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Measles and Measles Vaccination in
an African Village*
DAVID C. MORLEY, M.D., D.C.H.,' MARGARET WOODLAND, S.R.N.,2 SAUL KRUGMAN,
M.D.,3 HARRIET FRIEDMAN, M.S.,4 & BERNARD GRAB, D.Sc.math.5

Over the last five years, a number of reports have appeared drawing attention to the
serious results of measles in young West African children. This is borne out by observations
over a three-year period on children in the village of Imesi, which showed measles to be a
severe and often fatal disease. The original live attenuated measles vaccine developed by
Enders has been shown to give good protection and, in combination with immune serum,
has been widely used in the USA. However, the need to combine it with immune serum
severely limits its usefulness, owing to the small quantities of serum available and the high
cost. In the present study, the reaction produced by the original vaccine with immune
serum was compared with the reaction produced by a further attenuated vaccine without
serum. The latter gave significantly fewer and less severe reactions, but produced a satisfactory serological response. This new vaccine should facilitate large-scale immunization
of children in areas such as West Africa where protection against measles is urgently
required.
In this paper an account is given of the incidence
of and mortality from measles in the village of Imesi
over a three-year period, and of the effect of measles
vaccine on a group of Nigerian children. In a previous paper (Morley, Woodland & Martin, 1963)
the severity of measles in a number of territories in
West Africa was recorded, and a detailed description
given of the disease in a group of Nigerian village
children. Measles was found to have a serious effect
on the children's state of nutrition; approximately
a quarter lost 10 % or more of their weight. Attention
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was drawn to the similarity between the clinical
manifestations of the disease in West Africa today
and those in England and elsewhere before 1900.
The type of rash seen in the West African child is
severe and recalls the comment of Rhazes, who in
A.D. 850 wrote: " The measles which are of a deep
red and violet colour are of a bad and fatal kind ".
The West African child who develops this type of
rash is likely to show subsequently a severe desquamation of the skin. The suggestion was made
that similar changes occur in the epithelium of the
respiratory and gastrointestinal tract, making West
African children with measles particularly liable to
develop a sore mouth, laryngitis, bronchopneumonia,
and diarrhoea, any of which may imperil life.
MEASLES INCIDENCE AND MORTALITY IN IMESI VILLAGE

FROM 1960 TO 1962

Since these earlier studies, one of us (M.W.) has
remained in the village and as far as possible discovered and recorded every child that developed
measles and the outcome of the disease. The results
of this investigation are summarized in Fig. 1. A
mild epidemic occurred in 1960 during which only
five deaths were recorded. In 1961, a few cases were
733

-

D. C. MORLEY AND OTHERS

734

FIG. 1. MEASLES IN IMESI, WESTERN NIGERIA 1960-1962
1ff

148:
120

6
5
4
3

60.

40

2

20
0
Jon

Febit Apr by JuneJWAuyg SW0d NvDgc JanFobtrAprty JunJuly Aug SetctNw Dc Jm FobtMrAprth ykmJu uyAugSe

ucc'

1911962

1960

Measles notIflcatIons.

seen in the later months of the year, preceding an
explosive epidemic starting in December. This is a
season of the year when the people gather together
for festivals, which they celebrate by dancing and
feasting. The small children attend these festivals on
their mothers' backs, and are liable to catch droplet
infections. The epidemic in early 1962 was characterized by the prevalence of severe diarrhoea with
much blood and mucus, and many children required
parenteral fluid. In spite of this treatment and the
free use of antibiotics, 26 children died in a period of
five months.
A preliminary trial of a live attenuated measles
vaccine had been undertaken in the village in 1960.
The results of this and a larger trial at the parent
hospital in Ilesha, which were favourable, have been
described elsewhere (Hartfield & Morley, 1963).
After the 1962 epidemic, further supplies of vaccine,
including a more attenuated strain, became available,
and a further trial was made in this area with
assistance from the World Health Organization and
the Health Research Council of the City of New
York. In addition, trials involving the inoculation of
more than 2000 children with the " further attenuated " vaccine were carried out in the New York City
area in the USA; the clinical reaction of these children was similar to that of children given the Edmonston B vaccine with gamma globulin and their
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immunological response was equally satisfactory
(Krugman et al., 1963).
TRIAL OF ATTENUATED STRAINS OF LIVE MEASLES
VACCINE

