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Abstract

IMPORTANCE TheWorld Health Assembly has called for the elimination of hepatitis B and C by

2030. As hepatitis B has no cure, the US strategy to eliminate hepatitis B has focused on prevention

through vaccination. However, there are limited data on the trend in vaccine-associated immunity

since the US implementation of universal infant hepatitis B vaccination.

OBJECTIVE To compare self-reported hepatitis B vaccination coverage among children and

adolescents with serologic evidence of immunity and infection in the US from 1999 to 2016.

DESIGN, SETTING, ANDPARTICIPANTS This population-based cross-sectional study used data

from the National Health and Nutrition Examination Survey (NHANES) from 1999 to 2016. US-born

persons aged 2 to 18 years without missing hepatitis B serologic test results and with reported

vaccination history were included. Data were analyzed from September 2017 to June 2018.

MAINOUTCOMESANDMEASURES The proportion of participants who reported complete

vaccination for hepatitis B and who had positive serologic test results indicating immunity.

RESULTS Of 21 873 children and adolescents, 51.2%%weremale, and themean (SD) age was 10.6

(4.6) years. The survey reported that hepatitis B vaccination coverage increased significantly from

1999 to 2016 (from 62.6% [95% CI, 58.6%-66.4%] to 86.3% [95% CI, 82.9%-89.2%]; P < .001).

Vaccine-associated immunity also increased from 1999 to 2016 among children aged 2 to 5 years

(from 60.7% [95% CI, 48.8%-71.4%] to 65.2% [95% CI, 57.4%-72.3%]; P = .001) but decreased

among children aged 6 to 10 years (from 64.6% [95% CI, 57.7%-70.9%] to 46.5% [95% CI, 39.1%-

54.0%]; P < .001), adolescents aged 11 to 13 years (from 68.8% [95% CI, 58.1%-77.8%] to 26.2%

[95%CI, 18.6%-35.5%]; P < .001), and adolescents aged 14 to 18 years (from 68.5% [95%CI, 62.9%-

73.6%] to 15.6% [95% CI, 12.2%-19.8%]; P < .001). By birth year, serologic evidence of vaccine-

associated immunity significantly decreased in the 1994-2003 NHANES birth cohort but not among

those born between 1988 and 1993. Non-US–born children and adolescents did not show the same

decreasing trend in immunity.

CONCLUSIONSANDRELEVANCE In this cross-sectional study, decreasing hepatitis B immunitywas

observed among US-born children and adolescents in the 1994-2003 NHANES birth cohort despite

increasing rates of hepatitis B vaccination coverage. These findings suggest a possible need for

surveillance and a booster vaccine dose for hepatitis B as those without serologic evidence of

immunity become young adults andmay engage in behaviors associated with an increased risk for

infection.
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Key Points

Question What are the trends for self-

reported hepatitis B vaccination

coverage and serologic evidence of

immunity in children and adolescents in

the US?

Findings In this cross-sectional study of

data for 21 873 US children and

adolescents fromNational Health and

Nutrition Examination Survey

(NHANES) from 1999 to 2016, despite

improvements in completion of the

hepatitis B vaccine series, significant

decreases in serologic evidence of

immunity were identified in persons

born in the 1994-2003 NHANES

birth cohort.

Meaning The findings suggest a

possible need for surveillance and a

booster vaccine dose for hepatitis B for

all young adults born after 1994,

especially for those who engage in

behaviors associated with a high risk for

infection.
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Introduction

Chronic hepatitis B (CHB) is one of themost common liver diseases, affecting approximately 257

million people worldwide.1,2 Although there is currently treatment to suppress the virus, there is no

cure for CHB. Therefore, the global strategy for elimination is focused on prevention of hepatitis B

virus (HBV) infection with universal infant HBV vaccination, which was first introduced in the US in

1991 (eFigure 1 in the Supplement). This strategy has previously been shown to be effective in

countries such as Taiwan.3

Since the introduction of universal HBV vaccination in infants, completion of the 3-dose vaccine

series has improved substantially among children aged 19 to 35months in the US, from 68.0% in

1995 to 90.5% in 2016.4,5However, the national rates of vaccination coverage were obtained

through survey questionnaires and subjected to recall bias. Another approach is to confirm immunity

status by serologic testing based on the assumption that reported vaccination should lead to

immunity to hepatitis B.

A recent study using data from the National Health and Nutrition Examination Survey

(NHANES) reported a decrease in the rates of hepatitis B vaccine–associated immunity among

persons aged 6 to 19 years, from 56.8% in the 1999-2006 cohorts to 44.4% in the 2007-2012

cohorts.6Whether the decrease in immunity status was associated with the uptake or durability of

hepatitis B vaccines needs to be evaluated. This research is especially important because the

hepatitis B vaccine preparations have changed over the years (eFigure 2 in the Supplement), which

may have created a need for further studies to evaluate the effectiveness of the current combination

vaccine and whether development of an improved vaccine or consideration for booster vaccination

is warranted.

In addition, a waning immunity after vaccination could result in disease outbreak, as recently

seen with themumps epidemic among US university students.7,8 Although anamnestic response,

defined by an increase in hepatitis B surface antibody (anti-HBs) titer greater than 10IU/L after a

booster dose, has been shown in individuals who showed undetectable anti-HBs,9,10 to our

knowledge, no study has compared self-reported hepatitis B vaccination coverage with vaccine-

associated immunity by serologic testing in children and adolescents in the US.

The aim of this study was to use data fromNHANES from 1999 to 2016 to assess the trends and

rates of hepatitis B vaccination by survey history compared with evidence of persistent vaccine-

associated immunity based on serologic testing in children and adolescents in the US.

