentists positive for anti-HCV antibodies reported 
50% fewer needlesticks injures during the preceding 5 years 
than dentists negative for anti-HCV antibodies. By contrast, 
among hospital-based HCWs, positivity for anti-HCV anti-
bodies was more common in HCWs that reported a history of 
frequent needlestick injuries (9,10).

In the last two decades, several studies have indicated 
that, in addition to contributing to the development of hepa-
tocellular carcinoma (already largely demonstrated) (11) HCV 
infection may contribute to the development of non-Hodgkin 
lymphoma (12). In 1988, the US Center for Disease Control 
and Prevention developed a set of universal safety measures 
to prevent the transmission of blood-borne pathogens 
between patients and HCWs in a health care setting (13,14). 
Implementation of these precautions may decrease HCV 
transmission between patients and HCWs. 

In the present study, the number of HCWs from a single 
institution reporting occupational blood exposure accidents 
over the 10  years of the survey (1999-2009) was compared 
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to evaluate whether there was a change in the incidence of 
these accidents. In conjunction, the HCV infection status 
of the HCWs was analyzed in 1999 and 2009 to determine 
the number of HCWs infected with HCV during this period. 
Additionally, in the HCV-positive HCWs, occurrences of 
HCV-related malignancies were evaluated. The lifestyle risk 
factors of the HCV-positive HCWs were analyzed to address 
the possibility that infection may not have resulted from occu-
pational exposure to the viral agent. 

Materials and methods

The subjects included 403 employees of an Italian public 
hospital. All were HCWs at high risk of exposure to blood-
borne pathogens. The lifestyle risk factors for HCV infection 
were assessed by asking each subject whether they had lived 
with an HCV-positive partner, had received a blood transfu-
sion, had a history of casual sexual intercourse, had any 
tattoos, or had a history of intravenous drug abuse. Subjects 
were also asked whether they had experienced accidental 
blood exposure while working between 1999 and 2009. The 
proportion of subjects reporting accidents in 1999 vs. 2009 
was compared. The χ2 test was used to determine the pres-
ence of a statistically significant difference. Peripheral blood 
from all subjects was screened for anti-HCV antibodies by 
an enzyme-linked immunosorbent assay (Ortho Diagnostic 
Systems, Raritan, NJ, USA) as previously described (15). The 
HCWs were also examined for HCV-related malignancies.

Analysis of B-cell clones. To determine B-cell clonality in a 
non-Hodgkin lymphoma (NHL) sample from an HCV-positive 
HCW, complementary determining region-3 (CDR3) of the 

Ig  heavy chain gene was amplified by PCR. The upstream 
primer was complementary to framework region-3 (FR3) of 
the VH, while the downstream primer was complementary 
to the JH. Ig heavy chain gene DNA was amplified by PCR 
with upstream primers complementary to framework region-1 
(FR1) of each VH gene segment family and with a down-
stream primer complementary to CDR3 (16). PCR products 
were purified by gel electrophoresis, then sequenced. The most 
similar VH and DH germline gene segments were identified 
by sequence comparison to the International Immunogenetics 
Database with DNAplot software (http://imgt.cines.fr).

Immunophenotyping. Paraffin sections were used for the 
immunophenotyping and lineage assignment of the NHL 
case. The sources and specificities of the antibodies used in 
this study have been reported in detail previously (17). 

Results 

The HCWs included 240 (59%) nurses, 95 (24%) physicians 
and surgeons and 68 (17%) other employees (laboratory 
technicians, midwives and rehabilitation therapists). HCV 
infection was detected in 13 (3%) HCWs at the first analysis 
in 1999. The frequency of HCV-infection at the first observa-
tion according to professional categories was 5% of physicians 
and surgeons and 3% of nurses (Table I). The remaining 390 
HCWs remained HCV-negative at the final analysis in 2009. 
None of the HCV-positive HCWs experienced accidental 
blood exposure while working in 1999 or 2009. However, 
some HCV-positive HCWs did report percutaneous blood 
exposure while working prior to 1999. HCV-positive HCWs 
did not report any of the lifestyle risk factors for HCV infec-

Table I. Hepatitis C virus (HCV) infection status of health-care workers according to professional categories.

Professional categories	 HCV-Positive	 HCV-Negative	 Total
	 ----------------------------------------------	 ----------------------------------------------
	N o.	 %	N o.	 %

Nurse	   7	 3	 233	 97	 240
Physician/Surgeon	   5	 5	   90	 95	   95
Other	   1	    1.5	   67	    98.5	   68
Total HCWs	 13	 3	 390	 97	 403

Table II. Number of subjects from each profession reporting accidental blood exposure while working during 1999 and 2009.