The trial was undertaken in September and
October 1962 in accordance with the suggestions of
WHO, use being made of a printed WHO record
sheet. The reactions of the following groups of
children were compared:
Group 1: 131 children receiving live Enders attenuated
Edmonston B strain1 plus gamma globulin
(GG) (0.01 ml/lb body weight).
Group 2: 130 children receiving a " further attenuated"
vaccine2 without GG.
Group 3: 173 children who were controls for Groups 1
and 2.

For Group 1 there was a control sub-group of
60 children receiving inert material plus GG, and
for Group 2 a sub-group of 113 receiving inert
material without GG. As is stated later, there was no
1 This attenuated vaccine, Edmonston B type, was supplied by Dr Maurice Hilleman, Merck Institute for Therapeutic Research, Merck & Co., West Point, Pa., USA.
2The " further attenuated" vaccine was supplied by
Dr Anton Schwarz, Assistant Head, Virus Research,
Pitman-Moore Co., Indianapolis, Ind., USA.
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evidence of any difference between these two subgroups and they have been combined for the sake
of simplicity. The controls were inoculated with live
vaccine immediately after the end of the trial to
ensure that no children were deprived of the benefits
of the vaccine and to satisfy the mothers, the value
of this vaccine being now fully appreciated by
mothers in the area.
The trial was based on the village of Imesi. Only
119 children over eight months who had not had
measles were, however, available in the village, and
a further 315 children attending the " Under-Fives
Clinic" at the Wesley Guild Hospital, Ilesha,
25 miles away, were included. All were more than
eight months and under three years old, and were
children who we believed could attend for examination regularly during the follow-up period. Clinical
examinations were made before inoculation. A poor
state of nutrition was not a bar to acceptance, since
the results of a previous trial in the area showed that
malnourished children did not show more severe
reactions than well-nourished children. Children
known to have sickle-cell disease or primary
tuberculosis were also included. Inoculation was
postponed when high fever or other evidence of
illness was present.
The trial was " double-blind ". The children were
assigned to the various groups by a method of
random distribution. The workers concerned with
recording observations during the post-inoculation
period did not know the group to which any child
belonged. The key was made available four weeks
after inoculation, at which time the control children
were given vaccine.
The children were seen daily on the 6th to 12th days
inclusive after inoculation. Rectal temperatures
were taken, and examinations were made in a good
light by a paediatrician. Those with a temperature
over 100°F (37.8°C) on the 12th day attended on
subsequent days until the fever subsided.
Blood was taken from every fifth child just prior
to inoculation and again four weeks later. The
serum was separated and stored at - 20°C. At the
end of the trial the sera were packed in ice and flown
to New York for investigation. The record sheets
were brought to WHO Headquarters in Geneva
where the data they contained were transferred to
punch cards and mechanically sorted.
RESULTS OF TRIAL

As indicated previously, the records concerned
131 children given attenuated vaccine plus GG,
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130 children given "further attenuated" vaccine
without GG, and 173 controls, divided into 60 and
113 receiving respectively inert material plus GG and
inert material alone. In the early stages of the
statistical analysis, no significant difference was
found between the two control groups and they
were subsequently treated as a single group
(Group 3).
A preliminary statistical analysis was made of the
following: age, sex, weight, nutritional status, and
location (whether from Imesi or Ilesha). This
indicated that, with respect to these features, there
was satisfactory " randomization " of the children
falling into the different groups. Attendance in the
follow-up period was over 98 % in Imesi and 90 % in
Ilesha, for both the vaccinated and the control
groups.
Subsequent examination of blood sera from 68
children (see Table 2) showed that about 20% of
these children had prior immunity, presumably the
result of past measles. It is reasonable to suppose
that immune children were uniformly distributed in
the three groups.
The analysis of the incidence of the principal
signs and symptoms covered 359 children who
attended regularly during the follow-up period.
The results are shown in Table 1 and Fig. 2.
Fever

