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Antibodies against poliomyelitis and measles
viruses in immunized and unimmunized children,
Ghana 1976-78*
M. BOTTIGER,1 S. LITVINOV,2 F. ASSAAD,3 H. LUNDBECK,1 L. HELLER,1
& E. G. BEAUSOLEIL4

Theserological response ofchildren to two doses oflive oralpoliomyelitis vaccine
(the first at age 3-8 months and the second at age 9-14 months) and to one dose of
measles vaccine (at age 9-14 months) was determined in two regions of Ghana. The
seroconversion rates after two doses of poliomyelitis vaccine were lower than
expected-24%forpoliovirus type 1, 60%for type2, and52%for type3; 23% ofthe
subjects were triple negative. A third dose ofthe vaccine increased theseroconversion
rates to 36%, 73%, and61%forpoliovirus types 1, 2, and 3, respectively; the ratefor
triple negativesfell to 8%. In the course of the study it wasfound that there was an
intensive circulation ofwildpolioviruses and thata highproportion of3-8 month-old
infants had maternal antibodies.

The seroconversion ratefollowing one dose ofmeasles vaccine was about 90%, a
response similar to that obtained in temperate climates. The two main conclusions
drawnfrom the study were: (1) two doses ofpoliomyelitis vaccine are inadequate to
provideprotection againstpoliomyelitis in developing countries; and (2) in developing
countries measles vaccineshould begiven assoon aspossible after theage of8 months.

In 1974, The Ministry of Health, Ghana, in
collaboration with the World Health Organization,
the Swedish International Development Authority,
and the National Bacteriological Laboratory,
Stockholm, initiated a study to assess the feasibility,
effectiveness, and cost of alternative immunization
strategies. Within these aims an attempt was made to
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determine the serological response of children to:
(a) two doses of live (oral) poliomyelitis vaccine given
at an interval of six months (the first dose at 3-8
months of age and the second at 9-14 months); and
(b) one dose of measles vaccine given at the same time
as the second dose of poliomyelitis vaccine. The six-
month interval was dictated by the periodicity with
which the mobile teams were expected to be able to
revisit the same locality.

Immunization against poliomyelitis using an oral
vaccine in a two-dose scheme has not been adequately
studied in developing countries. Furthermore, at the
time of planning this study limited information was
available regarding the optimum age for immuniz-
ation against measles in Africa. One study in Kenya
had suggested that by the age of 8-9 months a
satisfactory serological response to measles vaccine

4108 -729-



730 M. BOTTIGER ET AL.

could be obtained in over 900/0 of children (1). No data
were available from other African countries.

MATERIALS AND METHODS

Location and participants

Operations began in the Central Region in mid-
1976, but within six months unforeseen difficulties
were encountered and the study was discontinued in
that region. In May 1977 the study was restarted in the
Eastern Region and was completed there in September
1978. In both cases the study subjects were drawn
from the rural population.

Study design
Two groups of 250 children were selected: Group A

consisted of children aged 3-8 months and Group B
of children aged 9-14 months. Children in Group A
were given 3 doses of oral poliomyelitis vaccine at six-
monthly intervals-the first at age 3-8 months, the
second at age 9-14 months, and the third at age 15-20
months. These children also received 1 dose of measles
vaccine at the age of 9-14 months, i.e., at the same
time as the second dose of poliomyelitis vaccine.
The group B children were given only one dose of

measles vaccine. In these children the serological
responses to the measles vaccine were studied, and the
frequency of natural poliomyelitis infection during
the first 9-14 months of life was assessed.
Serum samples were collected from both groups

just before vaccine administration and 4-8 weeks
afterwards. In group A, in order to reduce the number
of bleedings in any one child a sub-sample of 100
children was bled on each occasion.