Professional categories (n)	 1999	 2009	 P-valuea

	 ------------------------------------------	 ------------------------------------------
	N o.	 %	N o.	 %

Nurse (240)	   58	 24	 34	 14	 0.0050
Physician or surgeon (95)	   51	 53	 37	 39	 0.0400
Other HCWs (68)	     7	 10	   1	   1	 0.0300
Total HCWs (403)	 116	 28	 72	 18	 0.0002

aDetermined using the χ2 test. HCWs, health-care workers.
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tion. Occupational blood exposure accidents prior to 1999 were 
reported by 30% of HCV-negative HCWs. Approximately 80% 
of the occupational blood exposure accidents documented 
were percutaneous injures, while contact between blood and 
skin or between blood and mucous membranes was reported 
in approximately 13 and 6% of occupational blood exposure 
accidents, respectively (data not shown). A statistically signifi-
cant decrease in the number of occupational blood exposure 
accidents occurring in 1999 compared to 2009 was docu-
mented among the HCWs (116 vs. 72; p=0.0002) (Table II). 

Of note, one 62-year-old HCV-positive male nurse was diag-
nosed in 2008 with a mucosa-associated lymphoma tissue 
(MALT) of the liver. To elucidate whether HCV infection is 
associated with the development of this B-cell lymphoprolif-
eration, a molecular analysis of a B-cell clone was performed. 
Neoplastic B-cell expansion expressed VH4-69-DH2-15-JH2 
Ig heavy chain genes according to the IMGT database.

Immunophenotyping. The tumours analyzed were CD20+, 
cyclin D1-, CD23-, CD5-, Bcl-6-, CD43- and CD10-, supporting 
the diagnosis of a MALT lymphoma. In particular, the null 
expression of CD10 and Bcl-6 excluded a follicular origin 
for the tumour; the overexpression of Bcl-2 suggested that 
the t(14;18) translocation, usually linked to HCV-associated 
lymphomas, may sustain the survival of B-cells, thus 
preventing apoptosis (Fig. 1). 

Discussion 

HCV is one of many blood-borne pathogens that HCWs 
may be exposed to. Infection by this virus leads to chronic 
or fatal illnesses, which are expensive and difficult to treat. 
The aim of the present study was to investigate the prevalence 
of HCV infection among HCWs along with work-related 
biological risk accidents during a 10-year survey. As shown 
in Table I , although the low number of HCV-infected indi-
viduals prevents the assessment of statistical significance, 
the prevalence of infection appears to be among nurses and 
physicians, including surgeons, in comparison to the other 
HCW categories. However, it could be argued that all of the 

HCW categories analyzed carry a similar risk of virus infec-
tion. No new infections were detected during the 10 years of 
observation. Notably, in 1999 and 2009 we observed a signifi-
cant reduction in the occurrence of biological risk accidents 
across all professional categories. Lifestyle risk factors for 
HCV infection were not accountable for virus transmission 
among HCV-positive HCWs, as the HCWs did not report any 
risk besides the professional exposure. Our findings are in 
agreement with previous results indicating that the education 
of HCWs on the prevention of needle-stick accidents along 
with effective communication and convenient placement of 
containers decreases needle-stick injuries (18). Although 
exposure prevention remains the best strategy for protecting 
HCWs from occupationally acquired infection, exposure is 
nevertheless likely to occur. To minimize the risk of blood-
borne pathogen transmission from patients to HCWs (and 
vice versa), all HCWs should adhere to standard precautions, 
including the appropriate use of hand washing, protective 
barriers (e.g., gloves), and care in the use and disposal of 
needles and other sharp instruments. Employers should 
implement a system including written protocols for prompt 
reporting, evaluation, counselling, treatment and follow-up 
of occupational exposure that may place a worker at risk of 
blood-borne pathogen infections (8). 

Chronic HCV infection has been demonstrated to be 
responsible for hepatic (12) and extra-hepatic disorders (11,19); 
therefore, in the present study, we screened HCV-positive 
HCWs for the presence of such diseases. One nurse developed 
a MALT of the liver after 25 years of HCV chronic infection. 
Interestingly, the heavy chain gene combinations detected in 
the DNA from the MALT tissue were those usually found in 
HCV-associated lymphomas, suggesting that the HCV infec-
tion played a role in the lymphomagenesis (19). Accumulating 
evidence supports a model in which chronic stimulation of 
B-cells by antigens associated with HCV infection causes 
non-malignant B-cell expansion that may evolve into B-cell 
NHL. Immunohistochemistry analysis revealed that the null 
expression of CD10 and Bcl-6 excludes a follicular origin 
of this tumour. This is in agreement with previous studies, 
as a follicular lymphoma histotype is uncommon among 
HCV-infected patients (15). Moreover, the overexpression of 
Bcl-2 detected in this MALT tissue suggests that the t(14;18) 
translocation, usually linked to HCV-associated lymphomas 
(20), may sustain the survival of B-cells, thus preventing 
apoptosis. 

Finally, our data indicate that guidelines outlining stan-
dard precautions to reduce the risk of blood-borne pathogen 
transmission have a strong efficacy among HCWs. 
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