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Abstract

This study evaluated the optimal timing of a primary three‐dose hepatitis B

vaccination and postvaccination serologic testing (PVST) among a large group of

healthy naïve adults in the Netherlands. Data were collected from the Ease

Travel Clinic hepatitis B vaccination database. The study population consisted

of 22,997 adults who received three hepatitis B vaccinations. Seroprotection

was attained in 97.3% individuals. When compared with PVST performed at

1–2 months (98.2%) after the final dose, lower seroprotection rates were

observed with <1 (97.3%, p = 0.128), 3–6 (90.6%, p < 0.001), and ≥7 (88.4%,

p < 0.001) months after vaccination. Among the subpopulation with a PVST 1–2

months, no statistically significant difference was observed for the various

intervals between the first and second vaccination (<1, 1–2, 3–4, or ≥5 months).

When compared with 4–5 months between the second and third vaccine dose,

lower seroprotection rates were observed with <4 (odds ratio [OR]: 0.29,

p = 0.020) and ≥12 (OR: 0.22, p < 0.001) months, although comparable rates

were observed with 6–11 months interval (OR: 0.85, p = 0.262). Our data

indicate that PVST should be obtained 1–2 months after the last vaccination

and a delayed PVST was the major determinant of a lower seroprotection rate

after primary three‐dose hepatitis B vaccination schedule. Based on our data,

the hepatitis B vaccination also leaves room for flexibility for the second dose

and the third dose without the necessity of restarting the vaccination series or

confirmation of the immune response to the vaccine.
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1 | INTRODUCTION

Hepatitis B is an important global health problem and a life‐

threatening liver infection caused by the hepatitis B virus (HBV).

Worldwide, an estimated 292 million people were living with chronic

HBV infection in 2016 and each year hepatitis B resulted in 887 000

deaths, mostly from cirrhosis and hepatocellular carcinoma.1,2

Despite advances in antiviral therapy, a vaccine against HBV is

the gold measure for prevention and is the most cost‐effective.3

Since its discovery in 1982, more than 1 billion doses of hepatitis B

vaccine have been administered.3

Primary vaccination in healthy naïve adults generally consists of

three intramuscular doses of recombinant HBV vaccine on a 0‐, 1‐

and 6‐month schedule. Seroprotection rate is documented by a

hepatitis B surface antibody (anti‐HBs) level of ≥10mIU/ml and is

achieved in 90–95% of the immunocompetent adult population after

completion of the vaccination schedule.4,5 Recently, various strate-

gies have been developed to elicit higher rates of protective anti‐HBs

levels: increased antigen dose, intradermal vaccination, adjuvanted

vaccines, and other strategies (hepatitis A + B vaccine, Sci‐B‐Vac®,

DNA vaccines, polypeptide micelle vaccine).6,7 However, adhering to

the optimal timing of a primary three‐dose recombinant hepatitis B

vaccination and postvaccination serologic testing (PVST) might be a

relatively easy way to ensure seroprotection. Among immuno-

competent adults, most studies investigated the optimal interval

between the second and third hepatitis B vaccine dose on immune

response to the vaccine, with only two studies reporting on the

interval between the first and second vaccine.8–21 However, these

studies are hampered by a low number of subjects (n < 500), a lack of

multivariate analyses and a poor definition of nonresponder based on

delayed PVST. In line with the recent recommendations of the

Advisory Committee on Immunization Practices (ACIP), PVST should

be determined within 1–2 months after the completion of the

hepatitis B vaccine series as anti‐HBs levels wane over time.4

Notwithstanding that the evidence for this recommendation of PVST

within 1–2 months instead of 1–6 months or 1–12 months is largely

limited to studies in pediatric patients.22–24

This study evaluated the optimal timing of a primary three‐dose

hepatitis B vaccination and PVST among a large group of healthy

naïve adults in the Netherlands, a country located inWestern Europe.

