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Background. In 2002, the US Department of Defense (DoD) mandated hepatitis B immunization for military
recruits. A DoD study reported that screening for immunity with selective immunization would be cost-effective
at a prevalence of immunity of >12%. The prevalence of hepatitis B immunity in the military recruit population
was unknown.

Methods. We studied a random sample of Army, Navy, and Marine Corps new recruits (2400 men and women
from all 50 states, Puerto Rico, and US territories). Banked serum samples collected in 2001 were tested for an-
tibody to hepatitis B surface antigen (anti-HBs) by AUSAB enzyme-linked immunoassay (EIA). Results were
evaluated by military service branch, age, sex, race, level of education, geographic region of origin, and presence
of state immunization laws.

Results.  The overall prevalence of anti-HBs seropositivity, adjusted to the age distribution of the recruit
population in 2001, was 31.5% (95% confidence interval [CI], 29.6%—-33.4%). The prevalence of anti-HBs sero-
positivity, directly adjusted to the 18-35-year-old US population in 2000, was 23.0% (95% CI, 20.7%-25.3%).
Anti-HBs seropositivity prevalence was highest among the young, decreased with increasing age, and was higher
in women, recruits from the Northeast and West, and recruits from states with laws mandating hepatitis B
immunization before entry into elementary and middle school.

Conclusions.  Screening new recruits for evidence of immunity before hepatitis B immunization is indicated.
The prevalence of immunity increased with successive birth cohorts and may reflect the success of childhood im-

munization programs.

In 2002, the Office of the Assistant Secretary of Defense
(Health Affairs) mandated a hepatitis B immunization
program for all new US military recruits [1]. This di-
rective did not specify an immunization strategy but
directed that consideration be given to serologic testing
as a part of the program. A cost-effectiveness study was
conducted by military investigators, who concluded
that screening for hepatitis B immunity was cost-effec-
tive when the prevalence of immunity was >12% in

Received 22 November 2004; accepted 29 December 2004; electronically published
25 April 2005.

Financial support: US Department of Defense (Health Affairs).

The views expressed are those of the authors and should not be construed to
represent the positions of the Department of the Army or Department of Defense.

Reprints or correspondence: Dr. David W. Niebuhr, Division of Preventive Med-
icine, Walter Reed Army Institute of Research, 503 Robert Grant Ave., Silver Spring,
MD 20910-7500 (david.niebuhr@na.amedd.army.mil).

The Journal of Infectious Diseases  2005;191:1835-41
© 2005 by the Infectious Diseases Society of America. All rights reserved.
0022-1899/2005/19111-0009$15.00

new recruits [2]. Unfortunately, data on the prevalence
of hepatitis B immunity in US military recruits were
not available. Survey data on immunization rates and
coverage estimates were available for selected groups
but were not representative of the young adult work-
force [3-7].

The National Immunization Survey (NIS), a contin-
uous yearly survey of immunization coverage among
children aged 19-35 months, estimated coverage for
the complete 3-dose series of hepatitis B vaccine to be
89.9% (95% SE, *0.7%) in 2002 [8]. Because of wide-
spread acceptance of Advisory Committee on Immu-
nization Practices (ACIP) recommendations in support
of hepatitis B immunization, beginning in 1991, sub-
stantial immunity was anticipated in the US military
recruit population [9-16]. Laws in 44 states and the
District of Columbia requiring hepatitis B immuniza-
tion of children before entry into elementary or middle
school could also have had a positive impact on the
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Table 1.  Study population compared with the total year 2001 en-
listed recruit population entering the Army, Navy, and Marine Corps.

