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Abstract

Hepatocellular carcinoma (HCC) incidence is high in The Gambia and hepatitis B virus (HBV) 

infection is the main cause. People coinfected with HBV and hepatitis D virus (HDV) have an 

even greater risk of HCC and cirrhosis. Using a new HDV quantitative microarray antibody 

capture (Q-MAC) assay, we evaluated the association between HDV infection and HCC or 

cirrhosis among participants in The Gambia Liver Cancer Study. In this case-control study, cases 

had HCC (n=312) or cirrhosis (n=119). Controls (n=470) had no clinical evidence of liver disease 

and normal serum alpha-fetoprotein. Participants were previously tested for hepatitis B surface 
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antigen (HBsAg); we tested HBsAg+ specimens by HDV Q-MAC, western blot, and RNA assays. 

We evaluated separate cutoffs of the Q-MAC assay for predicting anti-HDV and RNA positivity. 

Q-MAC correctly identified 29/29 subjects who were western blot positive (sensitivity=100%, 

specificity=99.4%) and 16/17 who were RNA positive (sensitivity=94.1%, specificity=100%). 

Compared to controls, cases more often had HBV monoinfection (HBsAg+/HDV RNA−; 54.1% 

vs. 17.0%; odds ratio [OR]= 6.28; p<0.001) or HBV-HDV coinfection (HBsAg+/HDV RNA+; 

3.9% vs 0%; p<0.001). Risk estimates (for HCC or cirrhosis) based on HDV antibody status and 

adjusted for covariates (demographics, alcohol, smoking, body mass index, anti-HCV, and 

aflatoxin B1 exposure) yielded consistent results for both HBV monoinfection (adjusted OR=8.29; 

95% confidence interval=5.74-11.98) and HBV-HDV coinfection (adjusted OR=30.66; 95% 

confidence interval=6.97-134.95). In this Gambian population, HDV Q-MAC had high sensitivity 

and specificity for both anti-HDV and HDV RNA. HDV infection contributed to the high risk of 

HCC in The Gambia.
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1. INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most common cancer and fourth leading cause 

of cancer-associated mortality in the world.1 Hepatitis B virus (HBV) infection is the chief 

cause, accounting for 33% of HCC mortality worldwide.1 HBV infection can also lead to 

hepatic cirrhosis, which is an important risk factor for HCC.2 Globally, ~248 million 

individuals have chronic HBV infection as measured by the presence of hepatitis B surface 

antigen (HBsAg).2

Hepatitis D virus (HDV) is a defective RNA virus that requires HBsAg for its life cycle.3 

HBV-HDV coinfected individuals experience more rapid progression to cirrhosis and a 

higher risk of HCC than HBV monoinfected individuals.4-9 HDV testing is limited by the 

lack of reliable and convenient antibody assays and the lack of commercial reverse 

transcriptase polymerase chain reaction (RT-PCR) assays to detect HDV RNA.10 A recently 

developed quantitative microarray antibody capture (Q-MAC) assay demonstrated excellent 

performance characteristics among Mongolians11 and among injection drug users from the 

United States.12 However, viral antibody assays may have poorer specificity in African 

individuals.13-18 Therefore, it is important to evaluate the HDV Q-MAC assay in African 

populations.

It is also important to understand the prevalence of HDV infection in sub-Saharan Africa, 

where the prevalence of chronic hepatitis B is especially high (≥8%)2 and HBV infection is 

the major cause of HCC.1, 2 In a recent review and meta-analysis, Stockdale et al. reported 

that HDV prevalence in sub-Saharan African countries varies widely, with localized clusters 

of endemicity.19 Those authors also noted the need to define the reliability of HDV testing 

methods in the African setting.
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The Gambia is a West African country with the third highest incidence of HCC in the world.
20 About 60% of HCC-associated mortality in The Gambia has been attributed to HBV 

infection,1, 2, 21 but the contribution of HDV infection to HCC rates in The Gambia is 

unknown.19 Previous analyses of data from The Gambia Liver Cancer Study provided 

insights into the role of HBV, hepatitis C virus (HCV) and aflatoxin B1 exposure in the risk 

of HCC in this country.21, 22 Now, we have utilized data from this case-control study to: 1) 

evaluate the performance of the HDV Q-MAC assay; and 2) investigate the role of HDV 

infection in the risk of HCC or cirrhosis in The Gambia.

2. MATERIALS AND METHODS

2.1 Study population:

Details of The Gambia Liver Cancer Study are provided elsewhere.21 Briefly, subjects were 

recruited from the liver disease referral clinics at three tertiary care hospitals from 

September 1997 through January 2001: Royal Victoria Hospital, Banjul; Medical Research 

Council Hospital, Fajara; and Bansang Hospital, Bansang. All patients with suspected liver 

disease underwent a standardized ultrasound examination.

