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Aim: Hepatitis B surface antibody (HBsAb) plays an important role in the prevention of hepatitis B virus (HBV) infection, especially 
in immunocompromised individuals and in those infected with HBV.HBsAb levels often fluctuate and decrease.This study aimed to 
determine the regularity of HBsAb persistence among different populations. Moreover, the risk factors and the optimal cutoff value 
were determined to predict a decreasing population in HBsAb level.
Methods: The study involved 182 participants, including 76 patients with a 25% decrease in HBsAb levels and 106 patients with an 
HBsAb decrease rate of >50%. Both hepatitis B core antibody negative and positive patients were included.These patients were 
followed up for 10 years. The follow-up demographic and laboratory data were recorded and compared among the groups. 
Fluctuations in HBsAb data and HBsAb persistent immunity were evaluated. The independent factors and the optimal cutoff value 
were recorded.
Results: The first HBsAb median of Group 4 was lower than that of the other groups, and its median was 50.8 mlU/mL. In addition, 
the persistent immunity of the case groups was shorter than that of the control groups (p < 0.05). Furthermore, previous HBV history, 
use of antiviral drugs, and low levels of first HBsAb were independent risk factors in people with obviously decreased antibody levels. 
Also, when the optimum cutoff value on the receiver operating characteristic curve of the HBsAb difference value was taken as 8.53 
mIU/mL, its sensitivity and specificity were 94% and 70% between the control and case groups, respectively.
Conclusion: To maintain optimal immunity against HBV infection, patients with a previous HBV history, those taking antiviral drugs, 
and/or those with low levels of HBsAb should be reimmunized with the hepatitis B vaccine in a timely manner.
Keywords: a decreasing population, durability of HBsAb response, independent risk factors, optimal cutoff value

Introduction
Hepatitis B virus (HBV) infection is a global public health problem. The implementation of universal HBV vaccination 
programs has helped in reducing the incidence of acute and chronic HBV infections, liver cirrhosis and hepatocellular 
carcinoma.1 However, breakthrough HBV infections in vaccinated individuals are emerging and are caused by rheuma-
toid arthritis,2 autoimmune inflammatory rheumatic disease,3 hematological system diseases,4 organ transplantation,5,6 

etc. Such breakthrough infections can even increase the occurrence of occult hepatitis B infection.7

In addition, HBV reactivation (HBVr) can occur owing to the presence of latent covalently closed circular DNA 
(cccDNA) in the liver if the individual has a weak immune system. The abovementioned diseases suppress immunity and 
cause HBVr. In a previous study, a child who had been vaccinated and had undergone liver transplantation was found to be 
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positive for hepatitis B surface antigen (HBsAg) after 27 months.8 In patients with cancer, HBV reactivation can block 
chemotherapy and exert a negative impact on prognosis.9 The risk status of HBV reactivation is caused by the durability of 
host immunity, viral factors, treatment protocols, and doses.10 HBV reactivation can cause liver injury and low immunity 
because of viral replication.11 Briefly, HBV cccDNA may persist after HBsAg becomes negative, thus resulting in HBV 
reactivation. HBV reactivation can occur spontaneously or during follow-up of patients after HBV-related disease therapy, 
such as immunosuppressive therapy, solid organ transplantation, and/or autoimmune disease treatment.12

The durability of the hepatitis B surface antibody (HBsAb) response is influenced by several factors. First, the 
durability of the response is different in various age groups.13 Advanced age (>60 years) is a risk factor for 
seroconversion.14 Second, hematopoietic stem-cell transplantation patients and donors should be vaccinated against 
HBV before the surgery.15 Third, transplanted livers come from hepatitis B core antibody (anti-HBc)-positive donors at 
times, thus leading to de novo hepatitis B.16

Combined with clinical considerations, the presence of anti-HBc is considered a sensitive lifetime marker for HBV 
infection. Little is known about HBVr and fluctuations in the HBsAb levels in the immunosuppressive, solid organ 
transplantation, and/or autoimmune diseases. This study aimed to compare persistent HBsAb immunity and identify the 
risk factors for plummeting HBsAb levels. The study further intended to determine an optimal cutoff value to predict an 
obviously decreasing population.