Vaccines

Each dose of the live (oral) poliomyelitis vaccine
(Sabin) contained 106 TCID50 of poliovirus type 1,
105 TCID6Q of type 2, and 105-5 TCID5O of type 3.a
Each dose of the measles vaccine contained 103 -103-5
TCID5O of the live virus.b

Blood collection
A finger prick was made and 0.3 ml of blood was

drawn into a heparinized pipette and immediately
transferred to a small tube containing 1.2 ml of a
heparinized dilution medium (Parker 199 with anti-
biotics). After centrifugation the supernatant was
collected and stored frozen until it could be sent to the
National Bacteriological Laboratory, Stockholm, for

a The poliomyelitis vaccine was obtained from Pfizer Ltd, Sand-
wich, Kent, England.

b The measles vaccine was prepared by the National Bacterio-
logical Laboratory, Stockholm, Sweden.

examination. The serum samples were estimated to
have a dilution of 1:8.

Titration ofpoliovirus neutralizing antibodies
The conventional titration method was used;

namely, observing the cytopathic changes in tube
cultures of green monkey kidney cell line following
inoculation with serum and virus dilutions. Serum
dilutions of 1:8, 1:64, and 1:256 were tested. The
technique used has been described in detail elsewhere
(2). Briefly, 0.18 ml of serum dilution and 0.02 ml of
virus dilution containing 200 TCID5O were mixed and
kept in a water-bath at 37 IC for 4 hours. The mixture
was then diluted 1:5, and 0.05-ml aliquots were
inoculated into each of three culture tubes. The virus
control was treated likewise, but the serum dilution
was replaced by Parker 199 medium and the mixture
was diluted 1:5, 1:50, and 1:500. Aliquots of 0.05 ml
of each dilution were inoculated into 10 tubes. The
highest serum dilution that neutralized at least 50%o of
the inoculated tubes was taken as the titre.

Titration of haemagglutination-inhibition (HI) anti-
bodies to measles virus

Prior to titration, the plasma dilutions were
absorbed with 10% green monkey erythrocytes in
order to remove any nonspecific inhibitors. This
procedure caused a further dilution of the sera to 1: 15.
HI titres lower than 1: 15 were regarded as negative.
The HI titrations were carried out according to the

method described by Norrby (3). Serial two-fold
dilutions were tested against four antigen units. Green
monkey erythrocytes were also used in the haemag-
glutination tests. Endpoint readings were made clearer
by adding 20 ml of normal rabbit serum per litre of
reaction mixture. Owing to the small amounts of
serum available, measles titrations could not be
carried out on all samples.

RESULTS

Blood collection

In the Central Region the initial bleeding involved
500 children-250 aged 3-8 months (Group A) and
another 250 aged 9-14 months (Group B). In the
second bleeding, sera were obtained from 105 children
in Group A and 107 in Group B. In the third bleeding,
only 60 children in Group A could be reached before
the study in that region was terminated.

In the Eastern Region, 236 children in Group A and
208 in Group B were bled at the first bleeding. Blood
was collected from children in GroupA on five further
occasions and from those in Group B on one ad-
ditional occasion. On any one occasion only a pro-
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Table 1. Seroconversion rates (%) following one, two, and
three doses of live poliomyelitis oral vaccine

Seroconversion rates
Nv of for poliovirus typesa Triple

vaccine ngtvs
doses 1 2 3 negativesb

1C 22(35/158) 31 (40/131) 28(45/161) 37(51/137)
2 24 (12/51) 60 (28/47) 52 (27/52) 23 (8/35)
3 36 (27/75) 73 (47/64) 61 (47/74) 8 (4/49)

a In parentheses, number of sera giving a titre of ) 1:8 divided by
total number of sera examined.
b In parentheses, number of sera giving a titre of < 1:8 to all 3

poliovirus types divided by total number of sera examined (only sera
from children triple negative at first bleeding are included).

c Data from both the Central and Eastern Regions are pooled.

portion of the children in Group A were bled. None-
theless, 178 children contributed 2 or more samples,
and about 100 of the 236 children (Group A) bled at
the beginning of the study were available on the sixth
and the last occasion.