Methods

StudyDesign

This cross-sectional study used data fromNHANES, a national database derived from biannual

reports since 1999 designed to assess the health and nutritional status of the US noninstitutionalized,

civilian population.11-13 To provide national estimates, the survey uses a complex multistage,

stratified, probability clustered sample design with oversampling of certain subgroups during

different periods to achievemore precise evaluations. The survey was approved by the institutional

review board of the US Centers for Disease Control and Prevention. Written informed consent was

obtained from the participants (for those aged <18 years, consent was obtained via proxy). All data

were deidentified andmade publicly available.14 This study followed the Strengthening the Reporting

of Observational Studies in Epidemiology (STROBE) reporting guideline.

LaboratoryMethods

Blood specimens were processed, stored, and shipped to the Division of Viral Hepatitis, National

Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention, Centers for Disease Control and

Prevention. Enzyme-linked immunoassays were used tomeasure anti-HBs (AUSAB, Abbott

Laboratories) and hepatitis B core antibody (anti-HBc) titers (Ortho HBc ELISA Tests System, Ortho
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Clinical Diagnostics) from 1999 to 2006. From 2007 onward, anti-HBc and anti-HBs titers were

tested using the VITROS Reagent Packs and VITROS Immunodiagnostic Products Calibrators,

respectively (Ortho Clinical Diagnostics). Results are expressed qualitatively as positive or negative

for anti-HBc and anti-HBs.

Immunity to hepatitis B was defined by a positive anti-HBs test result (anti-HBs titer >10 IU/L

from 1999 to 2006 and �12 IU/L from 2007 to 2016).15,16 The detection limit to define a negative

anti-HBs test less than or equal to 10 IU/L from 1999 to 2006 and less than or equal to 5 IU/L from

2007 to 2016, as used by NHANES during these survey cycles.15,16

Definition of Hepatitis B Vaccination Status

From the NHANES self-reported survey on HBV vaccination, complete, partial, or no vaccination

were defined as reporting “yes, at least 3 doses,” “less than 3 doses,” or “no doses,” respectively. The

vaccine history among those younger than 16 years or those who could not answer the questions

themselves was obtained by proxy (ie, adults living in the same household).

Vaccine-associated immunity was defined as testing positive for anti-HBs and negative for

anti-HBc among children and adolescents aged 6 to 18 years. In children younger than 6 years who

were not tested for anti-HBc, vaccine-associated immunity was defined by anti-HBs positivity only.

This definition was considered reasonable because the exposure rate to HBV infection in this age

group is low.

Statistical Analysis

Logistic regression analysis was used for trend analysis. A multivariable logistic regressionmodel was

performed to evaluate the association between various factors and HBV vaccination.

Multicollinearity was assessed by variance inflation factors and condition indexes. Statistical

significance was defined as 2-tailed P < .05. All statistical analyses were performed using Stata,

version 15.1 (StataCorp). The svy suite of commands in Stata was applied using NHANESweights,

which account for the complex survey design, survey nonresponse, poststratification, and

oversampling and allows for the sample to be representative of the US noninstitutionalized

population.

Results

Study Participants

Between 1999 and 2016, a total of 40664 children and adolescents aged 2 to 18 years were enrolled

in NHANES, of whom 24047 completed HBV serologic tests as well as survey questionnaires

(Figure 1). Because the policy and practice of infant hepatitis B vaccination likely differ between the

US and other countries, only the 21 873 US-born children and adolescents (51.2%male; mean [SD]

age, 10.6 [4.3] years) were included in the analysis of the primary study group. The 2169 non-US–

born children and adolescents were analyzed separately for comparison.

Hepatitis B Vaccination Status by SurveyQuestionnaire and Serologic Evidence

of Immunity From 1999 to 2016

Survey-based complete hepatitis B vaccination rates significantly increased over time (from 62.6%

[95% CI, 58.6%-66.4%] in the 1999-2000 cohort to 86.3% [95% CI, 82.9%-89.2%] in the 2015-

2016 cohort; P < .001) (Figure 2). Vaccine-associated immunity rates based on serologic testing

among those with reported complete vaccination also increased from 41.4% (95% CI, 36.6%-46.2%)

in the 1999-2000 cohort to 54.3% (95% CI, 50.9%-57.5%) in the 2003-2004 cohort (P < .001) but

decreased steadily after 2004 (from 54.3% [95% CI, 50.9%-57.5%] in the 2003-2004 cohort to
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30.9% [95% CI, 27.0%-35.1%] in the 2015-2016 cohort; P < .001). A total of 13.0% (95% CI, 10.5%-

16.0%) surveyed in the 1999-2000 NHANES and 4.5% (95% CI, 3.5%-5.7%) surveyed in the 2015-

2016 NHANES who reported receiving no doses of the hepatitis B vaccine also had evidence of

vaccine-associated immunity based on serologic testing.

Hepatitis B Vaccination andVaccine-Associated Immunity by AgeGroup

From 1999 to 2006, there was an increase in reported hepatitis B vaccine series completion among

children and adolescents consistently across all age groups, reaching 81.8% (95% CI, 78.9%-84.3%)

or greater from 2005-2006 to 2015-2016 (Figure 3A), and across race/ethnicity, sex, and

Figure 1. Flowchart of Pediatric Participants in National Health and Nutrition Examination Survey (NHANES)

From 1999 to 2016

92 062 Participants in NHANES 1999-2016

40 665 Pediatric participants 18 y or younger

25 879 Completed anti-HBs test

51 397 Excluded because older than 18 y

14 786 Excluded because of missing anti-HBs test result

25 877 Completed anti-HBc test (aged ≥6 y)

24 047 Completed survey questionnaire

21 873 Participants born in the US included
in primary analysis

2174 Participants not born in the US included
in control analysis

2 Excluded because of missing anti-HBc test (aged ≥6 y)

1830 Excluded because of missing vaccination
history through survey questionnaire

anti-HBc indicates hepatitis B core antibody; and anti-

HBs, hepatitis B surface antibody.

