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Abstract. Background. Southern Vietnam is hyperendemic for Hepatitis B virus (HBV) infection, yet comparative data 
on the full spectrum of HB serological and molecular profiles — including susceptibility and occult infection — between 
HIV-infected and healthy adults in this setting remain limited. The aim of this study was to comprehensively evaluate 
and compare the  serological and molecular markers and profiles of  Hepatitis B virus infection between HIV-infected 
patients and apparently healthy adults in Southern Vietnam. Materials and methods. A comparative cross-sectional study 
was conducted on  713 participants (316 HIV-infected and 397 healthy adults). Blood plasma samples were screened 
for HBsAg, anti-HBs IgG, and anti-HBc IgG markers. HBV DNA testing was performed using a high-sensitivity in-house 
PCR. Multivariable logistic regression and interaction analyses were employed for comparative analysis. Results. HBsAg 
prevalence was comparably high in  both the  healthy (17.6%) and HIV-infected (16.1%) cohorts, reflecting early-life 
exposure. However, the HIV cohort exhibited a significantly higher rate of seronegativity for all markers (43.0% vs 16.1%; 
p < 0.001). The burden of OBI was two-fold higher in the HIV group (17.1%) compared to healthy controls (9.3%; aOR = 
2.00). Notably, 6.65% of seronegative HIV patients (“triple-negative”) tested positive for HBV DNA, a prevalence 13-fold 
higher than in controls (0.50%). Age-trend analysis revealed that while healthy adults accumulated immunity with age, 
HIV-infected individuals exhibited “immune erasure” and seroreversion, leading to the loss of protective antibodies and 
increased risk of occult infection in older age. Conclusion. Our study documents important differences in HBV serological 
and molecular profiles between HIV-infected patients and healthy adults in a hyper-endemic setting. Our cross-sectional 
data are consistent with HIV-associated perturbation of humoral immunity, manifested by higher rates of seronegativity. 
The  detection of  triple-negative occult HBV infection highlights a  limitation of  serology-only screening. In  endemic 
settings, clinicians and public health programs should therefore consider risk-stratified approaches that incorporate 
molecular testing, particularly for high-risk subgroups where universal screening is not feasible.
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ПАЦИЕНТОВ И ЗДОРОВЫХ ЛИЦ В ЮЖНОМ ВЬЕТНАМЕ
Хюинь Х.К.Т.1, Останкова Ю.В.2, Щемелев А.Н.2, Серикова Е.Н.2, Давыденко В.С.2, Чан Т.1,  
Чыонг Т.С.Л.3, Тотолян А.А.2
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Резюме. Актуальность.  Южный Вьетнам является гиперэндемичным регионом по  инфекции, вызыва-
емой вирусом гепатита В  (ВГВ), однако сравнительные данные о  полном спектре серологических и  мо-
лекулярных профилей гепатита В  (ГВ), включая восприимчивость к  инфекции и  скрытый гепатит, среди 
ВИЧ-инфицированных и  здоровых взрослых в  этом регионе остаются ограниченными. Целью данного 
исследования было оценить и  сравнить серологические и  молекулярные маркеры и  профили инфекции, 
вызванной ВГВ, у  ВИЧ-инфицированных пациентов и  условно здоровых взрослых в  Южном Вьетнаме. 
Материалы и методы. Было проведено сравнительное поперечное исследование с участием 713 человек (316 
ВИЧ-инфицированных и 397 здоровых лиц). Образцы плазмы крови были исследованы на наличие HBsAg, 
анти-HBs IgG и анти-HBc IgG. Тестирование на ДНК ВГВ проводили с использованием высокочувствитель-
ного метода ПЦР. Для  сравнительного анализа использовали многофакторную логистическую регрессию 
и анализ взаимодействия возрастных трендов с ВИЧ-статусом. Результаты. Распространенность HBsAg была 
сопоставимо высокой как в когорте здоровых (17,6%), так и ВИЧ-инфицированных (16,1%) лиц, что, вероятно, 
может отражать фоновое инфицирование в раннем возрасте. Однако в ВИЧ-когорте наблюдалась значительно 
более высокая частота серонегативности по всем маркерам ГВ (43,0% против 16,1%; p < 0,001). Бремя скрытого 
ГВ в группе ВИЧ-инфицированных было в 2 раза выше (17,1%) по сравнению с контрольной группой (9,3%; 
aOR = 2,00). Примечательно, что 6,65% серонегативных пациентов с ВИЧ («трижды негативных») дали поло-
жительный результат на ДНК ВГВ, что в 13 раз превышает показатель в контрольной группе (0,5%). Анализ 
возрастных тенденций показал, что у здоровых взрослых с возрастом увеличивалась доля лиц с защитным 
иммунитетом, тогда как у ВИЧ-инфицированных наблюдались «стирание иммунитета» и серореверсия, при-
водящие к утрате защитных антител и повышению риска HBsAg-негативной инфекции в старших возраст-
ных группах. Заключение. Наше исследование выявляет важные различия в серологических и молекулярных 
профилях ГВ между ВИЧ-инфицированными пациентами и  здоровыми взрослыми в  условиях гиперэнде-
мичного региона. Полученные результаты согласуются с данными о нарушении гуморального иммунитета 
у ВИЧ-инфицированных лиц, что проявляется в более высоких показателях серонегативности. Выявление 
случаев трижды негативного скрытого ГВ подчеркивает ограниченность скрининга, основанного только 
на серологических маркерах. В эндемичных регионах клиницистам и специалистам в области общественно-
го здравоохранения следует рассмотреть возможность применения стратифицированного по риску подхода, 
включающего молекулярное тестирование, особенно для подгрупп высокого риска, когда универсальный 
скрининг невозможен.