Poliomyelitis serology

Antibody response to the livepoliomyelitis vaccine.
The poliomyelitis vaccine was stored at -30 °C and
was taken to the field in the frozen state in cold boxes
designed for the purpose by the National Bacterio-
logical Laboratory, Stockholm (4). In order to ensure
that the vaccine had retained its potency, samples of
the vaccine being used were collected from the field
and tested, and were found to be in a good condition.
In this paper, data from the Central and Eastern
Regions are pooled together, and any differences
observed between the two Regions are discussed
whenever pertinent.
The seroconversion rates after 1, 2, and 3 doses of

live poliomyelitis vaccine are given in Table 1. The
rates of seroconversion following two doses were
lower than expected and 23% of the children were still
triple negative. A third dose increased the serocon-
version rate moderately.

Seroconversion rates after one dose of the vaccine
were lower in the Eastern Region than in the Central
Region, particularly for poliovirus type 1 (Table 2).
This observation is difficult to explain, but could have
been partly due to the concomitant circulation of wild
virus in the population, as suggested by the follow-up
of the children over the period in which no vaccine was
given in the Central Region (see below). It is interest-
ing to note that in the Eastern Region seroconversion
following the second dose (in the children who failed
to respond to the first dose) was much higher than in
the other children after the first dose; the same is seen
after the third dose (Table 2). However, similar

Table 2. Seroconversion rates (%) after the first, second,
and third doses of live poliomyelitis oral vaccine

Seroconversion rates

Region Vaccine for poliovirus types"

1 2 3

Central 35 (29/83) 32 (25/77) 34 (31/91)
First

Eastern 8 (6/75) 28 (15/54) 20 (14/70)

Second 23 (5/22) 50 (7/14) 31 (4/13)
Eastern

Third 15 (10/68) 39 (14/36) 23 (9/39+)

B In parentheses, the number of sera giving a titre of ., 1:8 divided
by total number of sera examined (only children seronegative at the
previous bleeding are included).

Table 3. Seropositivity rates for poliovirus types 1, 2, and 3
at the first bleeding

Sera positive
for poliovirus types

Group
Region Total no. 1 2 3

and age examined

No. % No. % No. %

A Central 106 21 20 28 26 15 14
(3-8 months) Eastern 178 48 27 72 40 51 29

B Central 107 31 29 19 18 28 26
(9-14 months) Eastern 83 28 34 19 23 24 29

studies in India have shown that there is little
difference in seroconversion rates to the individual
doses of the vaccine (5). It is difficult to determine
how much the actual epidemiological situation
contributed to the seroconversion rates observed
following the administration of the oral vaccine.

Natural immunity to wild polioviruses. The extent
of natural immunity against wild viruses in the
community was assessed in different ways, and these
are discussed below.

(a) Determination of rates ofseropositivity among
children of Group A prior to immunization. c The
proportions of children aged 3-8 months in Group A
with serum antibody titres >1:8 at the first bleeding
are shown in Table 3, and it will be noted that they
were markedly higher in the Eastern Region than in
the Central Region.

c Seroconversion rates (Olo) are calculated for paired sera as
follows:

number of positive ()1:8) sera
x 100.

total number of sera negative at first bleeding
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Table 4. Seroconversion rates (%) to the three poliovirus
types during periods when no vaccine was given

Seroconversion rates
Period for pqliovirus types

Group Region

1 2 3

A the Central 19 (7/37) 42 (18/43) 11 (4/35)
and third Eastern 4 (1/28) 10 (2/21) 13 (3/23)bleeding

A the

fndufifth Eastern 16 (7/44) 18 (4/22) 35 (9/26)

bleeding

B thefirst Central 36 (27/76) 16 (14/88) 14 (11/79)and
second Eastern 2 (1/55) 13 (8/64) 10 (6/59)
bleeding

@ Group B children did not receive poliomyelitis vaccine.

