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Introduction: Reactivation of hepatitis B virus (HBV) infection induced by
immunosuppressive cancer therapy is associated with fulminant liver disease
and death. While national guidelines recommend HBV screening and antiviral
prophylaxis for patients with cancer prior to initiating immunosuppressive
therapy, compliance with these measures is unclear. This study characterized
the burden of HBV infection among patients diagnosed with gynecological or
dermatological cancers, with or without underlying HIV infection, before
initiating immunosuppressive therapy.

Methods: Between 2016 — 2018, we recruited study patients from the Dr George
Mukhari Academic Hospital in Tshwane, South Africa. Demographic (age, sex)
and clinical data (HIV test results, HIV antiviral regimen, type of cancer) were
recorded using a standardized data collection form. All participants were tested
for HBV surface antigen (HBsAg), and antibodies to the surface (anti-HBs) and
core antigens (anti-HBc). For detection of HBV DNA, a nested polymerase chain
reaction was used to amplify polymerase gene fragments which were Sanger-
sequenced and analyzed using bioinformatics software. All statistical analyses
were performed using R version 4.1.0 (2021-05-18) and R studio version
2022.07.2.

Results: Study participants were predominantly female (96.3%, 103/107) with a
median (IQR) age of 50 (17.5) years. Cervical cancer was the most frequent
cancer diagnosis (72%). Over half (52.3%; 56/107) of the participants were HIV
positive and all but four (92.9%) on highly active antiretroviral therapy at the time
of enrollment. The prevalence of chronic hepatitis B in the study population was
11.2% [95% Cl:6.2-19.1], increasing to 14.3% [95% CI:6.8-26.8] in the HIV positive
sub-population. The overall prevalence of occult HBV infection was 20% [95%
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Cl:12.8-29.7], 57.9% [95% Cl:33.97-78.9] of whom tested negative for all
serological markers. Phylogenetic inference showed that all polymerase gene
sequences generated in this study were sub-genotype A2. Mutational analysis
did not reveal any drug resistance-associated amino acid variations in this
study.

Conclusion: These findings suggest that chronic and occult HBV infections are
more prevalent among cancer patients with or without underlying HIV
infection compared to what has previously been reported for the general
South African population. This underscores the need to scale-up universal HBV
serological and molecular screening with timely institution of prophylaxis prior

to initiating immunosuppressive cancer therapy.
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1 Introduction

Despite the availability of safe and effective vaccines and antiviral
therapies, viral hepatitis continues to take a devastating toll on societies,
economies, and health systems worldwide. In recognition of this, the
World Health Organization in 2016 published its Global Health Sector
Strategy on Viral Hepatitis, aiming to provide member states with
pragmatic approaches towards eliminating this disease as a global
public health threat by 2030 (1). Persistent hepatitis B virus (HBV)
infection leads to chronic hepatitis B or occult HBV infection (2, 3).
With an estimated 4.1% (316 million) of the world’s population
currently living with chronic hepatitis B and 555000 individuals
succumbing to HBV-related sequelae in 2019 alone, prevention and
control of HBV infection remains a priority within the global health
agenda (2). The situation is even more dire in Africa where the
prevalence of chronic hepatitis B is estimated at 6.5%, with an
annual death count of 71000 individuals (2). The burden of the
disease varies across the Western (9.0%), Central (6.4%), Eastern
(4.8%), and Southern (4.5%) regions of sub-Saharan Africa. In South
Africa, the prevalence of chronic hepatitis B across all age groups is
3.5% (2), driven by a disproportionate residual burden among high risk
adult populations like pregnant women (0.4% — 4.5%) (4-6), healthcare
workers (1.3% - 5.1%) (7), people who inject drugs (5%) (8), people
living with Human Immunodeficiency Virus or HIV (6.4% - 8.5%) (9-
12), and persons diagnosed with cancer (14%) (13).

