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Abstract

Background and aims: Liver injury may persist in patients with HBV receiving antiviral 

therapy who have ongoing transcription and translation. We sought to assess ongoing HBV 

transcription by serum HBV RNA, translation by serum hepatitis B core related antigen (HBcrAg), 

and their associations with hepatic HBsAg and HBcAg staining in patients coinfected with HBV 

and HIV.

Methods: This is a cross-sectional study of 110 adults coinfected with HBV and HIV who 

underwent clinical assessment and liver biopsy. Immunohistochemistry (IHC) was performed for 

HBsAg and HBcAg. Viral biomarkers included quantitative HBsAg, HBV RNA, and HBcrAg.

Results: Participants’ median age was 49 years (male, 93%; Black, 51%; HBeAg+, 65%), with 

suppressed HBV DNA (79%) and undetectable HIV RNA (77%) on dually active antiretroviral 

therapy. Overall, HBV RNA and HBcrAg were quantifiable in 81% and 83%, respectively (96% 

and 100% in HBeAg+, respectively). HBcAg staining was detected in 60% and HBsAg in 79%. 

Higher HBV RNA was associated with higher HBcAg and HBsAg IHC grades (both p < 0.0001). 

The HBsAg membranous staining pattern was significantly associated with higher HBV-RNA and 

HBcrAg levels.

Conclusion: HBcAg and HBsAg IHC staining persisted despite viral suppression, and IHC 

grades and staining patterns correlated with markers of transcription (HBV RNA) and translation 

(HBcrAg). These data indicate that apparent HBV suppression is associated with residual 

transcription and translation that could contribute to liver pathology. Additional antiviral strategies 

directed to HBV protein expression may be useful to ameliorate liver injury.

INTRODUCTION

Although the diagnosis of HBV infection relies on the use of serological and molecular 

virological tests, liver biopsy remains an indispensable tool to accurately assess disease 

grade (inflammation), stage (fibrosis), and steatosis. In addition, immunohistochemistry 

(IHC) and immunofluorescence for staining HBcAg and HBsAg, first used in patients with 

HBV infection in the 1970s,[1-3] may provide additional information on viral transcription 

and translation. HBcAg staining can be nuclear, cytoplasmic or both, whereas HBsAg is 

typically cytoplasmic or membranous.[4]

The presence of HBcAg and HBsAg staining in HBV-infected hepatocytes is linked 

to ongoing viral replication and transcription. Consequently, HBV-DNA suppression, 

HBeAg or HBsAg seroconversion, whether spontaneous or antiviral treatment–related, are 

associated with lower expression of HBV antigens by IHC.[5]
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HBV RNA may exist as unspliced and spliced RNA species, but that detected in serum 

likely represents pregenomic RNA, the replicative template that is reverse-transcribed to 

minus strand DNA, which in turn is used to synthesize plus strand DNA to form a mature 

relaxed circular DNA. Studies have shown that HBV-RNA levels are only negligibly altered 

with the use of nucleos(t)ide analogues (NAs) and are highly correlated with HBV-DNA 

levels.[6,7]

Hepatitis B core-related antigen (HBcrAg), also detected in serum, shares a 149 amino-acid 

sequence with HBeAg, HBcAg, and a 22-kilodalton core-related protein encoded by the 

precore/core gene.[8] The synthesis of the core-related protein is independent of HBV-DNA 

formation. This biomarker has been shown to correlate, in untreated and treated patients, 

with serum HBV DNA, intrahepatic HBV DNA, and covalently closed circular DNA 

(cccDNA) levels.[9] There is limited information on the relationship between serum-based 

HBV RNA and HBcrAg, with HBcAg and HBsAg staining in liver tissue.

We performed a cross-sectional analysis of a geographically diverse North American sample 

of patients coinfected with HBV and HIV receiving dually active antiretroviral therapy 

(ART), to assess serum markers of HBV transcription—HBV RNA and HBcrAg and 

translation—HBcrAg, with hepatic HBsAg and HBcAg expression.

PATIENTS AND METHODS

Adult patients coinfected with HBV and HIV were recruited from eight Hepatitis B 

Research Network (HBRN) sites in the United States and Canada. Inclusion and exclusion 

criteria for this study have been previously published.[10] All included participants were 

at least 18 years old, and anti-HIV and HBsAg positive for at least 6 months. Although 

prior resolved infection with HCV or HDV were allowed, detectable HCV RNA less 

than 6 months from entry, decompensated cirrhosis, or HCC were exclusion criteria. The 

institutional review board at each center approved the protocol, and participants gave written 

informed consent. This study is registered at ClinicalTrials.gov (NCT01924455).

