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Abstract: Spontaneous HBsAg seroclearance has been mainly studied in populations from Asia,
Australia, the Pacific Islands, and Polynesia. For the first time, we evaluated the spontaneous HBsAg
seroclearance and its possible associated factors and the risk of disease progression in HBeAg-negative
patients with inactive infection all coming from the same region in South Italy. In this multicenter
retrospective study, 146 patients were selected after 18 months of observation and followed for a
median of 82 months (IQR 60–107). For our analyses, they were divided into three groups based on
their HBsAg levels: <100 IU/mL, 100–1000 IU/mL, and >1000 IU/mL. Crude and adjusted hazard
ratios (HRs) for HBsAg seroclearance were determined. During the follow-up period, three patients
(2.0%) showed a disease progression with an increased liver stiffness, whereas 17 (11.6%) cleared the
HBsAg. Patients with HBsAg levels <100 IU/mL had the highest probability of HBsAg seroclear-
ance compared to the other two groups (p = 0.009). In the multivariate analysis, the HBsAg level
<100 IU/mL was the only parameter independently associated with HBsAg seroclearance (adjusted
HR = 3.53; CI 1.29–9.69; p = 0.01). In patients with chronic HBV inactive infection, HBsAg levels
<100 IU/mL predicted the highest probability of HBsAg seroclearance.

Keywords: HBV; chronic infection; HBsAg seroclearance; inactive carrier

1. Introduction

The clearance of HBV-DNA and HBsAg in the serum associated with the appearance
of anti-HBs antibodies (seroconversion) is considered to be the final step in healing from an
HBV infection. However, the simple HBsAg disappearance from the serum represents an
ideal end point since it indicates profound suppression of the HBV replication and viral
protein expression [1].
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The spontaneous annual HBsAg seroclearance rate in patients with chronic HBV
infection varies from 0.54% to 1.98% in Western cohorts [2] and is 1.3% (95% CI, 1.25–1.38)
in cohorts from Asia, the Pacific Islands, and Polynesia [3].

The highest spontaneous HBsAg seroclearance rate has been observed in subjects
with a chronic inactive HBV infection defined as HBeAg-negativity, undetectable or low
HBV DNA (<2000 IU/mL or in some cases, <20,000 IU/mL), persistently normal ALT,
and minimal hepatic fibrosis and necroinflammatory activity [1]. Several studies have
investigated the viral and host characteristics in the different phases of the natural history
of the diseases in patients that undergo spontaneous seroclearance [2].

Brunetto et al. [4] were the first who, using a cohort of 209 HBV genotype D carriers,
identified the “inactive carriers” (ICs) state with 91.1% sensitivity, 95.4% specificity, 87.9%
positive predictive value, 96.7% negative predictive value, using a combined single point
quantification of HBsAg <1000 IU/mL and HBVDNA ≤2000 IU/mL. This achievement
required prospectively monthly serum test evaluations during the first 12 months of the
study, which continued later on every 3 months together with an annual determination
of liver stiffness by transient elastography. A successive retrospective study by Brouwer
et al. [5] on 292 HBV carriers with genotypes A-D coming from Europe, Asia, and Australia
reported that ICs with quantitative HBsAg serum levels <100 IU/mL and HBV DNA level
<2000 IU/mL would have the highest probability of spontaneous HBsAg seroclearance at 5
and 10 years (cumulative incidence rates of 39.1% and 63.3%, respectively). A more recent
retrospective study on a large cohort of HBV carriers at different phases of chronic HBV
infection [3], coming from Asian, Pacific Islander, and Polynesian centers, added other
predictors for spontaneous HBsAg seroclearance such as older age, male sex, and genotype
C vs. genotype B. In this study, the authors observed an annual seroclearance rate of 1.31%
in all patients, which became over 7% in subjects with HBVDNA <2000 IU/mL, normal ALT
(defined as “immune inactive”) aged >55 years, and with HBsAg <100 IU/mL, whereas the
cumulative incidence rate of spontaneous HBsAg seroclearance at 5 and 10 years reached
22.5% and 39.1% when they considered all subjects with HBsAg < 100 IU/mL. The genotype
influence on spontaneous HBV seroclearance [3,6] and antiviral therapy [6,7] suggests a
different natural history of the infection in the various geographical areas. For this reason,
we evaluated both the rate of spontaneous HBsAg seroclearance and its possible predictors
in Caucasian subjects coming from the same region of South Italy who were affected
by a chronic inactive HBV infection. In addition, we also evaluated the risk of disease
progression since a low risk of cirrhosis or HCC persists in these patients [1,8].

