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Both the hepatitis B virus (HBV) and hepatitis C virus (HCV) 
have been implicated in the pathogenesis of chronic lympho-

cytic leukemia (1-3). In support of this hypothesis are: epidemio-
logical data describing associations between each virus and other 
hematological malignancies; the presence of viral replicative inter-
mediates in peripheral blood mononuclear cells; and findings that 
each virus encodes for proteins with oncogenic potential (4-16). 
However, studies specifically designed to document the prevalence of 
HBV and/or HCV in patients with chronic lymphocytic leukemia are 
limited and have reported variable results (17-22). This variability 
could, in part, reflect the small number of chronic lymphocytic leuk-
emia subjects studied; different ‘background’ prevalences of HBV and 

HCV in the general population; the use of serological markers alone 
for documenting evidence of viral exposure (infection with both 
viruses may exist in the absence of positive serological, diagnostic test-
ing); and limiting viral nucleic acid (HBV-DNA and HCV-RNA) 
testing to patient sera or plasma without including peripheral blood 
mononuclear cells or lymphocytes (23). Accordingly, in the present 
study, we tested a large number of North American adults who had 
been followed in a chronic lymphocytic leukemia clinic for evidence 
of previous or ongoing HBV and HCV infection using both serological 
and nucleic acid assays of patient sera and peripheral blood mono-
nuclear cells. The results of the viral studies were correlated with 
patient clinical parameters, prognostic variables and survival times. 
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BaCkGround: Whether chronic hepatitis B virus (HBV) or hepa-
titis C virus (HCV) infections contribute to the pathogenesis and/or 
course of chronic lymphocytic leukemia is unclear. 
oBJeCtive: To document the prevalences of HBV and HCV infec-
tions in chronic lymphocytic leukemia patients, and to determine 
whether infected patients experience more aggressive disease than 
those without infection.  
MetHodS: Patient sera were screened for antibodies to HBV core 
antigen and HCV (anti-HCV) using ELISA; both sera and peripheral 
blood lymphocytes were further tested (regardless of antibody results) 
for HBV-DNA and HCV-RNA using real-time polymerase chain reac-
tion. Prognostic markers for chronic lymphocytic leukemia included 
Rai stage, IgVH mutational status, β2-microglobulin levels, Zap-70 and 
CD38 status.  
reSuLtS: Fourteen of 222 (6.3%) chronic lymphocytic leukemia 
patients and two of 72 (2.8%) healthy controls tested positive for 
previous or ongoing HBV infection (OR 2.4 [95% CI 0.5 to 7.7]; 
P=0.25) while four of 222 (1.8%) chronic lymphocytic leukemia 
patients and one of 72 (1.4%) controls tested positive for HCV mark-
ers (OR 1.3 [95% CI 0.2 to 6.4]; P=0.81). The levels and distribution 
of the various indicators of aggressive chronic lymphocytic leukemia 
disease were similar among HBV- and HCV-infected and uninfected 
patients. Survival times were also similar. Occult HBV and HCV 
infection (HBV-DNA or HCV-RNA positive in the absence of diag-
nostic serological markers) were uncommon in chronic lymphocytic 
leukemia patients (0.5% and 1.8%, respectively).  
ConCLuSionS: The results of the present study do not support the 
hypothesis that HBV or HCV infections play an important role in the 
pathogenesis or course of chronic lymphocytic leukemia.
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Les infections virales par l’hépatite B et 
l’hépatite C chez les patients atteints d’une 
leucémie lymphoïde chronique