Materials and Methods
Patients Selection and Study Design
This retrospective, polycentric, longitudinal study was conducted from September 2011 to July 2021 at two hospitals, 
namely, the People’s Hospital of Jieshou city and the Second Hospital of Anhui Medical University. This study was 
conducted in accordance with the ethical principles specified in the Declaration of Helsinki. The study protocol was 
approved by the Ethics Committee of Anhui Medical University, and all patients provided written informed consent.

The inclusion criteria were participants who were HBsAb(+) at the baseline and whose HBsAb levels were tested at 
least twice. The patients were screened within a 25% reduction of the HBsAb level and >50% decline. In the screening 
test, all study subjects were required to have undergone HBV serological tests for HBsAg, HBeAg, HBsAb, anti-HBe, 
and anti-HBc that were qualitatively analyzed. The exclusion criteria specified participants who were infected with HIV, 
HAV, HCV, HDV, or HEV viruses. In addition, the HBsAb level increased over time.

When combined with our research concept, these members were classified into 4 groups based on the status of anti- 
HBc and HBsAb: Group 1 comprised a decreasing HBsAb <25% of participants who had the status of anti-HBc(-) 
HBsAb(+). Group 2 comprised a decreasing HBsAb <25% of participants who had the status of anti-HBc(+)HBsAb(+). 
Group 3 comprised a decreasing HBsAb >50% of participants who had the status of anti-HBc(-)HBsAb(+). Finally, 
Group 4 comprised a decreasing HBsAb >50% of participants who had the status of anti-HBc(+)HBsAb(+). Finally, 
groups 1 and 2 served as the control groups. Groups 3 and 4 served as the case groups. Moreover, the endpoint was the 
loss of protective immunity, including the falling standards in the control and case groups (Figure 1).

Follow-Up Demographic and Laboratory Measurements
The follow-up information, consisting of family history of HBV B infection, HBV previous history, blood system 
diseases, the use of antiviral drugs, and immunosuppressors and organ transplantation, was obtained via telephonic 
interview and by using the doctor workstation system. In addition, all clinical indicators, such as HBsAg, HBeAg, 
HBsAb, anti-HBe, and anti-HBc, were quantified at the baseline (first) and then at the end (second) through chemilu-
minescence particle imaging (i2000SR, Sligo, Ireland).

Statistical Analysis
Data analysis was performed using SPSS version 27 software (SPSS, IBM, Chicago, USA). Univariate logistic regression 
analysis was adopted to verify the independent factors for case group diagnosis. The survival analysis between groups 
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was assessed by using GraphPad Prism 8.0. Differences in all tests showing P < 0.05 were considered to indicate 
statistical significance.

Results
Clinical Characteristics of the Study Population
Table 1 shows the baseline demographics and clinical follow-up characteristics of the 182 patients. These patients were 
categorized into four groups. According to the follow-up results, the HBsAg interval between the descent and the use of 
antiviral drugs was significant (P < 0.05). Furthermore, family histories of HBV infection were considered significant 
(P < 0.01). In addition, age, previous HBV history, HBeAg, HBeAb, anti-HBc, first-HBsAb levels, and HBsAb 
difference values at two different times for a decreased population were evidently different (P < 0.001).

Comparison and Distribution of Fluctuations in HBsAb Levels Among the Groups
To assess the fluctuations in HBsAb levels among the groups, independent-samples

t-test was used to compare the groups. Overall, the HBsAb median levels of Group 4 were lower than the first-HBsAb 
levels of the other groups, and the comparison was different at baseline than in the control groups (P < 0.01), with 
a median of 50.8 mlU/mL (Figure 2A). After the HBsAb level decreased (HBsAb-second), the data suggested that Group 
4 was obviously significantly different (P < 0.0001) (Figure 2B). Moreover, the HBsAb fluctuation in Group 3 was the 
highest, but it was not significantly different from that of the control groups (P > 0.05) (Figure 2C–F).