While chronic infection with HBV is associated with a significant
lifetime risk of developing hepatocellular carcinoma, HBV infection has
also been shown to be prevalent among patients with non-hepatic
cancers like lymphoma, breast cancer, skin cancer, and gynecological
cancers including cervical, uterine, and ovarian cancers (14-17). Cancer
patients undergoing lifesaving cytotoxic or immunosuppressive therapy
while living with uncontrolled chronic hepatitis B or occult HBV
infection, are at high risk of HBV reactivation (16, 18). Clinical
reactivation of HBV infection during prolonged immunosuppression
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is associated with a worsening prognosis characterized by rapid
progression to hepatic sequelae like liver cirrhosis, fulminant liver
failure and even death. Fortunately, immunosuppressive cancer
therapy induced-HBV reactivation is preventable with timely
detection of HBV serological and molecular markers, followed by
appropriate institution of vaccination or prophylactic and pre-emptive
antiviral treatment with nucleot(s)ide analogues, alongside careful
monitoring during cancer therapy and follow-up (19, 20). It is for this
reason that the South African national guidelines recommend testing for
the HBV surface antigen (HBsAg) and antibodies to the core antigen
(anti-HBc) to determine appropriate clinical management prior to
initiating immunosuppressive cancer therapy. Measurement of HBV
DNA however is only indicated for patients who test positive for HBsAg
or anti-HBc, which may exclude patients with seronegative occult
HBV infection (negative for all serological markers but positive for
HBV DNA) who could still be at risk of reactivation during
immunosuppressive therapy (21). It will be important to understand
national trends in compliance with these guidelines at the health facility
level. Studies conducted elsewhere report inconsistent compliance with
screening and administration of prophylaxis prior to patients initiating
immunosuppressive cancer therapy in both HBV endemic and low-
endemic settings, often citing the need for increasing awareness among
clinicians (22-25). Scaling-up implementation and enforcing
compliance with national guidelines towards favorable outcomes
during immunosuppressive cancer therapy will have to be informed
bylocal evidence of the risk and burden of HBV infection among patients
with cancer. Given the co-epidemic of HIV infection in South Africa
which has been shown to negatively modify the natural course of chronic
hepatitis B and cancer prognosis, it is also important to improve our
limited understanding of the dynamics of HBV infection among cancer
patients with and without underlying HIV infection (26, 27). In this
study, we characterize the burden of HBV infection among patients
diagnosed with gynecological or dermatological cancers with or without
underlying HIV infection, who are due for immunosuppressive therapy.
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2 Methods
2.1 Study site and participants

This was a cross-sectional descriptive study involving patients
diagnosed with cancer and due for chemotherapy and/or
radiotherapy at the Dr George Mukhari Academic Hospital
(DGMAH). The DGMAH is a public academic hospital situated
within the North-Western part of the Tshwane region in the
Gauteng province of South Africa. The DGMAH is affiliated with
the Sefako Makgatho Health Sciences University where the National
Health Laboratory Service (NHLS) Department of Virology is based
and accredited to provide routine serological and molecular
diagnostic services to various provinces across the country.

A target sample size of 132 participants was estimated using Epi
Info "
Atlanta, United States of America), calculated at 80% power and
95% confidence, with a 70% HBV exposure rate (28). Participant
recruitment and enrolment took place between June 2016 and April

version 7.1.5 (Centers for Disease Control and Prevention,

2018, in the gynecology and dermatology clinics at the DGMAH.
Patients diagnosed with cancer and presenting to these clinics to
initiate immunosuppressive therapy were informed of the purpose
of this study during their scheduled visits. Only those patients who
provided written informed consent participated in this study.
Participants’ demographic information including age, sex, and
province of residence were collected using a standardized data
collection form (template in Supplementary File) which was
completed by a member of the research team. All participants
due for immunosuppressive therapy are routinely tested for HIV
infection through the NHLS using the ARCHITECT HIV Ag/Ab
Combo assay (ABBOTT Laboratories, Germany, 2010). Clinical
information including HIV test results, HIV regimen at the time of
the study, type of cancer diagnosis, and planned cancer treatment
were also recorded in the data collection form. For HBV serological
and molecular assessments, 5ml of blood was collected from each
participant prior to initiating immunosuppressive therapy. Serum
and plasma fractions were separated by centrifugation and stored at
-80°C until required for testing. Ethics approval to conduct this
study was obtained from the Sefako Makgatho University Research
Ethics Committee (SMUREC/M/04/2017).