The frequency of fever in the three groups is
shown in Table 1. High fever, of which there was
little in any of the groups, occurred slightly less
frequently in Group 2 than in Group 1. On the
12th day after vaccination the last day of the regular
examinations 35 children still had temperatures
above 100°F (37.8°C) and their mothers were asked
to bring them back to the clinics. Three failed to do
so. Among the remainder (32), 24 were without
fever by the 13th day, 5 by the 14th day and 3 by the
15th day. In all three groups, some children had
fever persisting into the 13th day, but all the
8 children with fever remaining after the 13th day
were in Group 1.
The frequency of fever of 100°F (37.8°C) or more
on different days is given in Fig. 2. For each day
of the follow-up period, the frequency was significantly greater in Group 1 than in the control
Group 3 (at the 0.05 probability level). A significant
difference was also found between Group 2 and
Group 3 for the 8th to the 11th day. On the 10th day
the difference in incidence between Groups 1 and
2 reached a significant level.

736

D. C. MORLEY AND OTHERS

TABLE 1
FREQUENCIES OF PRINCIPAL CLINICAL SIGNS
IN CHILDREN FOLLOWED UP FOR 12 DAYS AFTER
INOCULATION WITH MEASLES VACCINE AND
INERT MATERIAL

Group 1: a Group 2: b
Edmonston " Further Group 3: c
I nert
B vaccine attenuated"
materiail
vaccine
+ gamma
globulin
only

(%)

(%)

35.3

38.9

70.5

100.0-1 00.9°F
(37.8-38.3°C)

29.4

33.3

16.1

101-101 .9°F
(38.3-38.8°C)
102-1 02.9°F
(38.9-39.4°C)

16.7

15.7

8.1

9.8

7.4

2.7

8.8

4.6

2.7

1.3
58.4
32.9

No fever or fever
under 100°F
Fever of:

103°F (39.5°C) and
above
Rash

Cough
Coryza
Conjunctivitis
Diarrhoea
Convulsions
Vomiting
a

102 children.

8.8

10.2

73.5
29.4
2.0

60.2
3.7

0

32.4

29.6

36.1

2.0

0.9

28.9
0

26.5

14.8

12.8

b 108 children.

c 149 children.

Measles-like rash
A rash, almost always confined to the head and
neck or trunk, appeared mainly between the 9th and
12th days in 8.8 % and 10.2 % of children in Groups 1
and 2 respectively. Two children (1.3 %) in the
control group (Group 3) were reported as showing
a measles-like rash.
Diarrhoea
The percentage of children reported as having
"frequent and watery stools " was significantly
higher in Group 1 than in Group 2 on the 8th and
9th days. Diarrhoea was, however, frequently
reported in all groups.
Convulsions
Two of the children in Group 1 and one in
Group 2 were reported by their mothers to have had
convulsions.

Vomiting
Vomiting was reported in 26.5% of children in
Group 1 and 14.8 % and 12.8 % respectively of
children in Groups 2 and 3.

Influence of factors other than vaccination on the
incidence of clinical signs and symptoms
Analyses of incidence by area, age-group, and
nutritional status revealed no striking differences.
It was apparent, however, that respiratory infections
were more common in all groups in the Imesi
children than in the Ilesha children, while diarrhoea
showed the opposite trend. This seemed to correspond with a high prevalence of these conditions in
the two communities at the time of the trial.