(b) Determination of seroconversion rates among
children in Group A during the periods between the
second and third and between the fourth and fifth
bleedings in which no vaccine was given. d The periods
between the second and the third and the fourth and
fifth bleedings, over which the frequency of natural
infection is calculated, were of about 4-5 months
each. Table 4 gives the observed seroconversion rates,
and these show wide variation in rates of natural infec-
tion by period and by poliovirus type. In the Central
Region the outstanding finding was the very high rate
(42%o) of natural infection by poliovirus type 2. No
paralytic disease was noted in the serological survey
population associated with these relatively high levels
of natural infection with polioviruses type 2 and
type 3. However, epidemiological surveillance of the
disease was not included in the study and therefore the
occurrence of clinical cases of the disease is not well
documented.

(c) Determination of rates of seropositivity in
children of Group B aged 9-14 months at the time of
entry into the study. In the Group B children the
differences in the seropositivity rates between the two
regions were much less marked (Table 3) than in
Group A children. Nonetheless, the rates in the
Eastern Region were still higher than those in the
Central Region.

(d) Comparison of rates of seropositivity among
children of GroupsA and B. In view of the 6 months
difference in average age between the two groups of
children, and thus of the additional risk of exposure to
wild polioviruses, (i) the difference between the two

d No data are available for the Central Region beyond the first
dose.

groups in the rate of seropositivity (Table 3) is less
than expected even after taking maternal antibodies
into account; and (ii) the differences by poliovirus
type show variations within and between regions. The
seropositivity rates for poliovirus type 2 among the
older children were unexpectedly low.
These findings would suggest that the circulation of

the wild virus is much more intense in children aged
3-8 months than in those aged 9-14 months, and that
in addition to a continuing level of exposure, every
now and then one virus type sweeps across the infant
population. The reduced circulation in the older
children may indicate (i) an influence of herd
immunity and (ii) immunity to infection in a number
of those who had no detectable antibodies.

(e) Determination of seroconversion rates among
Group B children during the4-8 weekperiod between
the first and second bleedings. The difference in the
seroconversion rates to poliovirus type 1 between the
two Regions is considerable-36%o in the Central
Region as against 2% in the Eastern Region (Table 4).
This observation lends credence to the assumption
that the apparently higher seroconversion rates
following one dose of the vaccine in the Central
Region may have been due in part to an intensive
circulation of the wild poliovirus type 1 at the time of
vaccination.

Maternal antibodies. In both regions a considerable
number of children aged 3-8 months (Group A)
proved to be seropositive at the first bleeding to one or
more of the polioviruses; however, they lost their
neutralizing antibodies at subsequent bleedings even
after immunization (Table 5). This indicates that the
seropositive results recorded at the first bleeding were
due to maternal antibodies. The percentage of these
children varied considerably by region and by virus
type, ranging from 29% of children initially positive
to poliovirus type 2 in the Central Region, to 88%
positive at the first bleeding to type 1 in the Eastern
Region. However, these children do not represent all
the children with maternal antibodies because: (a) a

Table 5. Rate of loss of antibodies to the three poliovirus
types at successive bleedings in Group A children'

Proportion (%) of subjects having lost antibodies
to poliovirus types

Region
1 2 3

Central 52 (11/21) 29 (8/28) 40 (6/15)
Eastern 88 (42/48) 47 (34/72) 49 (25/51)

8 In parentheses, the number of seronegative children/number of
seropositive children at the first bleeding.
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Table 6. Seroconversion rates following immunization
against measles

Group Time Positive sera () 1:15)
Region and age at of immu- Total

immunization nization No. % GMT

Central Group B Summer 66 59 90 1: 81
9 - 14 months 1976

Eastern Group B Spring 71 64 90 1: 42
9 - 14 months 1977

Eastem Autumn
Group A 1977 4 8 8 19 - 16 months to Winter 43 38 88 1:114

1978

proportion of Group A children were first seen at the
age of 6-8 months when maternal antibodies are
waning and are no longer detectable at a titre of 1:8;
and (b) not all children participated in successive
bleedings and therefore some of them may have lost
their maternal antibodies between one bleeding and
another, and, on the other hand, acquired antibodies
through natural infection during that time.