2.2 Detection of HBV serological and
molecular markers

Using the Elescys® 2010 Immunoassay Analyzer (Roche,
Hitachi, Japan) and Elecsys® test kits (Roche Diagnostics,
Penzberg, Germany), the following serological markers were tested
for in all serum samples; HBsAg, antibodies to HBsAg (anti-HBs),
and total IgG and IgM anti-HBc. For detection of HBV DNA, a
nested in-house polymerase chain reaction (PCR) with a lower
detection limit of 10° copies/ml was performed (29). Briefly, total
nucleic acid was extracted from 200 pl of each plasma sample using
the High Pure Viral Nucleic Acid Kit (Roche Diagnostics, Mannheim,
Germany). A total of 5 ul of each template (nucleic acid extract or first
round PCR product) was then added to a 25 pl PCR reaction mix
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comprising 2X MyTaqTM Red Mix (Bioline USA Inc. A Meridian Life
Science® Company), and 10 pmol/mL of each primer (primers P1
and P2 for the first, and P3 and P4 for the second round PCR)
targeting a 645 bp fragment of the HBV polymerase (pol) gene (30,
31), with the final reaction volume made up with PCR grade water
(Fermentas, Burlington, Canada). To minimize the risk of cross-
contamination, physically separated laboratory rooms were used for
nucleic acid extraction, preparation of the PCR reaction mix, and
loading of the template. The potential for false positive detection of
HBV DNA was excluded by running negative (PCR grade water) and
positive (commercially available human serum, ACCURUN™ 325
Series 200 HBV DNA positive control with an HBV DNA
concentration of 10° copies/mL from SeraCare ™ Life Sciences, Inc.
USA) controls concurrently with study samples during each PCR
assay. The PCR products were visualized by agarose gel
electrophoresis and direct Sanger sequencing carried out with the
ABI3500XL Genetic Analyzer (Life Technologies, Carlsbad, CA,
USA) using second round primers, P3 and P4.

2.3 Data analysis

Participant demographic, clinical and laboratory data were
collated in a database designed in Microsoft Excel. Descriptive
analysis was performed with categorical variables reported as
frequencies or percentages while continuous variables were
presented as median (interquartile range, IQR). In addition, the
prevalence of HBV serological and molecular markers within the
study population, and stratified across HIV status, were reported as
proportions with 95% confidence interval (95% CI). Associations
between participant demographic or clinical characteristics and the
prevalence of HBV serological and molecular markers could not be
determined given the modest sample population studied. Statistical
significance level for Chi-square tests was set at a two-tailed p-value
<0.05. All statistical analyses were performed using R version 4.1.0
(2021-05-18) and R studio version 2022.07.2 (32).

Phylogenetic analysis of the HBV pol gene sequences was
inferred using the Neighbour-Joining method and the Maximum
Composite Likelihood substitution model in MEGA version 11
software (33). For investigation of potential inter-genotype and
inter-subgenotype recombination, sequences were analyzed in
Simplot version 1.3 (34). Prediction of phenotypic drug resistance
within the reverse transcriptase domain of the HBV pol gene and
escape mutations in the overlapping HBsAg domain were
performed by submitting the sequences to the online algorithm,
Geno2Pheno [HBV] v2.0 (35). All pol gene sequences generated in
this study have been deposited in GenBank under the accession
numbers MW 322669 - MW322680.

