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Introduction
Despite great progress in the United

States over the last several decades in con-
trolling vaccine-preventable illnesses,12 re-
cent increases in the incidence of measles
and mumps-including epidemics-have
occurred,3,4 especially among inner-city
children and young adult populations.5-13
These viral illnesses also continue to have
considerable military importance.14-18 In
addition, varicella, a serious illness in
adults,192' may also be increasing in inci-
dence, particularly in military populations.22

Recruits enter the service from all ar-
eas of the country and most are between
17 and 19 years old, an age group at high
risk in the civilian setting for measles,
mumps, and varicella. Because these viral
illnesses may have a great impact on
health, training time, and overall military
readiness, especially in the recruit setting,
and because their importance is increasing
in the civilian population, a serosurvey
was conducted to guide immunization pol-
icy. In addition, demographic factors and
other information related to individuals'
previous disease and vaccination history
were evaluated as potential predictors of
antibody status.

ing center and before the administration of
immunizations. Serum samples were
tested for measles, mumps, and varicella
antibodies using commercially available
enzyme-linked immunosorbent assay
(ELISA) tests (MEASLESTAT, MUMP-
STAT, and VARICELISA II from Whit-
aker Bioproducts, Walkersville, Md). To
assess interrater reliability, 150 randomly
selected samples were retested by the
manufacturer. The kappa value for vari-
cella retesting was 0.96, and no further
retesting was performed. Because the
kappa values for measles and mumps
were lower (0.83 and 0.77, respectively),
the manufacturer retested all samples for
these two antibodies in the laboratory, and
the manufacturer's results were used in
the analysis. Samples were initially tested
for rubella antibody as well, but extremely
high seronegativity rates suggested tech-
nical difficulties with the procedure, and
insufficient serum was available to allow
retesting of samples. Therefore, no rubella
results are presented. All testing was done
without knowledge of the subjects' prior
disease or vaccination history.

The self-completed questionnaire in-
cluded demographic variables and in-
formation on state of birth, elementary

Methods

This study was conducted in June
1989 at the three US Navy (Great Lakes,
Ill; Orlando, Fla; San Diego, Calif) and the
two US Marine Corps (Parris Island, SC;
San Diego, Calit) recruit training centers.
Four consecutive companies/platoons at
each location were enrolled in the study.
Those recruits who gave informed con-

sent completed a short questionnaire and
donated an extra tube of blood.

Blood samples were obtained 1 to 4
days after the recruits' arrival at the train-
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school entry, and military enlistment.
Subjects were asked to recall their history
of having had each of the individual dis-
eases and vaccinations, with four possible
responses: (1) yes, definitely; (2) yes,
probably; (3) no, definitely not; and (4) I
don't know.

The Centers for Disease Control and
Prevention reports of school entry immu-
nization laws for each state were available
for 1970 to 1977, 1979 to 1980, 1983, and
1985 to 1990. These reports were used to
determine the year-specific state school
entry immunization laws for each recruit.

Statistical analyses were conducted
with EGRET statistical software (SERC,
Inc, Seattle, Wash) on a microcomputer.
To compare the proportion of recruits
who were seronegative, logistic regres-
sion for the continuousvariable ofage, the
Mantel-Haenszel chi-square test for trend
in education, and the likelihood ratio chi-
square for other variables were used. Ad-
justment for potential confounders in the
association between race and seronegativ-
ity was performed using logistic regres-
sion models.

The proportion of seropositive re-
cruits who reported a positive history of
disease or vaccination was defined as the
sensitivity of the historical information,
and the proportion of seronegative re-
cruits who did not report prior disease or
vaccination was defined as the specificity.
Positive predictive value was defined as

the proportion of history-positive recruits
who were seropositive, and the negative
predictive value was defined as the pro-
portion of histoiy-negative recruits who
were seronegative.