Cases were patients with either (1) incident HCC confirmed by liver biopsy, or ultrasound 

showing one or more space-occupying lesions characteristic of HCC and a serum alpha-

fetoprotein of ≥20 ng/ml, or (2) cirrhosis without HCC based on ultrasound findings that 

were consistent with cirrhosis in the absence of space-occupying lesions. In a previous 

analysis of Gambia Liver Cancer data,21 defining HCC based on higher cut-off values for 

serum alpha-fetoprotein (100 ng/ml or 400 ng/ml) yielded similar associations between 

HBV infection and HCC, compared to defining HCC based on a serum alpha-fetoprotein of 

≥20 ng/ml. Hence, to increase power, we used the lower cut-off value in our study. Control 

subjects with no clinical evidence of liver disease and normal alpha-fetoprotein levels (<5 

ng/ml) were recruited from the general medical outpatient clinics of the same hospital sites 

and frequency matched to cases on age (10-year groupings) and gender.21 Trained study 

field staff collected information on demographics, socio-economic status, and lifestyle habits 

from study participants through a structured interview. Blood specimens were collected, 

processed at the Medical Research Council serology laboratory, and stored at either −20°C 

for serology or −70°C for nucleic acid assays. Local and international scientific and ethical 

review committees approved the study protocol.21 Informed consent was obtained from each 

participant before inclusion in the study.

2.2 Serologic analysis:

As previously described,21 samples were tested for alpha-fetoprotein and quantified by 

standard radiometric assay methods (DiaSorin SA, Sallugia, Italy). HBsAg, a marker of 

chronic HBV infection, was tested by reverse passive hemagglutination assay (Murex 

Diagnostics Limited, Dartford, UK) with radioimmunoassay testing of negative samples 

(Sorin Biomedica Diagnostics, Vercelli, Italy). HCV status was determined by detection of 

anti-HCV using third generation enzyme-linked immunosorbent assay (ORTHO Clinical 

Diagnostics, Neckargemund, Germany) with confirmation by recombinant immunoblot 

assay (RIBA HCV 3.0 SIA; CHIRON, Emeryville, CA). Detailed description of the 

Mahale et al. Page 3

J Viral Hepat. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



procedures for testing circulating plasma DNA for the presence of Ser-249 TP53 mutation, a 

marker of the effect of aflatoxin exposure, is provided elsewhere.22

For the present study, we performed HDV testing on archived specimens that were collected 

from participants who tested HBsAg-positive (Figure 1). These specimens were tested by 

the Q-MAC assay as previously described.11 In brief, the assay was constructed on 

plasmonic gold slides with enhanced near-infrared fluorescence detection. Using a 

microarray printing robot, recombinant full-length HDV small antigen was placed on the 

slides. Slides were blocked with fetal bovine serum (FBS), washed with phosphate-buffered 

saline, and 1 μL of sample (diluted to 50 μL with FBS) was applied to each well. Slides were 

washed with phosphate-buffered saline and IRDye800-labeled donkey antihuman IgG 

(diluted 1:1,000 in FBS) was applied for 1 hour followed by further washing and drying. 

Slides were then scanned using a Licor Odyssey instrument and the fluorescent intensity 

measured.

Previous assessments of the performance characteristics of the Q-MAC assay among 

Mongolians and US injection drug users established and verified a fluorescent intensity of 

0.09 units as a value that excluded a positive result by HDV western blot.11, 12 To assess that 

cutoff value in this Gambian population, we tested the first 121 specimens with a Q-MAC 

value of < 0.09 units by western blot and found that all were negative by that assay. On that 

basis, the remaining specimens with Q-MAC of <0.09 units (n=124) were considered 

negative for anti-HDV (and HDV RNA) without additional testing (Figure 1). The 

proportion of cases among subjects with Q-MAC values <0.09 units who were tested or not 

tested by western blot (76% vs. 68%; p=0.15) were similar.

Previous assessment of Q-MAC also established cut-offs of 0.164 units as positive for anti-

HDV western blot and 1.659 units as positive for HDV RNA.11 To evaluate those thresholds 

values in the Gambians, serum samples with Q-MAC values >0.09 units (n=86) were tested 

with an HDV western blot assay, and those testing positive by anti-HDV western blot (n=29) 

were evaluated for HDV RNA levels by one-step RT-PCR (Figure 1).11 Subjects who tested 

negative by western blot assay were assumed to be negative for HDV RNA.

HDV RNA positive samples (n=17) were further tested for viral genotype. To determine 

HDV genotype, viral RNA was extracted from 140 μL of sera using a QIAamp Viral RNA 

Mini Kit (Qiagen, Hilden, Germany) according to manufacturer’s instruction. Nested RT-

PCR was performed to amplify a section of the HDV genome (nt856-1275 relative to HDV 

reference strain JAM27), as described elsewhere.23 After purification with a QIA quick PCR 

Purification kit (Qiagen, Hilden, Germany), samples were sequenced using an automatic 

sequencer. Phylogenetic analysis of a 419 bp fragment was used to determine the HDV 

genotypes. All sequences obtained were subjected to an HDV BLAST search to compare 

them with related reference sequences in the HDV database from the Gene Bank of the 

National Center for Biotechnology Information.