Severe illness during the trial
In this part of West Africa 50% of the children
born die before reaching the age of five (Morley,
1963). It was therefore to be expected that some
children would develop serious illness of various
kinds during the trial period. In fact, a number of
children were seriously ill and two died. It is
desirable to describe these occurrences in some detail.
Male aged 8 months (Group 1). The mother of this
child, from Imesi, reported that he had cough on the
7th and 8th day after vaccination. He had a temperature
of 101.4°F (38.6°C) on the 8th day, but no other abnormality was found. On the 9th day the mother reported
diarrhoea with numerous small stools. The child was
seen at 06.30 hours and a temperature of 102.4°F (39.1 C)
was recorded, but again clinical examination was negative.
At 10.00 hours the child collapsed when the mother was
" force-feeding" it by hand and it was dead on arrival
at the clinic. Autopsy showed no macroscopic or microscopic abnormality other than an excess of fluid in the
lungs. Four other children not included in the trial were
brought to the clinic suffering from a similar condition
during 10 days at this particular time. Two of these died.
It seemed to be a " minor epidemic " of an obscure kind.
Male aged 10 months (Group 1). On the 6th day, i.e.,
the first day of the follow-up period, this child had fever
of 102.6°F (39.2°C). He had signs of a respiratory infection and was treated with sulphamezathine and penicillin.
On the 10th day his condition deteriorated with the
appearance of diarrhoea. He was admitted to hospital
and received parenteral fluid, but in spite of this his
condition continued to deteriorate and on the evening of
the 11th day he had an attack of convulsions, and died.
Permission for autopsy could not be obtained.
Male aged 12 months (Group 1). This child became
febrile on the 7th day. On the 9th day he had a convulsion
and was admitted with signs of mild bronchopneumonia.

737

MEASLES AND MEASLES VACCINATION IN AN AFRICAN VILLAGE

FIG. 2. FREQUENCY OF FEVER OF 100F (37.80C) OR MORE 6-12 DAYS AFTER MEASLES VACCINATION
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He also had a mild diarrhoea. He recovered after five
days in hospital.

Male aged 16 months (Group 2). Fever was present
the 11th day and on the 12th day a severe measles
rash appeared. This went through the stages of darkening
and desquamation. The child was severely ill but recovered. There was no known contact with a source of
ordinary measles infection, but measles is never entirely
absent from the area. Exposure to infection three days
before vaccination could have produced the clinical
picture described.
on

Male aged 11 months (Group 2). Admitted on the
19th day with a history of vomiting and diarrhoea
starting on the 14th day, this child improved after three
days in hospital.

Female aged 15 months (Group 3). This child was
brought to hospital on the 7th day with a report of a
severe " crying episode ", for which no cause could be
found. After sedation the child improved.

Female aged 12 months (Group 3). On the 16th day a
stomatitis occurred. After admission to hospital

severe

H
who

acnto

qD55

Control group (group 3)

_7
I

Levels significantly different (p

=

0.05)

the child developed croup and became dyspnoeic.
Tracheotomy was considered, but since the patient slowly
improved it was not necessary.
Male aged 10 months (Group 3). This child developed
respiratory distress on the 12th day and was admitted
with pneumonia. Treated with antibiotics, he recovered
in five days.
RESULTS OF THE EXAMINATION OF SERA

Mothers in this area do not readily allow blood
specimens to be taken from their children. This
difficulty had been experienced in the previous trial.
In this trial an attempt was made to bleed every fifth
child. Some mothers who allowed the first specimen
to be taken refused a second one. However, 68 paired
specimens of serum were obtained, and flown in ice
to New York, where they were examined by the
haemagglutination-inhibition test for the presence of
measles antibodies. The results are set out in
Table 2.
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TABLE 2
RESULTS OF HAEMAGGLUTINATION-INHIBITION TESTS
ON PAIRED SERA

Second

First specimen
Numbr
o
Nuber
paired sera showing
testedmmunity

Group 1
(Edmonston
B)

Group 2
(" Further
attenuated"
vaccine)
Group 3
(Controls)

immunity

Number
immun
response

Number
not
showing

19

6

13

13

21

3

18

18

28

5

23

0

From Table 2 it will be seen that 14, or approximately 20%, of the children tested had evidence of
prior immunity 1 and had presumably experienced
measles in the past. The 31 vaccinated non-immune
children all showed antibody response. More detailed examination of the antibody level did not
show any difference between Groups 1 and 2. A
raised antibody level was not found in the second
specimen from any child in the control group.
DISCUSSION

More severely ill children were seen in the period
following vaccination in this trial than in the
previous trial. In the previous trial the only death
during this period was that of a child who died on
the ninth day from bronchopneumonia; this child
was in the control group. Given the high child
mortality in the area, and the frequency of illness in
1 As indicated by detectable measles haemagglutinationinhibition antibody.

