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Abstract. Non-Hodgkin lymphoma (NHL) may occur among 
hepatitis C virus (HCV)-infected individuals. HCV is one of the 
most common blood-borne pathogens transmitted from patients 
to health‑care workers (HCWs). The development of NHL among 
HCV-infected HCWs has recently been shown. To investigate 
this issue further a tailored health surveillance program was 
applied to 3,138 HCWs from four Medical Institutions. To this 
aim, all employees were screened for both anti-HCV antibodies 
and HCV-related extrahepatic manifestations. The HCV preva-
lence rate, similar among all the HCW subgroups, was 7.3%. 
The occurrence of a gastric mucosa‑associated lymphoma 
tissue (MALT) lymphoma, diagnosed in a physician following 
a long history of HCV chronic infection, was observed. 
Molecular characterization of MALT tissue indicated that 
immunoglobuline gene combinations were those usually found 
among HCV-associated lymphomas. Furthermore, B-cell 
expansion exhibited t(14;18) translocation, as a genetic abnor-
mality associated with the development of MALT lymphomas 
from HCV-positive patients. Overall, these findings support 
the hypothesis that HCV viral infection potentially affects the 

pathway of transformation and progression of lymphoma cells. 
The occurrence of B-cell NHL, among HCV-positive HCWs, 
is an additional reason to apply the standard precautions to 
reduce the risk of blood-borne pathogen transmission.

Introduction

Health-care workers (HCWs) may be exposed to hepatitis C 
virus (HCV), one of many blood-borne pathogens, in their work 
environment (1). Previous studies (2-4) investigated the risk 
factors involved in HCV. HCV transmission has been shown 
to occur after 3‑10% of percutaneous exposure to HCV (2-4). 
Percutaneous HCV transmission occurs following needle-stick 
injures or cuts from other sharp instruments. Transmission 
may also occur following exposure of the eyes, nose, mouth, or 
broken skin to HCV (5-7).

In a previous study, we showed a statistically significant 
decrease in the number of occupational blood exposure acci-
dents documented in 10 years during a health surveillance 
program for 403 HCWs from a single institution (8). The data 
suggested that the guidelines including the standard precau-
tions to reduce the risk of blood-borne pathogen transmission 
have been shown to have a strong efficacy among HCWs. 
Concomitantly, an HCV-positive HCW developed a liver 
mucosa‑associated lymphoma tissue (MALT) lymphoma. 
Furthermore, molecular characterization of the tumour indi-
cated that lymphoma was associated with the HCV chronic 
infection (8).

In the last two decades, studies have shown that HCV 
infection may contribute to the development of non-Hodgkin 
lymphoma (NHL) in addition to hepatocellular carcinoma, 
as previously demonstrated (9,10). In a systematic review of 
66 studies with a focus on HCV infection and NHL devel-
opment, Negri et al (10), reported that the majority of these 
studies were conducted in Italy, and their findings indicated a 
high prevalence of HCV infection among NHL cases, ranging 
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from 8.9 to 37.1%. 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 (11).

To clarify this issue, a tailored health surveillance program 
was applied to 3,138 HCWs from four Medical Institutions. 
All HCWs were screened for anti-HCV antibodies and for 
HCV-related extrahepatic manifestations.

Materials and methods

Subjects. Subjects included 3,138 employees of four Italian 
Public Hospitals, i.e., Policlinico Universitario, Ferrarotto-
Alessi, Santo Bambino and Ospeadali Riuniti di Torrette, 
Ancona. A previous series of 403 HCWs by Marconi et al (8) 
was not included in the present study. All the subjects were 
HCWs at high risk for exposure to blood‑borne pathogens. 
Lifestyle risk factors for HCV infection were assessed by 
ascertaining whether subjects had lived with an HCV-positive 
partner, had been given a blood transfusion, had a history of 
casual sexual intercourse, had any tattoos, or had a history of 
intravenous drug abuse. Peripheral blood obtained from the 
subjects was screened for anti-HCV antibodies by an enzyme-
linked immunosorbent assay (Ortho Diagnostic Systems, 
Raritan, NJ, USA), as previously described (12). HCWs were 
also examined for HCV-related malignancies. The study was 
approved by the University of Catania Ethics Committee. 
Written informed consent was obtained prior to enrolment.

Analysis of B-cell clones. To determine B-cell clonality in the 
NHL sample from the 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 VH and the downstream 
primer was complementary to 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 a downstream primer complementary to CDR3 (12). 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).

Analysis of t(14;18)-(IgH;Bcl-2) translocation. DNA was 
isolated from tumour samples by standard phenol‑chloroform 

extraction. t(14;18)-(IgH;Bcl-2) translocation, at the major 
break point region (MBR) and minor cluster region (mcr), was 
assessed by the polymerase chain reaction (PCR), as previously 
reported (13). AccuPrime™ SuperMix (Invitrogen, Carlsbad, 
CA, USA) was used to increase the specificity and sensitivity 
of PCR analysis. The sensitivity of our assay was 10-5.

PCR products were separated by electrophoresis on 2.5% 
agarose gel. Positive and negative control samples were included 
throughout all steps of the experimental procedures. Single 
bands obtained by amplification of the MBR and mcr from 
tumour biopsy specimens were purified from the gel and then 
sequenced on an ABI 310 Genetic Analyzer (Perkin‑Elmer, 
Foster City, CA, USA), as previously reported (13).

Immunophenotyping. Paraffin sections were used for immuno-
phenotyping and lineage assignment of the NHL case. Sources 
and specificities of the antibodies used in this study have been 
reported in detail previously (14).

