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Abstract. Examination of predictive effect of five hepatitis B 
virus (HBV) markers on the re-vaccination time of hepatitis 
B vaccine was assessed. A total of 3,243 patients examined 
by five HBV markers in Women and Children's Health Care 
Hospital of Linyi from January 2015 to December 2017 
were selected as the subjects and analyzed retrospectively. 
According to the previous time of hepatitis  B antibody 
vaccination, subjects were divided into three groups: Short-
term group (previous time of hepatitis B vaccination <5 years, 
n=798); medium-term group (>5 years - ≤10 years, n=1,242); 
long‑term group (>10 years, n=1,203). The enzyme linked 
immunosorbent assay was used to qualitatively analyze the 
five HBV markers, and chemiluminescence immunoassay 
was used to quantitatively analyze the five HBV markers. 
Hepatitis B surface antigen (HBsAg) in the long-term group 
and the medium-term group was significantly lower than 
that in the short-term group (P<0.001). HBsAg, hepatitis B e 
antigen, hepatitis B e antibody, hepatitis B core antibody 
in the long-term group was significantly higher than that 
in the medium-term and short-term group (P<0.050). 
The hepatitis B surface antibody in the long-term group 
was significantly lower than that in the other two groups 
(P<0.050). According to the previous time of the hepatitis 
B antibody vaccination, the patients in the long-term group 
were subdivided into three groups: Group A (vaccination 
time: 10-13 years, n=420); group B (13-15 years, n=377) 
and group C (>15 years, n=406). Geometric mean titer in 
group A was significantly lower than that in the other two 
groups (P<0.050). In conclusion, the protective effect of 
hepatitis B antibody vaccine is satisfactory for 10  years 
after vaccination, and re-vaccination is recommended after 

more than 13 years of vaccination when the virus begins to 
increase significantly, in order to prevent the occurrence of 
hepatitis B.

Introduction

Hepatitis B virus (HBV), also known as hepatitis B or second 
liver virus, is a very common infectious disease (1) with a wide 
transmission method and a high transmission speed, which 
can be transmitted through the blood and other body fluids of 
the patients. Hepatitis B, tuberculosis and acquired immune 
deficiency syndrome (AIDS) are known as the ‘three major 
infectious diseases in the world’ at present (2,3). According 
to statistics, there are more than 400 million patients with 
hepatitis  B worldwide, being 8 times that of AIDS  (4). 
Hepatitis B infection has strong regional differences, the 
number of hepatitis B patients in Southeast Asia and Africa is 
significantly higher than that of other regions (5). According 
to the relevant statistics, there are more than 90 million 
patients in China and other populous countries  (6). With 
the development and popularization of hepatitis B antibody 
vaccines, the infection rate of hepatitis B has been effectively 
controlled, and its incidence is decreasing year by year (7). 
However, continuous studies have pointed out that the 
incidence of hepatitis B has begun to rise again this year, and 
the reasons are pointing to the effective duration of hepatitis 
B antibody vaccine  (8-10). Hepatitis  B antibody vaccine 
is one of the necessary vaccines in human body, but most 
patients have only been vaccinated at birth and neglected 
its importance in their subsequent life, which leads to the 
gradual disappearance of antibody vaccines after long-term 
metabolism in the body (11). Everyone is recommended to 
undergo a comprehensive physical examination at least once 
in three years to prevent all possible diseases (12). However, 
because the medical concept has not been popularized, most 
patients ignore their own health. Moreover, the incidence of 
hepatitis B has showed an upward trend recently, and there is 
no relevant research on the re-vaccination time of hepatitis B 
antibody vaccine at present.