children, it is difficult to assess the part played by
vaccination in illnesses occurring during the postvaccination period. Of the two deaths in this trial,
one was almost certainly fortuitous, a supposition
supported by autopsy. The other occurred in a child
whose illness started earlier than the normal measles
reaction, but the diarrhoea which seemed to be the
principal cause of death appeared at a time when
vaccination might be responsible. It was unfortunate
that no autopsy of this child could be made.
The Edmonston B vaccine produced more reactions than the "further attenuated " vaccine.
Without gamma globulin, the reactions would no
doubt be more severe and use of the Edmonston
B vaccine alone in a West African community cannot
be recommended. Black (1963) came to the same
conclusion from a recent trial of measles vaccine
among adults in Iceland. It is to be noted that the
amount of gamma globulin given was small0.01 ml/lb body weight as compared with 0.02 ml/lb
body weight in the earlier trial. Weibel et al. (1962)
found no significant increase in fever in children
receiving 0.02 ml/lb body weight as compared with
those receiving 0.04 ml; they did, however, find an
increase in the proportion developing a rash.
The present trial suggests that the " further
attenuated" vaccine is more satisfactory than the
Edmonston B vaccine. It provoked significantly less
fever of 100°F (37.8°C) or more, and less diarrhoea.
This supports the findings in earlier trials of the use
of this vaccine (Schwarz, 1962; also Andelman et
al., 1963). The " further attenuated " vaccine has the
advantage of not needing the simultaneous administration of gamma globulin. If subsequent trials
support the findings reported here, the " further
attenuated " vaccine is likely to prove the vaccine of
choice for protecting the West African child against
measles.
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RtSUMt
Les auteurs rappellent la gravite de la rougeole chez les
enfants africains; une enquete prealable avait montre
qu'environ 25% des petits malades perdaient alors 10%
de leur poids et que chez eux les complications telles que

laryngites, ulcerations buccales, bronchopneumonies et
diarrh&es etaient particulierement frequentes. C'est pourquoi l'un des auteurs a 6tudie personnellement chaque cas
de rougeole survenu de 1960 a 1962 dans le village
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d'Imesi (Nig6ria) et releve la gravit6 de l'6pid6mie de
l'hiver 1961-1962, au cours de laquelle 26 enfants sont
morts en l'espace de 5 mois, en d6pit d'une large utilisation d'antibiotiques.
A la suite de cette 6pid6mie, un essai clinique contr6le
de deux types de vaccin antirougeoleux vivant (le vaccin
Enders de souche Edmonston B et le vaccin (( suratt6nue'#
Schwarz) a et6 effectu6, selon la technique doublement
aveugle, dans ce village. Les enfants ont ete r6partis, par
6chantillonnage al6atoire, en trois groupes: le premier
(131 enfants) a requ du vaccin Enders de souche Edmonston B et des gamma globulines, le deuxieme (130 enfants)
du vaccin Schwarz, le troisi6me (173 enfants) un placebo.
En ce qui concerne les r6actions vaccinales, les 6pisodes
f6briles ont ete plus nombreux dans les groupes 1 et 2 que
dans le groupe 3. Ces r6actions ont ete plus fortes dans le
groupe 1 que dans le groupe 2.
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Des 6chantillons de sang pr6lev6s avant et apres
la vaccination chez 20% des enfants et soumis a
I'6preuve d'inhibition de 1'h6magglutination ont montr6 1'existence d'une immunit6 due a la vaccination.
Par ailleurs, l'on a constat6 dans 20% des cas la pr6sence
avant la vaccination de r6actions s6rologiques apportant
la preuve d'une infection morbilleuse ant6rieure pass6e
inaperiue.
Le pr6§ent essai contrOl6 incite a pr6ferer le vaccin
a suratt6nue'6> Schwarz au vaccin Enders de souche
Edmonston B; d'une part, il entra^me moins de reactions
(fievre et diarrh6e), d'autre part, son administration
n'exige pas 1'administration simultan6e de gammaglobulines. Si d'autres essais confirment les r6sultats
obtenus par les auteurs, le vaccin Schwarz apparaitra
comme le vaccin antirougeoleux de choix pour les enfants
d'Afrique occidentale.
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