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Statement of Significance 

Hepatitis B e antigen (HBeAg) is a virus-produced protein associated with high viral replication. 

HBeAg loss from the circulation is an essential step in hepatitis B virus clearance.  In a large 

prospective cohort study of North American children and adults with chronic hepatitis B 

(N=577), rate of HBeAg loss was 11.4 per 100 person-years. Male sex, older age, white or black 

race versus Asian, genotype A2 or B versus C, basal core promoter/precore mutations, ALT 

flare, and lower HBsAg, HBeAg and HBV DNA levels predicted faster clearance. The present 

study establishes a framework for understanding eventual hepatitis B virus clearance. 

Abstract 

Hepatitis B e antigen (HBeAg) is a soluble viral protein in plasma of patients with hepatitis B 

virus infection. HBeAg loss is an important first stage of viral antigen clearance. We determined 

the rate and predictors of HBeAg loss in a North American cohort with chronic hepatitis B viral 

infection (CHB). Among children and adults with CHB and without HIV, HCV or HDV co-

infection enrolled in the Hepatitis B Research Network prospective cohort studies, 819 were 

HBeAg positive at their first assessment (treatment naïve or >24 weeks since treatment). Of 

these, 577 (200 children, 377 adults) were followed every 24-48 weeks. HBeAg loss was defined 

as first HBeAg negative value; sustained HBeAg loss was defined as ≥2 consecutive HBeAg 

negative values ≥24 weeks apart. During a median follow-up of 1.8 years, 164 participants 

experienced HBeAg loss, a rate of 11.4 (95% CI, 9.8-13.3) per 100 person-years. After 

adjustment for confounders, HBeAg loss rate was significantly higher in males than females, in 

older than younger individuals, in Whites or Blacks than Asians, in those with genotype A2 or B 

versus C, and in those with basal core promoter/precore mutations versus wildtype. Additionally, 

during follow-up, an ALT flare and a lower quantitative HBsAg, quantitative HBeAg or HBV 

DNA level predicted higher rates of HBeAg loss.  The majority (88%) with HBeAg loss had 

sustained HBeAg loss. In conclusion, a number of specific demographic, clinical and viral 

characteristics impacted rate of HBeAg loss and may prove useful in design and interpretation of 

future therapeutic studies. 

Keywords:  hepatitis B; prospective cohort; e antigen
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Introduction

Hepatitis B e antigen (HBeAg) is a soluble viral protein produced from the preCore/Core 

gene of hepatitis B virus (HBV) that has been associated with higher levels of viremia, as well as 

increased infectivity and hepatocellular carcinoma (HCC) risk (1-6).  The clearance or loss of 

detectable HBeAg from the circulation is considered a crucial first step towards eventual HBV 

immune control (1). As a group, HBeAg negative patients have much lower HBV DNA and 

aminotransferase levels compared to HBeAg positive patients and are perceived to have better 

clinical outcomes over time (3). Therefore, HBeAg loss and hepatitis B e antibody (anti-HBe) 

development is a desired therapeutic goal and can lead to HBV (nucleoside analogue) medication 

discontinuation in certain circumstances (7,8).  However, detailed prospective studies of host and 

viral factors associated with HBeAg loss among North American chronic hepatitis B (CHB) 

patients are lacking (9,10). 

Cross-sectional analyses from the Hepatitis B Research Network (HBRN), identified 

features associated with HBeAg positivity (11), and quantitative HBeAg level among those with 

HBeAg positivity (12), respectively, among children and adults with CHB, but were unable to 

establish causality or evaluate associations between time-varying viral markers and HBeAg loss. 

The present observational study represents a longitudinal analysis of this large, well-

characterized, multiracial HBeAg positive group.   Our primary aim was to determine the rate 

and clinical predictors of HBeAg loss.  Secondary aims were to determine the durability of 

HBeAg loss in the presence or absence of HBV medication and to describe the serological 

outcomes after HBeAg loss.   

Participants and Methods

The HBRN is a National Institutes of Health-funded clinical research network of 21 adult 

and 7 pediatric clinical sites throughout the US and Canada, that enrolled hepatitis B surface 

antigen (HBsAg) positive pediatric (6 months to <18 years) and adult (≥18 years old) patients 

who were not currently on antiviral medication into prospective cohort studies between 2012 and 

2017 (13).  Participants underwent initial evaluation and then returned for follow-up assessments 

every 24 weeks for adults and 48 weeks for children, with a ± 12-week data collection window.  

The study protocols were approved by the institutional review boards of participating institutions 
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and participants provided written, informed consent.  For minors, written informed consent was 

provided by their parent/guardian and assent from patient was obtained whenever possible.  