Ключевые слова: ВГВ, ВИЧ, скрытый гепатит В, тройной негативный серологический профиль, иммунное стирание, Вьетнам.

Introduction

Hepatitis B virus (HBV) infection remains a criti-
cal global public health challenge, particularly in the 
Western Pacific Region and Africa. Vietnam is situ-
ated in a high-endemicity area, where the estimated 
prevalence of  chronic HBV infection ranges from 
8% to  over 25% in  the general population, serving 
as a primary cause of  liver cirrhosis and hepatocel-
lular carcinoma (HCC). Despite the  implementa-
tion of  universal vaccination programs, the  burden 
of HBV remains substantial due to high rates of ver-
tical and horizontal transmission in the pre-vaccina-
tion era [9, 30, 45].

The epidemiology and natural history of HBV are 
profoundly altered by co-infection with the Human 
Immunodeficiency Virus (HIV). Due to  shared 
routes of  transmission, HBV/HIV co-infection 

is common, with prevalence rates significantly high-
er in  the HIV-positive population compared to  the 
public  [4, 5, 7, 37]. HIV-associated immunosup-
pression accelerates the progression of HBV-related 
liver disease, increasing the  risk of  cirrhosis and 
end-stage liver disease compared to  HBV mono-
infection [36]. Furthermore, HIV infection disrupts 
the host immune response to HBV, leading to com-
plex serological profiles that complicate diagnosis 
and management.

A  growing concern in  the management of  HIV-
HBV co-infection is  the phenomenon of  immune 
erasure or sero-reversion, where protective antibod-
ies (anti-HBs) acquired through vaccination or past 
infection wane rapidly, leaving patients susceptible 
to  reinfection or reactivation  [10, 38]. Additionally, 
occult HBV infection (OBI) — defined as the pres-
ence of replication-competent HBV DNA in the liver 
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and/or blood of hepatitis B surface antigen (HBsAg)-
negative individuals [6, 34] — is reported more fre-
quently among HIV-infected patients [3, 4, 5]. These 
silent infections pose a risk of reactivation, especially 
during periods of severe immunosuppression or im-
mune reconstitution inflammatory syndrome (IRIS) 
following antiretroviral therapy (ART) initiation [6, 
22, 23, 34].

Beyond viral interactions, host demographic fac-
tors such as gender and age play pivotal roles in shap-
ing the serological landscape of HBV. Globally, male 
sex is a well-established risk factor for the persistence 
of HBsAg and progression to liver fibrosis, a dispar-
ity often attributed to the protective effects of estro-
gens and genetic mechanisms. Conversely, female sex 
is typically associated with stronger humoral immune 
responses to viral infections and vaccination [19, 35, 
42]. Regarding age, the  distribution of  HB markers 
generally reflects a  cumulative history of  viral ex-
posure. In endemic regions like Vietnam, older age 
is historically correlated with higher rates of natural 
immunity (anti-HBc) or chronic infection, whereas 
younger generations benefit from the universal vac-
cination program implemented since 2003  [11, 20]. 
However, it remains unclear whether HIV-associated 
immunodeficiency alters these established age- and 
gender-specific epidemiological patterns, particu-
larly concerning the sustainability of sero-protection 
in aging populations.

While numerous studies have documented 
the prevalence of HBsAg in HIV cohorts, there is lim-
ited comparative data regarding the  full spectrum 
of HBV serological profiles — specifically the extent 
of susceptibility (sero-negativity) and the prevalence 
of OBI — between HIV-infected patients and healthy 
adults in  Southern Vietnam. Understanding these 
disparities is  crucial for  tailoring screening strat-
egies and vaccination policies for  this vulnerable 
population.

However, several critical gaps remain. First, no 
study has systematically compared the full spectrum 
of HBV serological profiles — including susceptibili-
ty (triple negativity), natural immunity (isolated anti-
HBc), and vaccine-induced protection (isolated anti-
HBs)  — between HIV-infected and healthy adults 
in Southern Vietnam using highly sensitive molecu-
lar methods capable of  detecting low-level viremia. 
Second, the  interaction between HIV status and 
demographic factors such as age and sex on the dis-
tribution of these profiles has not been quantitatively 
assessed in this setting. In particular, it remains un-
known whether the well-documented age-dependent 
accumulation of HBV immunity observed in the gen-
eral population is preserved or fundamentally altered 
by HIV-associated immune dysfunction.

The study aimed to provide a detailed compara-
tive characterization of HB serological and molecu-
lar markers between apparently healthy adults and 
HIV-infected patients.