RdsuA
Of the 1568 recruits assigned to the

selected companies, 1533 (98%) gave in-
formed consent and participated in the
study. Among the 1442 subjects enlisting
from one of48 US states, 90%o were male,
74% were aged 17 to 19,70% were White,
18% were Black, and 9% were Hispanic.
Seronegativity rates and 95% confidence
intervals were as follows: measles, 19.0o
(17.0, 21.0); mumps, 11.7% (9.6, 13.8);
and varicella, 8.2% (6.8, 9.6). Direct sex

and race adjustment to the 1980 US 15- to
29-year-old population resulted in esti-
mated national seronegativity rates of
17.8% for measles, 12.3% for mumps, and
6.7% for varicella. Seronegativity to mea-
sles andmumpswas not highly correlated,
with only 2.8% seronegative for both.

Men were more likely to be seroneg-

ative for all three viruses, and results are

presented separately for men and women
(Table 1). Younger male recruits were

more likely than older ones to be seroneg-
ative for measles and mumps (P > .05),
but older female recruits were more likely
than younger ones to be seronegative for
mumps(P < .05). Agewas not associated

with varicella antibody status for either
men or women. Higher educational level
was associated only with lower mumps
seronegativity in men (P < .01). Among
both men and women, Whites were more
likely to be seronegative for measles and
mumps while non-Whites were much
more likely tobe seronegative forvaricelia
antibody (P < .05 for men). The associa-
tion between race and antibody status for
all three viruses persisted after controlling
for age, sex, and educational level.

Recruits in this study had enlisted
from48 ofthe 50 states, and althoughthere
was wide variation in seronegativity be-
tween states, no clear geographic trends
were evident. Recruits whose state of en-
listment had fullmumps immunization en-
try laws (kindergarten through grade 12)
were slightly less likely to be seronegative
for mumps (9.8%) compared with other
subjects (13%). No other associations be-
tween state immunization laws and mea-
sles or mumps antibody status were pre-
sent, even when those recruits who
reported the same state of birth, elemen-
tary school entry, and military enlistment
were analyzed separately.

Eighty-four recruits (5%) enlisted
from outside the United States. Except for
those recruits enlisting directly from the
Republicofthe Philippines, most ofwhom
receive measles/rubella immunization as

part of their processing before arrival in
the United States, their rates of measles
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and mumps seronegativity were similar to
those of US enlistees. However, more
than 20%o of recruits enlisting from outside
the United States, including 3 of3 from the
Canal Zone, 2 of 3 from Puerto Rico, and
6 of 23 enlisting from the Republic of the
Philippines, were varicella seronegative.

Combining recruits who reported a
positive history of disease or vaccination,
the sensitivity of a "definite" history in
identifying seropositive recruits was less
than35% forboth measles andmumps (Ta-
ble 2), whereas the sensitivity of a definite
history of varicella disease was 75%. Def-
inite or "probable" histories of disease or
vaccination doubled the sensitivity for
measles and mumps, and increased the
sensitivity of varicella disease history to
86%. Cofresponding specificitieswere sim-
ilar, ranging from 35% to 72% for measles
and mumps, to 66% to 75% for varicella.
The sensitivity ofvaccine historywas gen-
erally better than the disease history.

The negative predictive value was
lower for mumps than for measles or va-
ricella. On the other hand, the positive
predictive value of a history of varicelia
was over 95%. However, almost all re-
cruits gave a positive history of varicella,
including more than 20%o of those lacking
the varicella antlbody.

Discwuion
Based on commercially available

ELISA tests, nearly one fifth of the 1533
recruits in this study lacked antibody to
measles, 12% lacked antibody to mumps,
and9%were seronegative forvaricelia an-
tibody. Direct adjustment to the 1980 US
15- to 29-year-old population yielded sim-
ilar results. If seronegativity correlates
with susceptibility, these results suggest
the potential for continued epidemic trans-
mission of measles in young adult popu-
lations. However, a routine two-dose
schedule of the measles/mumps/rubella
vaccination, as has been recommend-
ed,23 24 should considerably reduce this
potential.

