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ABSTRACT

Characterisation of people with hepatitis B (PWHB) remains limited, particularly regarding treatment status, disease se-
verity and biomarker profiles. Quantitative hepatitis B surface antigen (QHBsAg) is a key predictor of response to emerging
therapies, but its distribution is poorly described. Using a large, ethnically diverse UK cohort, we assessed demographics, clin-
ical features and HBsAg levels to guide treatment strategies. This cross-sectional analysis of PwWHB (N=2000 [prespecified])
used data from four English hospitals, collected via the National Institute for Health and Care Research Health Informatics
Collaborative framework. Individual characteristics were assessed overall, and post hoc by gHBsAg levels (<3000/>30001U/
mL; <100/>100-<1000/>10001U/mL) available from one centre (N=457). The cohort had a slight male predominance (54%)
and a mean age of 44.9years. White and Asian ethnicity each accounted for 25%, and 23% were on nucleos(t)ide analogue therapy.
Centres collecting HBsAg data had more individuals with undetectable HBV DNA or on treatment. Among individuals with non-
missing qHBsAg data (263/457), 167/263 (63.5%) had qHBsAg <30001U/mL. These were older (49.6 vs. 43.5years), more likely
to be male (53.9% vs. 35.4%), Asian (40.7% vs. 20.8%) or have undetectable HBV DNA (35.9% vs. 17.7%), and less likely to be Black
(13.2% vs. 34.4%) versus those with gHBsAg >30001U/mL. Fifty-six (21.3%) people had gHBsAg <1001U/mL, 60 (22.8%) be-
tween >100 and <10001U/mL, and 147 (55.9%) >1000IU/mL. This cohort of PWHB highlights qHBsAg distribution in clinical
settings and could identify people more likely to achieve functional cure with emerging therapies.

Abbreviations: ALT, alanine aminotransferase; CKD, chronic kidney disease; EHR, electronic health record; HBeAg, hepatitis B e-antigen; HBsAg, hepatitis B
surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HIC, Health Informatics Collaborative; IFN, interferon; IQR, interquartile range; NA,
nucleos(t)ide analogue; NICE, National Institute for Health and Care Excellence; NIHR, National Institute for Health and Care Research; qHBsAg, quantitative
hepatitis B surface antigen; S/CO, signal-to-cut-off ratio; SD, standard deviation.
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Chronic hepatitis B virus (HBV) infection is a liver disease of
major public health significance [1-3]. In 2022, an estimated
257.5 million individuals were living with HBV infection glob-
ally [4]. In the same year, there were approximately 270,000 peo-
ple living with hepatitis B in the UK, accounting for 0.6% of the
population [5], despite high infant vaccination coverage (91.7%
as of December 2023 for the hexavalent vaccine, which includes
HBYV, introduced in 2017) [6]. An estimated 95% of new diag-
noses for chronic HBV infections in England typically occur in
those who have acquired the infection in early life in endemic
regions [7].

The natural history of chronic HBV infection is dynamic and
characterized by distinct patterns of serologic markers, HBV
DNA and alanine aminotransferase (ALT) levels, as well as
the immunological and hepatic neuroinflammatory status
[8, 9]. Heterogeneity in progression contributes to the devel-
opment of key long-term complications, including cirrhosis,
liver decompensation and hepatocellular carcinoma (HCC)
[8]. Chronic HBV treatment seeks to reduce the risk of dis-
ease progression, thereby improving survival and quality of
life, which can be measured through surrogate disease mark-
ers (e.g., ALT, HBV DNA, hepatitis B e antigen [HBeAg]) [8].
Clinical guidelines for the management of chronic HBV in-
fection often provide treatment advice on the basis of these
parameters [10-12], but only an estimated 31% of treatment-
eligible people in the UK receive treatment [4]. Consequently
there is a need for greater real-world insights into the char-
acteristics of people living with chronic HBV infection with
increasing levels of disease progression, both treated and un-
treated. More broadly, and because of the interplay between
ethnicity, infecting HBV genotype and disease progression
[13], there is value in understanding biomarker distribution
by ethnicity.

Hepatitis B surface antigen (HBsAg) presence is a hallmark of
HBYV infection and is linked to chronicity, as high levels con-
tribute to immune exhaustion and viral persistence [14, 15].
HBsAg loss is associated with significantly reduced risks of
HCC and decompensated liver disease versus HBV DNA sup-
pression alone, underscoring its importance as part of the
optimal treatment endpoint (functional cure) in disease man-
agement [15-17]. Furthermore, baseline HBsAg levels are an
important predictor of HBsAg loss and a positive response to
treatment [15, 18, 19]. However, as HBsAg loss is uncommon
(on- or off-treatment) [20] and the therapeutic management
of people with chronic HBV infection is not currently influ-
enced by HBsAg levels, most clinical laboratories do not mea-
sure HBsAg, or perform qualitative (semi-quantitative) rather
than fully quantitative assays. Until recently [9], quantitative
HBsAg (QHBsAg) testing was not included in clinical guide-
lines [10, 21]. As a result, there are limited data on qHBsAg in
the literature [22].

gHBsAg measurement is increasingly recognised for its role
in managing chronic HBV infection. In the UK, the National
Institute for Health and Care Excellence (NICE) advises mon-
itoring HBV DNA and qHBsAg levels, along with HBeAg
status, before initiating treatment and at specified intervals
thereafter to assess treatment response and adherence [12].
The updated EASL 2025 guidelines also support this approach

[9]. Furthermore, novel HBV therapies are being developed for
people with a specific HBsAg quantification cut-off [23, 24], as
lower HBsAg levels have been associated with improved re-
sponse [19, 25].