2. Materials and Methods

2.1. Study Design

We performed a multicentric retrospective study in HBeAg-negative patients,
aged > 18 years, with chronic HBV infection who attended three tertiary care and one
primary care center from June 2010 to February 2023. All our patients were Caucasian,
143 were Italian, 2 were from East Europe, and 1 was from Albania. The study was
conducted in accordance with the Declaration of Helsinki (2000). All participants gave
informed consent, allowing their anonymized information to be used for data analysis. The
research protocol was approved by the local Ethics Committee (N.674/DG).

Patients underwent 6-month monitoring for 18 months, during which we assessed
HBsAg positivity or quantitative HBsAg (qHBsAg), liver chemistry, and HBV-DNA. Among
them, we selected only subjects who were affected by an inactive infection (HBV DNA
ranging from <2000 IU/mL and <20,000 IU/mL, persistently normal ALT, and absent or
minimal hepatic fibrosis assessed by transient elastography) [1]. For our analyses, we
divided the selected patients into three groups based on their HBsAg levels: <100 IU/mL,
100–1000 IU/mL, and >1000 IU/mL.

We excluded patients coinfected with either HCV, HDV, HIV, or a medical history of
tumors or transplantation, or those undergoing immunosuppressive or biologic therapy;
we also excluded patients with other known liver diseases.
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The primary outcome of this study was the achievement of spontaneous HBsAg
seroclearance, defined as having ≥2 negative HBsAg results ≥6 months apart in the
absence of any antiviral treatment. The secondary outcome was to evaluate the factors
associated with spontaneous HBsAg seroclearance. Patients’ censoring occurred once they
reached HBsAg seroclearance, possible reactivation, death, and end of follow-up. The
follow-up length went from the date of inclusion to the last visit.

2.2. Laboratory Data and Transient Elastography

Serum HBV DNA levels were quantified by using the COBAS TaqMan assay, with
sensitivity 12 IU/mL and dynamic range 6.0–1.10 × 108 IU/mL. From the beginning of the
study, we used the Architect platform (Abbott Laboratories, Abbott Park, IL, USA), with a
detection limit of 0.05 IU/mL, to assess HBsAg serum levels. We used standard laboratory
methods for serum liver enzymes determinations. Antibodies to HBsAg, hepatitis C,
hepatitis D, and human immunodeficiency virus were detected by using commercially
available immunoassays. All subjects underwent the determination of liver stiffness by a
FibroScan apparatus (Echosens, Paris, France) after an overnight fasting period. We used a
cut-off value < 6 kPa (F0) to exclude the presence of fibrosis as previously suggested [4].

2.3. Statistical Analysis

Categorical variables were expressed as counts and percentages. Continuous variables
were reported as mean with standard deviation (SD) or median with interquartile range
(IQR), according to their distribution assessed by the Shapiro–Wilk test of normality. Among
baseline HBsAg level groups, categorical data were compared using the χ2 test, while,
for continuous parameters, we used the analysis of variance (ANOVA) or Kruskal–Wallis
test, as appropriate. The Kaplan–Meier analysis estimated the cumulative spontaneous
HBsAg seroclearance rates at 5 and 10 years according to the baseline HBsAg levels (i.e.,
<100 IU/mL, 100–1000 IU/mL, and >1000 IU/mL). The difference among these three groups
was evaluated by the log-rank test. We also calculated the quartiles of the distribution
of baseline HBsAg <100 IU/mL. Then, we used ROC analysis to estimate sensitivity and
specificity for predicting HBsAg seroclearance and for deciding the cut-off point on the basis
of the criterion that maximizes the Youden’s J index. The Kaplan–Meier method was used
to assess the association between baseline HBsAg levels, sex, age, follow-up duration, body
mass index (BMI), HBV-DNA levels, liver stiffness, and liver steatosis with spontaneous
HBsAg seroclearance. Time to event was defined as the time from the diagnosis of chronic
inactive HBV infection to HBsAg seroclearance or censoring. Patients were censored if they
were event-free through the end of the study observation. The log-rank test was used to
assess the effect of each variable on HBsAg seroclearance. Crude hazard ratios (HRs) with
their 95% confidence intervals (95% CIs) were estimated by univariate Cox proportional
hazards models. Variables showing a p-value < 0.20 from the univariate analysis were
included in the baseline multivariate proportional hazards model. The final multivariate
model was obtained by estimating the effect of each variable on the outcome using the
backward method. Adjusted HRs and their 95% CIs were estimated. In the multivariate
model, the proportional hazard assumption for each variable was assessed by fitting time-
dependent covariates. Statistical significance was set at p < 0.05. All statistical analyses
were performed using the Statistical Analysis Software (SAS Institute Inc., Cary, NC, USA).

