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Measles and measles vaccine efficacy in a remote island
population

R. CAMPBELL MCINTYRE,1 STEPHEN R. PREBLUD,2 ANTHONY POLLOI,3 & MASAO KOREAN4

In order to determine the efficacy of measles vaccine on a remote Pacific atoll, we
conducted a household-contact study immediately following a large measles epidemic, by
examining the illness and immunization histories of258 children aged 1-9 years. Measles
vaccine had been administered on Ebeye, Marshall Islands, for 9years before the epidemic
and the overall vaccine efficacy rate was found to be 83.5% (95 % confidence limits,
74.0-89.1%Mo). Children immunized at 12 or 13 months ofage were 1.5 times more likely to
get measles than those immunized at 14 months ofage (attack rates 9.5% and 6.3%, respect-
ively), but the difference in attack rates was not significant (P = 0.63). There was no
evidence of any decrease in immunity with the number of years since immunization.
Children immunized during 1976 or in August1977 werefound to have asignificantly higher
measles attack rate (43.1%) than those vaccinated at any other time (6.71%) (P < 10- 7). This
was probably a result of improper storage of measles vaccine during these periods.

Since 1970, diphtheria and tetanus toxoids and pertussis (DTP) vaccine and measles
vaccine have often been combined in the same syringe in Ebeye clinics and administered
together. The measles attack ratefor children given DTP and measles vaccines in the same
syringe (16.1%o) and that for children administered the vaccines from different syringes
(17.9%) were not significantly different (P = 0.84).

Further attenuated live measles vaccine has been
given to children in the Trust Territory of the Pacific
Islands (TTPI) since 1969 and has had a dramatic
impact on the incidence of measles. Between 1958 and
1969, outbreaks of measles affected at least one island
group in the Trust Territory approximately every 2
years. Since 1969, epidemics have occurred only in
1971 (on Truk and Saipan) and 1977-78 (on the
Marshall Islands, Ponape, and Truk).

In the spring of 1978, a large measles epidemic was
reported on Ebeye Islet, part of Kwajalein Atoll in the
Marshall Islands, which lie approximately 3800 km
south-west of Hawaii in the Pacific Ocean just north
of the Equator (Fig. 1). In 1978, Ebeye had a popu-
lation of approximately 7000 Marshallese on a total
land area of 0.31 km2 (0.12 square miles), resulting in
a population density of over 22 500 persons/km2. The
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Marshallese live in crowded conditions on Ebeye
because of job opportunities at the nearby Kwajalein
Missile Range, a missile-testing site administered by
the United States Army.
A preliminary investigation during the measles epi-

demic revealed that many of the patients were chil-
dren who had been immunized, and many more cases
occurred than were expected on the basis of estimates
of immunization levels obtained during a survey
carried out in 1976.
To determine the efficacy of measles vaccine on

Ebeye, we conducted a historical survey and a review
of measles vaccine records for household contacts of
reported measles cases. Ebeye was well suited for such
a study since only further attenuated live measles
vaccine had been used on the islet, the vaccine had all
been given at one clinic with a good record-keeping
system, and the large numbers of children living in
each household ensured that the vaccinated and un-
vaccinated populations would be large enough to pro-
vide useful data for analysis. No measles cases had
been reported on Ebeye in the previous 10 years, and
the population was homogeneous and geographically
well defined. Before 1977, the recommended age for
measles immunization in the TTPI was 12 months or
over; however, after 1977 measles vaccine was given
routinely to children at age 15 months or later.
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Fig. 1. Trust Territory of the Pacific Islands. Ebeye is part of Kwajalein Atoll in the Marshall Islands District.

THE EPIDEMIC

On 5 November 1977, a Marshallese medical
officer and his family returned to their home on
Ebeye after a 2-week vacation on a neighbouring
atoll. A week later his 11-month-old son developed a
fever and rash, which was diagnosed as measles. An
epidemic ensued (Fig. 2), and by 27 March, 340 cases
had been identified. A mass immunization campaign
for children aged between 6 months and 10 years was
organized and carried out between 24 February and
1 March; more than 500 children were immunized
with measles-mumps-rubella (MMR) vaccine. DTP
and oral poliomyelitis vaccine (OPV) were also ad-
ministered to children who required them.