Measles serology
The volume of serum available was small and

titrations of antibodies against the polioviruses were
given priority. Therefore, the titration of measles anti-
bodies could be carried out only on a small number of
samples.
Antibody response to measles vaccine. The anti-

body response to the measles vaccine was assessed in
both groups. Although the study was planned such
that both groups received measles vaccine at the same
age (9-14 months), owing to delays in field operations
the Group A children received the vaccine at the age of
9-16 months.
The seroconversion rates-at a titre of 1: 15-

varied between 8807o and 90% (Table 6), and the
geometric mean titres (GMT) between 1:42 and 1:114.

Seropositive reactions in serum samples collected
before immunization. As mentioned above, serum
samples were collected from all subjects at the
beginning of the study (i.e., just before Groups A and
B were given poliomyelitis and measles vaccines,
respectively), and again in the case of Group A, about
6 months later (i.e., before the administration of the
measles vaccine); Table 7 gives measles seropositive
rates in these samples, In the Central Region, the
higher rates (and higher geometric mean titres) in the
older, Group B children indicate that these titres were
largely due to natural infection.

In the Eastern Region 9%o of Group B children

Table 7. Measles seropositive rate before immunization

Group and Time of Total Positive sera () 1:15)
Region age at examin- exam-

examination ation ined No. % GMT

Group A 236 11 5 1: 34
3 - 8 months Sme

Central SummerCnrl
Group B 19769G- 4months 231 55 24 1: 81

Group B Spring 78 7 9 1 :73
9 - 14 months 1979

Eastern Autumn
GroupA 1977 to 63 20 32 1 :93

9 - 16 months Winter
1978

entering the study in the spring of 1977 at the age of
9-14 months had HI antibodies against measles
(GMT 1:73). On the other hand, of the cohort of
children in Group A who attained the age of 9-16
months by the autumn of 1977 and winter of 1978,
32%o were seropositive for measles and had a high
GMT of 1:93, thus establishing that during the period
between spring and autumn of 1977 there was an
outbreak of measles in the Eastern Region. Unfor-
tunately, as mentioned earlier, epidemiological
surveillance was not included in the study, and no
information is available on the occurrence of clinical
cases of measles in the study population.

DISCUSSION AND CONCLUSIONS

The live poliomyelitis oral vaccine is currently
selected for use in developing countries owing to its
easy availability, low cost, and simple administration
procedure. While this vaccine has been shown in
numerous studies to be highly effective in developed
countries (6) lower efficacy has been reported from
studies in a number of developing countries (7-12).
The relatively poor serological response to the live

poliomyelitis vaccine in Ghana is in line with the
findings in other tropical countries and many
explanations have been proposed. A primary problem
is the instability of the vaccine at high ambient
temperatures; however, everything indicates that in
this study the vaccines were properly handled. As
mentioned above, samples of the two vaccines used
(poliomyelitis and measles) were collected from the
field and tested, and did not show any loss of potency.
A 90%7o response to the measles vaccine, which at that
time did not contain any specific stabilizer, at a titre of
1: 15 can be cited as a further evidence in favour of the
proper handling of the vaccines.
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Other reasons for low seroconversion rates have
been suggested and include interference by antibodies
in breast-milk (13) or by other enteroviruses in the gut
(14). Neither of these hypotheses has been definitely
proven. Many other conditions, such as high preva-
lence of malaria and other parasitic diseases might
alter the immune response. Whatever the inhibiting
factor, the fact remains that the seroconversion to the
oral poliomyelitis vaccine in Ghana was less than that
desired in an immunization programme.