Both symptomatic and asymptomatic HBeAg positive participants of the HBRN Adult or 

Pediatric Cohort studies were eligible for inclusion in this study; those with acute HBV, co-

infection with human immunodeficiency virus, the hepatitis C virus or hepatitis delta virus were 

excluded. In general, the first available HBeAg measurement after study enrollment was used to 

determine baseline status. However, among participants who took HBV nucleos(t)ide analogue 

medication within 24 weeks prior to enrollment, their first HBeAg measurement at least 24 

weeks after HBV medication stopped was used.

The primary outcome was HBeAg loss, defined by a single HBeAg negative result (i.e., 

below lowest detectable value: 0.30 IU/mL) via serological testing performed at the central or 

local laboratory. If both central and local laboratory results were obtained on the same date, the 

central result was used. The secondary outcome, sustained HBeAg loss, was defined as at least 

two consecutive HBeAg negative results at least 24 weeks apart.  Development of anti-HBe was 

not required for categorization of either outcome. However, anti-HBe was measured when 

possible.

Date of birth was used to calculate age on the day of baseline HBeAg status and age at 

baseline was categorized by decade; age groups above 50 years were collapsed due to the 

similarity in HBeAg prevalence and small numbers of participants (11). Race was self-reported. 

Presumed (i.e., most likely) mode of transmission was recorded by physician investigators after 

participant interview/assessment. The start and end dates of pregnancies, assessed throughout 

follow-up, were used to determine pregnancy status at time of HBeAg measurement. The start 

and stop dates of HBV medication were used to determine if participants had been on HBV 

medication at least 24 weeks in the prior 36 weeks (considered ‘yes’ to medication) at each 

assessment.  

Measurement of serum aspartate aminotransferase (AST), alanine aminotransferase 

(ALT) and platelet counts were done at local laboratories. The AST to platelet ratio index 

(APRI) was calculated [(AST (U/L)/upper limit normal AST (U/L)) / PLT x 109] x 100 (14). The 

upper limit of the normal range (ULN) for ALT was “standardized” based on sex and age (i.e., 

≤33 U/L for males and females ages < 1 year; ≤25 U/L for males and females ages 1 year-<13 
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years; ≤25 U/L for males and ≤22 U/L for females ages 13 years-<18 years (4); ≤30 U/L for 

adult males and ≤20 U/L for adult females) (8).  An ALT flare was defined as ≥10xULN (15). 

Genotyping of HBV was performed by the Centers for Disease Control and Prevention 

using mass spectrometry (MALDI-TOF) of a 441bp fragment of the S gene containing the a-

determinant (16).  Pre-core (PC) and basal core promoter (BCP) variants were similarly 

determined by sequencing of the relevant regions of the viral genome, to detect the following 

variants: A1762T and G1764A (BCP), and G1896A (PC) (17).  CHB phenotype was determined 

from HBeAg status, ALT and HBV DNA as described in the Appendix (18).  

HBV DNA and quantitative HBsAg and HBeAg testing was done centrally at a HBRN-

funded virology laboratory (University of Washington, Seattle, WA) as previously described 

(11). Briefly, quantitative HBeAg and HBsAg levels were measured by Elecsys HBeAg II Quant 

and Elecsys HBsAg II Quant assay, respectively (Roche Molecular Systems, Inc) (19,20). The 

lowest detectable value for HBV DNA was 10 IU/mL, for HBsAg was 0.05 IU/mL and for 

HBeAg was 0.30 IU/mL; the lowest quantifiable value for HBV DNA was 20 IU/mL Qualitative 

assays for HBsAg, hepatitis B surface antibody (anti-HBs), HBeAg and anti-HBe were 

performed locally using commercially available ELISA assays. To supplement missing local 

anti-HBe results, anti-HBe testing was performed centrally at UT Southwestern Medical Center 

at Dallas, specifically for assessments near the time when participants first met the definition of 

HBeAg loss, as well as the following assessment and the last assessment, when stored sera were 

available.

The database was maintained by the data coordinating center at the University of 

Pittsburgh. The authors had all the study data available to them while developing this 

manuscript. 

Statistical analyses

 The full analysis plan is provided in the Appendix. Briefly, the HBeAg loss rate was 

estimated by dividing the number of participants’ first HBeAg negative result known to have 

occurred by the number of person-years of observation. Follow-up was censored 1) the day after 

a participant’s last HBeAg measurement which was followed by 60 or more weeks without 

another HBeAg measurement, or 2) the day after a participant’s first HBeAg negative 

measurement, whichever came first. Kaplan-Meier curves were used to visualize the cumulative 

probability of HBeAg loss over time by sex, age, race, genotype, BCP/PC mutations and baseline 
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phenotype. Cox Proportional Hazards regression was used to report the hazard ratio (HR) of 

HBeAg loss by static and time-varying participant characteristics. Time-varying characteristics 

included pregnant (yes/no), HBV medication (yes/no), ALT flare (yes/no), quantitative HBeAg 

(log10 IU/mL), quantitative HBsAg (log10 IU/mL) and HBV DNA (log10 IU/mL). Because we 

were interested in predicting the outcome rather than measuring associations, the value of each 

time-varying characteristic at the prior assessment (i.e., approximately 24 weeks before HBeAg 

measurement) was utilized.