HiStoriQue : On ne sait pas si les infections par le virus de 
l’hépatite B (VHB) ou de l’hépatite C (VHC) contribuent à la patho-
genèse ou à l’évolution de la leucémie lymphoïde chronique.
oBJeCtiF : Rendre compte de la prévalence des infections par le 
virus de l’hépatite B (VHB) et de l’hépatite C (VHC) chez les patients 
atteints d’une leucémie lymphoïde et déterminer si les patients infectés 
sont atteints d’une maladie plus agressive que ceux qui ne sont pas 
infectés.
MÉtHodoLoGie : Les chercheurs ont recherché des anticorps con-
tre l’antigène capsidique du VHB et contre le VHC (anti-VHC) dans 
le sérum des patients au moyen du test ELISA. Ils ont testé à la fois le 
sérum et les lymphocytes du sang périphérique (quels que soient les 
résultats des anticorps) pour déterminer l’ARN-VHB et l’ARN-VHC 
au moyen de la réaction en chaîne de la polymérase en temps réel. Les 
marqueurs pronostiques de leucémie lymphoïde chronique incluaient le 
stade de Rai, le statut de mutation de l’IgVH, les taux de β2-microglobulines 
et le statut du ZAP-70 et du CD38.
rÉSuLtatS : Quatorze de 222 patients atteints d’une leucémie lym-
phoïde chronique (6,3 %) et deux des 72 sujets témoins en santé (2,8 %) 
étaient positifs à une infection par le VHB antérieure ou en cours (RRR 
2,4 [95 % IC 0,5 à 7,7]; P=0,25), tandis que quatre des 222 patients 
atteints d’une leucémie lymphoïde chronique (1,8 %) et un des 72 sujets 
témoins (1,4 %) étaient positifs aux marqueurs du VHC (RRR 
1,3 [95 % IC 0,2 à 6,4]; P=0,81). Le taux et la distribution des divers 
indicateurs de leucémie lymphoïde chronique agressive étaient sem-
blables chez les patients infectés ou non par le VHB et le VHC. La 
durée de survie était également similaire. L’infection occulte par le 
VHB et le VHC (positive à l’ARN-VHB ou à l’ARN-VHC en 
l’absence de marqueurs sérologiques diagnostiques) était peu courante 
chez les patients atteints d’une leucémie lymphoïde chronique (0,5 % 
et 1,8 %, respectivement).
ConCLuSionS: D’après les résultats de la présente étude, les infec-
tions par le VHB ou le VHC ne jouent pas un rôle important dans la 
pathogenèse ou l’évolution de la leucémie lymphoïde chronique.
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MetHodS
Study patients
After obtaining informed written consent, peripheral blood samples 
were collected from newly diagnosed patients attending the Chronic 
Lymphocytic Leukemia Clinic at CancerCare Manitoba and stored in 
the Manitoba chronic lymphocytic leukemia tumour bank, which is 
housed in the Manitoba Institute of Cell Biology, Winnipeg, Manitoba. 
The diagnosis of chronic lymphocytic leukemia was based on periph-
eral blood morphology and the presence of monoclonal B cells in the 
peripheral blood with typical immunophenotypes (CD19+, CD5+ and 
CD23+) and a peripheral blood B cell count >5×109/L (24). Prognostic 
markers (in addition to Rai stage) were analyzed on banked samples 
and included IgVH mutational status, plasma β2-microglobulin levels, 
and Zap-70 and CD38 status. IgVH mutational status was measured 
using previously described methods (25,26). Zap-70 and CD38 were 
measured using flow cytometry and considered to be positive if ≥20% 
cells stained positively. The control population consisted of volunteers 
who did not have a history of cancer. They were enrolled from public 
advertisements and/or were relatives of patients or hospital volunteers. 
Ethnicity was not documented for patients or controls.

HBv and HCv testing 
HBv: All patient and control sera were tested for immunoglobulin G 
antibody to HBV core antigen (anti-HBc) by the CORE 1Mx system 
(Abbott Laboratories, USA). Samples that tested positive were then 
tested for HBV surface antigen (HBsAg) and antibody to HBsAg 
(anti-HBs) using third-generation monoclonal enzyme immunoassays 
according to manufacturer’s instructions (AUSZYME Monoclonal 
Diagnostic Kits, and AUSAB IMx system, Abbott Laboratories, 
USA).

A commercially available kit (High Pure Viral Nuclei Acid 
Isolation Kit, Roche Diagnostics, Canada) was used to extract DNA 
from sera and peripheral blood lymphocytes. These extractions 
(regardless of the results of anti-HBc testing) were then tested for 
HBV-DNA by real-time polymerase chain reaction (PCR) using the 
LightCycler Real-Time PCR HBV, Absolute Quantification kit 
according to manufacturer’s instructions (TIB Molbiol, LLC, USA). 
The lower limit of detection was 50 viral copies/mL or 10 IU/mL.
HCv: Patient and control sera were tested for antibody to HCV (anti-
HCV) using the HCV EIA version 2.0 kit (Abbott Laboratories, 
USA); reactive samples were retested using the Innogenetic assay 
(Inno-Lia HCV Ab 111 Update). Samples were considered to be anti-
HCV positive when both tests were positive.