Figure 2. Reported Hepatitis B Vaccination Status and Serologic Evidence of Immunity Among US Children and Adolescents Aged 2 to 18 Years From 1999 to 2016
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socioeconomic subgroups (eTable 1 in the Supplement). Similar increases were observed among

non-US–born children and adolescents (eTable 2 in the Supplement).

The trend in vaccine-associated immunity based on serologic testing varied among the different

age groups (Figure 3B). From 1999 to 2016, vaccine-associated immunity among children aged 2 to

5 years increased from 60.7% (95% CI, 48.8%-71.4%) to 65.2% (95% CI, 57.4%-72.3%) (P = .001)

but decreased among children aged 6 to 10 years from 64.6% (95% CI, 57.7%-70.9%) to 46.5%

(95% CI, 39.1%-54.0%) (P < .001). Among adolescents aged 11 to 13 years, vaccine-associated

immunity increased from 68.8% (95% CI, 58.1%-77.8%) in the 1999-2000 cohort to 76.4% (95% CI,

68.7%-82.6%) in the 2003-2004 cohort but decreased steadily to 26.2% (95%CI, 18.6%-35.5%) in

the 2015-2016 cohort (P < .001). Similarly, vaccine-associated immunity among adolescents aged 14

to 18 years increased from 68.5% (95% CI, 62.9%-73.6%) in the 1999-2000 cohort to 79.6% (95%

CI, 74.2%-84.1%) in the 2005-2006 cohort (P = .004) but decreased steadily to 15.6% (95% CI,

12.2%-19.8%) in the 2015-2016 cohort (P < .001). This decrease in vaccine-associated immunity in

adolescents aged 11 to 18 years was only observed among those born in the US but not among

non-US–born children and adolescents or across various demographic characteristics, including sex,

race/ethnicity, education level, income level, household size, and health insurance status (eTable 3

and 4 in the Supplement). However, the prevalence of positive anti-HBc test results decreased to

0.15% (95% CI, 0.09%-0.27%) in the 2011-2016 cohorts from 0.53% (95% CI, 0.31%-0.93%) in the

2005-2010 cohorts (eTable 5 in the Supplement).Among those who were positive for anti-HBc

(n = 96), 68.4% (95% CI, 48.2%-83.4%) reported having completed the hepatitis B vaccine series.

Figure 3. Hepatitis BVaccination Coverage andVaccine-Associated Immunity byAgeGroupAmongUSChildren

and Adolescents Aged 2 to 18 Years From 1999 to 2016
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Among those whowere positive for anti-HBs and reported no history of hepatitis B vaccination

(n = 1005), 11 were found to be anti-HBc positive (1.2% [95% CI, 0.3%-4.9%]). Onmultivariable

logistic regression, older age and non-Hispanic Asian ethnicity were associated with a significantly

lower odds of having detectable anti-HBs (eTable 6 in the Supplement).

Vaccine-Associated Immunity Among ThoseWith Complete Vaccination

byAgeGroup and Birth Year

Among children and adolescents who reported completing the hepatitis B vaccine series, higher

rates of vaccine-associated immunity were found in children aged 2 to 5 years compared with older

children (Figure 4). In the 1988-1993 birth cohorts, the rate of vaccine-associated immunity

increased with increasing age. However, in the 1994-2003 birth cohorts, the rate of vaccine-

associated immunity decreased steadily with age. In addition, we observed a significant difference in

prevalence of anti-HBs in persons born before 1999 vs after 1999 (54.5% [95%CI, 52.4%-56.6%] vs

45.5% [95% CI, 43.6%-47.4%]; P < .001). Self-reported vaccination rates increased steadily from

1988 to 1993 and then stabilized and remained high among those born later (eTable 7 in the

Supplement). After adjusting for age, race/ethnicity, health insurance status, and income level, we

observed that younger age, having health insurance, higher income level, andMexican-American and

Hispanic ethnicity were independently associated with completing the hepatitis B vaccine series

(eTable 8 in the Supplement).

Discussion

To our knowledge, this is the first study to examine in detail the trend in reported hepatitis B

vaccination coverage and vaccine-associated immunity based on serologic testing among children

and adolescents in the US. To our knowledge, this is also the first nationwide, population-based study

to assess trends in detectable vaccine-associated immunity by NHANES birth cohorts among

children and adolescents born in the US between 1994 and 2003.

In this study of NHANES data, we found increasing hepatitis B vaccination coverage by

participant self-report, which is in agreement with prior reports by the National Immunization Survey

conducted by the US Centers for Disease Control and Prevention which obtained data directly from

vaccination providers.4,17,18 Despite this finding, in birth cohorts between 1994 and 2003 (the last

birth year with data for the 14- to 18-year age group), we observed a consistent decrease in vaccine-

associated immunity. This decrease occurred despite significant increases in hepatitis B vaccine

series completion among children aged 19 to 35months, withmore than 80%of children completing

Figure 4. Vaccine-Associated Immunity in Children andAdolescents Aged 2 to 18 YearsWith Reported Complete

Hepatitis B Vaccination by Birth Year (1988-2003) and Age Group in the US
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the vaccine series from 1996 to 1999 and approximately 90% of children completing the series from

2000 onward.4,5,19,20 Among US-born children and adolescents who reported complete hepatitis B

vaccination, hepatitis B immunity in adolescents aged 14 to 18 years was low (52.5%) overall and was

lowest in the 2002-2003 birth cohort (9.2%). Of note, a similar decrease was not observed among

non-US–born children and adolescents (eTable 4 in the Supplement). The only groupwith a sustained

or increased vaccine-associated immunity based in serologic testing was that of youths aged 6 to 18

years who were born between 1988 and 1993. The introduction of policies aimed at catch-up

vaccination in 1999 and 2005may partly explain the higher rates of vaccine-associated immunity in

this group (eFigure 1 in the Supplement). However, whether there are other factors that were

associated with the sustained increase in vaccine-associated immunity is unclear because we could

not determine the rate of immunization through catch-up vaccination in this population.