Results

Study cohort and follow-up

Study flow from HBRN enrollment to inclusion is reported in Figure 1.   Among the 819 

HBeAg positive participants without acute HBV or co-infection, 242 did not meet the follow-up 

criteria, leaving 577 participants in the study sample. Prior to censorship participants were 

followed for a median of 4.7 years (IQR: 2.2-6.5; range:  0.5-7.9). After censorship, participants 

were followed for a median of 1.8 years (IQR: 1.0-3.7; range:  0.1-7.7), with a median of 4 

HBeAg measures (IQR: 3-8; range: 2-21). 

Participant characteristics

Table 1 outlines the participant baseline characteristics, which included 200 children 

(35%) and 377 adults (65%). Median age was 27.2 years and 58% were females. Asians were the 

largest racial group at 85%; 80% of participants were presumed to have vertical HBV 

transmission. HBeAg+ immune active phenotype was most common (78%), followed by 

immune tolerant (15%)(13). Genotypes B (38%) and C (44%), most common in East and 

Southeast Asia, predominated, likely reflecting the sample’s racial distribution. One-third (33%) 

of participants, despite being HBeAg positive, had either one or both PC or BCP mutations.  

Eighty-two percent had elevated ALT levels. As part of regular clinical care, HBV medication 

was initiated in one third (195; 34%) of participants during follow-up; 188 participants received 

nucleoside analogue medication alone, while 4 received pegylated interferon alone and 3 

received both.

HBeAg loss rates

Among the 577 participants, 164 experienced HBeAg loss during 1433 person-years (PY) 

of follow-up, a rate of 11.4 (95% CI, 9.8-13.3) per 100 PY (Table 2). In a sensitivity analysis, in 
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which data was censored the day after HBV medication use was initiated (no matter the 

duration), 91 participants experienced HBeAg loss during 977 PY of follow-up, a rate of 9.3 

(95% CI, 7.6-11.4) per 100 PY.   

HBeAg loss rate per 100 PY was higher in males (14.2, 95% CI, 11.5-17.7) versus 

females (9.6, 95% CI, 7.7-11.9), older individuals (e.g., 18.3, 95% CI, 12.6-26.7, for those over 

50 years, versus 4.3, 95% CI, 2.2-8.2, for those 10 years and younger), and Whites (22.5, 95% 

CI, 13.8-36.7) and Blacks (20.3, 95% CI, 11.5-35.7) versus Asians (10.5, 95% CI, 8.8-12.4). 

HBeAg loss rate among those with vertical transmission (9.1, 95% CI, 7.3-11.3) was similar to 

Asians, and the rate among those with horizontal transmission (16.3, 95% CI, 11.9-22.4) was 

similar to Whites and Blacks. Given the strong association between race and genotype 

(supplemental material, sTable 1), we were unable to estimate the effect of genotype and race, 

independent of the other. Those with genotype A2 (57% White and 32% Black) demonstrated 

higher HBeAg loss rate than those with genotypes B and C (both 100% Asian), as well as D 

(59% Asian) and E (100% Black). Comparisons with genotypes A1 (61% Black) and E were 

limited by low case frequencies.  Those having either BCP or PC mutations, but particularly PC, 

had higher HBeAg loss rates (13.5, 95% CI, 9.8-18.4, for BCP only and 30.6, 95% CI, 19.9-46.9, 

for PC, regardless of whether BCP was also present) versus wild type HBV (6.2, 95% CI, 4.6-

8.2). Finally, those with phenotype indeterminate A (HBeAg positive, HBV DNA < 105 IU/L; 

13) had a higher HBeAg loss rate (47.7, 95%CI, 32.7-69.6) than either active CHB (10.6, 

95%CI, 8.8-12.7) or immune tolerant participants (5.9, 95%CI, 3.4-10.4). 

Figure 2 shows the cumulative probability of HBeAg loss during follow-up according to 

sex (A), age group (B), race (C), HBV genotype (D), presence of PC/BCP mutations (E) and 

phenotype (F). Estimates were truncated once groups had fewer than 10 participants at risk. 

Predictors of HBeAg loss

Hazard Ratios (HRs) for HBeAg loss (i.e., ratios of HBeAg loss rate between groups, 

such that a HR >1 indicates less time to HBeAg loss) are shown in Table 3. Adjustment for 

potential confounders (e.g., HBV medication use) had minimal effects on estimated associations. 