Examination of the five HBV markers [hepatitis B surface 
antigen (HBsAg), hepatitis B surface antibody (HBsAb), 
hepatitis Be antigen (HBeAg), hepatitis Be antibody (HBeAb), 
hepatitis B core antibody (HBcAb)] is the most convenient and 
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common method for detecting hepatitis B. However, there is 
still lack of research support to determine the effective duration 
of hepatitis  B vaccine by the examination results. If the 
re-vaccination time of hepatitis B vaccine can be predicted by 
examination of the five HBV markers, which is highly feasible, 
the clinical screening rate can be effectively improved and the 
occurrence of hepatitis B can also be reduced. Therefore, the 
hepatitis B antibodies of patients who underwent examination 
of the five HBV markers in recent years were quantitatively 
analyzed in this study to explore the optimal protective time 
and re-vaccination time of hepatitis  B antibody vaccine 
for human body, and to provide reference and guidance for 
clinical practice.

Patients and methods

General information. A total of 3,243 patients examined by five 
HBV markers in Women and Children's Health Care Hospital 
of Linyi (Linyi, China) from January 2015 to December 2017 
were selected as the research subjects and analyzed retrospec-
tively, including 1,782 males and 1,461 females with an age 
range of 16-97 years and an average age of 26.83±42.37 years.

The study was approved by the Ethics Committee of the 
Women and Children's Health Care Hospital of Linyi. Signed 
informed consents were obtained from the patients and/or 
guardians.

Inclusion and exclusion criteria. Inclusion criteria: Patients 
examined by five HBV markers in Women and Children's 
Health Care Hospital of Linyi; patients with complete case 
data; patients with hepatitis B vaccination history before 
examination. Exclusion criteria: Patients with liver neoplasms; 
patients with liver cirrhosis or fatty liver; patients with cirrhosis 
and fatty liver; patients smoking or with alcohol consumption 
within 24 h before the examination; patients undergoing liver 
surgery; severe ICU patients.

Methods. The time interval from the previous hepatitis B 
vaccination was 3 to 16 years, and the average distance 
from the inoculation was 5.42±2.97 years, therefore the 
average of 5  years was taken as the basis of grouping. 
According to the previous time of the hepatitis B antibody 
vaccination, subjects were divided into three groups: 
Short-term group (<5 years, n=798); medium-term group  
(>5 years - ≤10 years, n=1,242); long-term group (>10 years, 
n=1,203). Examination of the five HBV markers was carried 
out by the laboratory of Women and Children's Health Care 
Hospital of Linyi. Fasting venous blood (4 ml) was extracted, 
placed at room temperature for 30 min, then centrifuged 
at 50  x  g  at 4˚C for 10  min to obtain the upper serum. 
Qualitative analysis of five HBV markers was conducted by 
the enzyme-linked immunosorbent assay (ELISA) (Shanghai 
Yiji Industries Co., Ltd., DA6471044) in strict accordance 
with the instructions of the kit. If the results were false posi-
tive, repeated experiments were carried out to determine the 
accuracy. Quantitative analysis of five HBV markers was 
conducted by chemiluminescence immunoassay (CLIA) after 
the completion of qualitative analysis with MAGICL6800 
automatic chemiluminescence determinator (Getein 
Biotechnology Co., Ltd).

Observation indicators. Qualitative and quantitative detection 
results of five HBV markers in three groups of patients. 
Qualitative results: HBsAg-positive indicates the presence 
of HBV. HBsAb-positive indicates successful vaccination of 
hepatitis B vaccine and the existence of hepatitis B antibody. 
HBeAg-positive indicates that HBV replicates actively in 
human body, and the blood is poisonous and highly infectious. 
HBeAb-positive indicates that replication of HBV has changed 
from active to relatively static. HBcAb-positive indicates 
that the patient has been or is infected with HBV. The most 
seriously infected patients in the three groups were selected 
for a more in-depth geometric mean titer (GMT) analysis: The 
ability of antibodies to neutralize antigens such as viruses 
or toxins, the greater the numerical results, the stronger the 
ability of viruses or toxins. MGT is widely used to evaluate 
the concentration of viruses in the blood (13). Anti-HBs were 
detected by solid phase radioimmunoassay.