MATERIALS AND METHODS

Clinically diagnosed cases of measles seen at the
Ebeye hospital during the epidemic were reported to
the public health clinic. For our survey, persons with
fever and rash plus either cough, or coryza, or con-
junctivitis were regarded as cases. Measles cases
occurring between 12 November 1977 and 16
February 1978 were used to identify households that

had been exposed to measles at least 18 days before
the survey began on 6 March. A household was
defined as a group of one or more families sharing the
same living space. On Ebeye many households may
occupy one large barrack. A questionnaire was com-
pleted by a public health nurse alone or with the
assistance of one of the present authors to obtain data
on all children under 10 years of age in each exposed
household, their history of measles illness and immu-
nization, and information on whether they had visited
the outpatient clinic or been admitted to the hospital
with measles. All immunization histories were veri-
fied by reviewing the child's public health record.
Simple demographic information was obtained on
any other individual, regardless of age, who had an ill-
ness fulfilling the measles case definition.

Interviews with the two senior public health nurses
on Ebeye revealed that measles vaccine, alone or in
combination with rubella vaccine (MR) or mumps
and rubella vaccines (MMR) had been mixed with
DTP whenever a child was to have both immuniz-
ations on the same day. This practice was started in
1970 on the advice of an expatriate public health nurse
in order to reduce the number of injections each child
received and the number of syringes used. For the
purposes of the study, we assumed that any child
given measles and DTP vaccines on the same day
received them mixed together in the same syringe.
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Children were included in the household study, if

they met the following criteria: (1) were between

and 9 years of age at the time they were exposed to

measles; (2) if vaccinated, had a documented history

of measles vaccination at age 12 months or over;

(3) had been vaccinated against measles not more

than once; and (4) had not been the index case in the

household. Initially, it was intended to include only

true secondary cases (i.e., persons with onset of rash

7-18 days after the onset of the rash of the index case).

However, because it was not always possible to

ascertain the exact dates of onset of symptoms, the

time limits were ignored, and all the measles cases that

occurred after the index case in a household were

included in the study.

Vaccine efficacy (VE) was calculated from measles

attack rates in the vaccinated (V) and unvaccinated

(U) qualifying household contacts using the equation

VE = 00 x (1 (V/U)). The 95% confidence limits

(CL) of the calculated VE were determined using the

binomial distribution. The 95% confidence limits of

the relative risk (CLrr) were calculated using the test-

based approach proposed by Miettinen (1) and

programs developed by Rothman & Boice (2). The X2,
Fisher's exact, and Mantel-Haenszel tests were also

used to analyse the data.

Thirteen paired serum specimens from persons

with clinically diagnosed measles obtained in the

latter half of the epidemic were tested to confirm the

diagnosis.

Immunization survey

A survey of the immunization status of all Ebeye

children aged 1-18 years was conducted in May 1978,

using information obtained from well-child records.

Such a record is completed for all babies born at the

Ebeye hospital; children who move to Ebeye are given

a well-child record when they first visit the public

health clinic. In order to calculate how many children

had already received measles vaccine before the epi-

demic on Ebeye, the number of children immunized

against measles during the mass campaign in March

1978 was subtracted from the results of the May 1978

immunization survey. These calculations were used to

estimate the susceptibility of children under 10 years

of age at the time of the epidemic.