2.3 Statistical analyses:

The performance characteristics of the Q-MAC assay were evaluated only among subjects 

whose samples were tested with both Q-MAC and western blot assays. Considering western 

Mahale et al. Page 4

J Viral Hepat. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



blot as the gold standard, sensitivity was computed as number of subjects who tested 

positive by both Q-MAC (≥0.164) and western blot divided by the number of subjects who 

tested positive by western blot. Specificity was calculated as the number of subjects who 

tested negative by both Q-MAC (<0.164) and western blot divided by the number of subjects 

who tested negative by western blot. Similarly, we evaluated sensitivity and specificity of 

HDV Q-MAC for predicting an HDV RNA result among individuals tested by both Q-MAC 

and HDV RT-PCR (gold standard) assays, using a Q-MAC cut-off value of >1.659 units to 

define HDV RNA positivity.

Characteristics of cases and controls were compared using the chi-squared test. To examine 

disease associations, we performed separate analyses in which HDV infection status was 

defined based on HDV RNA positivity or anti-HDV positivity. HBsAg-negative subjects and 

HBsAg-positive subjects with Q-MAC of <0.09 units who did not undergo additional testing 

were considered negative for anti-HDV and HDV RNA. Prevalence of HBV monoinfection 

(HBsAg+/HDV RNA−), HBV-HDV coinfection (HBsAg+/HDV RNA+), and absence of 

either infection (HBsAg−/HDV RNA−) was compared among cases and controls using 

logistic regression. If the unadjusted odds ratios (ORs) were inestimable due to small sample 

size, we calculated the exact 95% confidence intervals (CIs) using Cornfield’s 

approximation.24 Variables that were statistically significant in univariate analyses, or 

otherwise clinically relevant were included in a multivariable logistic regression model and 

adjusted OR (aOR) estimates along with their corresponding 95% CIs were obtained. 

Unknown information for variables was included as a separate category to maintain the 

sample size. Final models were adjusted for age at enrollment, sex, study site, ethnic group, 

earth floor, alcohol intake, cigarette smoking, family history of cancer, body mass index 

(BMI), anti-HCV serostatus, and Ser-249 TP53 mutation.

We conducted some additional sensitivity analyses. To determine whether the risk of HCC or 

cirrhosis differs between HBV-HDV coinfected and HBV monoinfected individuals, we 

restricted our logistic regression analyses to people with HBV infection. We further 

evaluated whether HBV-HDV coinfection increases the risk of HCC or cirrhosis by fitting a 

polytomous logistic regression model with three possible outcomes; HCC, cirrhosis without 

HCC, and neither (controls: reference group). Furthermore, to determine whether the risk of 

HCC differed from that of cirrhosis, we conducted a case-case comparison using logistic 

regression. All tests were two-sided and p values < 0.05 were statistically significant.

3. RESULTS

3.1 HDV Q-MAC performance:

Of 331 HBsAg-positive participants, testing by HDV western blot was performed in all 86 

with a Q-MAC result of >0.09 units plus 121 of the individuals with a Q-MAC result below 

that threshold (Figure 1). Replicate testing was performed on 41 of these 207 samples. One 

of the 41 replicated specimens yielded a discordant western blot result. That individual was 

excluded from further analysis, yielding 206 individuals who were included in the evaluation 

of the Q-MAC assay and 330 HBsAg-positive participants (250 cases and 80 controls) who 

were included in the overall analysis. Individuals whose samples were tested in duplicate did 

not differ from other subjects with regard to median Q-MAC values (0.18 vs. 0.15 units; 
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p=0.99), case-control status (duplicate testing in 14.8% controls and 11.4% cases; p=0.20), 

or anti-HDV status (duplicate testing in 12.6% anti-HDV negative and 10.3% anti-HDV 

positive individuals; p=0.50).

All 29 individuals who tested positive by western blot, also tested positive for anti-HDV by 

Q-MAC assay, yielding a sensitivity of 100% (Figure 2). Among the 177 individuals who 

tested negative by HDV western blot, one was considered positive for anti-HDV by Q-MAC 

assay (Q-MAC value of 0.165), yielding a specificity of 99.4%.

Seventeen subjects tested positive for HDV RNA by RT-PCR (Figure 2); based on the Q-

MAC threshold of 1.659 units for HDV RNA positivity,16 of the 17 were classified as HDV 

RNA positive by Q-MAC, yielding a sensitivity of 94.1%. All 12 individuals who were 

classified as negative for HDV RNA by Q-MAC also tested negative for HDV RNA by RT-

PCR, thus yielding a specificity of 100%. Twelve subjects who tested positive for anti-HDV 

by western blot and negative for HDV RNA by the RT-PCR assay were correctly classified 

as being anti-HDV positive and HDV RNA negative by HDV Q-MAC (Figure 2).

3.2 HDV genotype:

Twelve participants had genotype 5 infection (70.6%) and 5 had genotype 1 infection 

(29.4%). The participant who was excluded due to discordant western blot results also had 

genotype 1 infection.