Utilising a large, ethnically diverse national cohort, this study
aimed to describe the demographic, clinical and treatment
characteristics in people living with chronic HBV infection in
England. Individuals were originally stratified by HBeAg, eth-
nicity, treatment and liver disease status; with increasing in-
terest in qHBsAg levels, a post hoc analysis was conducted to
stratify our cohort by this parameter, which is the focus of this
research.

1 | Methods
1.1 | Study Design and Data Source

This descriptive cross-sectional study utilised the National
Institute for Health and Care Research (NIHR) Health
Informatics Collaborative (HIC) Viral Hepatitis and Liver
Disease Theme Database [26, 27]. Curated electronic health
record (EHR) data were obtained from a pre-specified number
of randomly selected individuals (N=2000) from four NHS
trusts contributing to the NTHR HIC Viral Hepatitis database:
Imperial College Healthcare NHS Trust, Oxford University
Hospitals NHS Foundation Trust, University College London
Hospitals NHS Foundation Trust, and University Hospitals
Southampton NHS Foundation Trust (Figure S1). In accor-
dance with the data sharing agreement, the names of these
centres have been anonymised (referred to as Centres 1 to 4
throughout the text).

1.2 | Eligibility Criteria, Study Population
and Study Period

The study cohort comprised people with chronic HBV infec-
tion from the collaborating centres, who were identified using
codes based on the results of HBsAg and HBV DNA tests be-
tween 1 January 2016 and 31 December 2019 (identification
period; Figure S2). The first evidence of chronic HBV infec-
tion (defined as two positive HBsAg tests 6 months apart or a
positive HBsAg plus an HBV DNA test 6 months apart) within
the identification period defined the index date. People were
excluded if they had acute HBV infection or a single HBSAg
test which could not be conclusively proven to be chronic (for
complete inclusion/exclusion criteria see Table S1). Baseline
demographic and clinical characteristics were assessed over a
365-day period prior to the disease index date. In total, 2925
individuals met the pre-defined eligibility criteria. In accor-
dance with the study protocol, which stipulated the inclusion
of 2000 individuals, a stratified selection approach was imple-
mented to preserve population heterogeneity and ensure bal-
anced representation across sites. All eligible individuals from
three centres (Centres 1-3) with smaller sample sizes were in-
cluded in the final analysis. To reach the target sample size,
the remaining individuals were randomly selected from the
centre (Centre 4) with the largest number of eligible individu-
als (Table S2).
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1.3 | Variables and Assessments

Demographics, clinical characteristics and laboratory measure-
ments were collected, with baseline values used for all vari-
ables (for laboratory measurements, the last value within the
baseline period was used; age was recorded at the index date).
Variables included in the analysis are detailed in Table S3; data
were stratified by self-reported ethnicity [28] (using standard na-
tional codes in the UK [29]: White, Mixed, Asian, Black, other/
unknown), liver disease status (no evidence of liver disease, any
evidence of liver disease of increasing severity [none < fibro-
sis < compensated cirrhosis < decompensated cirrhosis < HCC]),
treatment (no treatment, nucleos|[t]ide analogue [NA] monother-
apy/combinations), HBeAg status (positive, negative, missing),
and qHBsAg levels (described below).

1.4 | HBsAg Levels

Two centres routinely assessed HBsAg levels. Centre 1 mea-
sured blood qHBsAg levels using the fully quantitative Architect
HBsAg QT (Abbott Corp, Illinois, US), reported in ITU/mL. Two
stratifications, commonly used in clinical development pro-
grammes of new therapeutic agents, were used for these data
(broad: <3000IU/mL, >3000IU/mL or missing; granular:
<100IU/mL, >100-10001U/mL, >10001U/mL, or missing).
Centre 2 used the Architect HBsAg Qualitative IT assay to report
semi-quantitative HBsAg levels, expressed as a signal-to-cut-off
ratio (S/CO) or index value. S/CO <1 indicated a negative re-
sult for HBsAg, whilst S/CO >1 indicated a positive result for
HBsAg, with higher values suggesting higher HBsAg levels.
Two stratifications were performed on HBsAg semi-quantitative
data from Centre 2 (a broad one using the median value alone as
a cut-off, and a more granular assessment that included S/CO
<100 and the median value).

1.5 | Data Analysis

Categorical data were analyzed using frequencies and percent-
ages. For outcome variables, 95% confidence intervals (CIs) were
calculated, with exact CIs reported when:

proportion X denominator < 10, or (1 — proportion) X denominator < 10.