RESULTS

The epidemic

A total of 248 measles cases were reported to the

Ebeye public health clinic. An additional 92 pre-

viously unreported cases were identified in the 71

households (occupied by 171 families) visited during
the survey, giving an overall attack rate of 4.9%. Of

13 paired serum specimens from persons with clini-

cally diagnosed measles, 12 showed a 4-fold or greater
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Fig. 3. Distribution of measles cases by age group on Ebeye, November 1977-May 1978.

rise in measles haemagglutination-inhibition anti-
bodies.
Of the 331 persons with measles whose ages were

known, 76% were children under 5 years of age, and
all but 26 were under 9 years of age. The highest
attack rate was in infants aged 6-11 months, followed
by that in 1-4-year-olds (Fig. 3). The observed age-
specific attack rates were consistent with the calcu-
lated pre-epidemic immunization rates obtained using
the immunization survey data (Table 1). The attack
rate for males (5.7%) was significantly greater than
that for females (4.6%) (P = 0.04; 95% CLrr = 1.2-
1.5). Among the persons with measles, the symptoms
were reported for 183, as follows: rash (100%), cough
(100%), fever (100%o), coryza (94.5%), conjunctivitis
(85.8%), diarrhoea (54.1%), and mouth sores
(54.1 %). Of the 340 cases, 164 (48.2%) were treated
at the outpatient clinic and 32 (9.4%) were hospi-
talized. The median age of the hospitalized patients
was 1 year (range, 3 months-18 years); 52.5% were
females. The median hospital stay was 6 days (range,
1-27 days). While 10% of the hospitalized patients
had a primary diagnosis at admission of measles with
diarrhoea and dehydration, 70% were eventually
diagnosed, either by physical examination or chest
X-ray, as having pneumonitis.
There were two measles-related deaths. One was a

well nourished 3-year-old Marshallese girl who died
on arrival at the Ebeye field hospital after a week of
fever and rash. She became increasingly short of
breath on the day she died. The other person who died
was a malnourished l1-month-old Marshallese girl
who had a history of chronic diarrhoea and anaemia.
She had a respiratory arrest shortly after being trans-
ferred to the Kwajalein hospital.

The household survey
Excluding the 71 index cases, there were 331 chil-

dren under 10 years of age in the households (mean,
4.7 children per household). Of these, 73 were not
included in the study, either because their vaccine
history was unknown (15), they were under 1 year of
age (45), they had been immunized before 12 months
of age (4), or had been vaccinated at least twice (9).
For the remaining 258 children, the attack rate for the
201 with a history of measles immunization was
15.9%, while that for the 57 unimmunized children
was 96.5% (Table 2). The calculated measles vaccine
efficacy was 83.5%, with 95%o CL of 74.0% and
89.1%.

Initially, the lower-than-expected vaccine efficacy
was thought to be related to the significant difference
in the attack rates for those vaccinated at 12 and 13
months of age (30.3%) and those vaccinated at 14
months of age or later (13.3%) (P= 0.02; 95%
CLrr = 1.2-4.5) (Table 2). However, this apparent
relationship was found to be confounded by the time
at which the child was immunized.

Children immunized 1-2 years before the measles
epidemic had an attack rate of 50.0%, whereas the
attack rate for all other children was 11.3%
(P< 10-4; 95% CLrr = 2.3-7.6) (Table 3). When
attack rates were determined according to month of
receiving vaccine for the period 1975-77 (Table 4),
persons immunized in 1976 were shown to have a
significantly higher measles attack rate (50.0/o) than
those immunized in either 1975 (8.8%) or 1977
(18.2/o) (P <0.001). Furthermore, persons immu-
nized in August 1977 had a significantly higher attack
rate (34.8%) than those immunized in any of the other
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Table 1. Measles immunization levels by age group before the 1977-78 measles epidemic, Ebeye, estimated from
the results of the immunization survey, May 1978

Estimated
Documented immunization

No. of well-child measles No. of children level before
records immunization immunized the epidemic
examined 24 February-

Age (years) (May 1978) No. % 30 April 1978a No. %

< 1 312 87 27.9 87 0 0.0

1-4 1116 965 86.5 202 763 68.4

5-9 1137 1012 89.0 124 888 78.1

° Includes the mass immunization campaign, 24 February-1 March 1978.