3 Results

3.1 Demographic and clinical
characteristics of study participants

Between June 2016 and April 2018, a total of 107 of the targeted
132 participants were enrolled into the study. The demographic and
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clinical characteristics of all 107 participants are presented in
Table 1. There was an overrepresentation of female participants
(96.3%, 103/107), all of whom were recruited from the gynecology
clinic. The remainder of the four male participants (3.7%) were
recruited from the dermatology clinic. The median (IQR) age of the
study population was 50 (17.5) years. Study participants mainly
originated from the Gauteng (50.5%, 54/107) and North-West
(48.6%, 52/107) provinces. In terms of participants’ clinical
history, 52.3% (56/107) were HIV positive while 47.7% (51/107)

10.3389/fviro.2023.1160078

were HIV negative. All but four (92.9%) of those living with HIV
were on highly active antiretroviral therapy (HAART) at the time of
the study, with Atroiza being the most frequently used regimen
(65.4%, 34/52). Except for two cases, the HAART regimens
administered in this study invariably included at least one drug
component with co-activity against HBV, such as Lamivudine,
Emtricitabine, and Tenofovir Disoproxil Fumarate. The two
aforementioned participants were on Ferovite or Venofir in
addition to their HAART regimen at the time of the study (Table 1).

TABLE 1 Demographic and clinical characteristics of HIV positive vs negative study participants.

Characteristics Total HIV positive HIV negative
N = 107 (%) N = 56 (%) N = 51 (%)
Sex
Female | 103 (96.3) 52 (92.9) 51 (100)
Male 4 (3.7) 4(7.1) 0
Median Age (IQR) 50 (17.5) years 45 (13) years 60 (14) years
Province
Gauteng = 54 (50.5) 27 (48.2) 27 (52.9)
North-West | 52 (48.6) 29 (51.8) 23 (45.1)
Unknown' 1 (0.9) 0 1(2.0)
HIV Treatment
On HAART — 52 (92.9) -
Not on HAART — 1(1.8) —
Not reported’ = — 3(5.3) —
HIV Regimen (n = 52)
Atroiza | — 34 (65.4) -
Odimune — 6 (11.5) -
Tribuss — 4(7.7) -
Atenef  — 2(38) -
Zidovudine, Lamivudine and Nevirapine — 1(1.9)
Zidovudine, Lamivudine and Aluvia — 1(1.9) —
Ferovite, Aluvia, Laminovir | — 1(1.9) -
Efavirenz, Tenemine — 1(1.9) -
Venofir, Aluvia | — 1(1.9) —
Abacavir, Lamivudine and Efavirenz — 1(1.9) —
Cancer Diagnosis
Cervical cancer | 77 (72.0) 43 (76.8) 34 (66.7)
Ovarian cancer . 9 (8.4) 2(3.6) 7 (13.7)
Endometrial cancer | 7 (6.5) 0 7 (13.7)
Vulvar cancer | 6 (5.6) 5(8.9) 1(2.0)
Kaposi sarcoma = 4 (3.7) 4(7.1) 0
Juvenile granulosa cell tumor 1 (0.9) 1(1.8) 0
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TABLE 1 Continued
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Characteristics Total HIV positive HIV negative
N = 107 (%) N = 56 (%) N = 51 (%)
Severe ovum papillary metastasis 1 (0.9) 1(1.8) 0
Gestational trophoblastic di 2 (1.9) 0 2(3.9)
Planned immunosuppressive therapy
Radiotherapy
Yes = 82 (76.6) 46 (82.1) 36 (70.6)
No | 25(23.4) 10 (17.9) 15 (29.4)
Chemotherapy
Yes = 24 (22.4) 8 (14.3) 16 (31.4)
No = 83 (77.6) 48 (85.7) 35 (68.6)
Unknown' = 2 (1.9) 1(1.8) 1(2.0)

'Participant’s data not reported or recorded on data collection form.

Cervical cancer was the most common cancer diagnosis (72%,
77/107) within the study population. Overall, 76.6% (82/107) and
22.4% (24/107) of the study participants were due for radiotherapy
and/or chemotherapy, respectively.