Standardized research assessments were conducted by study personnel based on a common 

research protocol. Data and central laboratory results were entered by study coordinators 

and transmitted to the HBRN Data Coordinating Center (University of Pittsburgh), which 

managed data collection and analysis of the study.

Demographic data

Age, sex, race/ethnicity, continent of birth, education level, risk factors for HIV and HBV, 

duration of infections, and medication use were self-reported at enrollment. Duration of 

HIV and/or HBV, as well as current and past ART, could not be verified satisfactorily in 

many subjects due to the fragmented care received from different health providers at various 

sites between diagnosis of HIV and HBV, and enrollment to this study. The self-reported 

Alcohol Use Disorder Identification Test (AUDIT) was used to categorize risk of alcohol 

use disorder: a score of 8–15 defined increased risk, and a score of ≥16 defined high 

risk.[11] Clinical assessment included height and weight, from which body mass index was 

calculated, and waist circumference.
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Laboratory data

Complete blood count, clusters of differentiation 4 (CD4)/CD8, basic metabolic panel, 

aspartate aminotransferase, alanine aminotransferase (ALT), and alkaline phosphatase were 

determined by a local laboratory. Normal ALT was defined as ≤30 U/L in men and ≤19 

U/L in women.[12] HIV stage (1–4) was defined by CD4 count at entry (≥500, 350–499, 

200–349, and <200 cells/mm3, respectively).[13]

Histologic data

Liver biopsies were evaluated for inflammation and fibrosis using the histological activity 

index (HAI) and Ishak scoring systems by a committee of study pathologists blinded to the 

clinical data. The entire biopsy was examined under low power, and the areas of interest 

were further examined under high power. Liver biopsies were considered adequate if a 

minimum of three portal tracts were present. Most (93%) liver biopsies were >10 mm 

in length; 72% were >15 mm. Limited histologic data from this cohort were previously 

published.[14-16]

Immunostaining

Unstained slides were used for detection for HBsAg and HBcAg by IHC. The 

immunostaining was performed with the Roche Ventana BenchMark ULTRA System 

without antigen retrieval. Simultaneous positive and negative control samples were run in 

parallel. Inclusion-like, granularcytoplasmic, and membranous staining were categorized 

as HBsAg IHC patterns, while nuclear, cytoplasmic with nuclear predominance, and 

nuclear with cytoplasmic predominant staining were categorized as HBcAg IHC patterns. 

Immunostaining was graded according to the percentage of positive cells. Reported grades 

are as follows: A, no positive hepatocytes; B, <10% positive hepatocytes; and C, ≥10% 

positive hepatocytes. Grade C is a combination of three original categories: 10%–50%, 

>50%–90%, and >90% positives, which were collapsed due to very small frequencies.

Viral data

Qualitative HBsAg, qualitative HBeAg, HBV DNA, HIV RNA, and HBV genotypes from 

local laboratories were recorded. HIV RNA had a limit of detection (LOD) of 20 copies/ml. 

Additionally, the HBRN Central Laboratory (University of Washington) tested qualitative 

and quantitative HBsAg (qHBsAg), HBeAg and quantitative HBeAg (qHBeAg), and HBV 

DNA. qHBsAg and qHBeAg were tested using the Roche Diagnostics Elecsys platform with 

a LOD of 0.05 IU/ml and 0.3 IU/ml, respectively. HBV DNA was tested with the Roche 

COBAS TaqMan assay with a LOD of 10 IU/ml and a lower limit of quantification (LLOQ) 

of 20 IU/ml. HBV DNA was categorized as unquantifiable (<20 IU/ml), suppressed but 

quantifiable (≥20 to <1000 IU/ml), or not suppressed (≥1000 IU/ml). HBV-HIV suppression 

status was categorized as suppressed (HBV DNA < 1000 IU/ml, HIV RNA < 400 copies/

ml), incomplete suppression (HBV DNA ≥ 1000 IU/ml, HIV RNA < 400 copies/ml), and 

not suppressed (HBV DNA ≥ 1000 IU/ml, HIV RNA ≥ 400 copies/ml). Serum for central 

testing was stored at the National Institute of Diabetes and Digestive and Kidney Diseases 

bio-repository at −70°C.
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Viral markers

HBcrAg serum concentrations were measured using a chemiluminescence enzyme 

immunoassay (Lumipulse G HBcrAg assay; Fujirebio Europe). The assay has a linear 

measurement with a LLOQ of 3.0 and upper limit of quantification (ULOQ) of 6.7 

log10 U/ml, as no international standard is currently available. As recommended by the 

manufacturer, dilution was not performed for samples with a concentration ≥ 6.8 log10 U/ml. 