3.3 Study population:

We included 431 cases (HCC, n=312; cirrhosis without HCC, n=119), and 470 controls in 

our analysis, after exclusion of the discordant sample. The comparison of characteristics 

between cases and controls and prevalence of HBsAg-positivity among controls are 

presented in Table 1. Despite the attempt to frequency-match by age and sex, cases and 

controls differed in the distributions of these variables, hence, these variables were included 

in the multivariable logistic regression analyses. Cases compared to controls were more 

likely to be older (age ≥60 years, 23.9% vs. 19.6%), men (76.3% vs. 70.0%), recruited from 

the Royal Victoria Hospital (42.2% vs. 27.7%), and belonging to Fula or Wollof ethnic 

groups (48.8% vs. 35.8%). Cases more often belonged to a lower socio-economic status than 

controls, as evidenced by the higher proportion who never attended school (21.1% vs. 

11.0%) or had earth floor houses (58.2% vs. 49.6%). More cases than controls were former 

smokers (33.0% vs. 22.8%), had a family history of cancer (8.8% vs. 3.6%), and had a BMI 

<18 kg/m2 (30.4% vs. 22.4%). There was no significant difference between cases and 

controls with respect to alcohol consumption. The prevalence of HBsAg-positivity (58.0% 

vs. 17.0%), anti-HCV positivity (12.3% vs. 3.0%) and Ser-249 TP53 mutation (18.8% vs. 

3.6%) was significantly higher among cases than controls. Comparison of characteristics of 

people with cirrhosis and HCC are presented in Table 2.

Among controls, a higher prevalence of HBsAg-positivity was observed for young 

participants, males, those recruited at the Medical Research Council hospital, ever alcohol 

users, former smokers, people with a family history of cancer, those who were never 

married, and participants who were anti-HCV seronegative (Table 1).
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3.4 Association between HDV infection and HCC or cirrhosis:

More cases than controls had evidence of HBV monoinfection (54.1% vs. 17.0%; p<0.001) 

and HBV-HDV coinfection (HDV RNA positivity: 3.9% vs. 0.0%; p<0.001; Table 3). None 

of the control participants who tested positive for HBsAg (n=80) tested positive for HDV 

RNA. In unadjusted logistic regression analysis, participants with HBV monoinfection were 

6.28 times more, and those with HBV-HDV coinfection were infinitely more likely to have 

HCC or cirrhosis (without HCC) than those without HBV infection (Table 3). These effect 

sizes persisted after adjusting for potential confounding variables in analyses of HBV 

monoinfection (aOR=8.35; 95%CI=5.80-12.03) or HBV-HDV coinfection (aOR could not 

be determined). Similar results were obtained when HDV infection status was determined by 

anti-HDV positivity (Table 3).

Participants who had HBV-HDV coinfection had a higher risk of HCC or cirrhosis compared 

to those who had HBV monoinfection (unadjusted OR= -; 95%CI=1.51, -). When HDV 

infection status was determined by anti-HDV positivity, risk of HCC or cirrhosis was 

significant in unadjusted (OR=4.72; 95% CI=1.10-20.32) and borderline significant in the 

adjusted analyses (aOR=4.00; 95% CI=0.90-17.76) (Data not shown in Tables).

Results of analyses to evaluate whether the risk of HCC differs from cirrhosis without HCC 

are presented in Table 4. In unadjusted models, HBV monoinfected individuals had a higher 

risk of cirrhosis (without HCC) (OR=5.72; 95%CI=3.68-8.89), and HCC (OR=6.50; 95%CI, 

4.67-9.06) compared to HBV uninfected individuals. HBV-HDV coinfected individuals also 

had a higher risk of cirrhosis (OR= -; 95%CI=11.49, -) and HCC (OR= -; 95%CI=8.59, -) 

compared to HBV uninfected people. These risk estimates remained significant after 

adjusting for potential confounders, although the aORs for HBV-HDV coinfection were not 

estimable because no control subject had HBV-HDV coinfection. In the case-case 

comparison, there was no significant difference between the risk of HCC and cirrhosis 

(without HCC) for both HBV monoinfected and HBV-HDV coinfected individuals. 

Comparable OR estimates were obtained when anti-HDV positivity was used to ascertain 

HDV infection status.

4. DISCUSSION

HBV infection is endemic in The Gambia and ~60% of HCC cases have been attributed to 

that infection.21 We now show that HDV infection also contributes to the high risk of 

cirrhosis or HCC in this population. To our knowledge, this is the first report on the role of 

HDV in cirrhosis or HCC risk in The Gambia, a country that ranks among the top three in 

the world for liver cancer incidence.20 HDV prevalence was low among the 80 HBsAg-

positive controls, as none were positive for HDV RNA and only two (2.5%) were positive 

for anti-HDV. Our controls were selected from hospital clinics and, therefore, may not be 

representative of the general population. However, the 2.5% prevalence of HDV in our 

HBsAg-positive controls is quite close to the 2.0% prevalence among 394 HBsAg-positive 

Gambians during community testing in 2011-2014.25

HDV has been reported to increase the risk of HCC compared to HBV monoinfected 

individuals,4-6, 8 but the evidence for a causal role of HDV in HCC development has not 

Mahale et al. Page 7

J Viral Hepat. Author manuscript; available in PMC 2020 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



been considered sufficient to define this virus as a human carcinogen.26 Consistent with 

previous reports, HBV-HDV coinfected Gambians had a highly increased risk of HCC or 

cirrhosis (without HCC) compared to uninfected or HBV monoinfected people. We found no 

evidence that HBV-HDV coinfection had a greater effect on the risk of HCC compared to 

that for cirrhosis alone, suggesting that chronic HDV infection leads to HCC by enhancing 

hepatic inflammation and injury, and thereby accelerating the progression of fibrosis.