3.2 Burden of chronic and occult HBV
infection within the study population

As shown in Table 2, more than half of the study population
(56.1% [95% CI:46.2-65.5], 60/107) tested negative for all three
serological markers and were susceptible to HBV infection. Only
1.9% ([95% CI:0.32-7.2], 2/107) tested positive for the marker of
immunity, anti-HBs, although one of these participants also tested
positive for HBV DNA which is indicative of potential occult HBV

TABLE 2 Prevalence and interpretation of HBV serological markers.

Total
N = 107 (% [95% CIl])

Clinical Interpretation

infection. Notably, there was a high burden of chronic HBV
infection (11.2% [95% CI:6.2-19.1], 12/107) within the study
population, with the HBsAg prevalence found in the HIV positive
sub-population (14.3% [95% CI:6.8-26.8], 8/56) being twice as high
as that in the HIV negative group (7.8% [95% CI:2.5-19.8], 4/51).
However, this was not a statistically significant difference (p =
0.4544). All HIV positive participants found to be living with
chronic hepatitis B were on HAART regimens (Atroiza [n=7] or
Odimune [n=1]) containing at least one HBV active
drug component.

Among those testing negative for HBsAg (n = 95), the overall
prevalence of occult HBV infection based on the detection of HBV
DNA was 20% ([95% CI:12.8-29.7],19/95), with a higher burden in
the HIV positive (25% [95% CI:14.1-39.9],12/48) compared to the
HIV negative (14.9% [95% CI: 6.69-28.9], 7/47) sub-populations

HIV positive
N = 56 (% [95% ClI)

HIV negative
N = 51 (% [95% ClI])

Immune

(+) for anti-HBs alone

2 (1.9 [0.32-7.2])

Susceptible

1 (1.8 [0.09-10.8]) 1 (2.0 [0.10-11.8])

(-) for all serological markers | 60 (56.1 [46.2-65.5])

Past Exposure

29 (51.8 [38.2-65.2]) 31 (60.8 [46.1-73.8])

(+) for anti-HBc alone

5 (4.7 [1.7-11.1])

3 (5.4 [1.4-15.8])

2 (3.9 [0.1-14.6])

(+) for anti-HBc & anti-HBs

28 (262 [18.4-35.7])

15 (26.8 [16.2-40.5])

13 (25.5 [14.8-39.9])

Chronic Infection
(+) for HBsAg alone
(+) for HBsAg & anti-HBc

(+) for all serological markers

7 (6.5 [2.9-13.5])
4 (3.7 [1.2-9.9])

1 (0.9 [0.05-5.8])

6 (10.7 [4.4-22.6])
2 (3.6 [0.62-13.4])

0

1 (2.0 [0.10-11.8])
2 (3.9 [0.68-14.6])

1 (2.0 [0.10-11.8])

Sub-total chronic infections

12 (11.2 [6.2-19.1])

8 (14.3 [6.8-26.8])

4 (7.8 [2.5-19.8])

(-) = tested negative; (+) = tested positive.
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(p= 0.3297). Furthermore, 57.9% ([95% CI:33.97-78.9], 11/19) of
participants with occult HBV infection were also seronegative for
the other diagnostic markers, namely, anti-HBs and anti-HBc.
Table 3 further presents the prevalence of active chronic and
occult (seropositive vs seronegative) HBV infection within the
study population.

Among those with seropositive occult HBV infection (n=8), five
tested positive for both anti-HBs and anti-HBc, and were all HIV
positive (Table 3). The difference in seronegative occult HBV
infection between HIV positive (10.7% [4.43-22.6]) and HIV
negative (9.8% [3.7-22.19]) sub-populations was not significant.