Comparison of the Persistence of HBsAb Levels in Each Group
To further evaluate the persistence of HBsAb levels in each group and discern a trend of reduction in HBsAb titers, 
survival analysis was performed (Figure S3 First, the interval was found to be longer than that in the case groups 
(P < 0.05). Second, the interval from the first to the second HBsAb level in Group 4 was shorter than that in Group 
1 (P < 0.05). The persistence of HBsAb levels was not different among the other groups. In addition, to comprehend 

Figure 1 Flow chart depicting the numbers of decreasing crowd screened and enrolled in the study (at the time of enrollment). A declined response to HBsAb indicated 
that the anti-hepatitis B surface antibody (HBsAb) levels of the recipients were >50% of the baseline levels (first).
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the regularity of HBsAb persistence and aid in the clinical guidance of vaccination, patients with HBsAb levels 
>100 mIU/mL and 10–100 mIU/mL were selected for further follow-up, and downward trends were observed in the 
four groups. Moreover, a statistical method was used to evaluate the descent trend. On the one hand, the probability 
of persistent immunity was not different at the 10–100 mIU/mL level (P > 0.05) (Figure 3A). On the other hand, at 
the HBsAb level of >100 mIU/mL, the decent times of the case groups were shorter than those of the control groups 
(P < 0.05) (Figure 3B). Finally, the decline time was not significant between the groups because of the limited 
number of samples (P > 0.05) (Figure 3C–F).

Risk Factors and a Good Threshold for Fluctuating HBsAb Levels
To investigate whether the case groups were related to some clinical factors (Table 2), a univariate analysis was 
performed to identify the independent risk factors. As shown in Table 2, sex, age, family history of HBV infection, 
antiviral drug (once), immunosuppressor, anti-HBc, HBsAb, HBeAg, and HBeAb were not significantly different 
between the control and case groups (P > 0.05). Some parameters, such as the HBsAb interval time between descent, 
antiviral drugs, and first-HBsAb levels, were different (P < 0.05), and previous HBV history was distinctly significant 
(P < 0.001)(Figure 4A–C). In addition, the HBsAb difference value was obviously different (P < 0.001) (Figure 4D). In 

Table 1 Baseline Demographics and Clinical Characteristics of the Study Population

Parameters Group 1  
(n = 25)

Group 2  
(n = 51)

Group 3  
(n = 36)

Group 4  
(n = 70)

P value

Age 23.4 ±15.6 35.7 ±16.0 8(2,26.75) 36.1 ±15.1 <0.001

Sex (F/M) 15/10 25/26 18/18 28/42 0.353

HBsAb interval time between descent (months) 13.7(6.7,37.5) 10.0(5.2,20.2) 9.0(3.3,13.5) 7.6(4.3,12.6) 0.038

Family history of HBVB infection, n(%) 12(48) 20(35) 20(56) 15(20) 0.002

Previous HBV history, n(%) 0(0) 59(100) 0(0) 78(100) <0.001

Immune disease

Blood system diseases 1(4) 0(0) 1(2.8) 2(2.9) –

Antiviral drug(once), n(%) 0(0) 4(7.8)* 0(0) 10(14.3)* 0.276

Antiviral drug(now), n(%) 0(0) 7(13.7)* 0(0) 21(30)* 0.037

Immunosuppressor, n(%) 0(3) 1(2.0) 1(2.8) 4(5.7) 0.487

Adalimumab 0(0) 0(0) 0(0) 1(1.4) –

Hormones/tacrolimus 0(0) 1(2.0) 0(0) 0(0) –

Liver transplantation 0(0) 0(0) 0(0) 1(1.4) –

HBsAg (positive/negative) 0/20 13/38* 0/36 24/46* 0.888

HBeAg (S/CO) 0.3(0.1,0.4) 0.34(0.3,0.52) 0.33(0.3,0.38) 0.4(0.3,2.0) 0.005

HBeAb (S/CO) 1.62 (1.3,1.87) 1.2(0.5,1.7) 1.8(1.7,1.9) 1.1(0.03,1.6) <0.001

HBcAb (S/CO) 0.08(0.02,0.14) 7.1(3.8,8.6) 0.1(0.06,0.15) 8.0(6.8,9.3) <0.001

First-HBsAb titer (mIU/mL) 210.6(62.1,1000) 219.6(37.6,1000) 455.8(138.3,982.6) 50.8(21.0,203.2) <0.001