It is possible to estimate the proportion of cases of HCC or cirrhosis attributable to HDV 

infection in The Gambia (i.e., the population attributable fraction) based on the formula 

Pd*(OR-1/OR), where ‘ Pd’ is the proportion of cases with HDV infection.27 Because the 

observed odds ratios are very high, the population attributable fraction for HCC or cirrhosis 

effectively equals the prevalence of HDV among the cases. Therefore, based on our results, 

we estimate that ~4-6% of HCC or cirrhosis cases in The Gambia can be attributed to HDV 

infection.

In this study, we evaluated the HDV Q-MAC assay for predicting positivity for both anti-

HDV and HDV RNA, with separate cut-off values for each parameter.11 Previous studies 

have shown that some assays for viral antibodies have poor specificity in African 

populations.13-15 However, compared to HDV western blot, Q-MAC had 99.4% specificity 

(and 100% sensitivity) in this West African population. An unusual feature of HDV Q-MAC 

is that, by applying a higher cutoff value than for antibody testing, the assay also may 

predict HDV RNA positivity.11, 12 The present results support that contention, as test 

characteristics for HDV RNA (sensitivity=94.1%; specificity=100%) were very good. 

Results from the three studies of HDV Q-MAC to date suggest it may be possible to employ 

an HDV testing algorithm in which Q-MAC values <0.164 are considered negative for both 

anti-HDV and HDV RNA; values >1.659 are considered positive for anti-HDV and HDV 

RNA; and values of 0.164-1.659 are considered positive for anti-HDV, but indeterminate for 

HDV RNA. This approach could improve efficiency and reduce costs by limiting PCR 

testing to fewer individuals than an algorithm in which all individuals with antibodies to 

HDV are tested for HDV RNA.

In the present study, HDV RNA was not detected in plasma of 12/29 (41.4%) subjects who 

tested anti-HDV positive by Q-MAC and western blot, which is a higher proportion than we 

have observed in other populations.11, 12 Several possible explanations for this result should 

be considered. Samples that are anti-HDV antibody positive, but negative for HDV RNA 

could represent false-positive antibody results, although that seems unlikely given the 

consistent results seen for testing by Q-MAC and western blot. HBV-HDV coinfection may 

be followed by HDV RNA clearance,28 and perhaps that occurred more frequently in this 

Gambian population than in the Mongolian and US populations that we examined 

previously. Finally, the samples for this study were collected under field conditions in a 

developing country, transported to the United States and stored for up to 20 years. Although 

samples were promptly processed and maintained at −70° C, HDV RNA may have degraded 

in some specimens.

Estimating the prevalence of HDV infection by traditional antibody-based assays may be 

complicated by high false-positive rates that have been observed in the past. Due to high 
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costs associated with RNA testing, prevalence estimates for infections such as HCV and 

HDV have often been limited to enzyme-linked immunosorbent assay-based antibody tests, 

and confirmation of positive results with RNA testing by RT-PCR. Due to high prevalence of 

other infectious diseases such as malaria, syphilis, or HIV in sub-Saharan African countries, 

it has been hypothesized that cross-reacting antibodies contribute to a high frequency of 

false-positive anti-HCV results.14, 15 Such cross-reactivity would inflate prevalence 

estimates. Studies in various sub-Saharan African and other developing countries are needed 

to determine the performance of the Q-MAC and other anti-HDV tests.

In the future, antiviral therapy for HDV could help reduce the risk of chronic liver disease 

and HCC. Current treatment for HDV infection depends on interferon-based therapies with a 

viral response rate of less than 30%.29 The recent development of Myrcludex-B, which 

inhibits HDV entry into hepatocytes by blocking the binding of HBsAg to the entry receptor,
30 and lonafarnib, which inhibits prenylation of HDV antigen,31 are encouraging. The 

possibility of more effective treatment highlights the need to identify HDV-infected 

individuals so that they receive appropriate medical care.

Because HDV requires HBV for its life cycle, an increase in HBV vaccination coverage 

should decrease the prevalence of HDV infection. The Gambia Hepatitis Intervention Study 

is a collaboration of the International Agency for Research in Cancer, the Government of the 

Republic of The Gambia, and the Medical Research Council of the United Kingdom.32 This 

effort was launched in 1986 to evaluate the effectiveness of childhood HBV vaccination on 

HCC incidence in The Gambia; since 1990 HBV vaccine has been offered to all newborns in 

The Gambia.32 Childhood HBV vaccination in that era did not affect our findings, as our 

study was conducted among adults from 1997 to 2001. However, given that HCC incidence 

among Gambians begins to peak at around 25-30 years of age,32 HBV vaccination coverage 

initiated in 1990 might begin to impact HCC incidence by 2015. Despite that important 

public health advance, many older Gambians with chronic hepatitis B remain at risk for 

HCC, particularly if they are coinfected with HDV. Early identification of such individuals 

and initiation of therapy to control HBV replication could further reduce the high burden of 

HCC in this country.