For example, with or without adjustment, the HBeAg loss HR was 1.4-1.5 times higher in males 

versus females, approximately 4 times higher in those who were >40-50 or >50 versus ≤ 10 years 

old, and approximately 2 times higher for White or Black versus Asian race.  With adjustments, 

the HBeAg loss HR was approximately 1.5 times higher in genotype B versus C, and 3 times 
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higher in genotype A2 versus C, approximately 2 and 6 times higher in the presence of BCP-only 

and PC (±BCP) mutations respectively, versus wildtype, and approximately 6 times higher in 

those with phenotype HBeAg+ indeterminate versus HBeAg+ immune active. Additionally, 

having an ALT flare, and lower versus higher quantitative HBsAg, quantitative HBeAg or HBV 

DNA level throughout follow-up, predicted a higher HBeAg loss rate in the 24 weeks that 

followed.  For example, the HBeAg loss HR was approximately 4 times higher in the 24 weeks 

following an ALT flare and reduced by one third in the 24 weeks following HBsAg assessment 

for every log10 IU/mL higher HBsAg.

Approximately one-fifth (695; 19%) of follow-up HBeAg measurements were taken 

among participants who had been on HBV medication at least 24 weeks in the preceding 36 

weeks. HBV medication use was not associated with HBeAg loss rate (Table 3). To address the 

possibility that inclusion of females who were pregnant might impact the estimated effect of 

treatment (since many pregnant females are placed on nucleos(t)ide analogues solely for 

lowering viral load prior to delivery) or other factors, as a sensitivity analysis, modeling was 

repeated excluding females who were pregnant at baseline (n=36) and censoring follow-up data 

of females once they became pregnant (n=19).  To address a concern that the definition of HBV 

medication use might impact the estimated effect of treatment, modeling was repeated with 

alternative definitions of HBV medication use (e.g., any HBV medication use in the past 24 

weeks). The lack of an association between HBV medication use and HBeAg loss held with all 

definitions (data not shown).

Sustained HBeAg loss 

Among the 164 participants with HBeAg loss on at least one occasion, 15 (9%) did not 

have a second HBeAg value at least 24 weeks following their first HBeAg negative result. 

Among the 149 participants who did, HBeAg was measured at least every 60 weeks for a median 

of 2.4 years (IQR: 1.0-4.5; range:  0-7.2). In this timeframe, 131 (88%) participants met the 

definition of sustained HBeAg loss: in follow-up, 106 had no HBeAg positive values following 

their first HBeAg negative value (group 1), 20 had at least one later HBeAg positive value before 

eventually sustaining HBeAg loss through follow-up (group 2), and 5 were HBeAg positive at 

the end of follow-up (group 3).  The percentage of participants in each of the these groups, as 

well as among those who never achieved sustained HBeAg loss (group 4; n=18), whose HBeAg 
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loss occurred spontaneously versus following HBV medication is reported in supplemental 

material sTable 2. 

Associations with sustained HBeAg loss mimicked associations with HBeAg loss 

(supplemental material sTable 3). As with HBeAg loss, HBV medication use did not predict 

sustained HBeAg loss rate (adjHR=1.04, 95%CI, 0.71-1.53).

Most of the 56 participants who experienced spontaneous sustained HBeAg loss (i.e., 

from groups 1 and 2), had undetectable viral loads and quiescent disease by end of follow-up: 5 

were on HBV medication, 3 had experienced HBsAg loss, 22 were inactive, 7 demonstrated 

HBeAg- immune active hepatitis and 19 were HBeAg- indeterminate in phenotype, mostly HBV 

DNA low. Participants who were on HBV medication prior to HBeAg loss were generally 

maintained on medication with low ALT/DNA levels throughout follow-up.

Anti-HBe status among those with HBeAg loss and sustained HBeAg loss

Two-thirds (67%) of participants with HBeAg loss (107 of 160 tested) were anti-HBe 

positive at the time of initial HBeAg loss.  An additional 17% (28 of 162 tested) were anti-HBe 

positive at least once during follow-up, totaling 83% (135 of 162) of participants. However, at 

participants’ final anti-HBe assessment following HBeAg loss, only 70% (104 of 148 tested) 

were anti-HBe positive.  Anti-HBe positivity was not significantly different at time of first 

HBeAg negative value by whether HBeAg loss was spontaneous or followed HBV medication 

use (e.g., 74% vs. 60% positive, respectively, at time of initial HBeAg loss; p=.17). Anti-HBe 

positivity at least once during follow up was similar among participants with sustained HBeAg 

loss: 89% (115 of 130 tested).

HBsAg loss

Among the 577 HBeAg positive participants, 15 (2.5%) had one or more HBsAg 

negative values during follow-up. Eleven of these 15 participants’ first HBsAg negative value 

was measured a median of 2.4 years (IQR: 1.8-4.2) following their first HBeAg negative value 

(supplemental material sTable 2). Of the remaining four participants, one was first detected as 

HBsAg and HBeAg negative on the same day, and three while HBeAg positive. However, in all 

four cases, the positive HBeAg values were close to the lower limit of detection, and some of the 

negative HBsAg values were followed by HBsAg positive values (sFigure 1).