Materials and methods

Materials. The  study utilized de-identified plas-
ma and whole blood samples obtained during rou-
tine clinical screenings in 2019. The  study protocol 
was approved by the Local Ethics Committee of the 
Saint Petersburg Pasteur Institute (Protocol No. 47 
dated 25 December 2018, No. 92 dated 29 October 
2019). The cohort consisted of 713 participants from 
Southern Vietnam, including 316 HIV-infected pa-
tients and 397 apparently healthy outpatients seeking 
general health checkups for  non-medical reasons. 
Exclusion criteria for  apparently healthy adults in-
cluded: a  history of  HIV infection; tuberculosis; or 
viral hepatitis (B, C, D). For the HIV-infected group, 
no exclusion criteria related to  tuberculosis or viral 
hepatitis were imposed. Study objectives and meth-
odology were explained to all participants, who then 
provided written informed consent. Information 
on  age, chronic conditions, and blood-borne in-
fections was extracted from de-identified medical 
records.

Serological and biological molecular assays. 
Screening for  HBV serological markers, includ-
ing HBsAg, anti-HBs IgG, and anti-HBc IgG, 
was performed using qualitative enzyme-linked 
immunosorbent assays (ELISA) as previously de-
scribed  [3, 4, 5, 36, 37]. All samples were tested 
in  duplicate following the  manufacturers’ pro-
tocols. The  study utilized commercial kits “DS-
ELISA-HBsAg”, “DS-ELISA-ANTI-HBc”, and 
“DS-ELISA-ANTI-HBsAg” (NPO “Diagnostic 
Systems,” Russia), and “Vectohep B-HBs-antigen”, 
“VectoHBsAg-antibodies”, and “HepaBest anti-
HBc-IgG” (“Vector-Best”, Russia), in  accordance 
with the manufacturer’s protocol. Notably, the assays 
employed for HBsAg detection possessed an analyti-
cal Limit of detection (LOD) of 0.01 IU/mL.

For  molecular analysis, total nucleic acids were 
extracted from blood plasma using the “Ribo-Prep” 
commercial kit (CRIE, Russia). Primary detection 
of  HBV DNA was conducted via real-time poly-
merase chain reaction (PCR) with hybridization 
fluorescence detection using the AmpliSens® HBV-
FL commercial kit (CRIE, Russia, LOD  = 50  IU/
mL). To  ensure the  detection of  low-level viremia, 
samples were further analyzed using a highly sensi-
tive in-house PCR method developed by the  Saint 
Petersburg Pasteur Institute [2] (LOD = 5 IU/mL).

Statistical analysis. Statistical analyses were con-
ducted using STATA version 17 (StataCorp LLC, 
College Station, TX, USA). Descriptive statistics 
included frequencies (%) for  categorical variables 
and means (±SD) for  continuous variables. Group 
comparisons were performed using Chi-square (χ2), 
Fisher’s exact, or t-tests as appropriate. Multivariable 
logistic regression was used to estimate Odds Ratios 
(OR) adjusted for  sex. Age-related trends were as-
sessed using trend tests, and differences in trends be-
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tween groups were evaluated using interaction terms. 
A  two-sided p-value  < 0.05 was considered statisti-
cally significant.

Results

Demographic characteristics of  participants in  the 
two cohorts. The  demographic characteristics were 
well-balanced between the  two cohorts. Gender 
distribution did not differ significantly (p  = 0.185), 
with males comprising 49.12% of  the healthy group 
(N = 397) and 54.11% of the HIV group (N = 316). 
Participants were aged 18–65 years in the two groups. 
The  mean (±SD) age was 36.6±11.7 years in  the 
healthy group and 35.4±10.4 years in the HIV group 
(p = 0.163), and the median age was 36 years in both 
cohorts. The distribution across age categories (< 30, 
30 – < 40, ≥ 40 years) was likewise comparable be-
tween Healthy and HIV participants (Table 1).

Prevalence and distribution of HBV serological and 
molecular markers among the  two cohorts. The  sero-
logical and molecular characteristics of  the two co-
horts are summarized in Table 2.

Regarding serological markers, the overall preva-
lence of HBsAg was comparable between the healthy 
and HIV-infected cohorts (17.63% vs 16.14%). 

However, significant disparities were observed 
in  markers of  immunity and exposure. The  preva-
lence of protective anti-HBs IgG was nearly four-fold 
higher in healthy individuals compared to HIV pa-
tients (38.53% vs 10.44%) — χ2 = 70.58, p < 0.0001. 
Similarly, anti-HBc IgG, a  marker of  cumula-
tive exposure, was more frequently detected in  the 
healthy group (63.73%) than in  the HIV-infected 
group (41.77%) — χ2 = 33.27, p < 0.0001. In addition, 
the proportion of seronegative individuals — defined 
as negative for all three markers (HBsAg, anti-HBs 
IgG, and anti-HBc IgG)  — was remarkably higher 
in the HIV cohort (43.04%) compared to the healthy 
group (16.12%) — χ2 = 61.84, p < 0.0001, indicating 
a substantial expansion of the susceptible population 
among HIV-infected patients.