Due to the high percentage of unquantifiable HBcrAg values, the data were evaluated as an 

ordinal variable: <3.0, 3.0 to <5.0, 5.0 to <6.8, and ≥6.8 log10 U/ml.

Pregenomic HBV-RNA assay: HBV RNA was isolated from plasma and amplified as 

described by Butler et al. [17] using the m2000 system (Abbott Molecular; Department of 

Infectious Diseases, Abbott Diagnostics). The LLOQ in this assay is 1.65 log10 U/ml. Levels 

below quantification (<1.65 log10 U/ml) were randomly imputed with a number between 

0.01 and 1.64 log10 U/ml. Nondetected HBV-RNA levels were set to 0.

Statistical analysis

Descriptive statistics were used to summarize demographic, clinical, and virological 

characteristics. Frequencies and percentages are reported for categorical data. Medians and 

interquartile range (IQR) are reported for continuous data. As appropriate, associations 

between variable pairs are presented graphically using paneled boxplots (continuous-

categorical), scatter plots (both continuous), and stacked bar plots (both categorical). 

Spearman rank correlation coefficient was used to assess the relationship between two 

continuous variables (e.g., HBV-DNA and HBV-RNA levels). Jonckheere-Terpstra trend test 

was used for comparing a categorical or continuous variable across an ordinal variable 

(e.g., HBV-DNA level by staining grade or HBcrAg categories). Kruskal-Wallis test 

(nonparametric analysis of variance) was used for comparing a continuous variable across 

categories. Chi-square test or its exact version was used to assess the significance of the 

association between two categorical variables.

To examine the association among demographic, clinical, and virological data with IHC 

grades, simple and multivariable logistic regression models with generalized logit link were 

used with IHC grade as the outcome (separately for HBcAg and HBsAg stains). Results 

are presented as ORs with 95% CIs and p values. qHBeAg and HBV-DNA levels (log10 

IU/ml) were limited to participants with quantifiable HBeAg and DNA, respectively, and 

excluded from multivariable models. The multivariable models considered age, sex, race/

ethnicity, ALT, platelets, estimated HIV duration, HIV stage, detectable (vs. undetectable) 

HIV RNA, estimated HBV duration, HBeAg positivity, qHBsAg level (log10 IU/ml), HBV-

DNA categories, and HBV-HIV suppression status. Due to low representation, Asian non-

Hispanic race/ethnicity was collapsed with the “other” category. Variables that had p > 

0.10 were removed using a stepwise variable selection method. Next, associations of the 

serum biomarkers, HBV RNA and HBcrAg, with IHC grades, and their addition to the 

multivariable models, were evaluated.

Analyses were conducted using SAS version 9.4 (SAS Institute) and R version 3.5.3143. All 

reported p-values were two-sided; p-values less than 0.05 were statistically significant.
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RESULTS

Cohort characteristics, demographics, and laboratory tests

At the end of enrollment, 139 participants attended at least one study assessment. Later, 

4 were discovered to be HBsAg-negative via central laboratory testing, leaving 135 HBsAg-

positive participants, of whom 110 had a liver biopsy within 12 months of enrollment with 

a central reading by study pathologists, required for this report (Figure S1). Among the 

110, liver biopsies were performed a median (IQR) of 21 (1–47) days after the date of the 

enrollment research evaluation.

The characteristics of the analysis cohort are summarized in Table 1. The median (IQR) 

age of the participants was 49 (44–55) years; 92.7% were male; 32.1% were non-Hispanic 

White; and 51.4% were non-Hispanic Black. The median (IQR) duration of HIV infection 

was 20 (11–25) years, whereas that of HBV co-infection was 15 (8–22) years. Most 

participants had stage 1 (72.0%) or 2 (13.4%) HIV disease, and 8.5% had stage 4 disease. 