11 months of 1977 (9.3%) or in 1975 (P = 0.02). The
attack rate for those immunized in 1976 or in August
1977 (43.1 %) was 6.4 times that for those immunized
at any other time (6.7%) (P< 10-7; 95% CLrr =

3.6-11.8) (Table 5). The difference in attack rates for
these two periods was not confounded by age at
vaccination (Mantel-Haenszel, x2 = 1.58, P = 0.11).
The corresponding calculated values for vaccine
efficacy were 55.3% and 93. 1 %0, respectively. None
of the nine children who were vaccinated more than
once in the period 1970-77 had measles.

Interviews with public health personnel on Ebeye
revealed possible explanations for the low vaccine
efficacy during the two implicated periods. The
refrigerator in the public health clinic was in need of
repair during most of 1976. One nurse commented
that at times the vaccine did not feel cold when taken
out of the refrigerator. The nurses ordered and ad-
ministered less vaccine during this period because of
the unreliability of the refrigerator. A new refrig-
erator was delivered to the clinic in March 1977, thus
solving this storage problem.
August 1977 was "immunization action month" in

the TTPI, and for one week mass immunization
clinics were held on the front porch of the Ebeye
hospital. Nursing personnel would carry a box of 100
vials of MMR vaccine from the refrigerator to the
porch and keep vaccine and diluent mixed in 5-10
syringes at all times. The unused and unmixed vaccine
was returned to the refrigerator after each clinic
session, which generally lasted 3-4 hours. During this
period the vaccine was exposed to temperatures of
27-32 IC and may have been exposed to sunlight.
Age at vaccination was found to have no significant

effect on attack rates for the children immunized
during the periods when the vaccine was stored and
handled properly, although the attack rate in those
immunized at 12 and 13 months of age (9.5%) was
still 1.5 times that of those vaccinated at 14 months of

Table 2. Incidence of measles between November 1977
and May 1978 in children on Ebeye, Marshall Islands,
according to immunization
ization

status and age at immun-

Age at Attack
immunization Measles No rate

(months) illness illness Total (%)

12 6 16 22 27.3

13 4 7 11 36.4

14 1 10 1 1 9.1

> 15 21 136 157 13.4

No. immunized 32 169 201 15.9

No. unimmunized 55 2 57 96.5

Total 87 171 258 34.0

Table 3. Measles attack rates during the epidemic on
Ebeye, according to number of years since immunization

Years since Measles No Attack
immunization illness illness Total rate (%)

<1 11 54 65 16.9

1-2 12 12 24 50.0

2-3 5 35 40 12.5

3-4 2 36 38 5.3

4-8 2 32 34 5.9

Total 32 169 201 15.9
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Table 4. Occurrence of measles according to month of immunization for 128 children on Ebeye, Marshall Islands

1975 1976 1977

No No No
Month Measles illness Measles illness Measles illness

January 2 3

February 1 3 3 1

March 8 1 1 1 1

April 1 3 2

May 5 1 1

June 1

July 2 2 1 7

August 3 1 1 8 15

September 5 1 3 1 3

October 1 1 6

November 2 4

December 1 2 1 3 1 14

Total 3 31 14 14 12 54

Measles attack
rate (%) 8.8 50.0 18.2

Table 5. Occurrence of measles according to age at immunization and time of immunization

Children immunized in 1976 or August 1977 Children immunized at any other time
Age at
immunization Measles No Attack Measles No Attack
(months) illness illness Total rate (%) illness illness Total rate (%)

12 6 3 9 66.7 0 13 13 0

1 3 2 1 3 66.7 2 6 8 25.0

14 1 4 5 20.0 0 6 6 0

)15 13 21 34 38.2 8 115 123 6.5

Total 22 29 51 43.1 10 140 150 6.7

age or older (6.37o) (P = 0.63; 95% CLrr = 0.3-6.8)
(Table 5). However, among the children immunized
in 1976 or August 1977 a greater proportion were 12
or 13 months of age at immunization (23.507) than
among those immunized in 1975 or the remainder of
1977 (14.0%1). After eliminating the children immu-
nized in 1976 or August 1977, we could not demon-

strate any decrease in immunity to measles with
time.