3. Results

At the time when we started to collect data, a total of 1068 HBsAg-positive patients
attended our four centers. Among them, 922 (86.3%) were receiving nucleot(s)ide therapy,
and 146 (13.7%) had a chronic inactive HBV infection. Table 1 reports the baseline charac-
teristics of the 146 patients that were enrolled in the study. We divided these patients into
three groups according to baseline HBsAg levels.
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Table 1. Baseline characteristics of included patients according to baseline HBsAg levels.

Baseline HBsAg Levels

Total
(n = 146)

<100 IU/mL
(n = 46)

100–1000 IU/mL
(n = 47)

>1000 IU/mL
(n = 53) p Value

Age, mean ± SD, years 57.7 ± 11.0 62.3 ± 8.7 58.9 ± 9.5 52.7 ± 12.1 <0.0001
Male/Female, n 69/77 27/19 22/25 20/33 0.11
BMI, mean ± SD, Kg/m2 * 26.4 ± 4.6 27.8 ± 4.6 26.3 ± 4.4 25.1 ± 4.4 0.04
Follow-up, mean ± SD, months 87.1 ± 32.1 89.8 ± 33.3 88.5 ± 34.3 83.5 ± 29.0 0.58
HBsAg, median (IQR), IU/mL 425 (84–1682) 21 (10–80) 400 (201–527) 2243 (1500–5422) n.a.
ALT, median (IQR), U/L 21 (18–29) 23 (18–29) 20 (18–28) 21 (17–28) 0.63
AST, median (IQR), U/L 20 (17–25) 21 (17–24) 20 (17–23) 22 (19–27) 0.21
GGT, median (IQR), U/L 19 (14–28) 21 (16–31) 17 (14–22) 22 (14–29) 0.33
HBV-DNA, median (IQR), IU/mL * 567 (143–1639) 211 (72–775) 706 (201–1785) 739 (270–4031) 0.002
FibroScan, median (IQR), kPa 4.8 (4.3–5.5) 4.7 (4.0–5.5) 4.9 (4.3–5.7) 4.7 (4.3–5.4) 0.76
Liver steatosis, n/N (%) * 47/113 (41.6) 14/32 (43.8) 16/34 (47.1) 17/47 (36.2) 0.59
Diabetes or hyperglycemia, n/N (%) * 22/113 (19.5) 9/32 (28.1) 6/34 (17.7) 7/47 (14.9) 0.33

SD, standard deviation; HBsAg, hepatitis B serum antigen; BMI, body mass index; IQR, interquartile range; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyltransferase. * Missing data:
32 patients for BMI; 33 patients for steatosis; 33 patients for diabetes or hyperglycemia.

The only parameters that was significantly different in addition to HBsAg levels were
age (p < 0.001), BMI (p = 0.04), and HBV-DNA (p = 0.002). In particular, the group with
HBsAg <100 IU/mL had the higher age, the higher BMI, and the lowest HBV-DNA levels.

During the follow-up period of 10 years, among our 146 patients, 3 (2.0%) showed a
liver stiffness increase from 5.2 ± 0.4 to 8.2 ± 0.5 (one of these three patients had HBsAg
<100 and two had HBsAg >1000 IU/mL), and 17 (11.6%) cleared the HBsAg. We excluded
other possible subsequent comorbidities in at least two of the three patients who experi-
enced an increase in liver stiffness, probably related to undetected HBV flares. In the third
patient, there was a significant increase in the BMI (from 21.6 to 28.6 kg/m2), probably
responsible for a progression to steatohepatitis. The probability of HBsAg seroclearance
was significantly higher for patients with HBsAg levels <100 IU/mL compared to the
group with HBsAg levels >1000 IU/mL, whereas there was no difference between the latter
group and patients with HBsAg levels ranging from 100 to 1000 IU/mL (Figure 1). We also
tested the predictive value of HBsAg using the quartile distribution of baseline HBsAg
<100 IU/m, confirming the best predictive value at HBsAg <100 IU/mL. As a matter of
fact, the baseline HBsAg cut-off value of 100 IU/mL showed the highest Youden’s J index,
with a sensitivity of 64.7% and a specificity of 72.9%.