Most (97.2%) participants were currently on HBV therapy as part of ART; 94.5% were 

on ART including an anti-HBV nucleotide and NAs (i.e., 84.5%, tenofovir alone or in 

combination with other ART; 10.0%, entecavir with or without lamivudine), and 2.7% on 

lamivudine alone. Of the 2.7% not on HBV therapy, one had a history of tenofovir use but 

was not on any antiviral therapy at the time of the baseline assessment; one was on ritonavir, 

darunavir, emtricitabine, and dolutegravir; and one was on ritonavir alone. The median 

(IQR) ALT was 27 (19–39) U/L with 54.5% having a normal ALT. The median (IQR) 

platelet count was 200 (175–238) k/mm.[3] HBeAg was positive in 65.0% with a median 

(IQR) qHBeAg level of 15 (2–249) IU/ml. Median (IQR) qHBsAg level was 1578 (379–

7765) IU/ml and median (IQR) HBV DNA was 986 (57–26,344) IU/ml among those with 

quantifiable levels. HBV DNA was unquantifiable in 56.3%, suppressed but quantifiable 

in 22.3%, and not suppressed in 21.4%. HIV RNA was undetectable (<20 copies/ml) in 

77.0%. HBV HIV were suppressed (HBV DNA < 1000 IU/ml, HIV RNA < 400 copies/ml) 

in 77.4%; HBV HIV were not suppressed in 8.6%; and an additional 14.0% had incomplete 

suppression of HBV (HBV DNA ≥ 1000 IU/ml) but suppressed HIV (HIV RNA < 400 

copies/ml). Further details on patient characteristics as well as histological features of this 

cohort have been reported previously.[14-16]

HBcAg staining

Among the 110 biopsies, HBcAg IHC grades were as follows: Grade A, 44 (40%); Grade 

B, 48 (44%); and Grade C, 18 (16%). Of the 66 biopsies with detectable HBcAg staining 

(Grades B and C), 13 (20%) had only a nuclear pattern, 33 (50%) had predominantly nuclear 
and cytoplasmic patterns, and the remaining 20 (30%) had predominantly cytoplasmic 
and nuclear patterns. Males were more likely to have Grade A or B staining compared 

with females (Table S1A). Higher grade of HBcAg IHC was associated with HBcAg 

positivity, higher qHBeAg levels, with qHBsAg HBV-DNA categories and HBV RNA (all p 
≤ 0.001) (Table S1B). Higher grade of HBcAg staining was associated with a predominantly 
cytoplasmic and nuclear pattern, whereas lower grade of HBcAg was associated with a 

nuclear only pattern of staining (p = 0.001) (Table S1C). However, there was no association 

between grades of HBcAg staining and HAI and fibrosis scores (Figure 1). There were 
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no significant demographic, clinical, and serological characteristics across nuclear and 

cytoplasmic staining patterns (data not shown).

In multivariable analysis with a stepwise variable selection, only higher qHBsAg level and 

higher HBV-DNA category were independently associated with the odds of higher HBcAg 

staining grades, such that compared with Grade A, each log increase in qHBsAg level was 

associated with 1.1 (95% CI: 0.7–1.7) times higher odds of having grade B HBcAg staining 

and 5.4 (95% CI: 1.6–17.8) times higher odds of having grade C HBcAg staining (p = 

0.02). The odds of having Grade B and C versus Grade A staining, respectively, were 6.8 

(95% CI: 1.7–26.4) and 22.7 (95% CI: 1.7–297.5) times higher for those with suppressed 

but quantifiable HBV DNA versus unquantifiable levels. Estimates were similar for the 

comparison of not suppressed versus unquantifiable HBV DNA (p = 0.046).

HBsAg staining

Among the 110 biopsies, HBsAg IHC staining were as follows: Grade A, 23 (21%); Grade 

B, 58 (53%); and Grade C, 29 (26%). Of the 87 biopsies positive for HBsAg hepatocytes, 

95% and 41%, respectively, had granular cytoplasmic staining of scattered and contiguous 

type, whereas 66% had inclusion-like and 31% membranous staining patterns. Participants 

with Grade A HBsAg staining were significantly older (median = 54 years) compared to 

participants with Grades B (median = 50 years) and C (median = 46 years) (p = 0.004). 

No statistically significant differences were observed in other demographic characteristics 

(Table S2A). Like HBcAg IHC, higher levels of qHBeAg, qHBsAg, and HBV DNA were 

associated with higher grades of HBsAg staining (all p ≤ 0.01) (Table S2B). Higher grade 

of HBsAg staining was associated with a membranous staining pattern (p < 0.0001) and 

inclusion-like pattern (p = 0.003), but not a granular cytoplasmic staining pattern (p = 

0.20) (Table S2C). No statistically significant differences were detected between the HBsAg 

staining patterns and the demographic characteristics or biochemical variables for inclusion-

like and contiguous staining patterns (data not shown). However, the HBsAg membranous 

staining was associated with younger age, non-Hispanic Black race/ethnicity, and higher 

levels qHBeAg, qHBsAg, and HBV DNA (all p ≤ 0.03) (Table S3A,B).