No. (%) in
Study All year 2001

Variable® population recruits
Service branch (n = 2400)

Army 1320 (55) 101,022 (55)

Navy 624 (26) 49,157 (26)

Marine Corps 456 (19) 35,083 (19)
Age, years®® (n = 2400)

18-19 1200 (50) 105,750 (57)

20-23 600 (25) 54,522 (29)

24-35 600 (25) 24,990 (14)
Sex (n = 2400)

Male 1957 (82) 151,961 (82)

Female 443 (18) 33,298 (18)
Race® (n = 2388)

White 1551 (65) 120,923 (65)

Black 484 (20) 33,726 (18)

Other 353 (15) 29,681 (17)
Level of education (n = 2248)

<HS 108 (5) 7838 (5)

+HS 2140 (95) 165,643 (95)
Geographic region of origin® (n = 2359)

Northeast 345 (15) 19,302 (14)

South 991 (42) 56,229 (42)

Midwest 542 (23) 28,187 (21)

West 481 (20) 31,189 (23)

NOTE. +HS, high school diploma or greater; <HS, no high school diploma.

@ Data were not available for all variables.
b Age at entry into service.

¢ P<.01, x° test.

4 p= 02 x?test.

immune status of recruits. In 1994, Virginia passed the first
state law requiring hepatitis B immunization before entry into
elementary school. In 1997, Colorado, the District of Columbia,
Florida, Illinois, Oklahoma, and Wisconsin required immuni-
zation before entry into middle school [17]. The Centers for
Disease Control and Prevention (CDC) estimated that hepatitis
B immunization coverage (3 doses) for children entering kin-
dergarten or first grade during the 20022003 school year was
96.0% [18].

Our study was conducted to determine the prevalence of
antibody to hepatitis B surface antigen (anti-HBs) in US Army,
Navy, and Marine Corps recruits. Air Force medical leaders
elected to conduct their own assessment of the immune status
of their recruits [19]. We chose to define immunity as the pres-
ence of anti-HBs, although we realize that the population with
identifiable antibody may not represent the entire population
that is protected against disease. Use of this measure could also
overestimate prior immunization, because of the possibility of
naturally acquired infection. Since military recruits represent all
states and territories, we studied the relationships between anti-
HBs seropositivity and geographic region of origin, other de-

mographic variables, and immunization legislation in the re-
cruits’ home states.

SUBJECTS AND METHODS

Study population.
and women, aged 18-35 years, each of whom initially entered

The study population included 2400 men

enlisted service in the US Army, Navy, or Marine Corps during
the calendar year 2001 and had a stored serum sample available
for testing. Sample size was limited by a fixed study budget. Se-
rum samples were routinely obtained from all service members
before initial military training and were stored at the DoD Serum
Repository, Silver Spring, MD [20]. Available demographic data
associated with these serum samples included branch of military
service, age, sex, race, highest level of education attained, and
home state of origin [21]. Individuals with prior military service
were excluded, since prior service could have influenced the
likelihood of immunization or exposure to hepatitis B. The
definitions of geographic regions were based on the Bureau of
the Census Geographic Divisions used by the CDC [22, 23].
This research was conducted under a protocol approved by the
Walter Reed Army Institute of Research Institutional Review
Board and Human Use Committee.

Sampling. A random sample of recruits was stratified by
service branch, according to the relative size of the new recruit
population entering each branch. There were 185,262 new
Army, Navy, and Marine Corps recruits in 2001; 55% entered
the Army, 26% entered the Navy, and 19% entered the Marine
Corps [21]. Thus, 55% of the total sample of 2400 recruits was
allocated to the Army, 26% to the Navy, and 19% to the Marine
Corps. Fifty-seven percent of the 2001 recruit population was
18-19 years old, 29% was 20-23 years old, and 14% was 24—
35 years old [21]. Age was considered to be the most important
independent variable in the present study, because of changes
in immunization practices aimed at younger people. Within
each service branch, the oldest recruits were oversampled, to
obtain more-precise estimates of immunity in this smaller group.
Arbitrary sampling fractions based on age were used; 50% of
each service branch’s sample size was allocated to recruits 18—
19 years old, 25% was allocated to those 20-23 years old, and
25% was allocated to those 24-35 years old.