Analysis of  detailed serological profiles were as 
follows. While the  prevalence of  isolated anti-HBc 
IgG was high and similar in  both groups (~31%), 
profiles indicative of  resolved infection (anti-HBc 
positive plus anti-HBs positive) were predominantly 
found in  healthy individuals (17.13%) and were vir-
tually absent in  the HIV cohort (0.63%) — Fisher’s 
exact test p  < 0.0001. Furthermore, the  protection 
profile (isolated anti-HBs IgG) was almost twice as 
common in healthy participants (17.63%) compared 

Table 1. Age distribution among the two cohorts

Parameter
Age categories

< 30 years 30–39 years ≥ 40 years
Healthy group HIV group Healthy group HIV group Healthy group HIV group

n 119 101 118 90 160 125
% 29.97 31.96 29.72 28.48 40.30 39.56

95%CI 25.68–34.66 27.06–37.29 25.44–34.40 23.79–33.69 35.59–45.20 34.32–45.04

p-value (χ2) 0.568 0.717 0.840

Table 2. Distribution of serological and molecular markers among two study cohorts
Healthy group (N=397) HIV group (N=316)

n % 95%CI n % 95%CI
Serological markers

  HBsAg+ 70 17.63 14.01–21.74 51 16.14 12.49–20.60
  anti-HBs IgG+ 153 38.53 33.73–43.52 33 10.44 7.53–14.30
  anti-HBc IgG+ 253 63.73 58.78–68.47 132 41.77 36.47–47.28
  Seronegative 64 16.12 12.49–19.75 136 43.04 37.69–48.55
Serological profiles

  HBsAg+ 9 2.23 0.80–3.74 17 5.38 3.16–8.47
  HBsAg+, anti-HBc IgG+ 46 11.59 8.42–14.75 32 10.13 7.26–13.95
  HBsAg+, anti-HBs IgG+ 1 0.25 0.00–0.74 3 0.95 0.32–2.75
  anti-HBc IgG+, anti-HBs IgG+ 68 17.13 13.41–20.85 2 0.63 0.17–2.28
  HBsAg+, anti-HBc IgG+, anti-HBs IgG+ 14 3.52 1.70–5.35 1 0.32 0.06–1.77
  Isolated anti-HBc IgG+ 125 31.49 26.90–36.07 99 31.33 26.47–36.64
  Isolated anti-HBs IgG+ 70 17.63 13.87–21.40 29 9.18 6.47–12.87
HBV DNA detection

  HBV DNA+ 107 26.95 22.65–31.5 103 32.59 27.66–37.95
  HBsAg+ 70 17.63 14.01–21.74 49 15.51 11.93–19.91
  HBsAg– 37 9.32 6.65–12.62 54 17.09 13.34–21.63
  Seronegative 2 0.50 0.06–1.81 21 6.65 4.16–9.98
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to  the HIV group (9.18%) — Fisher’s exact test p = 
0.0015. The  proportion of  individuals presenting 
with HBsAg alone (without anti-HBc IgG or anti-
HBs IgG) was higher in the HIV group (5.38%) than 
in healthy cohorts (2.23%) — Fisher’s exact test p = 
0.04.

In  terms of  molecular markers, HBV DNA was 
detectable in  a  larger proportion of  HIV-infected 
patients (32.59%) compared to  healthy individuals 
(26.95%), though the difference was not statistically 
significant (p > 0.05). Among those with detectable 
HBV viral load, the  distribution of  HBsAg status 
differed significantly. While overt infection (DNA-
positive and HBsAg-positive) rates were similar, 
the prevalence of OBI — defined as detectable HBV 
DNA in the absence of HBsAg — was nearly two-fold 
higher in the HIV cohort (17.09%) compared to the 
healthy group (9.32%) — χ2 = 8.85, p = 0.0029. In ad-
dition, HBV DNA was detected in  6.65% (21/316) 
of  seronegative HIV-infected patients, representing 
a  13-fold increase in  prevalence compared to  the 
healthy population (0.50%, 2/397; p < 0.001).

Gender-based difference in  HBV infection status. 
Male sex was associated with higher odds of HBsAg 
positivity compared to  women in  both the  healthy 
cohort (OR  = 2.89, 95%CI: 1.66–5.04,  p  < 0.001) 
and the HIV-coinfected cohort (OR = 2.58, 95%CI: 
1.33–5.00,  p  = 0.004). Similarly, evidence of  viral 
exposure (anti-HBc IgG positivity) was significantly 
more frequent among males with an approximately 
1.8- to 2.3-fold likelihood in both groups. Conversely, 
negative status for all three markers was less common 
in  males; however, this disparity was statistically 
significant only in the HIV cohort (OR = 0.52, p = 
0.004).

Gender-stratified analysis revealed a  consistent 
male predominance in many HBV infection markers 
across both cohorts (Table 3).

Regarding vaccine-induced immunity, males were 
significantly less likely to show an isolated anti-HBs 
profile compared to  females in  the healthy cohort 
(OR = 0.51, 95%CI: 0.30–0.88, p = 0.013), whereas 
no such gender difference was observed in the HIV-
coinfected group (p = 0.066). Conversely, the isolat-

Table 3. Association between male gender and HBV infection status in the two cohorts

HB marker
Healthy group HIV group

χ2 OR (95%CI) p-value χ2 OR (95%CI) p-value

HBsAg+ 14.83 2.89 (1.66–5.04) < 0.001 8.32 2.58 (1.33–5.00) 0.004
anti-HBc IgG+ 8.22 1.83 (1.21–2.78) 0.004 12.70 2.30 (1.45–3.65) < 0.001
Seronegative 2.20 0.66 (0.39–1.14) 0.138 8.25 0.52 (0.33–0.81) 0.004
Isolated anti-HBc IgG+ 0.01 0.98 (0.64–1.50) 0.931 4.21 1.66 (1.02–2.70) 0.040
Isolated anti-HBs IgG+ 6.11 0.51 (0.30–0.88) 0.013 3.37 0.49 (0.22–1.06) 0.066
HBV DNA+ & HBsAg– 14.83 2.89 (1.66–5.04) < 0.001 0.29 1.17 (0.65–2.12) 0.594