Discussion 
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In this large North American cohort of children and adults with HBeAg positive chronic 

HBV who were not on HBV medication at study entry, the overall HBeAg loss rate was 11.4 per 

100 person-years but varied greatly by participant characteristics. For example, the rate was 4 

times higher in those over 40 years old versus those 10 years old or younger.  HBeAg loss also 

occurred at a faster rate in males versus females, White or Black versus Asian race, genotype A2 

and B versus C, and in those with PC and BCP mutations versus wildtype HBV. Additionally, an 

ALT flare was associated with four times greater rate of HBeAg loss in the ensuing 24 weeks. 

Lower quantitative HBsAg, serum HBV DNA and HBeAg also predicted faster rate of HBeAg 

loss; these associations were independent of sex, age group, genotype, pregnancy, HBV 

medication and ALT flare.  

Since HBV medication use was an exclusion at study entry, this observational study 

largely represents a natural history of CHB in children and adults. Over the course of the 

observational study, however, and at the discretion of site clinicians, one third of participants 

were placed on HBV medication for a minimum of 24 weeks and approximately one-fifth of 

follow-up HBeAg measurements were taken while participants were on HBV medication. 

Medication use did not predict HBeAg loss or sustained HBeAg loss in unadjusted or adjusted 

analyses. Furthermore, a sensitivity analysis demonstrated that HBeAg loss rate was similar (the 

point estimate was slightly lower, but the 95% CIs overlapped) with censorship of assessments 

following HBV medication initiation. However, it is difficult to evaluate the effect of HBV 

medication in an observational study design in which participants start and stop various regimens 

of HBV medication based on differing criteria, including patient preference, and at varying time 

intervals (21,22). Clinical trials have shown that interferon and nucleos(t)ide analogues increase 

HBeAg loss rate compared to placebo or no treatment among patients with immune active CHB 

(23). 

One factor affecting the overall HBeAg loss rate in this cohort is the preponderance of 

Asians (85%) and consequently, genotypes B (38%) and C (44%). Specifically, HBeAg loss 

occurred at a faster rate in Whites and Blacks versus Asians, and in genotype A2 and B versus C. 

Unfortunately, given the strong association between race and genotype, we were unable to 

estimate the effect of each factor, independent of the other. However, when analysis was limited 

to Asians, HBeAg loss occurred faster in genotype B versus C (data not shown).
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Age was also a key variable determining rate of HBeAg loss. For example, compared 

with those under 10 years of age, age >10-20 years was associated with almost a 2-fold increase, 

and age >50 years with a 4-fold increase in rate of HBeAg loss. Among the 200 pediatric 

participants, we could not determine specific age or puberty status thresholds that differentiated 

HBeAg loss rate better than natural decades, thus we used this simplified schema in analysis.

Our study provides the first evidence that males may have a higher rate of HBeAg loss 

than females.  However, since the lower end of the HR 95% confidence interval was 1.02, the 

difference by sex may not be clinically meaningful. Given this finding, and unrelated 

observations suggesting that females are more likely to clear acute HBV infection compared to 

males (24,25), additional research is needed to determine whether significant sex differences in 

HBeAg loss occur in either acute or chronic infection. 

The HBRN previously reported PC and BCP mutations are more common in HBeAg 

negative patients but occur in a proportion of HBeAg positive patients in association with older 

age and lower HBV DNA levels (17). In the present study we quantified the increased rate of 

HBeAg loss associated with PC and BCP mutations, independent of age and other potential 

confounders, consistent with previous work (26-29).  Specifically, among the subset of 

participants whose BCP/PC mutation status was known, BCP alone (versus wildtype) was 

independently associated with > 2-fold higher HBeAg loss rate, while PC mutation with or 

without BCP mutation was independently associated with greater than 5-fold higher HBeAg loss 

rate. 

While nearly one-fourth of participants with HBeAg loss had at least one later HBeAg 

positive result, over half of these cases appeared to be due to small changes in qHBeAg over 

time that were close to the limit of detection.  Still, there were a minority of patients with more 

curious patterns of HBeAg over time, including four cases with very high HBeAg levels 

following HBeAg negative results (i.e., a subgroup of group 4), calling into question whether 

these may have represented false negatives or errors in the process of sample collection. Data 

from other studies have indicated that ~95% of patients remain HBeAg negative after initial 

HBeAg loss (28,29); however, duration of follow-up and number of subsequent HBeAg tests as 

well as definition of sustained HBeAg loss vary across studies. In our study, sustained HBeAg 

loss, defined as at least 2 negative HBeAg results at least 24 weeks apart, was observed in 85% 

after a median follow-up of 2.4 years from initial HBeAg loss. Additionally, among 2749 
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HBeAg measurements that were available from both the central laboratory and a local laboratory 

on the same day, kappa was 0.91 (95% CI: 0.89 – 0.93), indicating excellent or almost perfect 

agreement (30,31).  Previous studies relying only on qualitative HBeAg testing may have been 

less sensitive than the quantitative assay we used. Notwithstanding, our results indicate that once 

HBeAg negativity is achieved it is generally well-sustained in those experiencing either 

spontaneous or antiviral induced HBeAg loss, independently of anti-HBe seroconversion. 