Hepatitis B immunization mandates. Information on laws
requiring childhood hepatitis B immunization and mandating
hepatitis B immunization before entry into elementary or mid-
dle school was obtained from the Immunization Action Coa-
lition, Saint Paul, MN [17]. The data collected included the
presence or absence of state immunization laws, target groups
for the laws, and the years the laws were passed.

Laboratory testing. Qualitative testing for anti-HBs was per-
formed in a College of American Pathologists—certified labora-
tory, by use of AUSAB EIA test kits (Abbott Laboratories), a
Food and Drug Administration—cleared test, in accordance with
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Table 2. Study population compared with the 2000 US Census population.

No. (%) in
Study 2000 US Census

Variable® population populationb
Age, years®® (n = 2400)

18-19 1200 (50) 8,179,000 (11)

20-23 600 (25) 15,323,000 (21)

24-35 600 (25) 48,049,000 (67)
Sex? (n = 2400)

Male 1957 (82) 36,260,000 (51)

Female 443 (18) 35,291,000 (49)
Race (18-34 year olds) (n = 2380)

White 1544 (65) 41,858,000 (63)

Black 483 (20) 8,802,000 (13)

Other 353 (15) 16,376,000 (24)
Level of education (18-34 year olds)® (n = 2239)

<HS 108 (5) 13,207,000 (20)

HS 1964 (88) 17,961,000 (27)

>HS 167 (7) 35,476,000 (53)
Geographic region of origin (18-34 year olds) (n = 2350)

Northeast 343 (15) 12,176,000 (18)

South 987 (42) 24,146,000 (36)

Midwest 539 (23) 14,986,000 (22)

West 481 (20) 15,727,000 (24)

NOTE. The US Census Bureau data for age is available for each 1-year increase in age, but when

age is stratified by race, level of education, and geographic region of origin, it is presented in age groupings
(e.g., 22-24, 25-29, 30-34, and 35-39). Therefore, we excluded recruits who were 35 years old from
the comparison with the US population. HS, High school diploma; <HS, No high school diploma; >HS,
level of education exceeded a high school diploma.

@ Data were not available for all variables.

b 2000 Census figures were rounded to the nearest thousand.

¢ Age at entry into service.

9 P<.01, ¥ test.

the manufacturer’s instructions. Equivocal results were reported ~ generating a point estimate and corresponding 95% confidence

as negative. Laboratory personnel were blinded to all personal
information. Frozen banked serum samples from the DoD Serum
Repository were thawed, and 0.5-ml aliquots were shipped on
dry ice to the Immunology Section, US Air Force Institute for
Operational Health, Brooks City-Base, TX, for processing.
Statistical analyses. Estimation of the overall prevalence of

anti-HBs seropositivity in the military recruits was performed by

Table 3.

interval (CI) for an age-adjusted prevalence estimate, adjusted
to the population of year 2001 military recruits. Estimation of
the overall prevalence of anti-HBs seropositivity in the entire US
population was performed by generating a point estimate and
corresponding 95% CI for an age-adjusted prevalence estimate,
adjusted to the year 2000 US population. Multiple logistic re-
gression modeling was used to estimate relationships between

Age-specific antibody to hepatitis B surface antigen (anti-HBs) se-

ropositivity estimates, adjusted to the 2000 US Census.

No. in Anti-HBs seropositivity
2000 US Census prevalence estimate
Age, years® Study sample® population (95% Cl), %°
18-19 1183 8,179,453 37.0 (34.2-39.8)
20-23 608 15,322,760 26.5 (23.0-30.2)
24-35 600 48,049,083 19.5 (16.4-22.9)
All (18-35) 2391 71,551,296 23.0 (20.7-25.3)

@ Age when blood specimen was drawn.
® P<.01, ¥ test.

¢ Nine study subjects were excluded from analysis because of inadequate serum or demo-

graphic data. Cl, confidence interval.
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Table 4.

Antibody to hepatitis B surface antigen (anti-HBs) seropositivity in the
study population, by demographic variable.