HBsAb difference value (mIU/mL) 7.6(0,26.6) 2.4(0,10.4) 280.6(82.9,638.4) 36(11.7,114.0) <0.001

Note: *The object of study in every group. 
Abbreviations: HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen; HBeAg, hepatitis B e antibody; HBcAb, hepatitis 
B core antibody.
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Figure 2 Comparison and distribution of fluctuations in the HBsAb levels between the groups. (A) The HBsAb-First levels among the four groups. (B) The HBsAb-Second 
levels among the four groups. (C–F) The first and second HBsAb levels fluctuations for the four groups. **P < 0.01, ****P < 0.0001. 
Abbreviation: NS, nonsignificant.
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view of the data analysis and the clinical significance, previous HBV history, antiviral drug use, and/or low levels of first- 
HBsAb were considered to be independent risk factors for the case groups. In other words, when a participant is infected 
with HBV, is taking antiviral drugs, and has low levels of first-HBsAb, their HBsAb level is likely to decline.

To distinguish between the case and control groups, ROC curve analysis was used to assess the HBsAb difference 
values. Interestingly, the curve had a high AUC (0.881, 95% CI: 0.83–0.931) (Figure 4E). The optimum cutoff value was 
calculated using the Youden index. The value was found to be 8.53 mIU/mL. Furthermore, its sensitivity, specificity, 
positive and negative likelihood ratios (PLR and NLR), and positive and negative predictive values (PPV and NPV) were 
94%, 70%, 3.12, 0.08, 0.81, and 0.9 between the control and case groups, respectively (Figure 4F, Table S1).

It was concluded that the median first–second HBsAb levels in the anti-HBc(+) group with a 50% decline were the 
lowest. Moreover, the HBsAb fluctuation in Group 3 was the highest. In addition, the persistence of HBsAb levels was 

Figure 3 Comparison of the persistence of HBsAb at different levels in each group. (A) The persistence of HBsAb levels (10–100 mIU/mL) between the case and control 
groups. (B) The persistence of HBsAb levels (>100 mIU/mL) between the control and case groups. (C–F) The persistence of HBsAb levels (>100 mIU/mL) between different 
groups.
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shorter in the case groups, and the interval from the first to the second HBsAb levels was obviously shorter in Group 4 
than in Group 1. Furthermore, the decent times of the case groups were shorter than those of the control groups for 
HbsAb levels >100 mIU/mL. Finally, it is worth mentioning that HBV history, antiviral drug usage, and low levels of 
HBsAb were risk factors. Also, an optimum cutoff value was present to differentiate between the case and control 
groups.

Discussion
A decline in HBsAb levels is a common phenomenon in organ transplantation17,18 and immunosuppressive diseases.19,20 

Nonetheless, it has not been reported systematically. This study attempted to obtain results and some regularities from 
a 10-year longitudinal analysis of a decline population in the HBsAb levels. A decrease in HBsAb levels from <25% and 
>50% was observed in the anti-HBc(-) and anti-HBc(+) populations. In the follow-up, anti-HBe titers showed a little 
predictive value for people with reduced antibody titers (Figure S2).

The anti-Hbc(+) groups, including a control group and a case group with inclusion criteria, were used to distinguish 
between previous and current infections. Anti-Hbc(+) patients were rather common in the census.21–24 However, the anti- 
Hbc(+) groups in the control groups and case groups have rarely been reported. Presently, the retrospective polycentric 
cohort study suggested that the median HBsAb level of Group 4 was lower than that of the other groups and that its 
median was 50.8 mlU/mL. Clinical data analysis revealed that the ratio of HBsAg+/HBsAb+ patients in Group 4 was the 
highest. Hence, the serum condition of Group 4 must have caused the formation of immune complexes,25 which may be 
a reason for the lower HBsAb levels.