2 | PATIENTS AND METHODS

2.1 | Study design

This retrospective study included hepatitis B naïve adults from the

Ease Travel Clinic at the Maastricht University Medical Centre+

(MUMC+; Maastricht, The Netherlands). Data of individuals aged

18 years or older initiating a primary three‐dose hepatitis B

vaccination between 1983 and 2017 were eligible. Exclusion criteria

were missing demographic data, not receiving all three hepatitis B

vaccine doses and no information on PVST. According to the local

guidelines, the commercially available HBVax© 20 μg/ml (from the

year 1983 to 1987) or Engerix‐B© 20 μg/ml (from 1988 to 2017)

vaccines were injected into the deltoid muscle with adequate 23‐

gauge needle with a length of 25mm. All individuals were born

before the introduction of the universal infant hepatitis B vaccination

in the Dutch immunization program on August 1, 2011.

The study was approved (number 2017‐0308) by the medical

research ethics committee of MUMC+ and the need of informed

consent was waived seen the noninterventional character of our

study.

2.2 | Measurement of outcome and exposures

The primary endpoint of the current study was the proportion of

individuals with seroprotection (i.e., anti‐HBs levels ≥10mIU/ml)

according to the PVST. First, we assessed the relation between time

from the third vaccination to PVST and seroprotection according to

the PVST. Time to PVST was categorized in <1 (too early), 1–2 (on

time), 3–6 (late), and ≥7 months (very late), in part adapted from the

recommendations of the ACIP.4 Secondly, this study assessed

whether the interval between the first and second vaccination (first

and second vaccine interval) and between the second and third

vaccination (second and third vaccine interval) were independent

predictors of seroprotection in patients with PVST at 1–2 months.

Time between the first and second vaccination was categorized into

<1 (too early), 1–2 (on time), 3–4, and ≥5 months, adapted from ACIP

guidelines.4 Accordingly, the interval between the second and third

vaccination was grouped into <4 (too early), 4–5 (on time), 6–11, and

≥12 months.4

2.3 | Statistical analysis

Categorical data were expressed as frequencies and percentages, and

continuous variables were expressed as mean ± SD or median ±

interquartile range as appropriate. For the comparison of categorical

variables, either χ2 test or Fisher's exact test was used, as

appropriate.

Among the total study population, odds ratios (ORs) of having

seroprotection by age, gender, race, time between the third

vaccination and PVST, time between the first and second vaccination,

and time between the second and third vaccination were calculated

using univariable and multivariable‐adjusted logistic regression

analyses.

Potential interactions between the number of months of PVST

after the final vaccine dose, first and second vaccine interval or

second and third vaccine interval, and age (≥40 year vs. <40 year), sex

(male vs. female), and race (Caucasian vs. non‐Caucasian) were

explored using a Wald test. In case of a statistical significant

interaction, statistical analyses were stratified accordingly. All

statistical analyses were performed using SPSS (version 25.0,

2017). p < 0.05 was considered statistically significant.
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3 | RESULTS

Out of 30 344 adults initiating hepatitis B vaccination in our clinic,

22 997 were included according to the inclusion and exclusion

criteria (Figure 1). The study population consisted to a lesser degree

of individuals aged ≥40 years (29.4%) and males (28.3%). Median age

was 25 ± 24.0 years. Caucasians made up 98.8% of the study

population, with 0.4% of Asian and 0.8% of African race. Median

interval first and second vaccine was 1 ± 0.2 months, this was 5 ± 0.5

months for interval second and third vaccine and 1 ± 0.5 months for

PVST after final dose. Out of 22 997 individuals, 22 377 (97.3%) had

achieved seroprotection after primary three‐dose hepatitis B

vaccination schedule.

3.1 | Seroprotection rate: PVST after final
vaccine dose

Figure 2 shows the proportion of individuals with seroprotection with

increasing interval from final vaccine dose to PVST. When compared

with PVST performed at 1–2 months (98.2%, 19 640/19 991) after

the final dose, lower seroprotection rates were observed with <1

(97.3%, 509/523, p = 0.128), 3–6 (90.6%, 1336/1474, p < 0.001), and

≥7 months (88.4%, 892/1009, p < 0.001) after vaccination. Among

those individuals with a PVST < 1 month after the final dose, the

median ± interquartile range of PVST was 25 ± 6 days after comple-

tion of the vaccination schedule. This number was 18 ± 38 months for

individuals with serologic testing ≥7 months after the final

vaccine dose.

Interactions between PVST and age ≥ 40 years (yes vs. no,

p = 0.117), male gender (yes vs. no, p < 0.001), or Caucasian race (yes

vs. no, p = 0.162) on the seroprotection rates were determined.