Limitations of our study include the potential for patient selection bias. The current 

cohort, though a large one, may not be representative of the general population of mono-infected 

patients with HBeAg positive CHB in terms of age distribution, pregnancy status and other 

factors, which were likely influenced by limiting enrollment to untreated patients with evidence 

of CHB seeking medical care at specific medical centers, and targeted enrollment of specific 

adult subgroups (e.g., pregnant females, those experiencing an ALT flare)(13). The 

preponderance of Asian participants in the cohort reflects, in large part, the CHB community in 

North America, but Blacks or other minorities with CHB were likely under-represented (21), 

reflecting the clinic population of academic medical centers.  Furthermore, approximately 30% 

of participants who were identified as HBeAg positive without co-infection were excluded from 

this report due to lack of follow-up data. Thus, the overall HBeAg loss rate reported in this study 

should be interpreted with caution. Conversely, the adjusted associations between participant 

demographic and clinical characteristics and HBeAg loss rate are likely generalizable to children 

and adults with HBeAg positive chronic HBV residing in North America.

Additional study limitations include that our study design precluded a clear 

understanding of the effect of HBV medication on HBeAg loss, and that our definition of initial 

and sustained HBeAg loss did not include development of anti-HBe, as these data, primarily 

from local laboratories, were not consistently available throughout follow-up for the entire 

cohort.  However, 83% of participants with HBeAg loss were anti-HBe positive during follow-

up. The sustained development of anti-HBe has been proposed by AASLD and EASL as 

required before antiviral medications can be discontinued (7,8).   Finally, there were relatively 

few clinical outcomes (e.g., HCC, death from cirrhosis), limiting interpretation of the role of 

HBeAg sero-conversion in these outcomes. The strengths of our study include a large number of 

participants, wide age range, diverse races and HBV genotypes, and the use of quantitative 

HBeAg as a measure of HBeAg loss.  
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 In conclusion, this study offers important information regarding the evolution of HBeAg 

positive CHB. Among HBeAg positive patients, older, and non-Asian patients evolve to HBeAg 

loss faster, as do those with BCP and PC mutations versus wildtype HBV. Additionally, an ALT 

flare, and lower levels of HBsAg, HBV DNA and HBeAg predict faster HBeAg loss. These data 

may prove useful in the design of future studies aiming to increase the rate of HBeAg and 

HBsAg clearance.   References
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Table 1. Baseline characteristics of North American children and adults with HBeAg positive 

CHB.

Variable Total (n=577)

Female, n/total (%) 333/577 (57.7%)

Age group, years, n (%) n=577

  0.5-10 100 (17.3%)

  >10-20 109 (18.9%)

  >20-30 117 (20.3%)

  >30-40 122 (21.1%)

  >40-50 77 (13.3%)

  >50 52 (9.0%)

Race, n (%) n=577

  White 35 (6.1%)

  Black 36 (6.2%)

  Asian 490 (84.9%)

  Other/Mixed 16 (2.8%)

Presumed mode of HBV 

transmission, n (%)
n=453

  Vertical 363 (80.1%)

  Horizontal 89 (19.6%)

  Other 1 (0.2%)

Phenotype, n (%) n=538

  Immune tolerant 82 (15.2%)

  HBeAg+ active CHB 419 (77.9%)

  Indeterminant A 37 (6.9%)

HBV Genotype, n (%) n=537

  A1 18 (3.4%)

  A2 30 (5.6%)

  B 202 (37.6%)

  C 237 (44.1%)
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Variable Total (n=577)

  D 40 (7.4%)

  E 9 (1.7%)

  Other or multiple 1 (0.2%)

BCP/PC Mutation (A1762T, 

G1764A, G1896A), n (%)
n=440a

  Wild type 294 (66.8%)

  BCP only 111 (25.2%)

  PC only 26 (5.9%)

  BCP & PC 9 (2.0%)

ALT, xULN n=572

  Median (25th%-ile:75th%-ile) 1.8 (1.2: 3.1)

  Min: Max 0.4: 56.6

ALT flare (≥10xULN), n/total 

(%)
30/572 (5.2%)

Prior antiviral medication, 

n/total (%
80/577 (13.9%)

HBV DNA, log10 IU/mL2 n=546

  Median (25th%-ile:75th%-ile) 8.1 (7.2: ALD)

  Min: Max BLD: ALD

Serum HBsAg, log10 IU/mL n=505

  Median (25th%-ile:75th%-ile) 4.5 (3.9: 4.8)

  Min: Max -0.6: 5.9

Serum HBeAg, log10 IU/mL2 n=512

  Median (25th%-ile:75th%-ile) 3.2 (2.2: 3.3)