For participants whowere born between 1994 and 2003, there are a few potential explanations

for the observed decrease in vaccine-associated immunity despite increased rates of self-reported

vaccination. First, the decrease may be attributable to recall bias from the participants or their

parents, such that the actual rates of vaccination were lower. However, recall bias is unlikely to be the

primary cause of the discrepancy between survey and serologic results observed in this study

because the reported vaccination coverage was consistent with data directly obtained from vaccine

providers by the National Immunization Survey.21

Second, the decrease in vaccine-associated immunity may have been associated with anti-HBs

levels waning over time. Prior studies with up to 30-year-follow-up, including a meta-analysis,

showed that anti-HBs level could wane over time.22-26However, we do not believe our observations

in this study are attributable to waning antibody levels alone. If the decrease in vaccine-associated

immunity was attributable to waning levels of anti-HBs, we would have likely seen similar rates of

vaccine-associated immunity among participants in the same age group across all birth cohorts.

Instead, we observed significant decreases in vaccine-associated immunity in certain (1994-1995 and

2002-2003) but not all birth cohorts.

Third, the removal of thimerosal hepatitis B vaccines in 1999may have changed the

immunogenicity of the vaccines and served as a potential cause for this phenomenon. A study27

found no significant differences in antibody level decreases or distribution between persons who

received thimerosal-containing and thimerosal-free vaccines, but this study only included adults

aged 18 to 50 years and there were no significant differences in the slope of decrease among persons

whowere born before and after 1999. In addition, infants were only vaccinatedwith themonovalent

hepatitis B vaccine manufactured before 1996, and whether the decrease in immunity seen in this

study27was associated with the later adoption of combination vaccines to complete the vaccine

series is unclear. In the current study, we observed a significant association of vaccination with

prevalence of anti-HBs before 1999 vs after 1999. However, it is unclear whether this decrease was

attributable to changes in vaccines alone. In addition, theremay be a differential effect of vaccination

in infants comparedwith adolescents owing to immunematurity. A priormeta-analysis28 on hepatitis

B response in young adults found that those whowere vaccinated at a younger age had higher

seroprotection rates than did those vaccinated at an older age, suggesting that vaccinationmay be

more effective in younger individuals.

Fourth, the rates of vaccine-associated immunity based on serologic test results would be lower

if the sensitivity of the anti-HBs test used in NHANES was lower in the latter period. However, this

was not the case because the detection limit for the anti-HBs test used in NHANES has actually been

lowered to 5 IU/mL (previously 10 IU/mL) since 2007.15,16

Fifth, the trend of decreasing vaccine-associated immunity was not observed among non-US–

born children and adolescents. This finding could be attributable to current vaccination requirements

recommended by the US Centers for Disease Control and Prevention29; in which, immigrants to the

US are required to provide proof of prior hepatitis B vaccination. Some of these children and

adolescents may also have received a different HBV vaccine preparation that may bemore

immunogenic in their countries of origin. In addition, non-US–born childrenmay have a higher
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prevalence of vaccine-associated immunity because theymay have been vaccinated at an older age

before immigration to the US.

Of note, although universal infant vaccination was initiated in Taiwan in 1984, decreasing

hepatitis B immunity as measured by anti-HBs levels has also been observed among university

students (aged �18 years) in Taiwan whowere born in 2009 (36.4%) compared with those born in

1984 (73.9%).30-32 The lack of detectable anti-HBs does not automatically confer lack of immunity

because prior studies9,10,33-38 have also shown that the majority of these previously vaccinated

children and adolescents would have an anamnestic response on reexposure to HBV (eAppendix in

the Supplement). In a study with 22 years of follow-up, McMahon et al34 reported that 195 of 493

Alaskan Natives (40%) had an anti-HBs level less than 10mIU/mL. Anamnestic response was shown

in 81% and 41% of the participants 60 days and 1 year after they received a booster dose,

respectively. However, the study used plasma-derived hepatitis B vaccine, which was discontinued

in 1990. In addition, the birth cohort included in that study included individuals born in the early

1980s, before the birth cohorts that showed decreases in immunity based on serologic test results in

our study (between 1994 and 2003). Therefore, the sustainability of vaccinations administered after

1993 might not be comparable to that in the study by McMahon et al.34 The birth years of study

participants in prior studies of vaccine anamnestic response are in the 1980s (eAppendix in the

Supplement). In 2 of these studies,9,33 vaccines were administered in 1992 and 2001 but the study

samples of these 2 studies were small (20 and 40, respectively), limiting their conclusions. In another

long-term study39 of combined hepatitis A and B vaccine in adults, immunity to HBV remained

detectable in 89.3% to 92.9% of participants after 15 years, and an anamnestic response was found

in all 4 patients who received a booster dose.