Mixing measles vaccine with DTP vaccine did not
lower the overall vaccine efficacy. Of the 201 immu-
nized children in the household contact study, 183
(91 %0) had a record of DTP immunization. The
measles attack rate for children given DTP and
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measles vaccine at the same time and presumably in
the same syringe (16.3%) was not significantly
different from that for children given the vaccines at
different times (17.5%) (P = 0.84).

DISCUSSION

Historically, measles has been a major cause of
morbidity and mortality in the Pacific Islands. In
Micronesia and other developing areas, where the
nutritional status of some children is borderline,
measles can be particularly severe and may precipitate
malnutrition (3). The clinical spectrum of measles on
Ebeye is similar to that seen in other developing areas,
where mouth sores and diarrhoea are prominent
symptoms and contribute significantly to morbidity
rates.

Because of the extraordinarily dense population on
Ebeye, it is likely that everyone was exposed to
measles virus during the epidemic. The immunization
survey results indicated that 602 children under 10
years of age were unimmunized at the time of the out-
break (Table 1), but only 340 cases were reported. It is
possible that parents learned during the epidemic that
measles is usually a self-limiting disease, and there-
fore they had no reason to bring their children to the
hospital, as no specific treatment was available. In
fact, 271o of the cases in the present study had not
been reported to the hospital. The attack rates for
each age group were related to the estimated immuniz-
ation levels before the epidemic, being particularly
high for the 6-1 1-month age group (32.4%). The rela-
tively few patients who were over 10 years of age
reflects the fact that a higher proportion of this group
were already immune as a result of a measles epidemic
which occurred in 1968.

Immunization against measles and other
preventable diseases is a major activity for public
health personnel on Ebeye. This measles epidemic
presented an opportunity to evaluate the effectiveness
of the measles immunization programme during the
last 10 years on Ebeye, and to determine if there was a
difference in vaccine efficacy for those immunized at
different ages. Our measles vaccine study is unique
because only one type of vaccine had been given at
one clinic to a geographically isolated and
homogeneous population. Further, by limiting the
study to household contacts of persons with measles,
uniform exposure of immunized and unimmunized
populations was ensured.

Serological studies (4-6) have demonstrated that
92-94% of children given measles vaccine at age 13
months or later will have a serological response, and
vaccine efficacy studies during measles epidemics (6,
7) have confirmed these findings. The overall measles

vaccine efficacy of 83.5% on Ebeye was much lower
than expected (6-8), but this was not related to the age
at which children on Ebeye were immunized or to
waning vaccine-induced immunity.

Previous studies (9-11 ) have attributed lower-than-
expected vaccine efficacy to improper storage and
handling of measles vaccine; however, because the
vaccine is usually given at several establishments in
any given community, and because several types of
vaccine have been used, it has been difficult to iden-
tify a specific time and place of mishandling. We were
able to identify two periods -all of 1976 and the
month of August 1977-when the efficacy of the
measles vaccine was significantly lower than at any
other time before or after. Although we cannot be
certain exactly what happened to the vaccine during
these periods, nurses described conditions that are
known to inactivate measles vaccine (11), i.e.,
improper refrigeration and exposure to light. Based
on the observed attack rates for children immunized
in these two periods, 18 of the 22 cases in children who
had been immunized in 1976 or August 1977 could
have been prevented if the vaccine had been as effec-
tive as it was at other times. We learned from the
immunization survey and vaccine administration
reports that 292 of the 1651 children aged 1-9 years
who had received measles vaccine before the epidemic
had been immunized during the suspect period. Thus,
126 of these children were at risk of infection, whereas
only 20 would have been at risk if the vaccine had been
stored and handled properly.
The supply chain for vaccine and other medical

supplies follows a circuitous route before arriving on
Ebeye. Vaccine is ordered from the manufacturer on
the US mainland and stored in refrigerators at the
medical supply warehouse on Saipan, Mariana
Islands, the headquarters of the TTPI government.
Ebeye health personnel notify Saipan when they need
more vaccine, and it is air-freighted to Kwajalein, a 3-
mile boat ride from Ebeye. Power failures are not un-
common on Saipan and Ebeye, especially during the
typhoon season, and verbal communication between
Saipan and Ebeye is almost impossible. Although we
have not tested the potency of our vaccine at the
clinic, there are obviously many opportunities for
mishandling during the supply and storage process.