Subjects in study

Anti-HBs seropositivity

Variable® sample, no.? prevalence (95% Cl), %
Overall

Unadjusted 2391 29.9 (28.1-31.8)

Adjustedb 2391 31.5 (29.6-33.4)
Age, years®d (n = 2391)

18-19 1183 37.0 (34.2-39.8)

20-23 608 26.5 (23.0-30.2)

24-35 600 19.5 (16.4-22.9)
Sex? (n = 2391)

Male 1949 27.8 (25.8-29.9)

Female 442 39.4 (34.8-44.1)
Race (n = 2379)

White 1544 28.6 (26.4-31.0)

Black 483 31.5 (27.4-35.8)

Other 3562 33.2 (28.3-38.4)
Level of education (n = 2239)

<HS diploma 107 32.7 (24.0-42.5)

HS diploma 1961 29.6 (27.6-31.7)

>HS diploma 171 30.4 (23.6-37.9)
Geographic region of origind (n = 2350)

Northeast 344 40.1 (34.9-45.5)

South 988 25.9 (23.2-28.8)

Midwest 540 26.9 (23.2-30.8)

West 478 34.3 (30.1-38.8)
Service branch (n = 2391)

Army 1317 31.1 (28.6-33.7)

Navy 619 29.6 (26.0-33.3)

Marine Corps 455 27.0 (23.0-31.4)

NOTE.
of education exceeded a high school diploma.

Cl, confidence interval; HS, high school diploma; <HS, no high school diploma; >HS, level

@ Data were not available for all variables, and 9 study subjects were excluded from analysis because

of inadequate serum or demographic data.

b Adjusted to the US military recruit age distribution: 57% 18-19 years old, 29% 20-23 years old,

and 14% 24-35 years old.
¢ Age when blood specimen was drawn.
d P<.01, x* test.

anti-HBs seropositivity and other recruit variables. Model build-
ing was performed in a step-down fashion, beginning with a full
model containing all potential predictor variables considered in
this study. Wald tests were performed to ascertain the statistical
significance of each predictor in the model [24]. This final model
was used to estimate anti-HBs seropositivity prevalence for var-
ious subgroups of the population.

RESULTS

Sample characteristics.  Fifty percent of recruits in the sample
were 18-19 years old, 25% were 20-23 years old, and 25% were
24-35 years old (table 1). Most (82%) were male. Sixty-five
percent were white, and 20% were black. Ninety-five percent
had a high school diploma or greater. Our sample was signif-

icantly different from the 2001 military recruit population with

respect to race and geographic region of origin, but the actual
differences were not striking [21]. Our study population was
similar to the 2000 US Census population with respect to race
and geographic region of origin but was significantly different
with respect to age, sex, and level of education (table 2) [22].

Anti-HB:s seropositivity. Serum samples and data were avail-
able for 2391 of the 2400 new recruits. The overall unadjusted
anti-HBs seropositivity prevalence was 29.9% (95% CI, 28.1%—
31.8%). After adjustment for oversampling of older recruits, the
anti-HBs seropositivity prevalence increased to 31.5% (95% CI,
29.6%—33.4%). The directly adjusted anti-HBs seropositivity prev-
alence estimate for the 2000 US adult population (age 18-35
years), based on age compositions of the 2000 US Census pop-
ulation, was 23.0% (95% CI, 20.7%-25.3%) (table 3). The anti-
HBs seropositivity prevalences in Army, Navy, and Marine
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Table 5.

Antibody to hepatitis B surface antigen (anti-HBs) seropositivity by state of origin

and presence of state law(s) mandating immunization of school children (n = 2349)°

Anti-HBs seropositivity Subjects in study

State immunization law States, no.  prevalence (95% Cl), % sample, no.”
None 6 21.0 (14.2-29.2) 124
Elementary school law only 12 22.7 (19.4-26.4) 576
Elementary and middle school laws 32 33.1 (30.8-35.4) 1649

@ Includes the District of Columbia; 41 study subjects with missing home state data were excluded. Cl, con-

fidence interval.