Statistical analysis. The data were analyzed and processed 
by the SPSS24.0 (IBM Corp); the quantitative data such as 
quantitative results of hepatitis B five markers were expressed 
as mean ± standard deviation (SD), one-way ANOVA followed 
by LSD test was used for comparison between multiple 
groups; counting data such as HBsAg positive rates were 
expressed as rate, and Chi-square test was used for comparison 
between groups. P<0.050 represents a statistically significant 
difference.

Results

Clinical data comparison. There was no significant difference 
in age, body weight, body mass index, sex, marital status, 
smoking and drinking habit between the three groups 
(P>0.050), which indicated that there was a comparability 
between the patients in the three groups (Table I).

Qualitative results of five HBV markers. Comparison of 
the qualitative examination results of five HBV markers in 
the three groups showed that there were significant differ-
ences in each examination (P<0.001). The HBsAg in the 
long-term and the medium-term group showed no significant 
difference (P>0.001), but was significantly lower than that 
in the short-term group (P<0.050). The results of HBsAb, 
HBeAg, HBeAb, HBcAb detection showed that there was no 
significant difference between short-term and medium-term 
group (P>0.050), while the long-term group was lower than 
the other two groups (P<0.001) (Table II). After examination, 
14 patients with HBsAg (+), HBeAg (+) and HBcAb (+) in the 
long-term group, showed fatigue, dizziness, loss of appetite, 
nausea, insomnia and occasionally suffered from distended 
pain, blunt pain or stabbing pain in the right upper abdomen or 
right back. Alanine aminotransferase, aspartate aminotrans-
ferase and total bilirubin levels in liver function examination 
were higher than those in normal controls, among which 
3 cases were suspected to be compensated cirrhosis.

Quantitative results of five HBV markers. The quanti
tative results of HBsAg, HBsAb, HBeAg, HBeAb, HBcAb 
in the short-term group were as follows: 0.12±0.03 ng/ml, 
332.51±45.68 mIU/ml, 0.07±0.08 PEIU/ml, 0.10±0.05 PEIU/ml, 
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and 0.29±0.16 PEIU/ml, respectively. Those in the medium-
term group were 0.28±0.17 ng/ml, 264.62±37.88 mIU/ml, 
0.26±0.10 PEIU/ml, 0.15±0.02 PEIU/ml, 0.57±0.10 PEIU/ml, 

respectively, and those in the long-term group were 0.48±0.26 
ng/ml, 153.67±58.69 mIU/ml, 0.39±0.17 PEIU/ml, 
0.17±0.14 PEIU/ml, 0.82±0.27 PEIU/ml, respectively. There 

Table I. Clinical data comparison [mean ± SD, n (%)].

	 Short-term	 Medium-term	 Long-term group		
Variables	 group (n=798)	 group (n=1,242)	 (n=1,203)	 F value or χ2	 P-value

Age (years)				    2.519	 0.081
	 33.67±29.48	 34.68±31.55	 36.81±35.26		
Body weight (kg)				    0.294	 0.745
	 64.92±20.36	 65.16±19.77	 64.53±21.14		
BMI				    1.814	 0.163
	 27.37±5.94	 27.15±6.08	 26.86±5.95		
Sex				    0.346	 0.841
  Male	 442 (55.39)	 687 (55.31)	 653 (54.28)		
  Female	 356 (44.61)	 555 (44.69)	 550 (45.72)		
Residency				    0.865	 0.649
  Urban	 712 (89.22)	 1,123 (90.42)	 1,086 (90.27)		
  Rural	 86 (10.78)	 119 (9.58)	 117 (9.73)		
Smoking				    0.364	 0.834
  Yes	 468 (58.65)	 712 (57.33)	 693 (57.61)		
  No	 330 (41.35)	 530 (42.67)	 510 (42.39)		
Drinking				    0.052	 0.974
  Yes	 318 (39.85)	 497 (40.02)	 476 (39.57)		
  No	 480 (60.15)	 745 (59.98)	 727 (60.43)		

BMI, body mass index.