Results

Subjects. The HCWs examined included 1,352 (43%) nurses, 
953 (30%) physicians and surgeons, 833 (27%) other employees 
(laboratory technicians, midwives and rehabilitation thera-
pists). HCV infection was detected in 229 (7.3%) HCWs. The 
frequency of HCV infection according to professional catego-
ries revealed that 8.18% of physician and surgeons, 7.25% of 
nurses, and 6.36% of other employees were HCV-positive. The 
remaining 2,826 HCWs were HCV-negative (Table I). None of 
the HCV-positive HCWs experienced accidental blood expo-
sure while working in the last 10 years.

The case of a 58-year-old HCV-positive male physician 
diagnosed in 2011 with a gastric MALT lymphoma was exam-
ined. To determine whether HCV infection is associated with 
the development of the B-cell lymphoproliferation, a molecular 
analysis of the B-cell clone was performed. Neoplastic B-cell 
expansion expressed VH3-7-DH6-6-JH4 Ig heavy chain genes 
according to the IMGT database. Furthermore, the t(14;18)-
(IgH;Bcl-2) translocation, recently detected in a fraction of 
HCV-associated Malt lymphomas as an additional molecular 
marker, was analysed (14). Accordingly, a positive PCR reac-
tion was obtained using the MBR-specific primers, indicating 
that the translocation involved the MBR. Nucleotide sequence 
analysis confirmed that Bcl-2 was joined to JH6. The break-
point was detected at position 3,128 of the Bcl-2 gene and at 
position 1,504 of the JH6 gene.

Table I. Hepatitis C virus infection status according to professional categories.

	 Age (years)
Professional categories	 median (range)	 HCV-positive/tested	 Prevalence (%)

Nurse	 53 (31-64)	 98/1,352	 7.25
Physician-surgeon	 54 (26-69)	 78/953	 8.18
Other (32-62 years)	 46 (32-65)	 53/833	 6.36
Total HCWs	 51 (26-69)	 229/3,138	 7.26

HCWs, health‑care workers.
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Immunophenotyping. Tumours analyzed were CD20+, cyclin 
D1-, CD23-, CD5-, Bcl-6-, CD43-, and CD10-, supporting the 
diagnosis of MALT lymphoma. In particular, the null expres-
sion of CD10 and Bcl-6 excluded the follicular origin of this 
tumour. Moreover, the overexpression of Bcl-2 suggested 
that t(14;18) translocation, usually linked to HCV-associated 
lymphomas, may sustain survival of B-cells preventing apop-
tosis (Fig. 1).

Discussion

Infection by HCV leads to the development of hepatic (9) and 
extra-hepatic disorders (11). In a previous study conducted 
in a group of 403 HCWs from a single institution a case of 
NHL was identified among HCV-infected employees (8). 
Consequently, we analysed the occurrence of B-cell lymphoma 
in HCV-positive HCWs from four Medical Institutions, i.e., 
Policlinico Universitario, Ferrarotto-Alessi, Santo Bambino 
and Ospeadali Riuniti di Torrette, Ancona.

The HCV prevalence rate in HCWs was 7.3%. Among the 
professional subgroups, the category of physician-surgeon 
had the highest prevalence at 8.18%, followed by that of nurse 
at 7.25%. The prevalence detected in the HCWs was lower 
than that observed in the general population suggesting that 
HCV infection is common in the elder population as a result 
of past iatrogenic transmission such as blood transfusion or 
surgical intervention (15). However, our results are comparable 
to those from other studies on the seroprevalence of HCV 
among HCWs, and show that the prevalence is similar among 
subgroups of HCWs (8,16).

Epidemiological and experimental studies have demon-
strated that HCV infection contributes to the development of 
B-cell NHL. The prevalence of anti-HCV Abs in NHL patients 
was 19.7%, ranging from 8.3 to 37.1% (see 11 for a review). 
Based on a previous observation by Marconi et al (8), results 
of the present study conducted on 229 HCV-infected HCWs 
demonstrated the occurrence of B-cell lymphoma. It was a 
gastric MALT lymphoma, diagnosed in a physician after a long 
history of HCV chronic infection. Of note, the heavy chain 
gene combinations detected in the DNA from MALT tissue 

were those usually found in the HCV-associated lymphomas 
sustaining the role of HCV infection in the mechanism of 
lymphomagenesis (17). The sequence analysis of rearranged 
Ig genes in malignant B-cells from HCV-positive patients 
revealed that certain combinations of heavy and light chain 
genes are frequently present. These common combinations 
include: IGHV3-23/IGHD3-22/IGHJ4, IGHV1-69/IGHD3-22/
IGHJ4 or IGHV4-59/IGHD2-15/IGHJ2 with either IGKV3-20/
IGKJ1 or IGKV3-20/IGKJ2, and IGHV3-7/IGHD3-16/IGHJ3 
or IGHV3-7/IGHD3-22/IGHJ3 with IGKV3-15/IGKJ1 (18-20). 
The overexpression of Bcl-2 detected in this MALT tissue 
suggests that t(14;18) translocation, linked to HCV-associated 
lymphomas (14), may sustain the survival of B-cells preventing 
apoptosis. Additionally, the immunohistochemical evaluation 
revealed that the null expression of CD10 and Bcl-6 excludes 
the follicular origin of this tumour. This finding is in agree-
ment with previous studies as follicular lymphoma histotype is 
uncommon among HCV-infected patients (11,21).

Overall, these findings support the hypothesis that HCV 
infection affects the pathway of transformation and progres-
sion of lymphoma cells. The occurrence of B-cell NHL, 
among HCV-positive HCWs, is an additional reason to apply 
the standard precautions to reduce the risk of blood-borne 
pathogen transmission (22-24).
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