Continuous data were summarized as means + standard devia-
tion (SD), ranges, and medians with interquartile ranges (IQR).
The analysis was stratified according to the variables outlined
above; qHBsAg analyses were conducted post hoc.

1.6 | Ethical Considerations

This project was approved by the National Research Ethics
Service Committee South Central-Oxford on 26 February 2021
(REC reference 21/SC/0060). This study complied with all appli-
cable laws regarding subject privacy. No direct subject contact or
primary collection of individual human subject data occurred.
Results are presented in tabular form as aggregate analyses that
preclude subject identification.

2 | Results
2.1 | Overall Study Cohort

Overall, 2000 adults living with chronic HBV infection were in-
cluded for analysis across the four contributing NHS Trusts in
England (Figure S1). The mean (SD) age of the overall cohort
was 44.9 (12.7) years, with 54% being male (Table 1). White and
Asian ethnicity each accounted for a quarter of the population.
Most people were HBeAg negative with no evidence of viral
co-infections, liver disease, or chronic kidney disease (CKD).
Approximately 23% of people were treated with either NA mono-
therapy or combination therapy.

2.2 | Stratification by Self-Reported Ethnicity

Demographic and clinical characteristics varied by ethnic-
ity across the four centres (Table 2). Sex and age distribution
were similar across ethnicities, although fewer people of Black
ethnicity were aged >65years (5.5% [95% CI: 3.2-7.8]) ver-
sus Asian (10.6% [7.9-13.3]) and White (10.3% [7.6-13.0]) peo-
ple. Where laboratory data were available, Asian people were
more often HBeAg-positive (14.1% [10.5-17.7]) compared with
their White (7.6% [4.8-10.4]) and Black (4.4% [2.0-6.9]) coun-
terparts. Excluding people reporting other/unknown ethnicity,
the highest proportion of untreated people was observed in the
Black stratum (80.4%), followed by the White (75.8%) and Asian
(69.6%) strata. CKD was reported more frequently in Asian (7.2%
[4.9-9.5]) and Black (7.8% [5.1-10.5]) than White people (3.4%
[1.8-5.0]).

2.3 | Stratification by Liver Disease, Treatment
and HBeAg

Across the four centres, people with evidence of liver disease
(n=191) were more likely to be aged >50years (56.5% [95% CIL:
49.5-63.6] vs. 28.9% [26.8-31.0]), have CKD (16.2% [11.0-21.5]
vs. 4.0% [3.1-4.9]), be co-infected with human immunodefi-
ciency virus or hepatitis C virus (5.2% [2.5-9.4] vs. 1.5% [0.9-2.1])
and be HBeAg-positive (16.8% [10.2-23.4] vs. 8.7% [7.2-10.3])
than those without liver disease (Table S4).

Approximately three-quarters of people received no treatment
for chronic HBV infection, but among those receiving treatment
(23%, N=462), 435 and 27 had NA monotherapy (primarily
tenofovir) and NA combination therapy, respectively (Table S4).
No individuals were receiving interferon (IFN) at the index date,
although two people had a record of prior IFN treatment. People
receiving NAs were more likely to be male (63.6% [59.2-68.0])
versus those untreated (51.0% [48.5-53.5]) (Table S5). Treated
people were also older than untreated ones, with higher propor-
tions in the 50-64years (31.0% [26.7-35.2] vs. 21.1% [19.0-23.1])
and 65+ years (13.0% [9.9-16.1] vs. 6.8% [5.5-8.0]) age groups.
Most people had undetectable or low (<20001U/mL) HBV DNA
levels (92.6% [428/462] of people receiving NA treatment and
81.7% [1257/1538] of people receiving no treatment; Table S5).

HBeAg data were missing for 589 (29.5%) individuals across the
four centres; among those with HBeAg data, 90.6% (1278/1411)
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TABLE 1 | Characteristics of the overall study cohort and by qHBsAg testing status: Centres 1 and 2 (QHBsAg and semi-quantitative HBSAg)

versus Centres 3 and 4 (non-testing).

Overall (N=2000)

Centres that collect
qHBsAg or semi-

quantitative HBsAg data
(Centres 1 and 2) (n=1095)

Centres that do not
collect gHBsSAg or semi-
quantitative HBsAg data
(Centres 3 and 4) (n=905)