According to theWorld Health Organization guideline for HBV vaccination, there is no evidence

to recommend a booster dose to those who completed the vaccine series and have a low risk of

infection.40However, it is recommended that people at high risk of infection receive a booster dose

if their anti-HBs level is less than 10mIU/mL.40,41Our study demonstrated a significant decrease in

vaccine-associated immunity in the later years of the study period, suggesting the importance of

reexamining the need for surveillance. In addition, theremight be need for a booster dose in selected

populations, such as teenagers engaged in high-risk activities. In fact, some researchers have

suggested that individuals aged 13 to 19 years be closely monitored to determine whether a booster

dose is needed if their anti-HBs level becomes undetectable.41 The incidence of acute hepatitis B

infection among children and adolescents aged 0 to 19 years has remained low in the US from 2000

to 2015.42 In addition, despite the waning immunity, serologic evidence of hepatitis B infection in

children and adolescents has remainedminimal. This finding could be attributable to herd immunity

given that the universal HBV vaccination program in the US was launched in 1991. In addition, the

lack of measurable anti-HBs level despite completion of the hepatitis B vaccine series does not

necessarily indicate a lack of immunity. Several studies9,10,33-38 on immunememory have found that

a majority of individuals who are no longer positive for anti-HBs many years after vaccination can

still mount an immune response after receiving a hepatitis B booster dose (eAppendix in the

Supplement). Nevertheless, future studies should be considered to determine themechanism for the

decreasing immunity in the observed birth cohorts and the associated clinical implication regarding

future needs for booster vaccination.

Strengths and Limitations

This study has strengths. It provides an extension and an update to previous reports on HBV

vaccination coverage by including themost recent years of data fromNHANES (2013-2016) with

more representation from Asian participants (first sampled in 2011).13Use of NHANES data allowed

us to objectively evaluate evidence of vaccination and immunity via serologic test results, whereas

previous studies17,18 assessed the rates of vaccination only by contacting vaccine providers for

patient vaccine history. The complex sampling design of NHANES also minimizes the likelihood for

selection bias, and by weighting the data during the analysis, we were able to produce accurate data
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for the general US population. In addition, we excluded non-US–born children and adolescents to

avert the bias caused by the heterogeneity of vaccination policies in different countries. We also

focused only on children and adolescents, whomight have a different immune response than adults,

especially when the vaccine series is started at birth, whereasmost of the other long-term immunity

studies focus on adults.

This study also has limitations. We used detectable anti-HBs as an indicator for immunity;

however, as discussed above, anti-HBs levels can wane with time and the absence of the antibody

does not always indicate a lack of immunity.43 Prior studies9,10,33-38 have shown that a persistent

immunememory response remains among amajority of those who no longer have detectable

anti-HBsmany years after vaccination, as evidenced by emergence of protective anti-HBs levels after

reexposure with a hepatitis B booster dose (eAppendix in the Supplement). The scope of coverage

of NHANES is also restricted to the noninstitutionalized population in the US, and these data cannot

be generalized to high-risk groups, such as incarcerated, institutionalized, and homeless individuals.

Conclusions

This cross-sectional study revealed increasing hepatitis B vaccination coverage in the US from 1999

to 2016 overall and acrossmost subgroups, with narrower gaps between some of the subgroupswith

greater disparities. However, there was a significant decrease in the rates of vaccine-associated

immunity, as measured by anti-HBs titers, in individuals born between 1994 and 2003, suggesting a

possible need to assess the effectiveness of the hepatitis B vaccine and protection from HBV

infection. The findings also suggest the need for surveillance and a possible booster dose for

individuals with undetectable levels of anti-HBs when they become young adults andmay be at

increased risk for infection through unprotected sex or injection drug use.

ARTICLE INFORMATION

Accepted for Publication: August 14, 2020.

Published:November 11, 2020. doi:10.1001/jamanetworkopen.2020.22388

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2020 LeMH et al.

JAMA Network Open.

Corresponding Author:Mindie H. Nguyen, MD, MAS, Division of Gastroenterology and Hepatology, Stanford

University Medical Center, 750Welch Rd, Ste 210, Palo Alto, CA 94304 (mindiehn@stanford.edu).

Author Affiliations:Division of Gastroenterology and Hepatology, Stanford University Medical Center, Palo Alto,

California (Le, Yeo, Cheung, Nguyen); Asian Liver Center, Stanford University School of Medicine, Stanford,

California (So); Department of Medicine, The University of Auckland, Auckland, New Zealand (Gane); Division of

Gastroenterology and Hepatology, Veterans Affairs Palo Alto Health Care System, Palo Alto, California (Cheung).

AuthorContributions:DrNguyen andMr Lehad full access to all of the data in the study and take responsibility for

the integrity of the data and the accuracy of the data analysis.Mr Le andDr Yeo contributed equally to thiswork.

Concept and design: Le, Yeo, Nguyen.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Le, Yeo, Nguyen.

Critical revision of the manuscript for important intellectual content: Le, So, Gane, Cheung, Nguyen.

Statistical analysis: Le, Yeo, Nguyen.

Administrative, technical, or material support:Nguyen.

Supervision: So, Nguyen.

Conflict of Interest Disclosures:Dr Gane reported receiving research support from the Health Research Council

of New Zealand; serving on the advisory board and consulting for Gilead Sciences, AbbVie, Janssen, Roche, and

Mylan; and serving on the speaker's bureau for Gilead Sciences, AbbVie, andMylan. Dr Cheung reported receiving

research support from Gilead. Dr Nguyen reported receiving research support from Gilead, Novartis, Eli Lilly and

Company, Spring Bank, and Janssen. No other disclosures were reported.