Our study had some limitations. The Gambia Liver Cancer Study was conducted during 

1997-2001 and, therefore, may not reflect the current contribution of HDV infection to HCC 

in The Gambia. Previous analyses revealed that horizontal transmission from close 

intrafamilial and household contacts at a young age may be responsible for a majority of 

chronic HBV infection cases in The Gambia,21 but the prevalence of HDV infection among 

our controls (representatives of the general population) was too low for a meaningful 

analysis of the risk factors for acquiring HDV. The number of individuals with HBV-HDV 

coinfection was too few to provide precise OR estimates, as reflected in the wide 95% CI for 

that group. In evaluating the test characteristics of Q-MAC for predicting western blot 

results in this population, we excluded 124 individuals with Q-MAC values <0.09 whose 

specimens did not undergo western blot testing. Based on our prior work11, 12 and results 

among the 121 Gambia Liver Cancer Study specimens with Q-MAC values <0.09 that we 

did test, it is highly likely that all of these individuals would have tested negative by anti-

HDV western blot. However, given that our calculated specificity estimate was 99.4%, it is 
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unlikely that testing those additional subjects western blot would have altered our specificity 

estimate to a meaningful degree.

In conclusion, HDV infection was present in this Gambian population and HBV-HDV 

coinfection greatly increased the risk of HCC or cirrhosis. Additional studies are needed to 

assess the contribution of HDV infection to HCC risk elsewhere in sub-Saharan Africa and 

to determine risk factors for acquiring HDV infection in this region.
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Figure 1: Flow chart to depict the HDV testing algorithm.
The flow chart shows the algorithm used to test samples for HDV in the study. All samples 

that were HBsAg-positive (N=331) were tested for HDV using the Q-MAC assay. Of the 

245 samples that had Q-MAC values <0.09, 124 samples were not tested with western blot 

and were considered anti-HDV-negative, while 121 samples were tested with western blot 

and were all anti-HDV-negative. During replicate testing, one sample had discordant western 

blot result and was removed from the study, yielding 330 HBsAg-positive participants (250 

cases and 80 controls) who were included in the overall analysis. Among the remaining 

samples that had Q-MAC values ≥0.09 units and were tested with western blot assay, 29 

samples tested anti-HDV-positive, and were further tested for HDV RNA using an RT-PCR 

assay.

Abbreviations: HBsAg, hepatitis B surface antigen; HDV, hepatitis D virus; Q-MAC, 

quantitative microarray antibody capture; RNA, ribonucleic acid
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Figure 2: Performance of the HDV Q-MAC assay compared to the western blot and HDV RNA 
assays.
The figure plots the fluorescence intensity derived from Q-MAC assay against the findings 

for the same samples from western blot and HDV RNA assays. The one sample with 

discordant result was removed from all analyses. Of the remaining 206 samples tested, 17 

were positive for both western blot and HDV RNA, 12 were positive for western blot but 

negative for HDV RNA, and 177 were both western blot and HDV RNA-negative. There 

was 100% concordance between the western blot and Q-MAC results using the proposed Q-

MAC assay cutoff of 0.164 units for anti-HDV positivity 11. Of the 17 HDV RNA-positive 

samples, 16 exceeded 1.659 fluorescence intensity units in the Q-MAC assay, the proposed 

cutoff for predicting HDV RNA positivity. The sensitivity and specificity for the 

comparisons are provided at the bottom of the figure.

Abbreviations: HDV, hepatitis D virus; NPV, negative predictive value; PPV, positive 

predictive value; Q-MAC, quantitative microarray antibody capture; RNA, ribonucleic acid
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Table 1:

Characteristics of the study population.

Characteristics Cases (N=431)
N (%)

Controls (N=470)
N (%)

p value HBsAg
prevalence

among controls
(%)

Age, years

 < 35 101 (23.4) 151 (32.1) 0.01 23.8

 35 - 49 145 (33.6) 131 (27.9) 16.0

 50 - 59 82 (19.1) 96 (20.4) 14.6

 ≥ 60 103 (23.9) 92 (19.6) 9.8

Sex

 Males 329 (76.3) 329 (70.0) 0.03 19.8

 Females 102 (23.7) 141 (20.0) 10.6

Study site

 RVH 182 (42.2) 130 (27.7) < 0.001 18.5

 MRC 124 (28.8) 126 (26.8) 23.8

 BSG 125 (29.0) 214 (45.5) 12.1

Ethnic group

 Madinka 111 (26.2) 156 (33.2) 0.003 16.7

 Fula 114 (27.0) 93 (19.8) 12.9

 Wollof 92 (21.8) 75 (16.0) 17.3

 Others/unknown 114 (26.5) 146 (31.0) 19.9

Attended school

 Never 91 (21.1) 52 (11.0) < 0.001 13.5

 Ever 332 (77.0) 412 (87.7) 16.8

 Unknown 8 (1.9) 6 (1.3)