Notwithstanding the low seroconversion rate to
individual poliovirus types, the rate of triple negative
children was low following three doses of the vaccine,
and it is known that children seropositive to one or
more of the polioviruses have a lower risk of paralytic
disease than the triple negatives (15).

It was clear that there was extensive circulation of
the wild virus thus making it difficult to evaluate the
serological response to the oral poliomyelitis vaccines
per se. The response to the first dose of the vaccine
showed considerable difference in the two regions,
especially for poliovirus type 1, but taking the epi-
demiological background into consideration, the
difference between the two regions may not be as great
as would appear at first. There was evidently an
outbreak of poliomyelitis during the first part of the
study in the Central Region and there is as yet no way
of knowing whether the antibodies we observed were
in response to the vaccine or to natural infection.
Although the existence of a control group would have
clarified this point, such a group was excluded for
ethical reasons.

In conditions similar to those in Ghana, where there
is an intensive circulation of wild polioviruses, any
vaccine used to immunize the population should give a

high rate of protection very early in life. However, the
classical (and practical) method of measuring
serological response to a vaccine in young infants may
not always be the most satisfactory approach, as the
antibody profile is sometimes affected by the presence
of maternal antibodies. On the other hand, the
absence of antibodies may not necessarily mean
susceptibility to disease, since "gut immunity", or a
sensitization to the antigen, may be protective in the
absence of demonstrable serum antibodies. Further
studies on both of these points are needed.

In conclusion it would seem that:
(a) two doses of the live poliomyelitis oral vaccine

are inadequate to confer immunity in a large enough
proportion of infants in developing countries; and

(b) further studies are needed to determine the
minimum age at which immunization should be
started and the shortest time interval between doses.
The serological response to the measles vaccine was

similar to that obtained in the temperate regions of the
world. The seroconversion rate (titres > 1:15) was
about 90/o. Although no true "controls" were
included in the study, it would appear most unlikely
that an exposure to the wild measles virus could have
contributed in any appreciable way to this
seroconversion rate observed. Studies in Central
Africa confirm the results obtained in Ghana (16).
Nevertheless, the difference in the frequency of
positivity in the two age groups, 3-8 months and 9-14
months, in the Central Region, and the apparent
occurrence of an outbreak during the summer of 1977
in the Eastern Region, makes it important that
children should be immunized against measles as soon
as possible after 8 months of age.
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RESUMt

LES ANTICORPS DIRIGES CONTRE LES VIRUS DE LA POLIOMYELITE ET DE LA ROUGEOLE
CHEZ LES ENFANTS VACCINES ET NON VACCINES, GHANA, 1976-1978

En 1974 des etudes s6rologiques ont 6t men&es au Ghana
en vue de determiner la reponse immunologique a) A deux
doses de vaccin antipoliomyelitique vivant (oral) adminis-
trees A de jeunes enfants A six mois d'intervalle, et b) A une

dose de vaccin antirougeoleux administr&e en meme temps
que la seconde dose de vaccin antipoliomyelitique.

Les etudes serologiques ont et effectuees A la fois dans la
region centrale et dans la region orientale du Ghana. La
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premi&re dose de vaccin antipoliomyelitique a ete adminis-
tree aux enfants ages de 3 A 8 mois et la seconde, conjointe-
ment avec le vaccin antirougeoleux, A l'Age de 9 A 14 mois.
Une troisieme dose de vaccin antipoliomyelitique a e admi-
nistree A l'Age de 15 A 20 mois. Chaque dose de vaccin anti-
poliomy6litique oral (Sabin) contenait 106 DICT5, de polio-
virus de type 1, 105 de type 2 et 105'5 de type 3. La dose de
vaccin antirougeoleux contenait de 103 a 103'5 DICT50 de
virus vivant.