In multivariable analysis with a stepwise variable selection, only qHBsAg level was 

independently associated with the odds of higher HBsAg staining grades, such that each 

log increase in qHBsAg level was associated with 3.7 (95% CI: 1.83–7.30) times higher 

odds of having Grade B HBsAg IHC and 19.8 (95% CI: 7.1–55.0) times higher odds of 

having Grade C HBsAg IHC compared with Grade A (p < 0.001). Because qHBsAg is 

expected to correlate with HBsAg staining, we conducted a sensitivity analysis leaving out 

qHBsAg level as a candidate independent variable in multivariable analysis. In this model, 

only higher HBV-DNA category was significantly associated with higher HBsAg staining 

grades (Table 3). There was no association between grades of HBsAg staining and HAI and 

fibrosis scores (Figure 2).

Viral markers of HBV: HBV RNA and HBcrAg levels

HBV RNA was quantifiable (≥1.65 log10 U/ml) in 87 of 108 (81%) participants. The median 

(IQR) HBV-RNA level was 3.63 (1.85, 5.62) log10 U/ml (Table 1). HBcrAg was below 
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LLOQ (<3.00 log10 U/ml) in 16 of 108 (15%) participants and above ULOQ (>6.8 log10 

U/ml) in 27 of 108 (25%) (Table 1). Among those with quantifiable levels, the median (IQR) 

HBcrAg levels were 5.35 (3.70, 6.75) log10 U/ml.

Associations between HBV-RNA and HBcrAg levels with HBcAg/HBsAg IHC

Higher levels of HBV RNA were significantly associated with higher HBcAg and HBsAg 

staining grades (both p < 0.001; Figure 3 top row). For hepatic HBcAg staining grades 

A, B and C, corresponding median HBV-RNA levels were 1.8, 4.6, and 7.1 log10 U/ml, 

respectively. For hepatic HBsAg staining grades A, B and C, corresponding median HBV-

RNA levels were 1.9, 3.7, and 5.6 log10 U/ml, respectively (Figure 3, top row). HBcrAg 

levels followed a similar pattern (Figure 3, bottom row). Higher levels of HBcrAg were 

associated with more hepatocytes staining positive for HBcAg and HBsAg (Figure 3, bottom 

row). For hepatic HBcAg staining grades A, B and C, percentage of participants with 

HBcrAg levels above the limit of quantification (≥6.8 log10 U/ml) were 0%, 29% and 76%, 

respectively; for hepatic HBsAg staining grades A, B and C, these percentages were 9%, 

18% and 54%, respectively.

There were 24 hepatic HBcAg Grade B and 1 Grade C participants with HBV DNA below 

detectable levels. Of them, 7 had HBV RNA in the 1.65–3.29 log10 range, 14 in the 3.30–

4.94 log10 range, and 3 in the 4.95–6.59 log10 range. The distribution of these 24 patients for 

HBcrAg was as follows: 5 in the 3.00–4.99 log10 range, 16 in the 5.00–6.79 log10 range, and 

3 in the ≥6.8 log10 range.

The HBcAg staining patterns (nuclear and cytoplasmic) were not significantly associated 

with HBV RNA and HBcrAg levels (data not shown). From the HBsAg staining patterns, 

only the membranous staining pattern was significantly associated with higher HBV RNA 

(p = 0.001), with median HBV RNA 6.1 log10 U/ml for membranous staining compared 

with 3.7 log10 U/ml for others (Figure S2, left panel). Similarly, higher HBcrAg level was 

significantly associated with HBsAg membranous staining (Figure S2, right panel).

To assess whether markers HBV RNA and HBcrAg improve the prediction of HBcAg and 

HBsAg staining grading, we added these markers to the multivariable models presented in 

Table 2 (HBcAg IHC) and Table 3 (HBsAg IHC). Consistent with the strong relationship 

between HBV-RNA levels and HBcAg staining grading observed in Figure S2, when HBV-

RNA level was added to the HBcAg IHC grading model, no other variables remained 

statistically significant. For every log10 U/ml increase in HBV RNA, the odds of having 

HBcAg staining grade B versus A were 3.2 (95% CI: 2.0–5.0) times higher, and of 

having HBcAg IHC grade C versus Awere 12.2 (95% CI: 5.3–28.4) times higher (p < 

0.001). However, for the HBsAg staining model, markers HBV RNA and HBcrAg were not 

statistically significant in the presence of qHBsAg levels.

DISCUSSION

We performed a cross-sectional analysis to assess the degree and pattern of HBcAg and 

HBsAg staining on liver biopsy and their associations with virological markers, including 

two markers, serum HBV RNA and HBcrAg, among a racially diverse cohort of patients 

Lisker-Melman et al. Page 8

Hepatology. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



coinfected with HBV and HIV, most of whom were dually virally suppressed on ART. 