Figure 1 shows the prevalence of hepatitis B immunity and
exposure as well as chronic and occult HBV infection stratified
across the different types of cancers diagnosed within the study
population. Overall, chronic HBV infection was more prevalent
among those diagnosed with vulvar (33.3% [95% CI:6.00-75.90], 2/
6) and endometrial (28.6% [95% CI:5.11-69.7], 2/7) cancers. In
comparison, the prevalence of chronic HBV infection among those
diagnosed with ovarian and cervical cancers was found to be 11.1%
([95% CI:0.58-49.3], 1/9) and 9.1% ([95% CI:4.04-18.4], 7/77),
respectively. Each of the participants diagnosed with juvenile
granulosa cell tumor and severe ovum papillary metastasis were
found to have underlying occult HBV infection, as were 25% ([95%
CL:1.3-78.1], 1/4), 19.5% ([95% CIL:11.7-30.4], 15/77), and 11.1%
([95% CI:0.6-49.3], 1/9) of those diagnosed with Kaposi sarcoma,
cervical cancer, and ovarian cancer, respectively. None of the two
participants diagnosed with gestational trophoblastic disease had
any indication of ever being exposed to hepatitis B, testing negative
for all serological and molecular markers (Figure 1).

3.3 Phylogenetic analysis and genetic variations
within HBV pol gene sequences

Of the 107 samples tested, 24 (22.4%) had detectable HBV viral
loads (=10 copies/ml as per the lower limit of detection of the PCR
assay). The HBV pol gene was successfully sequenced for 12 of the
24 PCR positive samples, with the remaining half failing the
sequencing process potentially as a results of poor sample quality
or quantity. Phylogenetic analysis showed that all 12 sequences
clustered with HBV genotype A and sub-genotype A2 reference

TABLE 3 Prevalence and interpretation of HBV molecular markers.

Total

Clinical Interpretation

N =107 (% [95% ClI)

10.3389/fviro.2023.1160078

sequences from countries like Japan, Belgium, Cuba, and South
Africa (Figure 2). All pol gene sequences were further investigated
for inter-genotypic and sub-genotypic recombination events.
Results showed that all 12 study sequences were pure genotypes
and did not contain genetic recombination within the pol gene
fragment analyzed. Although amino acid variations were observed
in the reverse transcriptase domain of the pol gene sequences, none
of them were predicted to be drug resistance-associated mutations.
Instead, sub-genotype A2-specific variations like the L217R and
L209V were commonly observed within the reverse transcriptase
and overlapping HBsAg domains of all study sequences,
respectively. An N131S secondary mutation with the potential for
allowing viral escape from neutralizing antibodies from the
administration of hepatitis B immunoglobulin therapy was
predicted within the overlapping HBsAg domain in sequence
MW322672. A review of the serological profile of the participant
from whom this MW322672 sequence was isolated revealed that
they also tested negative for HBsAg.

4 Discussion

This cross-sectional study characterized the burden of HBV
infection among patients presenting for immunosuppressive therapy
for various gynecological and dermatological cancers. Among patients
diagnosed with cancer who are undergoing cytotoxic and
immunosuppressive chemotherapy or radiotherapy, HBsAg negative
HBYV infection may reactivate while those with chronic active HBV
infection may experience a progressively worsening prognosis, both
leading to varying degrees of potentially fatal liver disease (36, 37). It is
for this reason that HBV screening and timely prophylaxis prior
to initiation of immunosuppressive cancer therapy is widely
recommended by global advisory groups (38-40). In South Africa
where the burden of chronic hepatitis B remains high, the national
guidelines for the management of viral hepatitis recommend hepatitis
B vaccination for individuals receiving immunosuppressive cancer
therapy (21). Further to this, the national guidelines make provision
for antiviral treatment for all individuals receiving chemotherapy,
rituximab or immunosuppressive therapy regardless of the phase of

HIV negative
N = 51 (% [95% ClII)

HIV positive
N = 56 (% [95% ClII)

Active Chronic HBV Infection
(+) for HBsAg & HBV DNA | 5 (4.7 [1.7-11.1])

Active Occult HBV Infection (Seropositive)

‘ 4 (7.1 [2.3-18.1]) 1 (2.0 [0.10-11.8])

(+) for anti-HBs & HBV DNA 1 (0.9 [0.05-5.8])
(+) for anti-HBc & HBV DNA 2 (1.9 [0.32-7.2])
(+) for anti-HBc & anti-HBs & HBV DNA 5 (4.7 [1.73-11.1])

Active Occult HBV Infection (Seronegative)