Figure. Gender-adjusted association of HB markers in HIV-infected patients compared to healthy adults. 
Markers with aOR < 1 indicate reduced likelihood among HIV-infected individuals (triangles); markers with 
aOR > 1 indicate increased likelihood (circles). Adjusted for sex using multivariable logistic regression
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ed anti-HBc was significantly associated with male 
sex only in the HIV cohort (OR = 1.66, 95%CI: 1.02–
2.70, p = 0.040), with no significant gender dispar-
ity detected among healthy individuals (p  = 0.931). 
Finally, regarding molecular markers, male sex was 
significantly associated with OBI in the HIV cohort 
(OR = 3.22, 95%CI: 1.34–7.71, p = 0.009), whereas 
this association was not statistically significant in the 
healthy group (OR = 4.14, p = 0.141).

Comparison of  gender-adjusted HB markers be-
tween cohorts. Given the  significant influence 
of  male sex on  HBV infection dynamics observed 
in both groups, we performed a gender-adjusted lo-
gistic regression analysis to  independently evaluate 
and compare the present of HB markers between co-
horts. As illustrated in Figure, the serological land-
scape of HIV-infected patients was characterized by 
a distinct shift toward immune deficiency (indicated 
by the  red circles). Specifically, HIV-infected indi-
viduals were more than four times as likely to  have 
sero-negativity compared to healthy controls (aOR = 
4.13, 95%CI: 2.90–5.88, p  < 0.001). Furthermore, 
the risk of harboring OBI and presenting with isolat-
ed HBsAg was approximately two-fold higher in the 
HIV cohort (aOR = 2.00 and aOR = 2.39, respective-
ly). Conversely, HIV infection was associated with 
a  marked suppression of  immune response markers 
(indicated by the  blue triangles). HIV-infected pa-
tients were substantially less likely to possess protec-
tive antibodies (anti-HBs IgG; aOR = 0.19, 95%CI: 
0.12–0.28, p  < 0.001) or show serological evidence 
of  past exposure (anti-HBc IgG; aOR  = 0.38, p  < 
0.001). Similarly, the likelihood of exhibiting an iso-
lated anti-HBs profile (typical of  vaccine-induced 
immunity) was reduced by approximately half in the 
HIV group (aOR = 0.48, p = 0.002).

Comparative age-dependent trends of  HB markers 
in healthy and HIV-infected cohorts. Multivariable lo-
gistic regression with age as an ordinal variable was 
performed to evaluate the temporal dynamics of HB 
markers across the study population (Table 4).

Age was associated with several HB markers 
in both cohorts. In the healthy group, increasing age 

was strongly associated with higher odds of HBsAg 
positivity (aOR 2.40, 95%CI 1.65–3.50; p  < 0.001), 
anti-HBc IgG positivity (aOR 1.47, 95%CI 1.14–1.89; 
p = 0.003), isolated anti-HBc IgG (aOR 1.95, 95%CI 
1.48–2.57; p  < 0.001), and occult HBV infection 
(aOR 2.40, 95%CI 1.65–3.50; p < 0.001). Conversely, 
markers of vaccine-derived or resolved immunity — 
anti-HBs IgG (aOR 0.18, 95%CI 0.13–0.25; p  < 
0.001) and isolated anti-HBs IgG (aOR 0.25, 95%CI 
0.17–0.37; p < 0.001) — declined with age in healthy 
participants. Seronegativity also increased with age 
in  the healthy cohort (aOR 1.65, 95%CI 1.16–2.33; 
p = 0.005).

A  broadly similar pattern was observed among 
HIV-infected patients: older age was associated with 
greater odds of HBsAg (aOR 1.87, 95%CI 1.25–2.79; 
p = 0.002), anti-HBc IgG (aOR 1.85, 95%CI 1.39–
2.47; p  < 0.001), isolated anti-HBc IgG (aOR 1.36, 
95%CI 1.02–1.82; p = 0.037), and occult HBV (aOR 
1.87, 95%CI 1.25–2.79; p = 0.002), while anti-HBs 
and isolated anti-HBs declined with age (aORs 0.34 
and 0.32, both p  < 0.001). Seronegativity showed 
a  non-significant trend toward decrease with age 
in the HIV group (aOR 0.77, 95%CI 0.59–1.01; p = 
0.061).

Interaction testing showed that most age-related 
trends are similar between groups. Two exceptions 
reached statistical significance: the  age-related de-
cline in  anti-HBs positivity was significantly less 
pronounced in the HIV cohort than in healthy indi-
viduals (interaction OR 1.93, 95%CI 1.04–3.60; p < 
0.05), and the age-related increase in seronegativity 
observed in healthy participants was significantly at-
tenuated (reversed) among HIV-infected participants 
(interaction OR 0.47, 95%CI 0.30–0.72; p < 0.001).