® One serum specimen was excluded because it was from the only subject from a state with a middle school
law only. The difference in seropositivity between the remaining state law categories was statistically significant

(P<.01, x* test).

Corps recruits were 31.1% (95% CI, 28.6%-33.7%), 29.6%
(95% CI, 26.0%-33.3%), and 27.0% (95% CI, 23.0%—31.4%),
respectively, with no statistically significant differences between
the service branches (table 4).

Demographic variables. Anti-HBs seropositivity prevalences
by age, sex, race, level of education, geographic region of ori-
gin, and service branch are shown in table 4. The anti-HBs
seropositivity prevalence was highest (40.9% [95% ClI, 36.7%—
45.1%]) among 18 year olds (men and women combined), who
were born in 1983, and decreased with increasing age. The
oldest recruit stratum, 24-35 year olds (1966—1977 birth co-
horts), had an anti-HBs seropositivity prevalence for both sexes
combined of 19.5% (95% CI, 16.4%-22.9%). Anti-HBs sero-
positivity prevalence was significantly higher in women (39.4%
[95% CI, 34.8%—44.1%]) than in men (27.8% [95% CI, 25.8%—
29.9%]). The prevalence of anti-HBs seropositivity varied sig-
nificantly by geographic region of origin and was highest among
recruits from the Northeast and West (40.1% [95% CI, 34.9%—
45.5%] and 34.3% [95% CI, 30.1%—38.8%], respectively) and
lowest among recruits from the South (25.9% [95% CI, 23.2%—
28.8%]). There were no statistically significant differences in
anti-HBs seropositivity prevalence according to race, level of
education, or service branch.

The results from multivariate logistic regression modeling
(data not shown) revealed multiple predictors of anti-HBs se-
ropositivity. Recruit age, sex, geographic region of origin, and
home state grouped by the presence of laws mandating hepatitis
B immunization of children before entry into elementary and
middle school were statistically significant predictors of anti-
HBs seropositivity.

State immunization laws. The anti-HBs seropositivity prev-
alence in recruits from states with laws mandating hepatitis B
immunization before entry into elementary and middle school
was 33.1% (95% CI, 30.8%—35.4%), compared with 22.7% (95%
CI, 19.4%-26.4%) in recruits from states in which the immu-
nization law applied only to entry into elementary school and
21.0% (95% CI, 14.2%-29.2%) in recruits from states with no
immunization law (P<.01) (table 5).

DISCUSSION

We found an overall prevalence of anti-HBs seropositivity in
military recruits, adjusted for age, of 31.5% (95% CI, 29.6%—
33.4%). In an earlier study, the DoD determined that screen-
ing for anti-HBs is indicated when seropositivity in the recruit
population is >12%. Therefore, serologic screening of all new
Army, Navy, and Marine Corps recruits for evidence of hepatitis
B immunity and targeted immunization of susceptible recruits
should be conducted.

Age, sex, geographic region of origin, and home state im-
munization laws were significant predictors of anti-HBs sero-
positivity. Anti-HBs seropositivity prevalence was highest in 18
year olds and decreased with increasing age. This is encouraging
and may indicate progress toward the goal of increasing hep-
atitis B immunization levels to meet Healthy People 2010 goals
and eradicating hepatitis B transmission in the United States
[25]. The higher anti-HBs seropositivity prevalence observed
with younger age may reflect increasing adherence to the 1995
and 1997 national immunization guidelines for catch-up im-
munization of children and adolescents and of all previously
unvaccinated children <18 years old. Similar findings were pres-
ent in a study of 13 year olds enrolled in health maintenance
organizations in which hepatitis B coverage increased from
1996 to 1998 and was attributed to adherence to the 1995 ACIP
recommendations [26].