‘ 0 1 (2.0 [0.10-11.8])
‘ 1 (1.8 [0.09-10.8]) 1 (2.0 [0.10-11.8])

‘ 5 (8.9 [3.33-20.4]) 0

(+) for HBV DNA alone 11 (10.3 [5.50-18.03])

‘ 6 (10.7 [4.43-22.6]) 5 (9.8 [3.7-22.19])

(-) = tested negative; (+) = tested positive.
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Gestational trophoblastic disease (n=2)
Severe ovum papillary metastasis (n=1)
Juvenile granulosa cell tumour (n=1)
Kaposi sarcoma (n=4)
Vulvar cancer (n=6)
Endometrial cancer (n=7)
Ovarian cancer (n=9)
Cervical cancer (n=77)
0% 20% 40%
®Iimmune M Unexposed M Past exposure
FIGURE 1

Prevalence of hepatitis B immunity and exposure, and chronic and occult HBV infection stratified across the different types of cancers diagnosed
within the study population. Immune = anti-HBs alone; Unexposed = negative for both serological and molecular markers; Past exposure = positive
for anti-HBs and anti-HBc alone; Chronic HBV infection = positive for HBsAg; Occult HBV infection = negative for HBsAg and positive for HBV DNA,

with or without anti-HBs and/or anti-HBc.

HBV infection (21). Despite these guidelines, inadequacies in
screening practices and access to care significantly hamper timely
management of cancer patients with undetected HBV infection.

We present evidence to support the urgent scale-up of HBV
screening and prophylaxis for patients with cancer as part of routine
clinical practice in South Africa. Our findings suggest a chronic
hepatitis B prevalence rate of 11.2% among patients diagnosed with
gynecological and dermatological cancers which is higher than the
3.5% reported in the general South African population (2). Previous
studies conducted among patients with cancer have reported chronic
hepatitis B prevalence rates of 0.3% in France (41), 4.6% in the Republic
of Korea (14), 6.6% in Iran (16), 7.78% in Taiwan (42), 8.2% in China
(15), 14% in South Africa (13) and 29.1% in Kenya (17). These
prevalence rates vary across country-specific hepatitis B endemicity
levels, types of cancers studied and individual risk factors.
Unfortunately, robust evidence on the burden of chronic hepatitis B
among African patients with non-hepatic cancers is less forthcoming
and may reflect the insufficiencies of routine screening services and
disease surveillance efforts within the region. We further stratified the
outcomes of this study across HIV status. Among those with
underlying HIV infection, the prevalence of chronic hepatitis B was
found to be twice as high as that in the HIV negative sub-population
(14.3% vs 7.8%). The 14.3% prevalence of HIV-HBV co-infection
found in this study is comparable to that (17.4%) reported by a study
conducted among a Kenyan cohort of patients with ovarian cancer
(17). In a previous study conducted by our group within the same
setting but among a smaller population (N=34) of patients diagnosed
with cancer and living with HIV, we found that only 2.9% were
chronically infected with HBV (29). It might be that the expansion of
the population studied increased the likelihood of detecting HIV-HBV
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co-infections in the current study. Ultimately, it is well established that
the brunt of chronic hepatitis B in South Africa is borne by the HIV
positive adult population with prevalence rates ranging from 3.4% to as
high as 22.9% in some studies (12, 43, 44).