  Min: Max BLD: 4.1
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Abbreviations: ALD, above the level of detection; ALT, Alanine aminotransferase; APRI, 

aspartate aminotransferase to platelet ratio index; BCP, basal core promoter; BLD, below the 

limit of detection; CHB, chronic Hepatitis B virus; DNA, deoxyribonucleic acid; HBeAg, 

hepatitis B e-antigen; HBsAg, hepatitis B surface antigen; PC, Pre-core; ULN, upper limit of 

normal.

a BCP/PC mutation could not be amplified in 115 participants.

b HBV DNA BLD ≤1.0 log10 IU/mL; HBV DNA ALD >8.23 log10 IU/mL; serum HBeAg BLD 

≤-0.5 log10 IU/mL.
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Table 2. Rates of HBeAg loss among North American children and adults with CHB by baseline 

characteristics. 

# 

participants 

contributing

# HBeAg 

negative

Person-

years of 

follow-up

HBeAg loss 

per 100 

person-yrs

(95% CI)

Overall 577 164 1433.4 11.4 (9.8-13.3)

Sex

  Male 244 82 576.3
14.2 (11.5-

17.7)

  Female 333 82 857.1 9.6 (7.7-11.9)

Age groups, years

  0.5 - 10 100 9 209.9 4.3 (2.2-8.2)

  >10 - 20 109 19 234.8 8.1 (5.2-12.7)

  >20 - 30 117 35 333.3 10.5 (7.5-14.6)

  >30 - 40 122 39 314.5 12.4 (9.1-17.0)

  >40 - 50
77 35 193.5 18.1 (13.0-

25.2)

  >50
52 27 147.5 18.3 (12.6-

26.7)

Race

  Asian 490 132 1260.3 10.5 (8.8-12.4)

  Black 36 12 59.2
20.3 (11.5-

35.7)

  White 35 16 71.2
22.5 (13.8-

36.7)

Genotype

  A1 18 5 30.8 16.2 (6.8-39.0)
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  A2 30 18 47.4
37.9 (23.9-

60.2)

  B 202 63 492.7
12.8 (10.0-

16.4)

  C 237 62 651.7 9.5 (7.4-12.2)

  D 40 8 123.3 6.5 (3.2-13.0)

  E 9 2 21.1 9.5 (2.4-38.0)

BCP/PC mutation

Wild type 294 48 778.5 6.2 (4.6-8.2)

BCP only 111 39 289.5 13.5 (9.8-18.4)

PC with or without 

BCP
35 21 68.7

30.6 (19.9-

46.9)

Baseline 

Phenotypea

HBeAg+ immune 

active

419 117 1104.8 10.6 (8.8-12.7)

Immune tolerant 82 12 203 5.9 (3.4-10.4)

HBeAg+ 

indeterminate 

37 27 56.6 47.7 (32.7-

69.6)

Abbreviations: BCP, basal core promoter; CHB, chronic Hepatitis B virus; PC, Pre-core.

aImmune tolerant: HBV DNA ≥105 IU/mL and ALT normal; HBeAg+ immune active: HBV 

DNA ≥105 IU/mL and ALT elevated; HBeAg+ indeterminate: HBV DNA <105 IU/mL, 

regardless of ALT level .
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Table 3. Hazard ratios (HRs)a of HBeAg loss among North American children and adults with 

CHB by participant characteristics. 

Unadj. HR (95% 

CI)

Adj. HR (95% 

CI)b

N=532

Adj. HR (95% 

CI)c

Sex (ref=Female) n=577, P=0.01 P=0.04

  Male 1.49 (1.10-2.02) 1.44 (1.02-2.02)

Age group, years (ref=0.5-10) n=577, P<0.01 P<0.01

  >10 - 20 1.89 (0.86-4.19) 1.75 (0.71-4.27)

  >20 - 30 2.56 (1.23-5.34) 2.64 (1.14-6.10)

  >30 - 40 2.95 (1.43-6.10) 3.29 (1.44-7.49)

  >40 - 50 4.36 (2.10-9.09) 4.33 (1.87-10.03)

  >50 4.49 (2.11-9.55) 3.94 (1.62-9.60)

Pregnant 

(ref=no/unknown/NA)
n=577, P=0.54 P=0.45

   Yes, 24 weeks prior 1.43 (0.46-4.50) 1.58 (0.48-5.15)

Race (ref= Asian) n=561d, P<0.01 n=556, P<0.01

  Black 1.93 (1.07-3.51) 1.90 (1.01-3.57)

  White 2.16 (1.28-3.63) 2.32 (1.32-4.07)

Genotype (ref=C) n=536d, P<0.0001 P<0.01

  A1 1.64 (0.66-4.09) 1.52 (0.61-3.83)

  A2 3.93 (2.32-6.68) 2.98 (1.67-5.30)

  B 1.33 (0.94-1.89) 1.46 (1.02-2.09)