Considering the observed interaction of gender on the relationship

between time between the third vaccination and PVST on seropro-

tection rates, the analysis was performed for males and females

separately. Among males, when compared with PVST performed at

1–2 months (96.9%, 5267/5437) after the final dose, lower

seroprotection rates were observed with <1 (92.2%, 119/129,

p = 0.009), 3–6 (87.8%, 468/533, p < 0.001), and ≥7 (months 87.2%,

362/415, p < 0.001) after vaccination. Among females, seroprotec-

tion was found in 98.8% (14 373/14 554) when PVST was performed

at 1–2 months and seroprotection rates were 99.0% with <1 (390/

394, p = 0.821), 92.2% with 3–6 (868/941, p < 0.001), and 89.2%

with ≥7 months (530/594, p < 0.001) after the final dose.

Among the total population, age ≥ 40 years (OR: 0.25, p < 0.001)

and male gender (OR: 0.43, p < 0.001) were associated with a lower

seroprotection rate in multivariable logistic regression analysis

30,344 Adults initiated hepatitis B vaccination  

29,814 With second hepatitis B vaccination  

 530 Were excluded 
     530 (1.7%) Did not receive second 
     vaccine

 1,030 Were excluded 
     1,030 (3.5%) Did not receive third 
     vaccine 

28,784 With third hepatitis B vaccination

22,997 Were included in the study

 5,787 Were excluded 
     5,787 (20.1%) Did not come for PVST

F IGURE 1 Flowchart of the study.

F IGURE 2 Proportion of individuals with anti‐
HBs levels <10 and ≥ 10mIU/ml with increasing
interval from final vaccine dose to
postvaccination serologic testing (n = 22 997).
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(Table 1). When compared with PVST 1–2 months, there was an

advancing decline in OR for seroprotection with increasing interval

from final vaccine dose: OR 0.71 for PVST < 1 months (p = 0.213),

OR: 0.21 for PVST 3–6 months (p < 0.001), and OR: 0.16 for PVST ≥ 7

months (p < 0.001). Table 1 also shows the predictive factors of

seroprotection among males and females separately.

3.2 | Seroprotection rates: Interval between the
first and second vaccine and interval between the
second and third vaccine among subgroup with a
timely PVST 1–2 months after the third dose

Figure 3 shows the seroprotection rates of increasing interval

between the first and second vaccine in a subgroup of individuals

with a timely PVST 1–2 months after the third dose. When

compared to the seroprotection rate of 98.2% (18 270/18 601)

with an interval of 1–2 months between the first and second

vaccine, comparable rates were observed with <1 month (98.6%,

1161/1177, p = 0.287), 3–4 (97.5%, 118/121, p = 0.728), and ≥5

(98.9%, 91/92, p = 0.736) months between the first and second

vaccine dose. Median ± interquartile range was 26 ± 3 days

between the first and second vaccination for those individuals

with <1 month between the first and second vaccine dose, and

10 ± 9 months for those with ≥5 months between the first and

second vaccine dose.

Figure 4 shows the seroprotection rates of increasing interval

between the second and third vaccine. Statistically significant

differences in seroprotection rates were observed: when com-

pared with 4–5 months between the second and third vaccine

dose (98.4%, 17 064/17 344), lower seroprotection rates were

observed with <4 (94.7%, 71/75, p = 0.034), 6–11 (97.6%, 2338/

2396, p = 0.004), and ≥12 (94.9%, 167/176, p = 0.003) months

after vaccination.

Among those individuals with <4 months between the second

and third vaccine, the median ± interquartile range was 3 ± 3 months

between the second and third vaccination. This number was 22 ± 21

months for individuals with third vaccine dose ≥12 months after the

second vaccine dose.

Interactions between interval first and second vaccine or interval

second and third vaccine and demographics were assessed with

multivariate logistic regression analyses (p = 0.754 and p = 0.732 for

age, p = 0.983 and p = 0.246 for male gender, and p = 0.680 and

p = 0.994 for Caucasian race, respectively).