Table II. Qualitative results of hepatitis B virus markers [n (%)].

	 Short-term	 Medium-term	 Long-term		
Markers	 group (n=798)	 group (n=1,242)	 group (n=1,203)	 χ2	 P-value

HBsAg				    46.34	 <0.001
  +	 22 (2.76)	 117 (9.42)	 134 (11.14)		
  -	 776 (97.24)	 1,125 (90.58)a	 1,069 (88.86)a		
HBsAb				    66.692	 <0.001
  +	 784 (98.25)	 1,207 (97.18)	 1,114 (92.60)		
  -	 14 (1.75)	 35 (2.82)	 89 (7.40)a,b		
HBeAg				    34.973	 <0.001
  +	 0 (0.00)	 5 (0.40)	 29 (2.41)		
  -	 798 (100.00)	 1,237 (99.60)	 1,174 (97.59)a,b		
HBeAb				    34.563	 <0.001
  +	 3 (0.38)	 10 (0.81)	 40 (3.33)		
  -	 795 (99.62)	 1,232 (99.19)	 1,163 (96.67)a,b		
HBcAb				    55.263	 <0.001
  +	 791 (99.12)	 1,224 (98.55)	 1,134 (94.26)		
  -	 7 (0.88)	 18 (1.45)	 69 (5.74)a,b		

aP<0.050, compared with the results of each examination in the short-term group; bP<0.050, compared with the results of each examination 
in the medium-term group. HBsAg, hepatitis B surface antigen; HBsAb, hepatitis B surface antibody; HBeAg, hepatitis B e antigen; HBeAb, 
hepatitis B e antibody; HBcAb, hepatitis B core antibody.
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were statistical differences in the quantitative results of each 
indicator between the three groups (P<0.050). HBsAg, HBeAg, 
HBeAb, HBcAb in the long-term group were significantly 
higher than those in the other two groups, while those in the 
medium-term group were higher than those in the short-term 
group (P<0.050). The HBsAb in the long-term group was 

significantly lower than that in the other two groups, and that 
in the medium-term group was lower than that in the short-
term group (P<0.050) (Fig. 1).

GMT experiment. The results of qualitative and quantitative 
analysis of hepatitis B five markers showed that, among the 

Figure 1. Quantitative results of five HBV markers. (A) Quantitative results of HBsAg in patients of the three groups. The HBsAg in long-term group was 
significantly higher than that in medium-term and short-term group, and that in medium-term group was significantly higher than that in short-term group. 
*P<0.050, compared with the quantitative detection results of HBsAg in short-term group; #P<0.050, compared with the quantitative detection results of HBsAg 
in medium-term group. (B) Quantitative results of HBsAb in patients of the three groups. The HBsAb in long-term group was significantly higher than that 
in medium-term and short-term group, and that in medium-term group was significantly higher than that in short-term group. *P<0.050, compared with the 
quantitative detection results of HBsAb in short-term group; #P<0.050, compared with the quantitative detection results of HBsAb in medium-term group. 
(C) Quantitative results of HBeAg in patients of the three groups. The HBeAg in long-term group was significantly higher than that in medium-term and 
short-term group, and that in medium-term group was significantly higher than that in short-term group. *P<0.050, compared with the quantitative detection 
results of HBeAg in short-term group; #P<0.050, compared with the quantitative detection results of HBeAg in medium-term group. (D) Quantitative results 
of HBeAb in patients of the three groups. The HBeAb in long-term group was significantly higher than that in medium-term and short-term group, and that in 
medium-term group was significantly higher than that in short-term group. *P<0.050, compared with the quantitative detection results of HBeAb in short-term 
group; #P<0.050, compared with the quantitative detection results of HBeAb in medium-term group. (E) Quantitative results of HBcAb in patients of the three 
groups. The HBcAb in long-term group was significantly higher than that in medium-term and short-term group, and that in medium-term group was signifi-
cantly higher than that in short-term group. *P<0.050, compared with the quantitative detection results of HBcAb in short-term group; #P<0.050, compared with 
the quantitative detection results of HBcAb in medium-term group. HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBsAb, hepatitis B surface 
antibody; HBeAg, hepatitis Be antigen; HBeAb, hepatitis Be antibody; HBcAb, hepatitis B core antibody.
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three groups, the results of the long-term group were the 
worst, so the patients in this group were selected for further 
analysis. According to the previous time of the hepatitis B 
antibody vaccination, the patients in the long-term group were 
subdivided into three groups: Group A (previous vaccination 
time: 10-13 years, n=420); group B (previous vaccination time: 
13-15 years, n=377); group C (last vaccination time >15 years, 
n=406). Results of GMT showed that GMT in group A was 
42.37±6.14 mIU/ml, that in group B was 59.63±8.24 mIU/ml, 
and that in group C was 61.51±8.97  mIU/ml. There was 
no significant difference in GMT between groups B and C 
(P<0.050), but GMT in group A was significantly lower than 
that in the other two groups (P<0.050) (Fig. 2).