In addition, the data showed that the percentage of decline differed significantly between the case and control groups 
(Figure S1A). The decline was also obviously different in Group 3 (Figure S1B). This information revealed that anti-Hbc 
(+) patients should be monitored for HBsAb levels at regular intervals. First, surface antibody detection should be 

Table 2 Logistic Regression Analysis to Identify the Independent Influencing 
Factors for HBsAb Reduction in the Population

Control and Case Groups

Variables Univariate Analysis

OR(95% CI) P value

Sex 1.528(0.845,2.763) 0.161

Age 0.991(0.974,1.008) 0.281

HBsAb interval time between descent (months) 0.982(0.97,0.99) 0.033

Family history of HBV B infection 1.381(0.747,2.554) 0.303

Previous HBV history 0.376(0.194,0.729) 0.004

Immune disease 0.322(0.088,1.183) 0.088

Antiviral drug 0.346(0.153,0.783) 0.011

Anti-HBc 1.032(0.958,1.112) 0.401

HBeAb 1.01(0.975,1.047) 0.572

HBeAg 1.0(0.999,1.002) 0.662

First-HBsAb 0.999(0.998,1.000) 0.02

HBsAb difference value 1.016(1.008,1.025) <0.001

Abbreviations: HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HBeAg, 
hepatitis B e antigen; HBeAb, hepatitis B e antibody; HBcAb, hepatitis B core antibody.
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Figure 4 Risk factors and a good threshold for fluctuating hepatitis B surface antibodies. (A) previous HBV history; (B) antiviral drugs; (C) HBsAb interval time; (D) HBsAb 
difference value between the control and case groups; (E) The ROC area of HBsAb difference value in predicting the diagnosability between the control and case groups. (F) 
The sensitivity and specificity of the ROC curve of the HBsAb difference value in predicting the diagnosability between the control and case groups. **P < 0.01, ****P < 
0.0001.
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increased when the HBsAb level is low. Second, when the HBsAb titer is <10 mIU/mL, the patients should be 
revaccinated because of their low immune capacity.17,26–28

The durability of the antibody response varied among the participants.29–31 In the polycentric retrospective 
cohort study, the participants were categorized into four groups. The durability of the antibody response was not exactly 
the same (Figure 3C and E) and depended on the immune status of each group. Overall, the durability time of persistent 
immunity in the case groups was shorter than that in the control groups. Viewed separately, the durability of the antibody 
response in Group 4 was shorter than that in Group 1. Combined with the first and second HBsAg levels, the levels 
decreased faster in the anti-HBc(+) group of the case groups. In general, the durability of the antibody response is 
a concern when trying to prevent HBV infection; in particular, more attention should be given to anti-HBc(+) to obtain 
a functional cure.31

The 10-year follow-up study demonstrates risk factors and a good threshold for fluctuating HbsAb levels. Not 
surprisingly, previous HBV history was an independent risk factor for the case group because of lower immunity. 
Interestingly, antiviral drug use and low levels of first-HBsAb were also independent risk factors between the case and 
control groups. When the HBsAb titer of a participant was low at baseline, their HBsAb level fell more easily. Similarly, 
when patients with HBV infection were taking antiviral drugs, they were more likely to have damaged liver function, 
thereby leading to a decline in immunity.32

The optimum cutoff value was found to be 8.53 mIU/mL, which was determined from the clinical findings to predict 
the case groups. The cutoff value helped to preliminarily identify a decline in HBsAb levels. Thus, the results helped to 
avoid HBV reactivation and occult hepatitis B infection.

Conclusion
Our study has established that the first and second HBsAb levels of the anti-HBc(+) group were lower and more variable 
in the case groups than in the control groups. Moreover, the durability of HBsAb was lower in the case groups than in the 
control groups. These findings of risk factors and a good threshold suggest a supplementary clinical factor for the early 
prediction of a decline in HBsAb levels. This result further clarifies why patients with HBV infection should take 
antiviral therapy as early as possible.

Abbreviations
HBsAb, hepatitis B surface antibody; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B e antigen;HBeAb, 
hepatitis B e antibody;HBcAb, hepatitis B core antibody.
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