Discussion

Our study provides a comprehensive comparative 
analysis into the HBV serological and molecular pro-
files between HIV-infected patients and apparently 
healthy adults in Southern Vietnam — a region of hy-
per-endemicity of  HBV infection. The  data reveals 

Table 4. Age-related trends of HBV serological markers and comparative interaction analysis between 
healthy and HIV-coinfected cohorts

Markers/Profiles
Healthy group HIV group Healthy vs HIV group

aOR per Step 
(95%CI)

Adjusted 
p-value

aOR per Step 
(95%CI)

Adjusted 
p-value

Interaction OR 
(95%CI)

Interaction 
p-value

HBsAg+ 2.40 (1.65–3.50) < 0.001 1.87 (1.25–2.79) 0.002 0.78 (0.45–1.35) 0.3764
anti-HBs IgG+ 0.18 (0.13–0.25) < 0.001 0.34 (0.20–0.58) < 0.001 1.93 (1.04–3.60) < 0.05
anti-HBc IgG+ 1.47 (1.14–1.89) 0.003 1.85 (1.39–2.47) < 0.001 1.26 (0.86–1.84) 0.2417
Seronegative 1.65 (1.16–2.33) 0.005 0.77 (0.59–1.01) 0.061 0.47 (0.30–0.72) < 0.001
Isolated anti-HBc IgG+ 1.95 (1.48–2.57) < 0.001 1.36 (1.02–1.82) 0.037 0.71 (0.47–1.05) 0.0887
Isolated anti-HBs IgG+ 0.25 (0.17–0.37) < 0.001 0.32 (0.18–0.56) < 0.001 1.26 (0.63–2.54) 0.5173
HBV DNA+, HBsAg–  
(Occult HBV infection) 2.40 (1.65–3.50) < 0.001 1.87 (1.25–2.79) 0.002 0.86 (0.50–1.48) 0.5973

Notes. Age coded ordinally as three categories: < 30, 30–39, ≥ 40 years. aOR (Adjusted Odds Ratio) values reflect change per one-step increase  
in age-group.
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a complex epidemiological landscape where the bur-
den of  chronic infection remains universally high, 
yet the immunological response to the virus is funda-
mentally altered by HIV co-infection.

Our study shows a consistent association between 
male gender and HBV exposure and chronic hepati-
tis B across both cohorts. Men showed approximate-
ly two- to three-fold higher odds of HBsAg positivity 
and 1.8–2.3-fold higher odds of anti-HBc IgG posi-
tivity. These parallel results support a robust signal 
of greater lifetime HBV exposure and higher chronic 
carriage among men, likely driven by a  mixture 
of  behavioral exposure and biological susceptibil-
ity [42]. Some gender effects, however, were observed 
in  only one cohort. Among HIV-infected adults, 
male sex was associated with lower odds of  being 
triple-negative and higher odds of  isolated anti-
HBc, while these associations were not significant 
in healthy adults. This indicates that men with HIV 
are particularly likely to retain serological evidence 
of  past HBV exposure, possibly due to  increased 
risk behaviors or differential immune perturba-
tion. Conversely, women in the healthy cohort were 
more likely to  display isolated anti-HBs  — imply-
ing stronger vaccine-derived immunity  — whereas 
this sex advantage disappeared among HIV-infected 
persons, consistent with HIV-related impairments 
in  antibody generation and maintenance. These 
observations parallel findings from other epidemio-
logical studies in Africa and Southeast Asia showing 
higher HBsAg and anti-HBc rates among men, es-
pecially in middle age [11, 27, 28].

A key finding of this study is alarmingly high and 
comparable prevalence of HBsAg in both the healthy 
(17.6%) and HIV-infected (16.1%) cohorts, far ex-
ceeding the  WHO classification for  high endemic-
ity (>  8%)  [44]. The  observed rate is  substantially 
higher than current national baselines, surpassing 
the WHO estimate for the general Vietnamese popu-
lation (7.20%) and recent meta-analysis data report-
ed in recent systematic reviews (10.62%) [11, 27]. One 
plausible explanation is that we used a highly sensi-
tive HBsAg assay (limit of detection = 0.01 IU/mL), 
which can detect low-level antigenemia that less sen-
sitive assays might miss.

The absence of a significant difference in HBsAg 
prevalence between the  healthy and HIV groups 
is  further clarified by the  age-trend analysis in  our 
study. Both cohorts show a stepwise increase in odds 
of HBsAg carriage with older age categories (healthy: 
aOR per age-step  = 2.40, 95%CI 1.65–3.50, p  < 
0.001; HIV: aOR per age-step = 1.87, 95%CI 1.25–
2.79, p  = 0.002), while the  group × age interaction 
was not statistically significant (interaction OR 0.78, 
95%CI 0.45–1.35; p = 0.376), indicating a similar age 
effect in both groups. By contrast, isolated anti-HBs 
IgG positivity  — a  proxy for  vaccine-derived pro-
tection — show similar age-related declines in both 
cohorts (healthy: aOR per age-step =0.25, 95%CI 

0.17–0.37, HIV: aOR per age-step  = 0.32, 95%CI 
0.18–0.56; interaction OR 1.26, p  = 0.517). Taken 
together, the  concordant increase of  HBsAg with 
age and the  steep age-gradient decrease of  isolated 
anti-HBs IgG in both groups support the conclusion 
that most chronic HBV infections in this population 
were acquired in  early childhood, long before typi-
cal ages of HIV acquisition. Our age-stratified analy-
sis reveals a  distinct birth-cohort effect that paral-
lels the  timeline of  Vietnam’s Expanded Program 
on  Immunization. Specifically, participants aged 
< 30 years (born after the mid-1990s) exhibited sub-
stantially lower HBsAg prevalence concomitant 
with higher rates of  isolated anti-HBs IgG, reflect-
ing the protective impact of the universal vaccination 
program scaled up in 2003 [28, 30, 37].