RNA was extracted from sera and peripheral blood lymphocytes 
(regardless of anti-HCV test results) using the High Pure Viral Nucleic 
Acid Isolation kit (Roche Diagnostics, Canada). HCV-RNA testing 
was performed using the Cobas Taqman assay according to the manufac-
turer’s instructions (limit of detection 75 viral copies/mL or 15 IU/mL).

To prevent carryover contamination during PCR, each step of the 
procedure was performed in a separate room with dedicated equipment 
and directional flow from the beginning of the procedure to the end. 

Negative control samples containing serum or water were also 
included in each extraction run, and an extra negative control con-
taining water was included during each PCR run.

Statistical analysis
For categorical variables, between-group comparisons were performed 
using the Mantel-Haenszel χ2 method. For comparison of continuous 
variables, the Mann-Whitney U test was used. Data management and 
analyses were performed using Excel (Microsoft Corporation, USA) 
and SAS version 9.1.3 (SAS Institute Inc, USA).

Permission to perform the present study was obtained from the 
University of Manitoba Health Research Ethics Board (Winnipeg, 
Manitoba).

reSuLtS

demographics
The study patients consisted of 222 chronic lymphocytic leukemia 
patients and 72 healthy controls (Table 1). There were significantly 
more males in the chronic lymphocytic leukemia group (62% versus 
35%; P<0.0001) and chronic lymphocytic leukemia patients were older 
(mean [± SD] age 62±12 versus 50±16 years; P<0.0001) than controls.

HBv testing
The results of HBV testing are summarized in Table 2. Serum anti-
HBc testing was positive in 11 of 222 (8.0%) chronic lymphocytic 
leukemia patients and zero of 72 controls (P=0.054). All 11 anti-HBc-
positive chronic lymphocytic leukemia patients were negative for 
HBsAg while seven (64%) were anti-HBs positive.

With respect to HBV-DNA testing of sera, two (0.9%) chronic 
lymphocytic leukemia and no controls were HBV-DNA positive 
(P=0.42). Both chronic lymphocytic leukemia patients were anti-HBc 
negative.

HBV DNA testing of peripheral blood lymphocytes was positive in 
one (0.5%) additional chronic lymphocytic leukemia and two (2.8%) 
controls (P=0.09). These three individuals were neither anti-HBc nor 
HBV-DNA positive in sera. Thus, overall, 14 chronic lymphocytic 
leukemia patients (6.3%) and two controls (2.8%) tested positive for 
evidence of previous or ongoing HBV infection (OR 2.4 [95% CI 0.5 to 
7.7]; P=0.25).

Table 1
Clinical and laboratory features of the study patients
Feature Cll (n=222) Controls (n=72) P 
Male sex, n (%) 137 (62) 25 (35) 0.0001
Age, years 62±12 50±16 0.0001
Creatinine*, μmol/L 85.3±20.4 Not tested
Immunoglobulin A†, g/L 1.4±1.1 Not tested
Immunoglobulin G‡, g/L 8.9±6.2 Not tested
Immunoglobulin M§, g/L 0.7±0.9 Not tested
M band, % present 5.9±11.6 Not tested

Data presented as mean ± SD unless otherwise indicated. *Normal range 35 μmol/L 
to 97 μmol/L; †Normal range 0.7 g/L to  3.8 g/L; ‡Normal range 6.9 g/L to 16.2 g/L; 
§Normal range 0.6 g/L to 2.6 g/L. CLL Chronic lymphocytic leukemia

Table 2
Chronic lymphocytic leukemia (Cll) and healthy control 
patients with evidence of hepatitis b virus (HbV) infection

Cll patient Sex age, years anti-Hbc
HbV DNa

Serum lymphocytes
1 Male 41 + – –
2 Male 47 + – –
3 Male 51 + – –
4 Male 54 + – –
5 Male 62 + – –
6 Male 74 + – –
7 Female 53 + – –
8 Female 55 + – –
9 Female 56 + – –
10 Female 80 + – –
11 Female 83 + – –
12 Male 58 – + –
13 Male 59 – + –
14 Female 62 – – +
Controls
1 Female 51 – – +
2 Female 53 – – +