Earth floor house

 No 169 (39.2) 231 (49.2) 0.004 16.7

 Yes 251 (58.2) 233 (49.6) 16.0

 Unknown 11 (2.6) 6 (1.3)

Alcohol intake

 Never 364 (84.5) 418 (88.9) 0.14 16.5

 Ever 50 (11.6) 39 (8.3) 18.0

 Unknown 17 (3.9) 13 (2.8)

Cigarette smoking

 Never smoker 205 (47.6) 277 (58.9) 0.001 14.4

 Former smoker 142 (33.0) 107 (22.8) 23.4

 Current smoker 70 (16.2) 77 (16.4) 14.3

 Unknown 14 (3.2) 9 (1.9)

Family history of cancer

 No 385 (89.3) 444 (94.5) 0.005 16.0

 Yes 38 (8.8) 17 (3.6) 23.5
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Characteristics Cases (N=431)
N (%)

Controls (N=470)
N (%)

p value HBsAg
prevalence

among controls
(%)

 Unknown 8 (1.9) 9 (1.9)

Marital status

 Never married 52 (12.1) 62 (13.2) 0.81 27.4

 Ever married 371 (86.1) 401 (85.3) 14.2

 Unknown 8 (1.7) 7 (1.5)

Body mass index, kg/m2

 < 18.5 131 (30.4) 105 (22.4) < 0.001 17.1

 ≥ 18.5 144 (33.4) 285 (60.6) 16.1

 Unknown 156 (36.2) 80 (17.0)

anti-HCV

 Negative 329 (76.3) 429 (91.3) < 0.001 17.3

 Positive 53 (12.3) 14 (3.0) 7.1

 Unknown 49 (11.4) 27 (5.7)

Hepatitis B surface antigen

 Negative 181 (42.0) 390 (83.0) < 0.001 …

 Positive 250 (58.0) 80 (17.0) …

Ser-249 TP53 mutation

 Absent 182 (42.2) 332 (70.6) < 0.001 14.2

 Present 81 (18.8) 17 (3.6) 11.8

 Unknown 168 (39.0) 121 (25.7)

Abbreviations: HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; RVH, Royal Victoria Hospital, Banjul; MRC, Medical Research 
Council Hospital, Fajara; BSG, Bansang Hospital, Bansang
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Table 2:

Characteristics of people with cirrhosis or hepatocellular carcinoma.

Characteristics HCC cases (N=312)
N (%)

Cirrhosis cases (N=119)
N (%)

p value

Age, years 0.05

 < 35 65 (20.8) 36 (30.2)

 35 - 49 101 (32.4) 44 (37.0)

 50 - 59 65 (20.8) 17 (14.3)

 ≥ 60 81 (26.0) 22 (18.5)

Sex 0.001

 Males 251 (80.5) 78 (65.6)

 Females 61 (19.5) 41 (34.4)

Study site 0.11

 RVH 124 (39.7) 58 (48.7)

 MRC 98 (31.4) 26 (21.9)

 BSG 90 (28.9) 26 (29.4)

Ethnic group 0.60

 Madinka 83 (26.6) 28 (23.5)

 Fula 78 (25.0) 36 (30.3)

 Wollof 65 (20.8) 27 (22.7)

 Others/unknown 86 (27.6) 28 (23.5)

Attended school 0.98

 Never 66 (21.2) 25 (21.0)

 Ever 240 (76.9) 92 (77.3)

 Unknown 6 (1.9) 2 (1.7)

Earth floor house 0.55

 No 126 (40.4) 43 (36.1)

 Yes 177 (56.7) 74 (62.2)

 Unknown 9 (2.9) 2 (1.7)

Alcohol intake 0.48

 Never 260 (83.3) 104 (87.4)

 Ever 40 (12.8) 10 (8.4)

 Unknown 12 (3.9) 5 (4.2)

Cigarette smoking 0.06

 Never smoker 136 (43.6) 69 (58.0)

 Former smoker 110 (35.3) 32 (26.9)

 Current smoker 54 (17.3) 16 (13.5)

 Unknown 12 (3.9) 2 (1.7)

Family history of cancer 0.66

 No 276 (88.5) 109 (91.6)

 Yes 30 (9.6) 8 (6.7)

 Unknown 6 (1.9) 2 (1.7)

Marital status 0.45
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Characteristics HCC cases (N=312)
N (%)

Cirrhosis cases (N=119)
N (%)

p value

 Never married 34 (10.9) 18 (15.1)

 Ever married 272 (87.2) 99 (83.2)

 Unknown 6 (1.9) 2 (1.7)

Body mass index, kg/m2 < 0.001

 < 18.5 111 (35.6) 20 (16.8)

 ≥ 18.5 82 (26.3) 62 (52.1)

 Unknown 119 (38.1) 37 (31.1)

anti-HCV

 Negative 230 (73.7) 99 (83.2) 0.04

 Positive 46 (14.7) 7 (5.9)

 Unknown 36 (11.5) 13 (10.9)

Ser-249 TP53 mutation < 0.001

 Absent 98 (31.4) 84 (70.6)