Variable n (%) 95% CI n (%) 95% CI1 n (%) 95% CI1
Male sex 1079 (54) 51.8-56.1 587 (53.6) 50.7-56.6 492 (54.4) 51.1-57.6
Age group, years
<25 48 (2.4) 1.7-3.1 23(2.1) 1.3-2.9 25(2.8) 1.7-3.8
25-49 1321 (66.1) 64-68.1 743 (67.9) 65.1-70.6 578 (63.9) 60.7-67.0
50-64 467 (23.4) 21.5-25.2 242 (22.1) 19.6-24.6 225(24.9) 22.0-27.7
>65 164 (8.2) 7.0-9.4 87 (7.9) 6.3-9.5 77 (8.5) 6.7-10.3
Ethnicity®
White 495 (24.8) 22.9-26.6 291 (26.6) 24.0-29.2 204 (22.5) 19.8-25.3
Mixed 62 (3.1) 2.3-39 42 (3.8) 2.7-5.0 20(2.2) 1.3-3.2
Asian 500 (25) 23.1-26.9 300 (27.4) 24.8-30.0 200 (22.1) 19.4-24.8
Black 383(19.2) 17.4-20.9 194 (17.7) 15.5-20.0 189 (20.9) 18.2-23.5
Other/unknown 560 (28) 26.0-30.0 268 (24.5) 21.9-27.0 292 (32.3) 29.2-35.3
Co-infections (HIV and/ 38 (1.9) 1.3-2.5 25(2.3) 1.4-3.2 13 (1.4) 0.7-2.2
or HCV)
Hepatitis delta 6(0.3) 0.1-0.7 6(0.5) 0.2-1.2 0
Liver fibrosis 89 (4.5) 3.5-5.4 36(3.3) 2.2-4.3 53 (5.9) 4.3-7.4
Cirrhosis
Compensated 137 (6.9) 5.7-8.0 43(3.9) 2.8-5.1 94 (10.4) 8.4-12.4
Decompensated 18 (0.9) 0.5-1.3 14 (1.3) 0.6-1.9 4(0.4) 0.1-1.1
HCC 12 (0.6) 0.3-0.9 6 (0.5) 0.2-1.2 6 (0.7) 0.2-1.4
CKD 104 (5.2) 4.2-6.2 51 (4.7) 3.4-5.9 53(5.9) 4.3-7.4
HBeAg status
Positive 133 (9.4) 7.9-11.0 80 (9.0) 7.1-10.9 53(10.2) 7.6-12.8
Negative 1278 (90.6) 89.0-92.1 811 (91.0) 89.1-92.9 467 (89.8) 87.2-92.4
Missing 589 (29.5) 27.5-31.4 204 (18.6) 16.3-20.9 385 (42.5) 39.3-45.8
HBV DNA, IU/mL
Undetectable 230 (11.8) 10.4-13.3 206 (19.6) 17.2-22.0 24 (2.7) 1.6-3.8
Detectable— <2000 1455 (75.0) 73.0-76.9 741 (70.4) 67.6-73.1 714 (80.4) 77.8-83.0
2000- <20,000 182 (9.4) 8.1-10.7 76 (7.2) 5.7-8.8 106 (11.9) 9.8-14.1
>20,000 74 (3.8) 3.0-4.7 30(2.8) 1.8-3.9 44 (5.0) 3.5-6.4
Missing 59 (3.0) 2.2-3.7 42 (3.8) 2.7-5.0 17 (1.9) 1.0-2.8
ALT
<ULN 1665 (84.6) 83.0-86.2 950 (88.5) 86.6-90.4 715 (79.8) 77.2-82.4
1- <2XULN 239 (12.1) 10.7-13.6 102 (9.5) 7.8-11.3 137 (15.3) 12.9-17.6
(Continues)
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TABLE1 | (Continued)
Centres that collect Centres that do not
qHBsAg or semi- collect gHBsSAg or semi-
quantitative HBsAg data quantitative HBsAg data
Overall (N=2000) (Centres 1 and 2) (n=1095) (Centres 3 and 4) (n=905)
Variable n (%) 95% CI n (%) 95% CI1 n (%) 95% CI1
2- <5xULN 55 (2.8) 2.1-3.5 15 (1.4) 0.7-2.1 40 (4.5) 3.1-5.8
>5XULN 10 (0.5) 0.2-0.8 6 (0.6) 0.2-1.2 4(0.4) 0.01-1.1
Missing 31 (1.6) 1.0-2.1 22 (2.0) 1.2-2.8 9 (1.0) 0.5-1.9
Treatment
NA monotherapy 435(21.8) 19.9-23.6 383 (35.0) 32.2-37.8 52(5.7) 4.2-7.3
NA combination 27 (1.4) 0.8-1.9 19 (1.7) 1-2.5 8(0.9) 0.4-1.7
therapy
Prior interferon use 2(0.1) 0.0-0.4 0 2(0.2) 0.03-0.8
No treatment 1538 (76.9) 75.1-78.7 693 (63.3) 60.4-66.1 845 (93.4) 91.7-95.0

Note: The table shows descriptive baseline data only; no formal hypothesis testing was conducted.
Abbreviations: ALT, alanine aminotransferase; CI, confidence interval; CKD, chronic kidney disease; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface
antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HIV, human immunodeficiency virus; NA, nucleos(t)ide analogue; qHBsAg,

quantitative hepatitis B surface antigen; ULN, upper limit of normal.