HBcAg was detected in 60% and HBsAg in 79% of liver biopsies despite the finding 

that 80% of the cohort were HBV virally suppressed (HBV DNA < 1000 IU/ml), with 

no specific staining pattern observed related to virological characteristics. On multivariate 

analysis, greater HBcAg staining was strongly associated with higher HBV-RNA levels, 

whereas greater HBsAg IHC grades were associated with higher qHBsAg levels.

Previous IHC studies conducted over four decades ago used less-sensitive/specific 

immunostaining and virological methods. These studies, performed among untreated, HBV 

mono-infected HBeAg-positive and HBeAg-negative patients reported that the degree of 

staining and distribution was related to phase of chronic hepatitis B (CHB) (and therefore 

level of viremia) but there was overlap among phases.[18-21] Thus, a nuclear pattern of 

HBcAg staining was predominantly seen among HBeAg-positive patients in the immune-

tolerant phase and associated with high viral replication. Cytoplasmic staining was primarily 

seen on biopsies obtained from patients with HBeAg-positive and HBeAg-negative immune-

active CHB, also associated with high viral replication and inflammatory activity, whereas 

HBcAg staining was typically absent among patients with inactive CHB with low viremia. 

It is unclear whether there is any clinical significance between nuclear and cytoplasmic 

staining for HBcAg. It has been speculated that a shift of staining from nuclear to 

cytoplasmic pattern may be due to hepatocyte damage and regeneration, and cytoplasmic/

membrane HBcAg expression might be a target of immune response.

In contrast, HBsAg staining was unrelated to CHB phase and usually detected to varying 

degrees among all phases of CHB. Whether the different patterns of HBsAg staining have 

any clinical significance has not been established. It has been suggested that membranous 

staining pattern for HBsAg may reflect active viral replication and correlates with high 

serum HBV-DNA levels.[18] Excess HBsAg accumulation in the hepatocytes could lead 

to inclusion-like staining pattern, recognized in hematoxylin and eosin–stained sections as 

“ground-glass” hepatocytes. The current study is unique in that it was conducted in a cohort 

coinfected with HBV and HIV on ART, which included an anti-HBV agent. The major 

HBcAg pattern on liver biopsy was nuclear predominant and cytoplasmic, probably because 

two-thirds of the cohort were HBeAg-positive. Among the 40% who were negative for 

hepatic HBcAg, we are uncertain whether this was due to receipt of ART, the duration 

of ART, or whether they were inactive carriers before ART was initiated, as we did not 

have a pretreatment liver biopsy or knowledge of phase of CHB before treatment, or finally 

due to sampling error. Nevertheless, a relatively high proportion of participants continued 

to have hepatic HBcAg expression despite long-term viral suppression. Whether this is a 

feature unique to patients coinfected with HBV HIV is unknown, as we did not have access 

to a HBV mono-infected cohort on long-term ART for comparison. HBsAg staining was 

more prevalent compared with HBcAg staining being detected in 79% of biopsies. Among 

biopsies positive for HBsAg, a cytoplasmic pattern of staining was present in almost all, 

together to some degree, with the other staining patterns.

A key finding is that serum HBV RNA was the best virological correlate of hepatic HBcAg 

staining on multivariate analysis. Indeed, there was a stepwise increase in HBV-RNA levels 

with the HBcAg IHC grades on biopsy. This is not surprising, as it is believed that the 
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source of HBV RNA detected in serum is the pregenomic RNA, which encodes the core 

protein, as well as serving as the template for HBV replication.[22] In all cases, HBV RNA 

and HBcrAg were detectable in the serum of participants with HBcAg staining, independent 

of HBV-DNA level, suggesting that although viral replication was absent, the cccDNA was 

transcriptionally active, likely explaining the presence of HBcAg. The clinical implication of 

this finding remains unclear; however, some studies suggest that these patients (i.e., virally 

suppressed but transcriptionally active) may be at higher risk for hepatitis flares following 

withdrawal of NAs therapy.[6,23]

Although there were strong associations between degree of HBsAg IHC grades and 

HBV-RNA and HBcrAg levels, on multivariate analysis, higher serum HBsAg level was 

the only virological correlate associated with greater HBsAg IHC grades. This is likely 

because the HBsAg is encoded by the HBsAg gene and not the pregenomic RNA, and 

both viral genes are differentially regulated. Multiple patterns of HBsAg staining were 

observed with the cytoplasmic scattered or ground-glass pattern—the most commonly 

observed. Several studies suggest that this pattern results from the retention of HBsAg 

within the Golgi-intermediate compartment of the endoplasmic reticulum.[24-26] None of 

the observed patterns of HBsAg staining were correlated with virological features, with the 

exception of the membranous pattern, which was associated with higher HBV-DNA and 