TABLE 1 Factors predictive of seroprotection in multivariable logistic regression analysis among the total population, males, and females

Total population n = 22 997 Males n = 6514 Females n = 16 483
Variables OR (95% CI) p OR (95% CI) p OR (95% CI) p

Age ≥ 40 years (yes vs. no) 0.25 (0.21 – 0.30) p < 0.001 0.26 (0.21 – 0.33) p < 0.001 0.24 (0.19 – 0.31) p < 0.001

Male gender (yes vs. no) 0.43 (0.36 – 0.51) p < 0.001 – – – –

Caucasian race (yes vs. no) 1.16 (0.58 – 2.31) p = 0.679 1.32 (0.56 – 3.1) p = 0.531 0.93 (0.29 – 3.0) p = 0.909

PVST p < 0.001 p < 0.001 p < 0.001

<1 mo vs. 1–2 mo 0.71 (0.41 – 1.22) p = 0.213 0.40 (0.20 – 0.78) p = 0.007 1.43 (0.53 – 3.89) p = 0.479

3–6 mo vs. 1–2 mo 0.21 (0.17 – 0.26) p < 0.001 0.27 (0.20 – 0.36) p < 0.001 0.17 (0.13 – 0.23) p < 0.001

≥7 mo vs. 1–2 mo 0.16 (0.13 – 0.20) p < 0.001 0.23 (0.17 – 0.32) p < 0.001 0.11 (0.08 – 0.15) p < 0.001

Abbreviations: CI, confidence interval; mo, months; OR, odds ratio; PVST, postvaccination serologic testing.

F IGURE 3 Proportion of individuals with anti‐
HBs levels <10 and ≥10mIU/ml with different
intervals between the first and second vaccine
dose among subgroup with a timely
postvaccination serologic testing 1–2 months
after the third dose (n = 19 991).
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Table 2 illustrates the predictive factors of seroprotection in

this subgroup with a timely PVST 1–2 months after the final

dose. Age ≥ 40 years (OR: 0.26, p < 0.001) and male gender

(OR: 0.36, p < 0.001) were independent predictors of seroprotec-

tion. When compared with 4–5 months between the second and

third vaccine dose, <4 months (OR: 0.29, p = 0.020) and ≥12

months (OR: 0.22, p < 0.001) were associated with a lower

seroprotection rate. There was a comparable seroprotection rate

with 6–11 months (OR: 0.85, p = 0.262). No significant associa-

tions were observed for interval between first and second

vaccine dose.

4 | DISCUSSION

This is the first study assessing the optimal interval of three hepatitis

B vaccine doses and PVST among a large cohort of healthy hepatitis

B naïve adults. Our data indicate that PVST should be obtained

1–2 months after the last vaccination and a delayed PVST was the

major determinant of a lower seroprotection rate after primary three‐

dose hepatitis B vaccination schedule. Whenever the PVST is

obtained at 1–2 months, the interval between first and second

vaccine might be as low as 26 days and as high as 10 months without

considerable changes in seroprotection rates. Although the first and

second vaccine interval had minimal/no influence on seroprotection

rates, the second and third vaccine interval was shown to moderately

affect the seroprotection rates.

As expected, age >40 years and male gender were associated

with a lower seroprotection rate in our study cohort, as has been

described previously.25 We found no effect of race, this might be

related to the fact that the majority of our population was of

Caucasian race.

The results of this study are important in respect to Public

Health. Primary hepatitis B vaccination generally consists of three

vaccinations at 0, 1, and 6 months, and elicits seroprotection in 95%

of the general adult population.4,5 However, the remaining 5% of the

population with an inadequate immune response are called hepatitis

B vaccine nonresponders and remain susceptible for HBV infection

and its serious sequelae such as cirrhosis and hepatocellular

carcinoma.6,26

Nonetheless, one should acknowledge the importance of a timely

PVST for the definition of a hepatitis B vaccine nonresponder. As

illustrated by our study, when compared with the high 98.2%

seroprotection rate after a timely PVST (1–2 months after completion

of the primary vaccination schedule), seroprotection rates were as

low as 90.6% for PVST at 3–6 months and 88.4% for PVST at

≥7 months after vaccination. This study highlights that intervals

>3 months between final hepatitis B vaccine dose and PVST are

associated with waning anti‐HBs levels, which might fail to confirm

F IGURE 4 Proportion of individuals with anti‐
HBs levels <10 and ≥10mIU/ml with different
intervals between the second and third vaccine
dose among subgroup with a timely
postvaccination serologic testing 1–2 months
after the third dose (n = 19 991).