*White = “White—British’, “‘White—Irish’, “‘White—any other White background’; Asian = ‘Asian or Asian British—Indian Asian or Asian British—Pakistani’, ‘Asian
or Asian British—Bangladeshi’, ‘Asian or Asian British—any other Asian background’, ‘Chinese’; Black = ‘Black or Black British—Caribbean’, ‘Black or Black British—
African’, ‘Black or Black British—any other Black background’; Mixed = ‘Mixed—White and Black Caribbean’, ‘Mixed—White and Black African’, ‘Mixed—White and
Asian/Mixed—any other mixed background'; Other =‘any other ethnic group’. Ethnicity was self-reported by individuals and recorded using standard national codes

in the UK.

were HBeAg-negative (Table S6). HBeAg-positive status was
mainly reported in younger adults. As expected, HBeAg-
positive status was observed in people with higher HBV DNA
levels. Characteristics of people with missing HBeAg data were
generally similar to those of HBeAg-negative people, suggest-
ing that clinicians may stop testing for HBeAg after anti-HBe
seroconversion.

Characteristics were largely similar between centres collecting
HBsAg data and those that did not (Table 1). Notable differences
were that the proportions of people with undetectable HBV DNA,
and the proportions of people receiving treatment, were both
higher in centres collecting HBsAg data than in those that did not.

2.4 | Stratification by qHBsAg Test Result
Availability (in Centres Routinely Testing
for HBsAg)

In the centres that routinely measured HBsAg levels (Centres
1 and 2), the demographic characteristics of people with com-
plete HBsAg data were generally similar to those with missing
HBsAg data (Table S7). There was a greater proportion of Black
people in the stratum with missing (27.0% [95% CI: 21.3-32.7])
versus complete (15.2% [12.8-17.6]) HBsAg data. With respect
to laboratory values and clinical characteristics, the proportion
of people with undetectable HBV DNA data was higher among
those with complete versus missing HBsAg data (21.5% [18.7-
24.3] vs. 12.7% [8.4-17.0]). This was coincident with treatment,
with more people with complete HBsAg data treated with NA
monotherapy than those with missing HBsAg data (37.4% [34.1-
40.6] vs. 26.2% [20.5-31.8]).

2.5 | Stratification by qgHBsAg Levels (in Centres
Routinely Testing for HBSAg)

In the post hoc analysis of gHBsAg data collected at Centre 1,
263/457 (57.5%) people had complete gHBsAg data. Two strati-
fications of qHBsAg were explored: broad and granular. For the
broad stratification of data from Centre 1, 167 (63.5%) had qHB-
sAg levels <30001U/mL and 96 (36.5%) had levels >30001U/mL
(Figure 1; Table 3). The proportion of males was higher in the
gqHBsAg <3000IU/mL versus the >3000IU/mL group (53.9%
[46.3-61.5] vs. 35.4% [25.8-45.0]). The mean (SD) age in the qgHB-
SAg <30001U/mL stratum (49.6 [12.7] years; 95% CI: 47.7-51.5)
was higher than in the >30001U/mL stratum (43.5 [12.4] years;
95% CI: 41.0-46.0). People with qHBsAg <30001U/mL were more
likely to be Asian (40.7% [33.3-48.2]) and less likely to be Black
(13.2% [8.0-18.3]) than those with qgHBsAg >30001U/mL (Asian:
20.8% [12.7-29.0]; Black: 34.4% [24.9-43.9]). A greater proportion
of people with qHBsAg <3000IU/mL had undetectable HBV
DNA versus those with qHBsAg >30001U/mL (35.9% [28.7-43.2]
vs. 17.7% [10.1-25.3]). There were proportionally more people
with qHBsAg <30001U/mL having CKD than those with gHB-
sAg >30001U/mL (8.4% [4.2-12.6] vs. 2.1 [0.3-7.3]), but 95% CIs
overlapped.

For the granular stratification of data from Centre 1, 56 (21.3%)
people had qHBsAg levels <100IU/mL, 60 (22.8%) had levels
>100-10001U/mL, and 147 (55.9%) had levels >1000IU/mL
(Figure 2; Table 4). There were proportionally more males than
females in the >100-10001U/mL stratum (66.7% [54.7-78.6] vs.
33.3% [21.4-45.3]). Conversely, the proportion of females was
higher in the gHBsAg >1000IU/mL stratum (61.2% [53.3-69.1]
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560)

95% CI
0.3-2.1
79.2-85.5

n (%)
5(0.9)

Other/unknown (n
461 (82.3)

‘Mixed—White and Black Caribbean’, ‘Mixed—

95% CI
0.2-2.3
76.4-84.4

383)

Black (n
n (%)

3(0.8)
308 (80.4)

1.1

500)
95% CI
0.7-3.1
65.6-73.6

Asian (n
n (%)

8(1.6)
1(0.2)
348 (69.6)

62)
95% CI
0.4-11.2

63.3-85.1

‘Asian or Asian British—Indian Asian or Asian British—Pakistani’, ‘Asian or Asian British—Bangladeshi’, ‘Asian or Asian British—any

Mixed (n
n (%)
2(3.2)
46 (74.2)

495)
95% CI
0.8-3.4

0-1.1
72-79.5

‘Black or Black British—Caribbean’, ‘Black or Black British—African’, ‘Black or Black British—any other Black background’; Mixed

White (n

n (%)
9(1.8)

1(0.2)

375 (75.8)

| (Continued)
NA combination
Prior interferon use

therapy
No treatment

Variable

Abbreviations: ALT, alanine aminotransferase; CI, confidence interval; CKD, chronic kidney disease; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV,

hepatitis C virus; HIV, human immunodeficiency virus; IQR, interquartile range; NA, nucleos(t)ide analogue; qgHBsAg, quantitative HBsAg; SD, standard deviation; ULN, upper limit of normal.