The direct US adjusted measles se-
ronegativity rate (17.8%) observed in this
studywas higher than expected, based on
several serosurveys in the past 2 dec-
ades,15,Z 26butwas comparable to the rate
of 20.7% in a recent study of US Army
recruits.27 Fewer previous mumps sero-
surveys have been reported,28but the
adjusted mumps seronegativity rate of
12.3% in this studywas comparable to that
found in the most recent US Anny recruit
survey.27 The 6.7% adjusted varicella se-
ronegativity rate was similar to that found

in two recent studies279 but lower than
that found in another.26

The lower seronegativity rate for
measles and mumps among older male
subjects in this study probably reflects in-
creased natural infection during child-
hood. Among the group born before 1964,
vaccination was not widespread when
most subjects entered elementary school.
The lack of association between age and
varicella seronegativity rates observed in
this study suggests no decrease in natural
infection rates in recent years.

Whites were more likely to be sero-
negative to both measles and mumps and
less likely to be seronegative to varicella,
even after adjustment for age, sex, and
education. This finding may reflect lower
rates of natural measles and mumps infec-
tion among Whites or higher rates ofwan-
ing vaccine-induced antilbody levels. The
associations between race and varicelia
seronegativity and between sex and se-
ronegativity to all three viruses may re-
flect unknown sociocultural differences in
patterns of natural infection or vaccina-
tion. Recruits enlistingfrom outside the 50
US states, especially those from island na-
tions or territories, were much more likely
to be seronegative for varicella antibody.
This supports the previous epidemiologi-
cal observations of an island phenome-
non.21.30 Especially in the health care and
military recruit environments, foreign-
bom individuals may represent a high-risk
group that could benefit from a varicella
vaCcine.31

The specificity of historical informa-
tion ofmeasles disease orvaccination was

higher in this study than in a prior study of
medical students.26 However, using this
historical information to determine which
recruits should be vaccinated or receive
antibody tests would not effectively re-
duce the proportion remaining seronega-
tive to below 8%. Both the sensitivity and
specificity of a history of varicella in this
study were generally higher than in a pre-
vious study.26 Most recruits, however, re-
ported a positive history of disease, and
more than 20% of seronegative recruits
would be missed if such a screening ques-
tion were used to determine who would
receivevaricella immunization. The lower
negative predictive value formumps com-
paredwith that for measles andvaricella is
probably owing to the fact that mumps
infection is often subclinical.

Several factors need tobe considered
when interpreting the results of this sero-
survey. Although the ELISA tests used
here appear to be as good as previous an-
tibody tests when compared to a gold
standard,32-38 they may not correlate with
true susceptibility to these illnesses. How-
ever, given the evidence for the role of
waningvaccine-induced antibody levels in
recent outbreaks of measles,3940 a less
sensitive testmaybe desirable if it is being
used to decide who gets immunized in the
recruit setting. Although the true number
of young adults currently susceptible to
these illnesses may be considerably lower
than this serosurvey suggests, these re-
sults may be predictive of the future po-
tential for epidemics, especially if the in-
tensity of exposure increases, because
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vaccine-induced antibody titers may con-
tinue to wane.

Subjects in this study came from
most areas of the United States, but
whether they are representative of the ci-
vilian population with respect to their in-
fection and vaccination experiences and
associated risk factors is unknown. This
was a cross-sectional study done over a
short period, and further studies of these
subjects and cross-sectional studies over
time will be important in monitoring sero-
prevalence trends.

The high rates of seronegativity
among US recruits suggest the continued
potential for epidemics of these illnesses
and the need for continued effective im-
munization programs in both the civilian
and military setting. In the recruit taining
center environment, historical informa-
tion on previous disease and vaccination
history would not be an effective guide in
determining who should be immunized
upon entry into the US military. El
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