Le taux de seroconversion observe apres administration de
deux doses du vaccin antipoliomyelitique vivant (Sabin)
etait plus faible que prevu, s'elevant A 24%o pour le poliovirus
de type 1, 60%o pour le type 2 et 520/o pour le type 3. La reac-
tion demeurait negative pour les trois types chez 237o des
enfants. L'administration d'une troisieme dose de vaccin a
porte les taux de seroconversion A 36% pour le poliovirus de
type 1, A 73% pour le type 2 et A 61%o pour le type 3, le pour-
centage des sujets triplement negatifs etant reduit A 8M.
On a determine la mesure dans laquelle le poliovirus

sauvage circulait dans la collectivite en calculant a) le
pourcentage de sujets seropositifs chez les enfants au
moment oi ils etaient incorpores dans l'etude, et b) les taux
de seroconversion pendant les periodes ofi aucun vaccin
n'etait administre. Les resultats donnent A penser que la cir-
culation du virus sauvage est beaucoup plus intense chez les
enfants ages de 3 A 8 mois que chez les enfants Ages de 9 A 14
mois. En sus d'un niveau d'exposition permanent, la popula-
tion enfantine est balayee de temps A autre par un type deter-
mine de virus. Une diminution de la circulation chez les
enfants plus Ages pourrait traduire: a) soit l'effet d'une
immunite collective, b) soit une immunite A l'infection chez
un certain nombre d'enfants n'ayant pas d'anticorps
decelables.
Dans les deux regions, un nombre appreciable d'enfants

Ages de 3 A 8 mois etaient porteurs d'anticorps maternels
diriges contre les poliovirus. Le pourcentage de ces enfants
variait considerablement selon la region et selon le type de

virus, depuis 29Gb de sujets positifs au depart vis-A-vis du
poliovirus de type 2 dans la region centrale jusqu'A 88% de
sujets positifs lors du premier prelevement sanguin vis-a-vis
du virus de type I dans la region orientale.

II semble qu'on puisse en tirer les conclusions suivantes:
1. deux doses du vaccin antipoliomyelitique vivant oral ne

suffisent pas A conferer l'immunite A une proportion assez
forte de nourrissons dans les pays en developpement;

2. des etudes s'imposent pour determiner l'Age minimal
auquel il convient de commencer a vacciner et l'intervalle le
plus court entre les doses;

3. il faudrait mettre en route des essais comparatifs de
vaccins oraux et inactives.

II semble qu'une surveillance rigoureuse de l'efficacite
-consideree sous l'angle d'une reduction de la morbi-
dite-de programmes de vaccination menes dans des condi-
tions differentes et avec des vaccins differents, et dont la
couverture serait differente, offrirait les reponses les plus
directes aux questions soulevees. Or, cette surveillance
s'etant revele difficile dans les pays developpes, elle ne sera
pas une entreprise aisee dans le monde en developpement.
La reponse en anticorps A l'administration du vaccin anti-

rougeoleux a e determin&e chez des enfants Ages de 9 A 16
mois plutot que de 9 A 14 mois comme prevu. Le taux de sero-
conversion-titre egal ou superieur a 15 (dilution 1:15)-
variait selon la region de 88%o A 90%o, la moyenne g6om6tri-
que du titre s'etablissant entre 42 et 114.
La reaction serologique au vaccin antirougeoleux etait

semblable A celle obtenue dans les r6gions A climat tempere.
Bien que l'etude n'ait pas inclus de ((t6moins)) a proprement
parler, il semblerait fort improbable qu'une exposition au
virus sauvage de la rougeole ait pu contribuer de fa$on
appreciable au taux de seroconversion de 90%o que l'on a ob-
serve. Par consequent, il serait souhaitable dans les pays en
developpement d'administrer le vaccin antirougeoleux le
plus tot possible apres l'Age de 8 mois.
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