White = “White—British’, “‘White—Irish’, ‘White—any other White background’; Asian

other Asian background’, ‘Chinese’; Black
White and Black African’, ‘Mixed—White and Asian/Mixed—any other mixed background'; Other = ‘any other ethnic group’. Ethnicity was self-reported by individuals and recorded using standard national codes in the UK.

Note: The table shows descriptive baseline data only; no formal hypothesis testing was conducted.

TABLE 2

vs. 38.8% [30.9-46.7]). There were no notable differences be-
tween sexes in the qHBsAg <1001U/mL stratum. Mean (SD)
ages were higher in the gHBsAg <1001U/mL (51.9 [13.0] years;
95% CI: 48.5-55.3) and >100-1000I1U/mL (50.6 [12.5] years;
95% CI: 47.4-53.8) strata than in the >10001U/mL (44.3 [12.2]
years; 95% CI: 42.3-46.3) stratum. There was a greater propor-
tion of people aged >65years in the qHBsAg <100IU/mL stra-
tum (21.4% [10.7-32.2]), versus the >100-10001U/mL (11.7%
[4.8-22.6]) and >10001U/mL (7.5% [3.2-11.7]) strata, although
95% CI values overlapped between strata. In the gHBsAg >100-
10001U/mL stratum, there were proportionally more Asian
people (50.0% [37.3-62.7]) and fewer Black people (10.0% [3.8-
20.5]) than in the qHBsAg >10001U/mL stratum (Asian: 25.2%
[18.2-32.2]; Black: 29.3% [21.9-36.6]). In the qHBsAg <1001U/
mL stratum, 37.5% (24.8-50.2) of people were Asian and 10.7%
(4.0-21.9) were Black.

For laboratory values and clinical characteristics with granular
stratification, the highest proportion of people with undetect-
able HBV DNA was in the gHBsSAg <1001U/mL group (42.9%
[29.9-55.8]), followed by the >100-10001U/mL group (30.0%
[18.4-41.6]) and the >10001U/mL group (22.4% [15.7-29.2]).
People with lower qHBsAg levels were more likely to have CKD
(12.5% [5.2-24.1] with <1001U/mL vs. 3.3% [0.4-11.5] with
>100-10001U/mL and 3.4% [95% CI 1.1-7.8] with >10001U/
mL), although the 95% CI overlapped. There was increased
NA monotherapy use in the gHBsAg >100-10001U/mL group
(66.7% [54.7-78.6]) compared with the other qgHBsAg groups
(<1001U/mL: 48.2% [35.1-61.3]; >1000IU/mL: 49.0% [40.9-
57.1]), although 95% CI values overlapped. Similarly, there were
proportionally more untreated people with gHBsAg >10001U/
mL (48.3% [40.2-56.4]) and with qHBsAg <100IU/mL (46.4%
[33.4-59.5]) compared with >100-10001U/mL (31.7% [19.9-
43.4]), but again, 95% CI values overlapped.

Characteristics of the study cohort in Centre 2 stratified by semi-
quantitative HBsAg levels were broadly in line with the gHBsAg
data from Centre 1, with people in the <100S/CO stratum being
older, more likely to be Asian and have undetectable HBV DNA
levels or CKD, and less likely to be Black than people in higher
S/CO strata (Table S8).

3 | Discussion

In line with recent studies exploring the relationship between
qHBsAg levels and individual/disease characteristics [30-33],
the results of this large, ethnically diverse, real-world study
of people with chronic HBV infection reiterate the impor-
tance of assessing qHBsAg distribution in clinical settings.
Quantification of HBsAg is not yet routine in clinical practice
and was not incorporated in clinical guidelines at the time of
this study [10, 21].

We first compared differences in individual characteristics
between sites that collected and did not collect HBsAg levels.
People with complete data were more often treated and were
more likely to have undetectable HBV DNA; these findings sug-
gest qHBsAg testing is more often undertaken to evaluate the
effect of therapy and potentially to monitor those people con-
sidered to have a higher chance of HBsAg loss. Indeed, previous
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A. Demographics
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<25 25-49 50-64 White Asian Black

T

Other/ Mixed
unknown

Male sex

Sex Age (years) Ethnicity*

B. Clinical characteristics
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People, % (95% Cl)
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Liver Compensated Decompensated
fibrosis cirrhosis cirrhosis
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NA combination
therapy

HCC

CKD NA
monotherapy

Prior No
IFN use treatment

Comorbidities Treatment

C. Laboratory values

100 -
90
80 +
70 1
60 1
50 1
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0

Positive

People, % (95% ClI)
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Mlssmg Undetectable Detectable—  2000— 220,000
<2000 <20,000

HBV DNA (IU/mL)

i.i 1 L.T.