Our molecular analysis revealed a  significant-
ly higher burden of  OBI (DNA positive, HBsAg 
negative) in  the HIV cohort (17.09%) compared 
to healthy controls (9.32%) with the  risk of harbor-
ing OBI was approximately two-fold higher in  the 
HIV cohort (aOR  = 2.00, 95%CI 1.28–3.13, p  = 
0.002). Furthermore, a stark disparity was observed 
in the triple seronegative profiles. While the healthy 
population exhibited a classic age-dependent acqui-
sition of HBV immunity, the HIV cohort maintained 
high rates of  sero-negativity (43.04%) across all age 
groups. After adjusting for gender, HIV-infected in-
dividuals still showed were more than four times as 
likely to  have sero-negativity compared to  healthy 
controls (aOR = 4.13, 95%CI: 2.90–5.88, p < 0.001). 
Crucially, molecular analysis revealed that this se-
ronegative status often masks cryptic infection: HBV 
DNA was detected in 6.65% of seronegative HIV pa-
tients — a prevalence 13-fold higher than in healthy 
controls (0.50%). This specific profile represents 
a  severe form of  triple-negative OBI. Accumulating 
evidence indicates that a subset of HIV-infected per-
sons may appear seronegative for  the conventional 
HB markers (HBsAg, anti-HBs and anti-HBc) while 
nevertheless harboring HBV DNA detectable by sen-
sitive nucleic acid testing. Several cohort studies from 
high-burden settings have documented HBV DNA 
among individuals who are HBsAg-negative and lack 
anti-HBs/anti-HBc, consistent with seronegative 
OBI [12, 15, 18, 39]. Mechanistically, this phenom-
enon is  consistent with sero-reversion or immune 
erasure in  the context of  HIV-associated immune 
dysfunction, where HIV-related B-cell dysfunction 
and CD4+ T-cell depletion may contribute to the loss 
of previously acquired antibodies [12, 15, 29, 38, 39, 
44]. Consequently, individuals who acquired HBV 
earlier in  life or who mounted a  vaccine- or infec-
tion-induced response may subsequently lose detect-
able anti-HBs/anti-HBc (sero-loss or sero-rever-
sion), while low-level intrahepatic HBV replication 
persists and occasionally releases measurable HBV 
DNA into plasma [40, 44]. These findings highlight 
the need for molecular screening in HIV care settings 
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to avoid missed diagnoses and prevent inappropriate 
clinical decisions.

An intriguing finding in our study was the identi-
fication of two HIV-infected individuals on long-term 
ART who were HBsAg-positive and anti-HBc-posi
tive yet had undetectable HBV DNA despite testing 
with a highly sensitive PCR assay. Several non-exclu-
sive mechanisms may explain this discordant profile. 
First, potent nucleos(t)ide analogue–containing ART 
regimens (Tenofovir TDF/TAF±Lamivudine 3TC) 
can profoundly suppress HBV polymerase activity, 
reducing circulating HBV DNA to  below detection 
limits while HBsAg clearance remains slow and un-
common, reflecting the  differing kinetics of  antigen 
production versus viral replication  [24, 33]. Second, 
HBsAg may persist independently of  active replica-
tion through transcription from cccDNA or from in-
tegrated HBV DNA, both of which can sustain anti-
gen expression even when episomal HBV replication 
is fully suppressed. Recent molecular studies indicate 
that integrated HBV sequences are a  major source 
of HBsAg production and may contribute to discord-
ant serological and virological profiles [16, 25]. Third, 
although less common, immune-complex sequestra-
tion may contribute: in dysregulated HIV-associated 
immunity, HBsAg–antibody or complement-asso-
ciated complexes can trap viral genomes, occasion-
ally reducing amplifiable HBV DNA despite detect-
able HBsAg [14, 32]. Finally, infection with pre-core 
(G1896A) or basal core promoter (A1762T/G1764A) 
mutant strains — highly prevalent in HBV genotypes 
B and C in Vietnam — can markedly suppress replica-
tion while allowing continued HBsAg expression, pro-
ducing an HBeAg-negative, low-viremic phenotype 
well documented across Asia  [13, 17, 21]. The  pres-
ence of anti-HBc in both of our cases further supports 
chronic infection with a potentially low-replicative or 
mutant strain rather than resolved infection.