  D 0.69 (0.33-1.44) 0.95 (0.44-2.07)

  E 1.03 (0.25-4.21) 1.34 (0.33-5.56)

BCP/PC mutation 

(ref=wildtype)
n=440, P<0.0001 n=416, P<0.0001

  BCP only 2.19 (1.43-3.34) 2.34 (1.46-3.75)

  PC with or without BCP 4.91 (2.94-8.22) 5.89 (3.34-10.39)

Phenotype (ref= HBeAg+ 

immune active) n=538, P<0.0001 n=508, P<0.0001
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  Immune tolerant 0.55 (0.30-.99) 0.58 (0.31-1.08)

  HBeAg+ indeterminant 4.59 (3.10-7.01) 5.74 (3.63-9.08)

HBV treatment (ref=No) n=577, P=0.53 P=0.16

   Yes ≥24wks in past 36 weeks 1.11 (0.80-1.53) 0.78 (0.55-1.10)

ALT flare (≥10xULN) 

(ref=no)
n=572, P<0.0001 P<0.0001

   Yes, 24 weeks prior 4.47 (2.76-7.23) 4.40 (2.65-7.31)

Serum HBsAg (log10  IU/mL) n=510, P<0.0001 n=484, P<0.0001

   24 weeks prior 0.74 (0.66-0.84) 0.67 (0.58-0.77)

Serum HBeAg (log10  IU/mL) n=512, P<0.0001 n=486, P<0.0001

   24 weeks prior 0.52 (0.46-0.59) 0.46 (0.39-0.53)

HBV DNA (log10 IU/mL) n=567, P<0.0001 n=527, P<0.0001

   24 weeks prior 0.90 (0.85-0.94) 0.73 (0.67-0.80)

Abbreviations: ALT, Alanine aminotransferase; BCP, basal core promoter; CHB, chronic 

Hepatitis B virus; PC, Pre-core.

aThe ratio of the rate at which participants experience HBeAg loss where a faster rate suggests a 

shorter time of HBeAg positivity. Thus, a value >1 indicates less time to HBeAg loss. 

bEstimate are from one multivariable model that includes sex, age group, pregnancy, genotype, 

treatment and ALT flare.

cEach estimate is from a unique model with adjustment for sex, age group, pregnancy, genotype, 

treatment and ALT flare with two exceptions; race is not adjusted for genotype; phenotype is not 

adjusted for ALT flare. 

dDoes not include those in “other/mixed” race (n=16), “other” genotype categories (n=1).
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Figure Legends

Figure 1. Flow of participants from study enrollment to analysis sample.

Figure 2: Cumulative probability of HBeAg loss among North American children and adults 

with CHB by baseline characteristics.

Footnote: Abbreviations: BCP, basal core promoter; CHB, chronic Hepatitis B virus; PC, Pre-

core.

Kaplan-Meier curves are truncated when fewer than 10 participants are at risk.
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    73  Anti-HDV positive

7 participants are both HCV and 

   

Anti-HDV positive

1408  HBeAg negative

63  Excluded due to missing eligible HBeAg
      measurement

819  HBeAg positive participants

242  Excluded because HBeAg not measured 
        24-60 weeks following baseline

2472  Pediatric and adult HBRN cohort entrants

14  Ineligible for HBRN

13  HBsAg(-)

   1  HCC

577  Analysis sample 

jvh_13591_f1.pdf

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



0 0.5 1 2 3 4 5 6 7

Years from baseline

0.0

0.2

0.4

0.6

0.8

1.0

P
ro

b
ab

il
it

y

Female

Male

(A) Sex

0 0.5 1 2 3 4 5 6 7

Years from baseline

0.0

0.2

0.4

0.6

0.8

1.0

P
ro

b
ab

il
it

y

>50

>40-50

>30-40

>20-30

>10-20

0.5-10

(B) Age, years

0 0.5 1 2 3 4 5 6 7

Years from baseline

0.0

0.2

0.4

0.6

0.8

1.0

P
ro

b
ab

il
it

y

Asian

Black

White

(C) Race

0 0.5 1 2 3 4 5 6 7

Years from baseline

0.0

0.2

0.4

0.6

0.8

1.0

P
ro

b
ab

il
it

y
D

C

B

A2

A1

(D) Genotype

0 0.5 1 2 3 4 5 6 7

Years from baseline

0.0

0.2

0.4

0.6

0.8

1.0

P
ro

b
ab

il
it

y

PC with or without BCP

BCP only

Wild type

(E) BCP/PC Mutation

0 0.5 1 2 3 4 5 6 7

Years from baseline

0.0

0.2

0.4

0.6

0.8

1.0

P
ro

b
ab

il
it

y

Indeterminant A

HBeAg+ active CHB

Immune tolerant

(F) Phenotype

jvh_13591_f2.pdf

This	article	is	protected	by	copyright.	All	rights	reserved

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t