JAMANetworkOpen | Gastroenterology andHepatology Hepatitis B Vaccination Coverage and Serologic Evidence of Immunity Among US Youths

JAMA Network Open. 2020;3(11):e2022388. doi:10.1001/jamanetworkopen.2020.22388 (Reprinted) November 11, 2020 9/12

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.22388&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.22388
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.22388&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.22388
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.22388
mailto:mindiehn@stanford.edu


REFERENCES

1. World Health Organization. Global hepatitis report, 2017. Accessed January 21, 2018. https://www.who.int/

hepatitis/publications/global-hepatitis-report2017/en/

2. Stanaway JD, Flaxman AD, Naghavi M, et al. The global burden of viral hepatitis from 1990 to 2013: findings

from the Global Burden of Disease Study 2013. Lancet. 2016;388(10049):1081-1088. doi:10.1016/S0140-6736

(16)30579-7

3. Chiang CJ, Yang YW, You SL, Lai MS, Chen CJ. Thirty-year outcomes of the national hepatitis B immunization

program in Taiwan. JAMA. 2013;310(9):974-976. doi:10.1001/jama.2013.276701

4. Hill HA, Elam-Evans LD, Yankey D, Singleton JA, Kang Y. Vaccination coverage among children aged 19-35

months—United States, 2016.MMWRMorb Mortal Wkly Rep. 2017;66(43):1171-1177. doi:10.15585/mmwr.

mm6643a3

5. Centers for Disease Control and Prevention (CDC). National, state, and urban area vaccination coverage levels

among children aged 19-35months—United States, 2000.MMWRMorb Mortal Wkly Rep. 2001;50(30):637-641.

6. Roberts H, Kruszon-Moran D, Ly KN, et al. Prevalence of chronic hepatitis B virus (HBV) infection in U.S.

households: National Health and Nutrition Examination Survey (NHANES), 1988-2012.Hepatology. 2016;63(2):

388-397. doi:10.1002/hep.28109

7. Hamami D, Cameron R, Pollock KG, Shankland C. Waning immunity is associated with periodic large outbreaks

of mumps: a mathematical modeling study of Scottish data. Front Physiol. 2017;8:233. doi:10.3389/fphys.

2017.00233

8. Cardemil CV, Dahl RM, James L, et al. Effectiveness of a third dose ofMMR vaccine formumps outbreak control.

N Engl J Med. 2017;377(10):947-956. doi:10.1056/NEJMoa1703309

9. Gabbuti A, Romanò L, Blanc P, et al. Long-term immunogenicity of hepatitis B vaccination in a cohort of Italian

healthy adolescents. Vaccine. 2007;25(16):3129-3132. doi:10.1016/j.vaccine.2007.01.045

10. Lu CY, Chiang BL, Chi WK, et al. Waning immunity to plasma-derived hepatitis B vaccine and the need for

boosters 15 years after neonatal vaccination.Hepatology. 2004;40(6):1415-1420. doi:10.1002/hep.20490

11. Curtin LR, Mohadjer LK, Dohrmann SM, et al. The National Health and Nutrition Examination Survey: sample

design, 1999-2006. Vital Health Stat 2. 2012;(155):1-39.

12. Curtin LR, Mohadjer LK, Dohrmann SM, et al. National Health and Nutrition Examination Survey: sample

design, 2007-2010. Vital Health Stat 2. 2013;(160):1-23.

13. Johnson CL, Dohrmann SM, Burt VL, Mohadjer LK. National Health and Nutrition Examination Survey: sample

design, 2011-2014. Vital Health Stat 2. 2014;(162):1-33.

14. Center for Disease Control and Prevention. National Health and Nutrition Examination Survey (NHANES).

Accessed October 19, 2020. https://www.cdc.gov/nchs/nhanes/index.htm

15. Laboratory Procedure Manual,Hepatitis B Surface Antibody (anti-HBS): 1999-2006. Division of Viral Hepatitis,

National Center for Infectious Diseases; 2008.

16. Laboratory ProcedureManual, Hepatitis B Surface Antibody (anti-HBS). 2007-2016. Division of Viral Hepatitis,

National Center for HIV/AIDS, Viral Hepatitis, STD, and TB Prevention; 2017. Accessed January 21, 2018. https://

wwwn.cdc.gov/nchs/data/nhanes/2015-2016/labmethods/HEPB_S_I_MET.pdf

17. Walker TY, Elam-Evans LD, Singleton JA, et al. National, regional, state, and selected local area vaccination

coverage among adolescents aged 13-17 years—United States, 2016.MMWRMorb Mortal Wkly Rep. 2017;66(33):

874-882. doi:10.15585/mmwr.mm6633a2

18. Reagan-Steiner S, Yankey D, Jeyarajah J, et al. National, regional, state, and selected local area vaccination

coverage among adolescents aged 13-17 years—United States, 2015.MMWRMorb Mortal Wkly Rep. 2016;65(33):

850-858. doi:10.15585/mmwr.mm6533a4

19. Centers for Disease Control and Prevention. National, state, and urban area vaccination coverage among

children aged 19-35months—United States, 2005.MMWRMorb Mortal Wkly Rep. 2006;55(36):988-993.

20. Centers for Disease Control and Prevention. National and state vaccination coverage among children aged

19-35months—United States, 2010.MMWRMorb Mortal Wkly Rep. 2011;60(34):1157-1163.

21. US Department of Health andHuman Services (DHHS), National Center for Health Statistics. The 2013 National

Immunization Survey. Centers for Disease Control and Prevention; 2014. Accessed January 21, 2018. https://www.

cdc.gov/nchs/nis/data_files.htm

22. Bruce MG, Bruden D, Hurlburt D, et al. Antibody levels and protection after hepatitis B vaccine: results of a

30-year follow-up study and response to a booster dose. J Infect Dis. 2016;214(1):16-22. doi:10.1093/infdis/jiv748

JAMANetworkOpen | Gastroenterology andHepatology Hepatitis B Vaccination Coverage and Serologic Evidence of Immunity Among US Youths

JAMA Network Open. 2020;3(11):e2022388. doi:10.1001/jamanetworkopen.2020.22388 (Reprinted) November 11, 2020 10/12