HBV-RNA levels. The association of higher viral replication with a membranous pattern 

of HBsAg staining has been previously reported in studies of HBV mono-infection.[18] It 

was postulated that membranous staining pattern reflects the presence of Dane particles 

being secreted from the hepatocyte membrane.[27] It is unclear why this would persist in 

the presence of low/undetectable HBV-DNA levels due to antiviral therapy, unless it also 

represents the non-HBV DNA containing spherical and filamentous HBsAg particles.

Of interest, 40% and 21% of biopsies were negative for HBcAg and HBsAg staining, yet 

low levels of HBV RNA and HBcrAg were detectable in serum, suggesting the presence 

of ongoing viral transcription. Whether this represents sampling error on the biopsy or 

the presence of viral antigen too low to detect with current IHC techniques, or that only 

a small proportion of transcriptionally active hepatocytes can efficiently translate viral 

proteins, is unknown. There is concern that ongoing viral transcription in the absence of 

viral replication may result in continued liver damage. However, we found no association 

between HBV-RNA and HBcrAg levels with either degree of hepatic inflammation or 

fibrosis. Similarly, there was no association between the amount of HbcAg and HBsAg 

staining with either degree of hepatic inflammation or fibrosis. Due to the cross-sectional 

design, we could not comment on disease progression. These findings differ from those 

reported in a mono-infected cohort treated with entecavir, in whom HBV-RNA levels were 

shown to correlate with histological scores for grading and staging, but again this study 

could not look at disease progression.[28] It is unlikely that the presence of HIV, which was 

adequately controlled in most cases, would explain the difference in results between our co-

infected sample and this prior study of mono-infected patients. We speculate that duration 

of ART and suppression of viremia may account for the difference, as the coinfected cohort 

had been receiving ART before enrollment into the study. Previous studies have reported that 

HBV DNA is the strongest predictor of disease progression.[29]
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There are several limitations to the analysis. We were unable to describe the IHC grades 

and pattern of HBcAg and HBsAg staining before treatment among the cohort, as biopsies 

were performed while participants were already on ART. Similarly, we did not have 

access to liver biopsies from patients monoinfected with HBV with viral suppression on 

NAs for comparison to assess whether the extent of intrahepatic HBV protein staining is 

more prominent in HIV coinfection versus HBV monoinfection. In addition, we could not 

comment on whether distribution of HBcAg and HBsAg staining was influenced by HBV 

genotype due to low/undetectable HBV-DNA levels in most participants. However, studies 

conducted among monoinfected patients suggest that the pattern of HBcAg and HBsAg is 

unrelated to HBV genotype. Similarly, we do not know whether distribution of HBcAg and 

HBsAg staining was influenced by the duration of ART and inhibition of replication, as data 

on medication history and HBV DNA before enrollment in the study was limited. Finally, 

the cross-sectional nature of the study precluded us from determining whether the observed 

staining intensity and pattern were due to the underlying phase of CHB before treatment or 

reflected suppression of replication.

Hepatic HBV viral antigen expression remains detectable in most patients with HBV-HIV 

coinfection despite treatment-related suppression of HBV replication. Circulating markers 

of HBV transcription, HBV RNA and HBcrAg, and translation of HBsAg were the best 

correlates of HBcAg and HBsAg staining, respectively, in adults with treated coinfection 

with HBV and HIV. Neither the degree of hepatic HBV viral antigen expression nor the 

levels of viral transcription correlated with severity of underlying liver disease. Whether 

persistent viral transcription in the absence of viral replication leads to disease progression, 

influences HBsAg clearance, HCC risk and ability to safely withdraw ART, at least in 

the population monoinfected with HBV, requires further clarification. Nevertheless, the 

finding of ongoing transcription in long-term virally suppressed patients would suggest a 

low likelihood of achieving functional cure and the need for more effective therapy.
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Abbreviations:

ALT alanine aminotransferase

ART active antiretroviral therapy

CHB chronic hepatitis B

HAI histologic activity index

HBcrAg hepatitis B core related antigen

HBRN Hepatitis B Research Network

IQR interquartile range

LLOQ lower limit of quantification

LOD limit of detection

NA nucleos(t) ide analogue

ULOQ upper limit of quantification
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FIGURE 1. 
Ishak and histological activity index scores by HBcAg immunohistochemistry (IHC) grade.
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FIGURE 2. 
Ishak and histological activity index scores by HBsAg IHC grade.
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FIGURE 3. 
HBV RNA and hepatitis B core antigen (HBcrAg) by HBcAg IHC and HBsAg IHC grades. 