In  our study, age-related trend analyses provide 
important insights into the  natural history of  HBV 
exposure, immunity, and occult infection across both 
healthy and HIV-infected adults. Although a broadly 
similar age pattern was observed among both healthy 
and HIV-infected adults, interaction analyses revealed 
two statistically significant divergences. First, al-
though anti-HBs positivity decreased with age in both 
groups, the decline was significantly less pronounced 
in the HIV cohort. This attenuated age gradient may 
reflect impaired vaccine responsiveness, reduced du-
rability of  anti-HBs, or HIV-associated sero-loss, 
consistent with prior evidence of  B-cell dysfunction 
and altered memory responses in  people living with 
HIV. Second, as discuss above, while sero-negativity 
increased with age among healthy individuals  — as 
expected from waning immunity and greater historic 
exposure — this trend was reversed in the HIV cohort, 
where sero-negativity tended to decline with age.

The age-dependent patterns observed in our study 
are highly consistent with findings from regional 

and international datasets. Large-scale Vietnamese 
serological epidemiologic analyses  [11, 21] demon-
strate that older cohorts — born before national HBV 
vaccination scale-up  — carry substantially higher 
burdens of  HBsAg and anti-HBc, whereas younger 
adults exhibit higher anti-HBs levels. This mirrors 
the  strong age gradients we observed in  the healthy 
cohort. Studies among HIV-infected populations 
in  Vietnam and elsewhere  [8, 27, 28] similarly re-
port: (1)  age-associated increases in  HBsAg and 
anti-HBc, (2)  declining anti-HBs with older age, 
and (3) greater serologic instability in HIV-infected 
persons, including waning anti-HBs and fluctuating 
sero-negativity. Importantly, several cohorts [15, 41] 
have demonstrated that age effects are broadly simi-
lar in  HIV-infected and uninfected adults, consist-
ent with our non-significant interactions for HBsAg, 
anti-HBc, isolated anti-HBc, and occult HBV infec-
tion. However, two interaction effects in our analy-
sis  — (1)  a  significantly attenuated age-related de-
cline in anti-HBs among HIV-infected persons, and 
(2) a reversal of the age-associated increase in sero-
negativity — align with published evidence that HIV 
impairs the durability of vaccine- and infection-de-
rived immunity through B-cell dysfunction and ac-
celerated antibody waning.

Importantly, the  age-related trends for  HBsAg, 
anti-HBc, isolated anti-HBc, and occult HBV in-
fection showed no significant interaction between 
groups, indicating that the  underlying age effect 
is biologically and epidemiologically similar for most 
HB markers. The exceptions — anti-HBs and sero-
negativity — highlight how HIV-associated immune 
dysregulation modifies the durability of HBV immu-
nity across the  lifespan. Taken together, these find-
ings suggest that while Vietnam’s birth-cohort effect 
dominates the  population-level distribution of  HB 
markers, HIV infection superimposes distinct immu-
nological alterations, particularly in the maintenance 
of  vaccine- or infection-derived antibodies. These 
differences have practical implications for screening 
and vaccination strategies, underscoring the  need 
for  sustained monitoring of  HBV immunity among 
HIV-infected persons, even in younger age groups.

Our study has several important limitations. First, 
we lacked individual-level immunological and viro-
logical data for people living with HIV, which sub-
stantially influences humoral immunity and HBV 
replication, and ART agents with anti-HBV activity 
can suppress HBV DNA; the absence of these vari-
ables prevents us from adjusting key confounders or 
stratifying OBI prevalence by immune status or ART 
exposure. Second, the  cross-sectional design pro-
vides only a single time-point assessment of serologi-
cal markers and HBV DNA, so we cannot determine 
temporal dynamics such as true sero-reversion, inci-
dent OBI, or progression of liver disease. Third, indi-
vidual vaccination histories were largely unavailable; 
we therefore used birth cohort relative to the nation-
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al expanded program on  immunization as a  proxy 
for  vaccine exposure. This proxy may misclassify 
vaccination status and limits our ability to  distin-
guish primary vaccine failure from secondary wan-
ing of anti-HBs in specific participants. Collectively, 
these limitations increase the  risk of  residual con-
founding and require that mechanistic or causal in-
terpretations be made cautiously. Future prospective 
studies that include CD4, HIV VL, ART details, 
verified vaccination records, and longitudinal HBV 
DNA/antibody measurements are needed to clarify 
causality and the clinical significance of OBI in this 
population.

Conclusion

In  conclusion, our study documents important 
differences in  HB serological and molecular pro-
files between HIV-infected patients and apparently 
healthy adults in a hyper-endemic setting. Although 
the overall burden of chronic HBV infection remains 

high and largely reflects birth-cohort effects inde-
pendent of HIV status, our cross-sectional data are 
consistent with HIV-associated perturbation of  hu-
moral immunity — manifested by higher rates of se-
ro-negativity. Because the  study is  cross-sectional 
and lacks individual CD4 and HIV viral-load data, 
longitudinal studies with immunological and ART 
information are required to determine whether true 
sero-reversion or other mechanisms explain these 
patterns.

The detection of triple-negative OBI (HBV DNA 
positive with negative HBsAg, anti-HBs and anti-
HBc) highlights a limitation of serology-only screen-
ing. In endemic settings, clinicians and public-health 
programs should therefore consider pragmatic, risk-
stratified approaches that incorporate molecular 
testing. Implementation of  such strategies must be 
balanced against local resources, laboratory capac-
ity, and cost-effectiveness; where universal molecular 
screening is not feasible, prioritizing high-risk sub-
groups may be a practical compromise.
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