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
https://www.who.int/hepatitis/publications/global-hepatitis-report2017/en/
https://dx.doi.org/10.1016/S0140-6736(16)30579-7
https://dx.doi.org/10.1016/S0140-6736(16)30579-7
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2013.276701&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.22388
https://dx.doi.org/10.15585/mmwr.mm6643a3
https://dx.doi.org/10.15585/mmwr.mm6643a3
https://www.ncbi.nlm.nih.gov/pubmed/11787573
https://dx.doi.org/10.1002/hep.28109
https://dx.doi.org/10.3389/fphys.2017.00233
https://dx.doi.org/10.3389/fphys.2017.00233
https://dx.doi.org/10.1056/NEJMoa1703309
https://dx.doi.org/10.1016/j.vaccine.2007.01.045
https://dx.doi.org/10.1002/hep.20490
https://www.ncbi.nlm.nih.gov/pubmed/22788053
https://www.ncbi.nlm.nih.gov/pubmed/25090039
https://www.ncbi.nlm.nih.gov/pubmed/25569458
https://www.cdc.gov/nchs/nhanes/index.htm
https://wwwn.cdc.gov/nchs/data/nhanes/2015-2016/labmethods/HEPB_S_I_MET.pdf
https://wwwn.cdc.gov/nchs/data/nhanes/2015-2016/labmethods/HEPB_S_I_MET.pdf
https://dx.doi.org/10.15585/mmwr.mm6633a2
https://dx.doi.org/10.15585/mmwr.mm6533a4
https://www.ncbi.nlm.nih.gov/pubmed/16971887
https://www.ncbi.nlm.nih.gov/pubmed/21881546
https://www.cdc.gov/nchs/nis/data_files.htm
https://www.cdc.gov/nchs/nis/data_files.htm
https://dx.doi.org/10.1093/infdis/jiv748


23. Qu C, Chen T, Fan C, et al. Efficacy of neonatal HBV vaccination on liver cancer and other liver diseases over

30-year follow-up of the Qidong hepatitis B intervention study: a cluster randomized controlled trial. PLoS Med.

2014;11(12):e1001774. doi:10.1371/journal.pmed.1001774

24. Lin AW,Wong KH. Long-term protection of neonatal hepatitis B vaccination in a 30-year cohort in Hong Kong.

J Hepatol. 2013;59(6):1363-1364. doi:10.1016/j.jhep.2013.08.021

25. Poorolajal J, Mahmoodi M, Majdzadeh R, Nasseri-Moghaddam S, Haghdoost A, Fotouhi A. Long-term

protection provided by hepatitis B vaccine and need for booster dose: a meta-analysis. Vaccine. 2010;28(3):

623-631. doi:10.1016/j.vaccine.2009.10.068

26. Peto TJ, MendyME, Lowe Y, Webb EL, Whittle HC, Hall AJ. Efficacy and effectiveness of infant vaccination

against chronic hepatitis B in the Gambia Hepatitis Intervention Study (1986-90) and in the nationwide

immunisation program. BMC Infect Dis. 2014;14:7. doi:10.1186/1471-2334-14-7

27. Van Damme P, von Sonnenburg F, Hatz C, Hoet B, Lefevre I, LeyssenM. Long-term immunogenicity of

preservative-free hepatitis B vaccine formulations in adults. J Med Virol. 2009;81(10):1710-1715. doi:10.1002/

jmv.21568

28. Yang S, Tian G, Cui Y, et al. Factors influencing immunologic response to hepatitis B vaccine in adults. Sci Rep.

2016;6:27251. doi:10.1038/srep27251

29. Center for Disease Control and Prevention. Notice of revised vaccination criteria for U.S. immigration. 2009.

Accessed February 20, 2018. https://www.cdc.gov/immigrantrefugeehealth/laws-regs/vaccination-immigration/

revised-vaccination-criteria-immigration.html

30. Chen SM, Kung CM, YangWJ, Wang HL. Efficacy of the nationwide hepatitis B infant vaccination program in

Taiwan. J Clin Virol. 2011;52(1):11-16. doi:10.1016/j.jcv.2011.06.012

31. Hsu HM, Chen DS, Chuang CH, et al. Efficacy of a mass hepatitis B vaccination program in Taiwan: studies on

3464 infants of hepatitis B surface antigen-carrier mothers. JAMA. 1988;260(15):2231-2235. doi:10.1001/jama.

1988.03410150079034

32. Chen DS, Hsu NH, Sung JL, et al. A mass vaccination program in Taiwan against hepatitis B virus infection in

infants of hepatitis B surface antigen-carrier mothers. JAMA. 1987;257(19):2597-2603. doi:10.1001/jama.1987.

03390190075023

33. Van Damme P, Moiseeva A, Marichev I, et al. Five years follow-up following two or three doses of a hepatitis B

vaccine in adolescents aged 11-15 years: a randomised controlled study. BMC Infect Dis. 2010;10:357. doi:10.1186/

1471-2334-10-357

34. McMahon BJ, Dentinger CM, Bruden D, et al. Antibody levels and protection after hepatitis B vaccine: results

of a 22-year follow-up study and response to a booster dose. J Infect Dis. 2009;200(9):1390-1396. doi:10.1086/

606119

35. Boxall EH, Sira JA, El-Shuhkri N, Kelly DA. Long-term persistence of immunity to hepatitis B after vaccination

during infancy in a country where endemicity is low. J Infect Dis. 2004;190(7):1264-1269. doi:10.1086/423818

36. Jafarzadeh A, Montazerifar SJ. Persistence of anti-HBs antibody and immunological memory in children

vaccinated with hepatitis B vaccine at birth. J AyubMed Coll Abbottabad. 2006;18(4):4-9.