– Negative; + Positive; Anti-HBc Antibody to hepatitis B core antigen
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Table 3 summarizes the comparisons between the 14 HBV-positive 
and remaining 208 HBV-negative chronic lymphocytic leukemia 
patients. The sex distribution of HBV-positive cases was similar to 
those who tested negative (57% versus 62% males, respectively; 
P=0.70). Similarly, the ages of HBV-positive versus HBV-negative 
chronic lymphocytic leukemia patients were similar (60±12 versus 
62±12 years; P=0.30). There were no differences in any of the vari-
ables associated with aggressive chronic lymphocytic leukemia includ-
ing Rai stage, IgVH mutational status, β2-microglobulin levels, Zap-70 
and CD38 status, or survival times. Mortality rates were also similar in 
the two groups.

HCv testing
Only two of 222 (0.9%) chronic lymphocytic leukemia and zero of 
72 control sera tested positive for anti-HCV (P=0.42) (Table 4). 
Neither of the two anti-HCV positive chronic lymphocytic leukemia 
nor any of the anti-HCV-negative sera (chronic lymphocytic leukemia 
or controls) were HCV-RNA positive in sera. However, HCV-RNA 
testing was positive in peripheral blood lymphocytes of an additional 
two (0.9%) chronic lymphocytic leukemia patients and one (1.4%) 
control subject (P=0.72). Thus, a total of four (1.8%) chronic lympho-
cytic leukemia patients and one (1.4%) control subject tested positive 
for HCV exposure or infection (OR 1.3 [95% CI 0.2 to 6.4]; P=0.81).

Table 4 summarizes the comparisons between the four HCV-positive 
and 204 HCV-negative chronic lymphocytic leukemia patients. There 
were no differences in sex distribution (50% versus 62% males, respect-
ively; P=0.58) or mean ages (60±23 versus 62±12 years; P=0.7) between 
the two groups. As with HBV, there were also no differences in the 
variables associated with aggressive chronic lymphocytic leukemia or 
mortality rates.

diSCuSSion
The results of the present study do not support the hypothesis that 
HBV or HCV infection play an important role in the pathogenesis of 
chronic lymphocytic leukemia. Although the number of infected 
patients was small, the results also argue against either virus contribut-
ing to a more aggressive course of chronic lymphocytic leukemia. 
Finally, the results suggest that the prevalences of occult HBV and 
HCV infection are low in this particular patient population.

Although there have been numerous reports describing chronic 
HBV and HCV infections in patients with various hematological 
malignancies, there have been few studies specifically documenting 
the prevalences of these viruses in patients with chronic lymphocytic 
leukemia (1,2,8,18,22). Moreover, in the limited number of studies 
that have been published to date, conflicting results have been 
reported (17-22). In the present study, we did not observe a significant 

increase (or decrease) in the prevalence of either HBV or HCV mark-
ers relative to our healthy control population. The possible exception 
was a higher prevalence of anti-HBc in chronic lymphocytic leukemia 
patients, in whom the difference achieved a P value of 0.054. It should 
be noted, however, that the rate of false-positive anti-HBc testing is 
relatively high, particularly in the setting of negative HBsAg, anti-
HBs and HBV-DNA results (27). It should also be noted that our 
chronic lymphocytic leukemia population was older and included 
more males than the control population and, therefore, these demo-
graphic features would have favoured a higher overall prevalence of 
HBV infection (and anti-HBc positivity) in the chronic lymphocytic 
leukemia group (28). Whether the higher prevalence of anti-HBc 
could also be explained by differences in the ethnicity of patients and 
controls cannot be determined because ethnicity was not recorded in 
either group.

Regardless of whether HBV or HCV contributes to the develop-
ment of chronic lymphocytic leukemia, it remains conceivable that 
either virus could alter the natural history or aggressiveness of the 
malignancy (29). Here again, we were unable to find reason for con-
cern in that Rai staging and the distribution of established markers for 
chronic lymphocytic leukemia aggressiveness, such as IgVH mutational 
status, β2-microglobulin levels, Zap-70 and CD38 status, were similar 
in chronic lymphocytic leukemia patients with and without evidence 
of HBV or HCV infection (30). Further supporting this contention 
were the survival times and mortality rates, which were similar in 
infected and uninfected patients. However, the numbers of subjects 
with evidence of HBV or HCV infection were low and, therefore, no 
definitive conclusion can be drawn regarding whether either virus 
alters the course of chronic lymphocytic leukemia.