In 1970 an expatriate nurse working in the Marshall
Islands instructed Ebeye health personnel to mix DTP
and measles vaccine in the same syringe when they
were administered on the same day. The rationale was
that the child would only receive one injection instead
of two, and limited supplies of syringes would be con-
served. This practice was continued on Ebeye until the
mass immunization clinic in February 1978, when we
suggested that separate syringes and different immu-
nization sites should be used for each vaccine so as to
conform to the US Public Health Service recommen-
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dations (12). It was recommended that this procedure
be continued, even though there was no apparent
harm to the measles component or to the patients as a
result of mixing the two vaccines.
Gould (13), in studying the epidemiology of

measles in the TTPI following a measles epidemic on
Ponape, estimated that immunization of 75% of the
population under 10 years of age would probably pre-
vent measles epidemics in Micronesia. However, this
estimate was based on assumptions of a maximally
effective measles vaccine and a population density
much less than that on Ebeye, where immunity levels
of at least 90070 are probably necessary to prevent
epidemics of measles. Continual monitoring of

measles illness on Ebeye is needed to assess the
immunization programme. If measles cases and
deaths continue to occur among the very young,
routine immunization at 6-9 months of age with
reimmunization at 15 months of age may be necess-
ary. Similarly, if measles persists in spite of high vac-
cination rates because of improper storage and
handling of the vaccine, a 2-dose schedule may be
necessary. Our limited experience in the present study
with 9 patients immunized more than once suggests
that if a second dose of measles vaccine is given (not as
a booster, but rather as a "catch-up" dose to provide
a second opportunity to seroconvert), measles vaccine
efficacy will be virtually 100/o (6).
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RtSUMPE

ROUGEOLE ET EFFICACITE DU VACCIN ANTIROUGEOLEUX DANS LA POPULATION D'UN ILOT ECARTE

Pour determiner l'efficacite du vaccin antirougeoleux
apres une importante epidemie de rougeole dans un atoll
earte du Pacifique, nous avons effectue une etude sur les
contacts de rougeoleux dans les menages en examinant les
antecedents de maladie et de vaccination de 258 enfants ages
de I a 9 ans. Nous avons calcule que l'efficacite globale du
vaccin antirougeoleux (EV) etait de 83,5% (limite de con-
fiance a 95%, 74,0O%-89, 1 %) pour les 9 ans depuis lesquels le
vaccin antirougeoleux etait administre a Ebeye (Iles
Marshall). Les enfants vaccines a 12 ou 13 mois avaient 1,5
fois plus de chance de contracter la rougeole que ceux qui
avaient e vaccines a 14 mois (9,5% contre 6,3%), mais la
difference dans les taux d'atteinte n'etait pas significative (P
= 0,63). Rien ne donnait a penser que l'immunite diminuait
avec le nombre d'ann6es ecoulees depuis la vaccination. Chez

les enfants vaccines en 1976 ou en aouit 1977, les taux
d'atteinte par la rougeole ont e nettement plus eleves
(43,1 7o) que chez ceux vaccines a toute autre periode (6,7%o)
(P < 10 -7). Cette difference etait probablement due a un
stockage defectueux du vaccin antirougeoleux au cours de
ces periodes.

Depuis 1970, les anatoxines diphterique et tetanique ainsi
que le vaccin anticoquelucheux (vaccin DTCoq) de meme
que le vaccin antirougeoleux ont e associes dans la meme
seringue lorsqu'ils etaient administres le meme jour dans les
dispensaires d'Ebeye. II n'y avait pas de difference significa-
tive (P = 0,84) entre le taux d'attaque par la rougeole chez
les enfants qui ont requ les vaccins DTCoq et antirougeoleux
dans la meme seringue (16,1 o) et celui des enfants qui ont
recu les vaccins a partir de seringues distinctes (17,9%o).
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