37. van der SandeMA,Waight PA, MendyM, et al. Long-term protection against HBV chronic carriage of Gambian

adolescents vaccinated in infancy and immune response in HBV booster trial in adolescence. PLoS One. 2007;2

(8):e753. doi:10.1371/journal.pone.0000753

38. Lin YC, Chang MH, Ni YH, Hsu HY, Chen DS. Long-term immunogenicity and efficacy of universal hepatitis B

virus vaccination in Taiwan. J Infect Dis. 2003;187(1):134-138. doi:10.1086/345871

39. Van Damme P, Leroux-Roels G, Crasta P, Messier M, Jacquet JM, Van Herck K. Antibody persistence and

immunememory in adults, 15 years after a three-dose schedule of a combined hepatitis A and B vaccine. J Med

Virol. 2012;84(1):11-17. doi:10.1002/jmv.22264

40. World Health Organization. Hepatitis B vaccines: WHO position paper, July 2017 - Recommendations.

Vaccine. 2019;37(2):223-225. doi:10.1016/j.vaccine.2017.07.046

41. Su TH, Chen PJ. Emerging hepatitis B virus infection in vaccinated populations: a rising concern? Emerg

Microbes Infect. 2012;1(9):e27. doi:10.1038/emi.2012.28

42. National Notifiable Diseases Surveillance System. Surveillance for viral hepatitis - United States. Figure 3.2.

Incidence of acute hepatitis B, by age group - United States, 2000-2015. Accessed January 21, 2018. https://www.

cdc.gov/hepatitis/statistics/2015surveillance/index.htm

43. DennistonMM, Byrd KK, Klevens RM, Drobeniuc J, Kamili S, Jiles RB. An assessment of the performance of

self-reported vaccination status for hepatitis B, National Health and Nutrition Examination Survey 1999-2008. Am

J Public Health. 2013;103(10):1865-1873. doi:10.2105/AJPH.2013.301313

JAMANetworkOpen | Gastroenterology andHepatology Hepatitis B Vaccination Coverage and Serologic Evidence of Immunity Among US Youths

JAMA Network Open. 2020;3(11):e2022388. doi:10.1001/jamanetworkopen.2020.22388 (Reprinted) November 11, 2020 11/12

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://dx.doi.org/10.1371/journal.pmed.1001774
https://dx.doi.org/10.1016/j.jhep.2013.08.021
https://dx.doi.org/10.1016/j.vaccine.2009.10.068
https://dx.doi.org/10.1186/1471-2334-14-7
https://dx.doi.org/10.1002/jmv.21568
https://dx.doi.org/10.1002/jmv.21568
https://dx.doi.org/10.1038/srep27251
https://www.cdc.gov/immigrantrefugeehealth/laws-regs/vaccination-immigration/revised-vaccination-criteria-immigration.html
https://www.cdc.gov/immigrantrefugeehealth/laws-regs/vaccination-immigration/revised-vaccination-criteria-immigration.html
https://dx.doi.org/10.1016/j.jcv.2011.06.012
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.1988.03410150079034&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.22388
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.1988.03410150079034&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.22388
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.1987.03390190075023&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.22388
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.1987.03390190075023&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.22388
https://dx.doi.org/10.1186/1471-2334-10-357
https://dx.doi.org/10.1186/1471-2334-10-357
https://dx.doi.org/10.1086/606119
https://dx.doi.org/10.1086/606119
https://dx.doi.org/10.1086/423818
https://www.ncbi.nlm.nih.gov/pubmed/17591001
https://dx.doi.org/10.1371/journal.pone.0000753
https://dx.doi.org/10.1086/345871
https://dx.doi.org/10.1002/jmv.22264
https://dx.doi.org/10.1016/j.vaccine.2017.07.046
https://dx.doi.org/10.1038/emi.2012.28
https://www.cdc.gov/hepatitis/statistics/2015surveillance/index.htm
https://www.cdc.gov/hepatitis/statistics/2015surveillance/index.htm
https://dx.doi.org/10.2105/AJPH.2013.301313


SUPPLEMENT.

eTable 1. Prevalence of complete hepatitis B vaccination in U.S.-born children and adolescents (2-18 years) through

self-reported vaccination history (survey years: 1999-2016)

eTable 2. Prevalence of complete hepatitis B vaccination in foreign-born children and adolescents (2-18 years)

through self-reported vaccination history (survey years: 1999-2016)

eTable 3. Prevalence of Hepatitis B vaccine-induced immunity by serology results in fully vaccinated U.S.-born

children and adolescents age 2-18 years (survey years: 1999-2016)

eTable 4. Prevalence of complete hepatitis B vaccine-induced immunity by serology test in fully vaccinated

foreign-born children and adolescents age 2-18 years (survey years: 1999-2016)

eTable 5. Prevalence of hepatitis B core antibody in U.S.-born children and adolescents age 2-18 years (survey

years 1999-2016)

eTable 6. Predictors of hepatitis B immunity via serology tests in fully vaccinated U.S.-born children (2-18 years)

from survey years 1999-2016

eTable 7. Age specific prevalence of complete vaccination through participant self-reported vaccination history, by

birth year from 1988-2007

eTable 8. Predictors of hepatitis B vaccination through reported vaccine history in U.S.-born children and

adolescents (2-18 years) from survey years 1999-2016

eFigure 1. Timeline of hepatitis B vaccine recommendations by the Advisory Committee on Immunization

Practices

eFigure 2. Timeline of hepatitis B vaccine availability in the United States

eAppendix. Literature review on anamnestic response

eReferences

JAMANetworkOpen | Gastroenterology andHepatology Hepatitis B Vaccination Coverage and Serologic Evidence of Immunity Among US Youths

JAMA Network Open. 2020;3(11):e2022388. doi:10.1001/jamanetworkopen.2020.22388 (Reprinted) November 11, 2020 12/12

Downloaded From: https://jamanetwork.com/ on 08/27/2022