 Present 66 (21.2) 15 (12.6)

 Unknown 148 (47.4) 20 (16.8)

HDV status (based on HDV RNA positivity) 0.65

 HBsAg− / HDV RNA− 129 (41.4) 52 (43.7)

 HBsAg+ / HDV RNA− 172 (55.1) 61 (51.3)

 HBsAg+ / HDV RNA+ 11 (3.5) 6 (5.0)

HDV status (based on anti-HDV positivity) 0.66

 HBsAg− / anti-HDV− 129 (41.4) 52 (43.7)

 HBsAg+ / anti-HDV− 165 (52.9) 58 (48.7)

 HBsAg+ / anti-HDV+ 18 (5.8) 9 (7.6)

Abbreviations: HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; HDV, hepatitis D virus; RVH, Royal Victoria Hospital, Banjul; MRC, 
Medical Research Council Hospital, Fajara; BSG, Bansang Hospital, Bansang
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Table 3:

Association between HBV and HDV infection with hepatocellular carcinoma or cirrhosis.

HBV and HDV
status

Cases
N (%)

Controls
N (%)

Unadjusted
OR (95% CI)

Adjusted

OR (95% CI) 
†

HDV status determined by HDV RNA positivity

HBsAg− / HDV RNA− 181 (42.0) 390 (83.0) 1.0 (Reference) 1.0 (Reference)

HBsAg+ / HDV RNA− 233 (54.1) 80 (17.0) 6.28 (4.61, 8.55) 8.35 (5.80, 12.03)

HBsAg+ / HDV RNA+ 17 (3.9) 0 (0.0) − (9.49, −) 
‡ −

HDV status determined by anti-HDV positivity

HBsAg− / anti-HDV− 181 (42.0) 390 (83.0) 1.0 (Reference) 1.0 (Reference)

HBsAg+ / anti-HDV− 223 (51.7) 78 (16.6) 6.16 (4.51, 8.42) 8.29 (5.74, 11.98)

HBsAg+ / anti-HDV+ 27 (6.3) 2 (0.4) 29.09 (6.84, 123.65) 30.66 (6.97, 134.95)

Abbreviations: CI, confidence intervals; HBsAg, hepatitis B surface antigen; HDV, hepatitis D virus; OR, odds ratio

−
Cannot be estimated

†
Adjusted for age, sex, study site, ethnic group, earth floor, alcohol intake, cigarette smoking, family history of cancer, body mass index, anti-HCV, 

and Ser-249 TP53 mutation

‡
Exact 95% confidence intervals were calculated for the unadjusted OR and calculation of the confidence intervals for the adjusted OR was not 

possible.
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Table 4:

Association between HBV and HDV infection with hepatocellular carcinoma or cirrhosis.

HBV and
HDV status

HCC vs. Controls
† Cirrhosis without

HCC vs. Controls
†

Cirrhosis
without HCC vs.

HCC
‡

OR (95% CI) OR (95% CI) OR (95% CI)

HDV status determined by HDV RNA positivity

Unadjusted models

HBsAg− / HDV RNA− 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

HBsAg+ / HDV RNA− 6.50 (4.67, 9.06) 5.72 (3.68, 8.89) 0.88 (0.57, 1.36)

HBsAg+ / HDV RNA+ − (8.59, −) − (11.49, −) 1.35 (0.48, 3.85)

Adjusted models
¶

HBsAg− / HDV RNA− 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

HBsAg+ / HDV RNA− 9.11 (6.09, 13.61) 7.36 (4.49, 12.07) 0.64 (0.37, 1.11)

HBsAg+ / HDV RNA+ − − 0.70 (0.22, 2.24)

HDV status determined by anti-HDV positivity

Unadjusted models

HBsAg− / anti-HDV − 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

HBsAg+ / anti-HDV − 6.40 (4.58, 8.94) 5.58 (3.57, 8.71) 0.87 (0.56, 1.35)

HBsAg+ / anti-HDV+ 27.21 (6.23, 118.86) 33.75 (7.10, 160.49) 1.24 (0.52, 2.94)

Adjusted models
¶

HBsAg− / anti-HDV− 1.0 (Reference) 1.0 (Reference) 1.0 (Reference)

HBsAg+ / anti-HDV− 9.09 (6.06, 13.63) 7.22 (4.38, 11.90) 0.63 (0.36, 1.09)

HBsAg+ / anti-HDV+ 31.25 (6.81, 143.36) 31.31 (6.32, 155.10) 0.80 (0.30, 2.14)

Abbreviations: CI, confidence intervals; HBsAg, hepatitis B surface antigen; HCC, hepatocellular carcinoma; HDV, hepatitis D virus; OR, odds 
ratio

−
Cannot be estimated

†
OR estimates derived from polytomous logistic regression model comparing HCC cases and cirrhosis without HCC cases to controls.

‡
OR estimates derived from logistic regression models comparing cirrhosis without HCC cases and HCC cases

¶
Adjusted for age, sex, ethnicity, study site, earth floor, alcohol abuse, cigarette smoking, family history of cancer, HCV antibody, Ser-249 TP53 

mutation, and BMI
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