1-<2xULN 2—<5xULN 2=5xULN Missing

Negative Missing ULN

HBeAg ALT

FIGURE1 | Characteristics of the study cohort by broad qHBsAg stratification: (A) demographics, (B) clinical characteristics and (C) laboratory
values (Centre 1). White = “White—British’, “‘White—Irish’, ‘White—any other White background’; Asian="‘Asian or Asian British—Indian Asian
or Asian British—Pakistani’, ‘Asian or Asian British—Bangladeshi’, ‘Asian or Asian British—any other Asian background’, ‘Chinese’; Black = ‘Black
or Black British—Caribbean’, ‘Black or Black British—African’, ‘Black or Black British—any other Black background’; Mixed = ‘Mixed—White and
Black Caribbean’, ‘Mixed—White and Black African’, ‘Mixed—White and Asian/Mixed—any other mixed background'; Other =‘any other ethnic
group’. Ethnicity was self-reported by individuals and recorded using standard national codes in the UK. ALT, alanine aminotransferase; CI, confi-
dence interval; CKD, chronic kidney disease; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepa-
tocellular carcinoma; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IFN, interferon; NA, nucleos(t)ide analogue; ULN, upper limit
of normal.

work has also shown that gHBsAg can be a useful biomarker to
help healthcare providers identify individuals for whom func-
tional cure is most likely to be achieved [34]. It can also be a
useful diagnostic tool for predicting HBV reactivation [35].

Two of the four sites included in this study routinely undertook
quantitative and semi-quantitative HBsAg testing. The post hoc

analysis of individuals with qHBsAg data showed that those
with qHBsAg <3000IU/mL represented the majority (63.5%)
of those with available qHBsAg levels. Within the narrower
stratification, people with lower qgHBsAg levels (<10001U/mL)
constituted the minority group (44.1%). Compared with indi-
viduals with high qHBsAg levels (>30001U/mL), those with
lower levels were more likely to be older, of Asian ethnicity, and
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A. Demographics
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B. Clinical characteristics
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or HCV)
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C. Laboratory values

100 -
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Negative Missing [Undetectable Detectable—  2000— 220,000 Missing ULN 1-<2xULN 2-<5xULN =25xULN Missing

<2000 <20,000
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People, % (95% CI)

Positive

HBeAg

FIGURE2 | Characteristics of the study cohort by granular qgHBsAg stratification: (A) demographics, (B) clinical characteristics and (C) laborato-
ry values (Centre 1). White = “White—British’, ‘White—Irish’, “‘White—any other White background’; Asian = ‘Asian or Asian British—Indian Asian
or Asian British—Pakistani’, ‘Asian or Asian British—Bangladeshi’, ‘Asian or Asian British—any other Asian background’, ‘Chinese’; Black = ‘Black
or Black British—Caribbean’, ‘Black or Black British—African’, ‘Black or Black British—any other Black background’; Mixed = ‘Mixed—White and
Black Caribbean’, ‘Mixed—White and Black African’, ‘Mixed—White and Asian/Mixed—any other mixed background’; Other =‘any other ethnic
group’. Ethnicity was self-reported by individuals and recorded using standard national codes in the UK. ALT, alanine aminotransferase; CI, confi-
dence interval; CKD, chronic kidney disease; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepa-
tocellular carcinoma; HCV, hepatitis C virus; HIV, human immunodeficiency virus; IFN, interferon; NA, nucleos(t)ide analogue; ULN, upper limit
of normal.

virologically suppressed. Small numbers within the narrower
stratification made further comparisons challenging, but find-
ings were consistent with respect to age (people with lower lev-
els were more often older), ethnicity (people with lower levels
were more often Asian), and, to a lesser extent, HBV DNA levels
(people with lower qHBsAg levels tended to have lower viral

loads). NA usage at baseline was more common in people with
qHBsAg >100-10001U/mL compared with those with qgHBsAg
<1001U/mL and >1000IU/mL.

Increased prevalence of cirrhosis was observed in individ-
uals with low baseline qHBsAg levels (< 100I1U/mL) in this
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study, contrasting with a previous observational study in
Japan where low baseline qHBsAg levels were significantly
associated with a reduced risk of cirrhosis [36]. These results
could potentially reflect more extensive use of this marker
in the Centre 1 cohort for monitoring cirrhosis in treated in-
dividuals; however, the proportion of people with cirrhosis
was 3.9% in both those with complete and missing qHBsSAg
or semi-quantitative HBsAg data in Centres 1 and 2. In ad-
dition, the study population was ethnically diverse, thereby
representing a broader spectrum of HBV genotypes and co-
hort settings than the Japanese study, which could explain the
observed differences [36]. Furthermore, our results need to
be interpreted with caution owing to the limited number of
cirrhosis cases in this cohort and the unadjusted analytical
approach, which does not control for potential confounding
factors (e.g., age and HBeAg status). Such analyses were be-
yond the scope of this initial descriptive cross-sectional study;
future research leveraging longitudinal data to fully describe
individual risk, and allying this with appropriate methods to
minimize confounding factors, would inform further on this
finding.