All of the samples tested in the present study were obtained shortly 
after the diagnosis of chronic lymphocytic leukemia and before institu-
tion of chemotherapy. Thus, the risk of chemotherapy converting 
occult HBV or HCV into clinically or serologically apparent infec-
tions in this population could not be addressed (31-33). However, the 
limited number of subjects with HBV-DNA or HCV-RNA in periph-
eral blood lymphocytes, a potential source of residual virus in occult 
infection, renders the likelihood of such events occurring unlikely. 
Nevertheless, because liver biopsies were not available for viral 
genomic testing, we cannot make firm recommendations regarding the 
need for antiviral prophylaxis (at least with respect to HBV) in anti-
HBc positive patients with chronic lymphocytic leukemia who are 
being considered for chemotherapy and, hence, ongoing vigilance is 
warranted.

There were certain limitations to the present study that warrant 
discussion. First, the control population was small and was not 
matched for age and sex; however, as mentioned previously, the 

Table 3
Comparisons of hepatitis b virus (HbV)-positive and HbV-
negative chronic lymphocytic leukemia patients

Characteristic (normal range)

HbV

P
Positive  
(n=14)

Negative  
(n=204)

Male sex, n (%) 8 (57) 127 (62) 0.7
Age, years 60±12 62±12 0.3
   Rai stage 0.6±1.2 1.0±1.6 0.4
    IgVH mutation, % 71 59 0.3
   Beta-2 microglobulin*, mg/L 1.7±2.0 1.2±1.8 0.3
   Flow Zap70†, % 7.8±12.0 13.9±19.2 0.5
   CD38 positive, n (%) 2 (14.2) 39 (19.1) 0.9
   CD38, % 7.4±11.2 11.4±24.2 0.5
   Survival from diagnosis, months 88.0±37.2 70.1±36.6 0.1
Deaths, n (%) 2 (14) 41 (20) 0.6

Data presented as mean ± SD unless otherwise indicated. *Normal range 
1.2 mg/mL to 2.4 mg/mL; †Normal range 0% to 20%

Table 4 
Comparisons of hepatitis C virus (HCV)-positive and HCV-
negative chronic lymphocytic leukemia patients

HCV

P
Positive  

(n=4)
Negative  
(n=218)

Male sex, n (%) 2 (50) 127 (62) 0.6
Age, years 60±23 62±12 0.7
   Rai stage 1.0±1.2 1.0±1.6 0.9
    IgVH mutation, % 25 60 0.2
   Beta-2 microglobulin*, mg/L 2.7±2.4 1.2±1.8 0.1
   Flow Zap70†, % 40.0±56.6 13.0±17.9 0.05
   CD38 positive, n (%) 1 (25) 40 (18) 0.7
   CD38, % 40±67 10.4±22.8 0.1
   Survival from diagnosis, months 60.7±24.0 71.5±37.0 0.6
Deaths, n (%) 1 (25) 41 (20) 0.8

Data presented as mean ± SD unless otherwise indicated. *Normal range 
1.2 mg/mL to 2.4 mg/mL; †Normal range 0% to 20%
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demographics of the chronic lymphocytic leukemia and control groups 
would favour a higher rather than lower prevalence of HBV and HCV 
in the former group. Second, data regarding previous antiviral treat-
ments for HBV or HCV were not available. However, were one to 
assume that some chronic lymphocytic leukemia patients were success-
fully treated for HBV and/or HCV infections, such treatments would 
not have significantly impacted the detection of virus-associated anti-
bodies (28). Third, the patient database did not include results of test-
ing for liver enzyme abnormalities or imaging of the hepatobiliary 
system. Fourth, there were numerous limitations associated with the 
detection assays that could have resulted in an under- or overestima-
tion of the prevalence of occult HBV and HCV in this population 
(34). Finally, given that both HBV and HCV infections can exist 
despite negative testing of sera and peripheral blood lymphocytes, the 
lack of liver tissue precludes a definitive conclusion being drawn 

regarding the prevalence of occult HBV and HCV infections in 
chronic lymphocytic leukemia patients (9,33,35).

ConCLuSion
The results of the present study do not support the hypothesis that 
HBV and HCV infections play an important role in the pathogenesis 
or course of chronic lymphocytic leukemia. However, larger studies 
including liver biopsies and age- and sex-matched controls are required 
to confirm these results.
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