Top left: HBV RNA by HBcAg IHC grade. Top right: HBV RNA by HBsAg IHC grade. 

Bottom left: HBcrAg by HBcAg IHC grade. Bottom right: HBcrAg by HBsAg IHC grade.
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TABLE 1

Characteristics of participants coinfected with HBV and HIV

Demographics and clinical
characteristics N = 110

c

Age (IQR in years) 49 (44:55)

Male 102 (92.7%)

Race/ethnicity N = 109

 Non-Hispanic White 35 (32.1%)

 Non-Hispanic Black 56 (51.4%)

 Other 18 (16.5%)

Estimated duration of HIV infection (years) N = 99

20 (11:25)

HIV stage N = 82

 1 (CD4 ≥ 500 cells/mm3) 59 (72.0%)

 2 (CD4 350–499 cells/mm3) 11 (13.4%)

 3 (CD4 200–349 cells/mm3) 5 (6.1%)

 4 (CD4 < 200 cells/mm3) 7 (8.5%)

Estimated duration of HBV infection (years) N = 86

14.5 (8:22)

HBV treatment

 None
a 3 (2.7%)

 Lamivudine alone 3 (2.7%)

 Tenofovir alone or in combination 93 (84.5%)

 Lamivudine and entecavir 8 (7.3%)

 Entecavir alone 3 (2.7%)

Laboratory characteristics

ALT (U/L) 27 (19: 39)

Normal ALT (≤30 U/L for male, ≤19 U/L for female) 60 (54.5%)

Platelets (×1000/mm3) N = 108

200 (175:238)

HIV RNA undetectable (<20 copies/ml) N = 100

77 (77.0%)

HBeAg+ N = 103

qHBeAg (IU/ml) in those quantifiable 67 (65.0%)

N = 60

15.0 (1.9:248.9)

qHBsAg (IU/ml) N = 108

1578.0 (379.2:7764.9)

HBV-DNA categories N = 103

 Unquantifiable (<20 IU/ml) 58 (56.3%)

 Suppressed but quantifiable (20 to <1000 IU/ml) 23 (22.3%)

 Not suppressed (≥1000 IU/ml) 22 (21.4%)
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Demographics and clinical
characteristics N = 110

c

HBV-DNA level (IU/ml) in those quantifiable N = 45

986 (57:26,344)

HBV-DNA and HIV-RNA suppression status, n (%) N = 93

 Suppressed (HBV DNA < 1000 IU/ml, HIV RNA < 400 copies/ml) 72 (77.4%)

 Incomplete suppression (HBV DNA ≥ 1000 IU/ml, HIV RNA < 400 copies/ml) 13 (14.0%)

 Not suppressed (HBV DNA ≥ 1000 IU/ml,
b
 HIV RNA ≥ 400 copies/ml)

8 (8.6%)

Assays N = 108

HBV RNA quantifiable (≥1.65 log10 IU/ml) 87 (80.6%)

HBV RNA (log10 U/ml) 3.63 (1.85: 5.62)

HBcrAg (log10 U/ml) categories

 <3.0 (LLOQ) 16 (14.8%)

 3.0 to <5.0 32 (29.6%)

 5.0–6.8 33 (30.6%)

 ≥6.8 (ULOQ) 27 (25.0%)

Abbreviations: ALT, alanine aminotransferase; CD4, clusters of differentiation 4; IQR, interquartile range; LLOQ, lower limit of quantification; 
qHBeAg, quantitative HBeAg; qHBsAg, quantitative HBsAg; ULOQ, upper limit of quantification.

a
One participant with a history of tenofovir use was not on any antiviral therapy at the time of the baseline assessment. One was on ritonavir, 

darunavir, emtricitabine, and dolutegravir. Another was on ritonavir alone.

b
Participants with HBV DNA < 1000 IU/ml, HIV RNA ≥ 400 copies/ml (n = 2) we evaluated; 1 was categorized as not suppressed, although 

HBV-DNA level was below the threshold (869 IU/ml), while 1 with very higher HIV RNA but low HBV DNA was set to missing.

c
Data reported in 110 patients unless otherwise indicated. Numbers represent median (IQR) for continuous variables and n (%) for categorical 

variables, unless otherwise stated.
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