TABLE 2 Factors predictive of seroprotection in multivariable
logistic regression analysis (n = 19 991)

Subgroup with timely PVST n = 19 991
Variables OR (95% CI) p

Age ≥ 40 years (yes
vs. no)

0.26 (0.21 – 0.32) p < 0.001

Male gender (yes vs. no) 0.36 (0.29 – 0.44) p < 0.001

Caucasian race (yes
vs. no)

1.50 (0.65 – 3.43) p = 0.342

Interval first and second
vaccine

p = 0.939

<1 mo vs. 1–2 mo 1.10 (0.66 – 1.83) p = 0.708

3–4 mo vs. 1–2 mo 0.94 (0.29 – 3.04) p = 0.918

≥5 mo vs. 1–2 mo 1.67 (0.23 – 12.27) p = 0.612

Interval second and
third vaccine

p < 0.001

<4 mo vs. 4–5 mo 0.29 (0.10 – 0.82) p = 0.020

6–11 mo vs. 4–5 mo 0.85 (0.63 – 1.13) p = 0.262

≥12 mo vs. 4–5 mo 0.22 (0.11 – 0.44) p < 0.001

Abbreviations: CI, confidence interval; mo, months; OR, odds ratio; PVST,
postvaccination serologic testing.
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seroprotection and results in unnecessary revaccination. Our results

are therefore in line with previous findings in infants and dictate the

importance of defining hepatitis B vaccine nonresponder based on a

timely PVST 1–2 months after the last vaccination.22–24

An important result of this study was the demonstration that the

interval between the first and second vaccine might be as low as

26 days and as high as 10 months without considerable changes in

seroprotection rates. Similar findings were reported by Hadler et al.17

in a study of hepatitis B vaccine doses in Yucpa Indians. On the other

hand, a study on hepatitis B vaccination in Spanish prisoners

suggested that a delay in administration of the second hepatitis B

vaccine dose induced a lower seroprotection rate.27 Nonetheless,

both studies are hampered by the low number of subjects (n < 500),

lack of multivariate analyses, and suboptimal definition of non-

response. Our finding has a practical implication in the fact that

delaying the second dose for several months will not necessitate

restarting the vaccination series or confirmation of the immune

response to the vaccine.

We illustrated that a 4–5 months interval induced comparable

seroprotection rates as a 6–11 months interval between the second

and third hepatitis B vaccine dose, as was demonstrated by

others.8–11,16,17,28 An important implication of this finding is that

the hepatitis B vaccination leaves some room for flexibility in case of

disease, holiday, and so on. Interestingly, a lower seroprotection rate

was observed if the third dose was given <4 months or ≥12 months

after the second dose. The reasons for this are uncertain, but it might

be that immune responses to a third dose <4 months or ≥12 months

after the second dose show different kinetics than the typical booster

reactions observed with a 4–5 or 6–11 months interval.17

There are some limitations. First, due to the retrospective design

of the current study, we were unable to collect additional data on

immunodeficiency, smoking, and body mass index. Nevertheless, only

a few people are expected to have an underlying immunodeficient

condition in this apparently healthy group of employees. Second, the

study population could be biased towards Western European

individuals and caution should be taken when extrapolating the

results to other populations. Third, employees are not routinely

screened for viral hepatitis markers before the initiation of primary

hepatitis B vaccination in the Netherlands. However, the universal

infant hepatitis B vaccination in the Netherlands has been imple-

mented just recently on August 1, 2011, and the Netherlands is

classified as a low‐prevalent country for hepatitis B surface antigen

(0.2%), antibody against hepatitis C virus (0.7%), and antibody against

HIV (0.2%).29–31 Accordingly, we do not expect that the implemen-

tation of routine screening for hepatitis B, hepatitis C, and HIV before

the initiation of hepatitis B vaccination would have had a major

impact on the current results.

In conclusion, our study demonstrated that PVST should be

obtained 1–2 months after the last vaccination for the definition

of hepatitis B vaccine nonresponder and initiating revaccination.

Based on our data, the hepatitis B vaccination also leaves room

for flexibility for the second dose (28 days to 10 months between

first and second dose) and the third dose (4–11 months between

the second and third dose) without the necessity of restarting the

vaccination series or confirmation of the immune response to the

vaccine.
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