In addition to the high prevalence of chronic hepatitis B, it is
notable that a further 20% of the study population were found to
have occult HBV infection which is within the range of previous
estimates from studies conducted in South Africa and elsewhere
among various risk groups (18, 29, 45-47). Of concern is the fact
that over half (57.9%) of those with occult HBV infection in the
current study were negative for all other serological markers and
will typically go undiagnosed if molecular assays for detection of
HBV DNA are not included in routine screening programs as per
the current national guidelines (21). It is possible that the use of a
nested PCR, rather than the more sensitive quantitative real-time
PCR assay, may have led to an underestimation of occult HBV
infection within the study population. It is equally possible that the
prevalence of chronic and occult HBV infections reported for those
with underlying HIV infection is an underestimation of the true
burden given that 89% of them were on a HAART regimen with co-
activity against HBV at the time of enrolment. While HBV infected
patients with underlying HIV infection may benefit from HBV-
active HAART regimens, HIV negative patients who are unaware of
their hepatitis B status will remain at high risk for adverse outcomes
during immunosuppressive cancer therapy without appropriate
screening and timely linkage to care. Evidently, these findings
underscore the importance of universal serological and molecular
screening, followed by linkage to appropriate prophylaxis and care
for patients with cancer in hepatitis B endemic settings like South
Africa. Such prophylaxis should include hepatitis B vaccination or
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Phylogenetic inference tree showing the evolutionary history of HBV pol gene sequences. Study sequences (labelled with blue circles) and reference
sequences can be identified by their accession numbers as they appear in GenBank. The percentage of replicate trees >75% in which the associated
taxa clustered in the bootstrap test (1000 replicates) are shown next to the branch nodes.

re-vaccination for eligible persons. In our study, nearly half (45.8%)
of the participants were negative for all serological and molecular
markers and thus would be excellent candidates for vaccination
against hepatitis B prior to initiating immunosuppressive cancer
therapy (48).

Frontiers in Virology

The identification of genotype A strains within the study
population is consistent with the geographical distribution of
HBV genotypes in South Africa (49, 50). Although sub-genotype
Al is the predominant strain in South Africa, all sequences
generated in this study clustered with a large dataset of A2
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reference sequences retrieved from GeneBank. Of the 12 HBV pol
gene sequences generated in this study, 10 were from participants
with underlying HIV infection, nine of whom were on HBV active
HAART at the time of enrolment (Atanef = 1, Atrioza = 3, Tribuss =
2, Odimune = 2, and Zidovudine, Lamivudine and Nevirapine = 1).
Mutational analysis did not yield any HBV drug resistance variants.
While we did not have records of the duration of HAART for each
study participant, long term combination therapy with nucleot(s)
ide analogues such as Emtricitabine and Tenofovir Disoproxil
Fumarate (both part of Atanef, Atrioza, Tribuss, and Odimune
regimens) is widely recommended given their relatively superior
genetic barrier to resistance compared to Lamivudine monotherapy
(21, 38, 39). Without access to antiviral prophylaxis, patients like
the treatment naive HIV negative population in this study, are at
significant risk of chemotherapy- and/or radiotherapy- induced
HBYV reactivation with potential adverse outcomes (36, 37, 51).

The findings of this study should be carefully considered in light
of some limitations. This was a single center study with a modest
population size. Despite recruiting from two separate clinics within
the DGMAH, all but four of our study participants were enrolled
from the gynecology clinic which introduced selection bias, and
thereby limits the generalizability of the study outcomes. There is a
need for further studies from the African setting, with a similar
research focus. Such studies will benefit from population-based
longitudinal designs, investigating additional serological markers
like the hepatitis B e antigen (HBeAg) and antibodies to HBeAg, in
order to better guide reforms and implementation of national
guidelines for the management of hepatitis B among patients due
for immunosuppressive cancer therapy. Studies with age- and sex-
matched control groups may provide further understanding of the
burden of chronic and occult HBV infections among patients with
cancer compared to the general South African population. Further
to this, an improved understanding of predictors (including socio-
demographic and economic determinants) of HBV infection within
this population will be integral to a robust public health response
and as such, should form part of the future research agenda.

In summary, chronic and occult HBV infections are prevalent
among patients with gynecological and dermatological cancers.
Furthermore, a substantial proportion of patients with cancer do not
have adequate immune protection against hepatitis B prior to initiating
cytotoxic or immunosuppressive chemotherapy and radiotherapy.
Given the significant risk of immunosuppressive therapy-induced
reactivation of HBV and the potential for adverse outcomes within
this population, there is a need to expand access to serological and
molecular screening services, vaccination, and pre-emptive and

prophylactic antiviral therapy as part of routine clinical practice.
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