Discussion

Hepatitis B, one of the most common infectious diseases 
in clinical practice, is highly infectious, and because of its 
slow onset and insignificant specific signs, most patients not 
only suffer from the disease, but also greatly increase the 
probability of disease transmission (14,15). HBV can cause a 
series of immune responses after invading the body, the most 
severe of which is the change of hepatocytes (16). Moreover, 
it can also kill hepatitis  B cells and cause hepatocyte 
inflammation, fibrosis and necrosis. Serious dysfunction of 
hepatic metabolic circulation directly leads to yellow urine, 
jaundice, fatigue, abnormal digestive tract, and even death 
directly in severe cases  (17-19). At present, the incidence 
of hepatitis B is mainly divided into acute and chronic. 
About 90% of patients with acute hepatitis B can recover by 
themselves, but need isolation treatment (20,21). However, 
there is no significant treatment for chronic hepatitis B, which 
can only be limited by long time antibiotics use (3-5 years 
or more) (22,23). At present, chronic hepatitis B accounts for 
the vast majority in clinic (24). Therefore, in order to reduce 
the harm of hepatitis B to human body, the most effective 
method is to vaccinate hepatitis B antibody in time. Since 
there is no reference study at present to point out how long the 
best period of hepatitis B vaccination is, this study, through 
experimental analysis and taking hepatitis B five markers 
as research direction, analyzed the re-vaccination time of 
hepatitis B vaccine in order to provide reference and guidance 
for clinical diagnosis and treatment of hepatitis B.