When we calculated, in all patients, the 5- and 10-year cumulative incidence of HBsAg
seroclearance, the value was 3.0% (CI 1.2–7.9%) and 17.4% (CI 10.8–27.6%), respectively
(Table 2).

Table 2. Cumulative HBsAg seroclearance according to baseline HBsAg levels.

HBsAg Seroclearance
Crude HR (95%CI)

Cumulative Incidence (95%CI)
p Value

Yes No 5 Years 10 Years

N. of subjects (%) 17 (11.6) 129 (88.4) - 3.0% (1.2–7.9%) 17.4% (10.8–27.6%) -
HBsAg levels, n (%) 0.009

<100 IU/mL 11 (23.9) 35 (76.1) 3.89 (1.08–14.00) 7.0% (2.3–20.1%) 35.1% (20.9–54.8%)
100–1000 IU/mL 3 (6.4) 44 (93.6) 0.87 (0.17–4.35) 0% 4.4% (0.6–27.1%)

>1000 IU/ml 3 (5.7) 50 (94.3) 1.00 * 2.1% (0.3–23.9%) 10.1% (3.2–29.2%)
HR, hazard ratio; 95% CI, 95% confidence interval. * Reference group.
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Figure 1. Probability of HBsAg seroclearance in the three groups of patients selected on the basis of
HBsAg levels.

However, the cumulative incidence varied in the three groups, with the highest being
in the HBsAg levels <100 IU/mL [7.0% (CI 2.3–20.1%) at 5 years and 35.0% (CI 20.9–54.8%)
at 10 years] and decreasing in the HBsAg levels 100–1000 IU/mL [0% at 5 years and
4.4% (CI 0.6–27.1%) at 10 years] and the HBsAg levels > 1000 IU/mL [2.1% (CI 0.3–23.9%)
at 5 years and 10.1% (CI 3.2–29.2%) at 10 years] (p = 0.009, by log-rank test) (Table 2).
The annual rate of spontaneous HBsAg seroclearance in all 146 patients was 1.65% (95%
CI = 1.05–2.25%).

Since there was no difference in HBsAg seroclearance probability between patients
with HBsAg levels of 100–1000 IU/mL and > 1000 IU/mL, we combined these two groups
to perform the analysis of HBsAg clearance predictors (Table 3). From the univariate
analysis, patients with HBsAg <100 IU/mL had a higher probability of HBsAg clearance
when compared to those ≥ 100 IU/mL (HR = 4.18; CI = 1.55–11.32; p = 0.002). More-
over, males had a higher probability of HBsAg seroclearance when compared to females
(HR = 3.51; CI = 1.14–10.81; p = 0.02) (Table 3).

In the multivariate analysis using the Cox proportional hazards models, the baseline
HBsAg level <100 IU/mL was the only parameter independently associated with HBsAg
seroclearance (adjusted HR = 3.53; CI = 1.29–9.69; p = 0.01), whereas the male sex only
approximated statistical significance (adjusted HR = 2.84; CI = 0.90–8.90; p = 0.06) (Table 3).
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Table 3. Analysis of predictive factors for HBsAg seroclearance.

HBsAg Seroclearance
Crude HR (95%CI) p Value Adjusted HR +

(95%CI)
p ValueYes

(n = 17)
No

(n = 129)

Baseline HBsAg levels, n (%) 0.002 0.01
<100 IU/mL 11 (23.9) 35 (76.1) 4.18 (1.55–11.32) 3.53 (1.29–9.69)
≥100 IU/mL 6 (6.0) 94 (94.0) 1.00 * 1.00 *

Sex, n (%) 0.02 0.06
Male 13 (18.8) 56 (81.2) 3.51 (1.14–10.81) 2.84 (0.90–8.90)
Female 4 (5.2) 73 (94.8) 1.00 * 1.00 *

Age, mean ± SD, years 61.4 ± 7.7 57.2 ± 11.4 1.04 (0.99–1.09) 0.12 1.03 (0.98–1.09) 0.30
Baseline BMI, mean ± SD, Kg/m2 § 27.7 ± 4.0 26.2 ± 4.6 1.11 (0.98–1.25) 0.20
Follow-up, mean ± SD, months 100.6 ± 31.6 85.3 ± 31.8 0.97 (0.94–1.00) 0.23