One possible explanation for the difference in anti-HBs se-
ropositivity between men and women may be sex-based dif-
ferences in health care utilization that resulted in more women
being offered immunization [27]. Alternatively, this finding may
be a statistical anomaly related to the significantly smaller num-
ber of women in our study population (443 women vs. 1957
men). This difference may not persist with study of a larger
sample of women. Recruits from states in the Northeast and
West were more likely to be anti-Hbs seropositive. This finding
could not be explained by differences in age, sex, or the presence
of state immunization laws. Regional differences may be due

Hepatitis Immunity in Military Recruits « JID 2005:191 (1 June) * 1839



to differences in access to preventive services or immunization
practices.

Anti-HBs seropositivity prevalence was higher in recruits from
states with laws mandating hepatitis Bimmunization before entry
into elementary and middle school than in those from states
without immunization laws. There was no difference in anti-HBs
seropositivity prevalence between recruits from states with laws
mandating hepatitis B immunization before entry into elemen-
tary school and those from states without immunization laws.
None of the recruits studied were directly impacted by laws
mandating hepatitis B immunization of school-age children. Our
study population consisted of birth cohorts from 1966-1982.
The first birth cohort subject to a state law mandating immu-
nization before entry into middle school is that from 1985-1986.
Thus, observed differences related to school immunization laws
may indicate physician and parent acceptance and compliance
with the spirit of ACIP recommendations regarding hepatitis B
immunization.

Our results are similar to those reported from an Air Force
study of 7222 basic trainees in 2002 [19]. Air Force investigators
found an overall anti-HBs seropositivity prevalence of 37% in
new recruits. Female sex and young age were associated with
higher prevalences. Air Force study subjects from the New En-
gland, North Atlantic, and Pacific regions were more likely to
be antibody seropositive.

On the basis of our study of Army, Navy, and Marine Corps
recruits and using the age compositions of the 2000 US Census,
we estimated seropositivity for the 2000 US adult population
(18-35 years old) to be 23.0% (95% CI, 20.7%—-25.3%). Our
sample of military recruits is a reflection of young adults across
the United States, particularly those in the young adult work-
force. Compared with the 2000 US Census population, our
study group was younger, had more men, and had a smaller
percentage of people without a high school diploma. Other
unidentified biases related to being fit for military service and
wanting to volunteer for military service could be related to
the likelihood of being immunized against hepatitis B. Even
though the military recruit population differs from the total
US population, we believe that military recruits are a good
population for use in monitoring the prevalence of immunity
to hepatitis B as a measure of the success of immunization
programs in the United States.

This study has several limitations. Our sample was signifi-
cantly different from the 2001 total new recruit population with
regard to race and geographic region of origin, and our sample
size of 2400 limited subgroup analysis. Even though the race
and geographic region variables were found to be statistically
significant, the observed differences were not striking. These
issues, along with sex, country of origin for foreign-born re-
cruits, and level of education, should be considered in the de-
sign of future studies. We considered attempting to differentiate

between natural infection and prior immunization. This was
beyond the scope of the present study but should also be ad-
dressed in future studies. Hepatitis B immunity was defined as
the presence of detectable anti-HBs in frozen, stored serum
samples. This definition may have resulted in underestimation
of hepatitis B immunity. The effect that repeated freezing and
thawing involved in storage, aliquoting, shipping, and pro-
cessing have on laboratory test performance is unknown.

The results of this study may reflect progress toward erad-
icating hepatitis B transmission in the United States through
universal immunization. We anticipate increasing hepatitis B
immunity with each successive birth cohort entering military
service, as a result of compliance with ACIP childhood im-
munization guidelines. However, hepatitis B immunization early
in life could result in waning antibody levels by the time young
adults apply for military service. Therefore, our recommen-
dation for universal serologic screening of new recruits with
selective immunization will need to be periodically reexamined.
Future surveys of military recruits should include both assess-
ment of antibody status and ascertainment of the date of hep-
atitis B immunization, to develop data on the persistence of
detectable antibody after immunization.
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