In a Korean study that examined the predictors of gHBsAg lev-
els among untreated people with chronic HBV infection, age
was reported to be inversely associated with qHBsAg levels in
groups testing HBeAg-positive and HBeAg-negative, as well
as in the entire sample (individuals testing HBeAg-positive
and HBeAg-negative combined, n=768) [37]. A positive as-
sociation between age and the likelihood of HBsAg seroclear-
ance was also demonstrated in two additional studies [38, 39].
The association between older age and the increased odds of
HBsAg seroclearance is consistent with the findings of the
present study, in which people in lower qHBsAg strata had a
higher mean age.

This is the first study to describe the relationship between
qHBsAg and ethnicity, with Asian people tending to have
lower qHBsAg levels than people of other ethnicities, which
could be important given that gHBsAg levels may be predic-
tors of HBsAg and therapeutic response [40, 41]. However,
no adjustment for confounding or covariates was made; fur-
ther research would be required to establish any differences.
Median qHBsAg levels in a Chinese population varied signifi-
cantly [42], highlighting variability consistent with findings
in a European cohort [35]. Studies examining predictors of
HBsAg seroclearance among untreated people with chronic
HBV infection in the USA and Canada, showed that non-Asian
ethnicity was independently associated with an increase in the
odds of HBsAg seroclearance [38], and shorter time to HBsAg
seroclearance [39]. These findings could be considered con-
tradictory to ours if lower qHBsAg levels were de facto asso-
ciated with an increased likelihood of HBsAg loss, but neither
of the previous studies described qHBsAg levels by ethnicity.
However, as mentioned above, no adjustment for confounding
was performed in our study, so the observed relationship be-
tween lower qHBsAg and ethnicity may be due to other un-
derlying factors. The discrepancy between our study and the
US and Canadian studies could also be due to different racial
make-up within Asian and non-Asian people in each setting.
The wide categorizations used for ethnicity in this analysis pre-
clude detailed investigation of any differences.

The differences in HBV DNA levels between higher and lower
qHBsAg strata observed in this study are consistent with mul-
tiple published studies, which reported a positive correlation
between qHBsAg levels and serum HBV DNA in various indi-
vidual groups using unadjusted [43-47] and adjusted analyses
[37, 48], suggesting that HBsAg levels are higher early in infec-
tion and diminish over time.

In this study, no differences in HBeAg positivity between qHB-
sAg strata were observed. Published literature on this is incon-
clusive [37, 43, 47, 49, 50]. Additionally, no differences were
detected in ALT levels between qHBsAg strata. These findings
are consistent with a study of 220 people with treatment-naive
chronic HBV in Australia, which found no correlation between
qHBsAg and ALT levels in the unadjusted analysis [45], while a
Korean study reported a null association in the adjusted analysis
of the combined HBeAg-negative and HBeAg-positive popula-
tion, as well as within HBeAg strata [37].

The current study has several limitations, including issues
commonly associated with EHR databases, such as limited
data completeness and accuracy. Missing data, miscoded in-
formation, or inaccuracies in recorded clinical diagnoses may
introduce bias and result in misclassification errors. Only one
site provided gHBsAg level data, with another site contributing
semi-quantitative HBsAg data, which limits internal validity.
However, this limitation is outweighed by the external validity
gained from the generalisability of findings to routine clinical
practice, compared with data from clinical trials, which may
be more accurate and complete but less reflective of real-world
populations. Additionally, the study's cross-sectional design and
reliance on a single measurement of qHBSAg per person pre-
cluded analysis of the longitudinal dynamics of gHBsAg levels
over time. Indeed, tracking of temporal intra/interindividual
variability of ALT levels could have contributed to better dis-
secting the association between ALT levels and qHBsAg strata.
Further research is needed to identify predictors of qHBsAg lev-
els and to elucidate their kinetics. This study was descriptive;
no adjustment for confounding or covariates was performed, so
the effects of some variables on others could not be excluded;
multivariable analyses would be required to further ascertain
patterns of characteristics in people with chronic HBV infection.
Further, the sample size did not allow reaching enough power
for performing more complex analyses and the number of people
in some strata groups was low, rendering wide 95% CIs and thus
limiting the conclusions that can be drawn.

The generalisability of findings from this study to the broader
UK healthcare setting and, by extension, to the rest of Europe,
presents potential limitations. The combined data from the con-
tributing collaborators may not fully capture the clinical and
biochemical characteristics of people with chronic HBV infec-
tion across the UK. Furthermore, the publicly funded healthcare
system in the UK may be more comparable to some European
countries (e.g., Spain and Italy), but differs significantly from
countries with predominantly insurance-based healthcare sys-
tems (e.g., France and Germany). This discrepancy limits the
generalisability of findings to Europe as a whole.

In summary, people with lower HBsAg levels (<30001U/mL)
were more likely to be older, of Asian ethnicity, and virologically
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suppressed than those with higher HBsAg levels (>30001U/
mL). Despite limitations, insights from this study demonstrate
the value of routine qHBsAg testing in real-world clinical prac-
tice and could help identify potential populations who may ben-
efit from emerging anti-HBV therapies and therefore be more
likely to achieve a functional cure.
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