Baseline HBV-DNA, median (IQR), IU/mL 310
(104–1043)

572
(164–1930) 1.00 (0.99–1.01) 0.78

Baseline FibroScan, median (IQR), Kpa 4.3 (3.8–5.3) 4.9 (4.3–5.6) 0.86 (0.49–1.50) 0.78
Liver steatosis, n/N (%) § 7/10 (70.0) 40/103 (38.8) 3.13 (0.81–12.13) 0.08 2.12 (0.54–8.37) 0.26

HR, hazard ratio; 95% CI, 95% confidence interval; BMI, body mass index. + Adjusted for baseline HBsAg level
and sex. * Reference group. § Missing data: 32 patients for BMI; 33 patients for steatosis.

4. Discussion

The World Health Organization (WHO) has estimated that, in 2019, about 14 million
persons were chronically infected with the hepatitis B virus in the European region [9]. Al-
though Italy is considered a country with a low prevalence of HBV infection, the significant
migration in recent years has increased the occurrence of the disease [10].

The great majority of HBV chronically infected patients in Europe is represented by
hepatitis B “e” antigen-negative (HBeAg-) subjects [11,12]. Among them, those with a
chronic HBV inactive infection have the most favorable long-term outcome, although they
are considered at low risk of progression to cirrhosis or HCC [8].

For the present study, patients were identified as carriers with a chronic HBV inactive
infection after a strict follow-up of 18 months. Then, they underwent annual monitoring of
viral and host laboratory parameters, echotomography, and evaluation of liver stiffness by
transient elastography.

On the basis of the data in the literature [3,4,13], we divided patients into three groups
according to HBsAg levels and compared the subjects with <100 IU/mL with those with
100–1000 and >1000 IU/mL. However, since some data of the literature suggested a cut-off
lower than 100 IU/mL to predict seroclearance [14,15], we also tested the predictive value
of HBsAg using the quartile distribution of baseline HBsAg <100 IU/m. This analysis
confirmed that the best predictive value for HBsAg seroclearance was 100 IU/mL. Patients
with HBsAg <100 IU/mL were significantly older and had lower HBV DNA levels when
compared to the other two groups, confirming the literature data. In addition, they showed
a significantly higher BMI. None of them, except three, underwent a progression of the
disease, as suggested by the increase in liver stiffness, and, for this reason, we excluded
them from our analysis.

The cumulative HBV seroclearance rate was significantly higher for the <100 IU/mL
group when compared to the other two groups that showed a similar rate. Surprisingly,
in the former group, the cumulative HBV seroclearance at 5 years (7%) was much lower
compared to that which was reported by Brower et al. (39.1%) [4] and Yeo et al. (22.48%) [2]
in a similar setting of patients. However, our cumulative HBV seroclearance at 10 years
(35.1%) and the annual rate of spontaneous HBsAg seroclearance (1.65%) became similar to
those reported by Yeo et al. (39.1% and 2.22%, respectively). In the multivariate analysis,
the HBsAg <100 IU/mL was the only parameter that remained a significant predictor
of seroclearance. Older age approximated statistical significance (p = 0.06), whereas the
male sex remained influential to seroclearance. The lack of agreement compared to the
data of the literature could be due to the lower number of enrolled patients; moreover,
the different geographical origins of the patients should be considered. The two previous
studies included cohorts prevalently from Asia and Australia, as well as Asia, the Pacific
Islands, and Polynesia, respectively, i.e., geographical areas where genotypes B and C are
the most represented; this aspect seems important when considering that the adjusted
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hazard ratio of spontaneous HBsAg seroclearance is 1.71 for genotype C compared to
genotype B [2].

The major limitation of our study is the lack of genotype assessment; however, all
patients, except three from East Europe, were from the same area of South Italy and
therefore were presumed to be mostly genotype D [16]. The limited number of patients did
not allow us to perform sub-analyses in patients with HBsAg <100 IU/mL and HBV DNA
≤2000 IU/mL.

5. Conclusions

Considering that the survival of patients with inactive chronic HBV infection is com-
parable with the noninfected population, at least in Western countries [17,18], the identifi-
cation of predictors that allows us to recognize a chronic inactive HBV infection state has
evident advantages in terms of saving medical resources and improving the quality of life
of patients.
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