Examination of five HBV markers is the most effective 
detection method for hepatitis B in clinical practice. HBsAg-
positive represents the existence of complete HBV particles in 
the patient's body; HBsAb-positive represents the existence of 
immune and protective antibodies against HBV in the patient's 
body; HBeAg is an antigen within HBV, and its positive expres-
sion indicates the activation of HBV in patients; HBeAb-positive 
means that HBV is already in a stable or rehabilitative stage; and 
as a marker of hepatitis B infection, the positive expression of 
HBcAb indicates that the patient has or has had hepatitis B (25). 
In the qualitative results of this study, there was no significant 
difference between the medium-term and the long-term groups 
of HBsAb-positive patients, which were significantly more than 
the short-term group, suggesting that there were significantly 
more patients with hepatitis B virus in the medium-term and 
long-term groups than in the short‑term group. The likelihood 
of HBV infection in patients after more than 5 years after 
vaccination with hepatitis B began to increase significantly. 
There were no significant differences between the short-term 
group and the medium-term group of HBsAb-positive patients, 
which were significantly more than the long-term group, 
suggesting that there was a relatively stable hepatitis B resis-
tance in the body within 10 years after vaccination. After 10 
years, hepatitis B antibodies gradually disappeared, and the risk 
of contracting hepatitis B began to increase significantly. The 
comparison of the positive cases of HBeAg in the three groups 
further confirmed our hypothesis. None of the patients in the 
short-term group were HBeAg-positive, while there were only 
0.40% HBeAg-positive cases in the medium-term group and 
2.41% HBeAg-positive cases in the long-term group. This also 
suggests that after 5 years of hepatitis B vaccination, hepatitis B 
patients will begin to appear, and the infection rate will increase 
significantly after 10 years of vaccination. The comparison of 
HBeAb and HBcAb in the three groups showed that the long-
term group had the most HBeAb and HBcAb positive patients, 
which further proves that patients are at their worst after 10 
years of hepatitis B vaccination. In summary, the qualitative 
analysis of five hepatitis B showed that patients who had been 
vaccinated with hepatitis B vaccine for more than 10 years 
began to experience a significant decrease in the ability of the 
hepatitis B antibody vaccine to work in the body, and a signifi-
cant increase in the risk of hepatitis B infection. The results of 
the quantitative analysis are also consistent with the results of 
the above examination, and can verify our experimental results. 
GMT, as an excellent indicator for evaluating the concentration 
of virus in the blood, is currently widely used in clinical practice 
to detect viral infections in patients (26-28). The greater the test 
results, the stronger the ability to represent viruses or toxins. 
The study by Folaranmi et al (29) found the recommendation 
of the vaccination time of the meningococcal vaccine of type B 
by GMT, and Benoit et al (30) confirmed that GMT was closely 
related to the viral infection of seasonal influenza. In order to 
determine the exact time of antibody decline after vaccination 
with hepatitis B vaccine, we performed a GMT test on patients 
in the long-term group. The results showed that patients with 
vaccination over 13 years have significantly higher GMT than 
patients with less than 13 years. It is suggested that the resistance 
of hepatitis B antibody vaccine begins to decrease significantly 
after 13 years, and patients should be revaccinated 13 years after 
hepatitis B vaccination.

Figure 2. GMT results in patients of the three groups. There was no sig-
nificant difference in GMT between long-term and medium-term group 
(P<0.050), but GMT in short-term group was significantly lower than that in 
other two groups (P<0.050). *P<0.050, compared with the GMT quantitative 
detection results in short-term group. GMT, geometric mean titer.
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Examination of the five HBV markers is very sensitive 
to the situation of hepatitis B infection, but it is easily 
affected by external environmental factors in the process of 
detection. Yang et al (31) pointed out that hemolysis, blood 
vessel pollution, incomplete washing, fibrinogen and other 
factors might cause differences in the results of five HBV 
markers examination. In this study, inspectors were all senior 
examiners at the director level in the hospital, and factors that 
might affect the outcome were avoided as much as possible 
to further enhance the accuracy of the experimental results. 
The results of this study show that the protective ability of 
hepatitis B antibody vaccine begins to decrease 10 years after 
vaccination, and its mechanism needs to be further studied.

The determination of re-vaccination time of hepatitis B 
antibody vaccine by five HBV markers was analyzed in this 
experiment. However, due to the limited experimental condi-
tions, there were still some shortcomings. The subjects were 
of relatively similar origin, not excluding the possibility that 
there might be differences in the results of examination among 
different ethnic groups. Other human or environmental factors 
were not excluded which might have an effect on the experi-
mental results.

In conclusion, the protective effect of hepatitis B antibody 
vaccine is satisfactory within 10 years after vaccination, and 
re-vaccination is recommended after more than 13 years of 
vaccination when the virus begins to increase significantly, in 
order to prevent the occurrence of hepatitis B.
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