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Summary 

Although an effcct ivc vaccine against measles 
has been available for several years, the disease 
is still prevelant in Afr ica . T h e disease is charac-
terized by its occurrance in younger age groups 
and high morbidi ty and mortal i ty. The Afr ican 
child is born with a high t ransp lacen ta l^ 
acquired measles ant ibody level. However , the 
antibody declines rapidly, so that it is virtually 
absent a f te r the age of 6 months . The measles 
vaccine with which the Afr ican child is immun-
ized is of reduced potency because of poor storage 
and t ransporta t ion facilities and the adverse 
effect of tropical cl imate on the vaccine. The 
pattern of measles immunity in Africa is different 
f rom that in developed countries. Measles 
immunization schedule in Afr ica , as in any o the r 
part of the wor ld , must be based on sound epide-
miological and serological da ta . 

Resume 

Bien qu 'on ait t rouve un vaccin cont re la 
rougeole dcpuis dcs annees , la maladie est 
toujours r epandue en Af r ique . La maladie est 
caractdris^e par sa presence chez des enfan t s en 
bas age et par sa haute morbid i te ct mortal i ty. 

L 'enfant africain est ne avec un haut niveau 
d 'ant icorps de rougeole t ransplacenta i rcment 
acquis. Cependan t , le niveau d 'ant icorps baisse 
rapidement , si bien qu'il est presque absent a 
1'age de 6 mois. Le vaccin cont re la rougeole 
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avec lcquel on immunise l 'enfant africain est 
d 'une efficacitd rdduite & cause des pauvres 
facilitds d'emmagasinage et de transportation et 
les influences adverses du climat tropical sur le 
vaccin. L'echantillon de l 'immunitd contre la 
rougeole en Afrique est different de celui des 
pays developes. Le plan de l ' immunisation 
contre la rougeole en Afr ique, comme dans les 
autres regions du monde, doit se baser sur des 
donnees epiddmiologiques et s<$rologiques valables. 

Cette communication se donne comme tache 
la revue des etudes faites sur Timmunit^ contre 
la maladie et l 'immunisation en Afr ique , et nous 
allons avancer quelques suggestions pour un 
programme efficace de l ' immunisation contre la 
rougeole. 

Introduction 

The efficacy of measles vaccine in reducing the 
incidence of measles has been well documented 
in developed countries (Krugman, 1977; American 
Academy of Pediatrics, 1977; Dit tman et al.y 

1976). The number of reported cases of measles 
in the United States of America has d ropped 
from 500 000 cases per year before the intro-
duction of measles vaccine to about 35 000 cases 
per year with the introduction of the vaccine 
(Krugman, 1977). In several parts of Afr ica 
measles is still an endemic disease, associated 
with high morbidity and mortality in young 
children (Grigsby & Adetosoye, 1973; Kimati & 
Lyaruu, 1976; Abdur r ahman , 1979). Hospital 
case - fatality rates of 6 % to more than 12% are 
common (Anon . , 1976). Moreover , the disease 
occurs frequently in younger age groups: in 
some reports 20 — 30% of cases of measles occur 
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58 M.B. Abdurrahman and A.M. Taqi 

in children unde r o n e year of age (Grigsby & 
Adetosoyc , 1973; Ministry of Heal th of Kenya 
and Wor ld Heal th Organizat ion, 1977). Based 
on epidemiological and serological da t a , the 
recommended age of immunization against measles 
in Uni ted States of Amer ica was changed f rom 9 
mon ths to 12 months (U.S . Public Heal th 
Service Advisory Commi t t ee on Immunizat ion 
Practice, 1965), and more recently to 15 months 
(Krugman , 1977). Since the disease occurs in 
younger age groups in Afr ica such a recommen-
dat ion will not be applicable to most par ts of 
Afr ica . 

T h e aspects of measles immunity and immun-
ization in Afr ica which this review proposes to 
discuss are : (1) efficacy of measles vaccine in 
Afr ica , (2) age groups susceptible to measles 
infect ion, and the optimal age of immunizat ion, 
(3) factors that adversely affect the immune 
response of children in Afr ica, (4) trials carried 
out to overcome some of the problems associated 
with measles immunity and immunization in 
Afr ica , and (5) durat ion of immunity af ter active 
immunization against measles. 

In discussing these topics, studies carried out 
in developed countries will be compared with 
similar studies done in Africa. Lastly, some 
recommendat ions will be made in the light of our 
present knowledge of measles immunity and 
immunization in Africa. 

Efficacy of measles vaccine 

Several studies have demonstra ted the safety, 
immunogenici ty and protective effect of measles 
vaccine (Fe ldman, 1964; Dit tman et al., 1976; 
Krugman , 1977). These studies were carried out 
unde r ideal, controlled conditions: relatively 
short distances from the point of vaccine manu-
facture to the consumer , good transport and 
refr igerat ion facilities, availability of manpower 
and facilities for virological and serological test-
ing. Unde r such conditions the serological 
response of African children is similar to that of 
Caucasian children (Meyer et al., 1964). In many 
parts of Afr ica the problems associated with 
measles vaccine include availability and cost of 
the vaccine, t ransportat ion, existence of chains 
of salesmen, lack of storage facilities, and 
adverse climatic conditions. All these factors 
result in uncertainty of the potency of the vaccine. 
Moreover , there are relatively few laboratories 
capable of measuring the potency of vaccines. 

Measles vaccine is susceptible to both heat 
and light. Because of the long and often tortuous 
journey f rom the manufacturer to the consumer 
(factory—>main distr ibutor-»minor distribu-
tors—^Ministry of Health—>Hospitals—>Clinics) 
and inadequate storage and transport facilities, 
there may be great differences in potency of the 
vaccine at the factory and the potency at the time 
the vaccine is used. When the stability of measles 
vaccine in field condit ions was investigated in 
England (Clarke, 1977), only one out of the forty-
five samples tested had a serious loss of potency. 
In a tropical setting Hendricksc (1975) found 
that one out of twenty measles vaccine samples 
obta ined f rom field workers in Nigeria 
contained an infectious virus, and the majority 
of the vaccines showed evidence of bacterial 
infection. Eghafona (1978) tested the efficacy of 
two different brands of measles vaccine collccted 
from two states in Nigeria, using the following 
methods: cytopathic effect on tissue culture, 
haemagglut inat ion inhibition ( H A I ) antibody 
levels in se rum, and immmunocytoadherence. 
Both brands of vaccine were found not to be 
immunogenic , even though the vaccines had not 
expired. Anec todes exist of 'vaccine failures' in 
children immunized at the correct age with unex-
pired measles vaccines. 

Children may thus be vaccinated but not 
immunized against measles. 

O n e of the most serious effects of cases of 
'vaccine failures ' is the loss of confidence in the 
whole immunization programme by the consumer. 
A d d e d to this is the high cost of the vaccine. In 
Nigeria, for example , one dose of measles 
vaccine costs as much as N2.73, equivalent to 
U.S. $4.75, in comparison with B C G and DPT 
which cost 24k and 0.04k per dose respectively 
(Med ipha rm, 1979). Several Afr ican countries 
cannot af ford to spend large sums of money on 
measles vaccine a lone, even though they have a 
large n u m b e r of susceptible children. 

Susceptible age groups and optimal age of 
immunization 

In Afr ica , young infants are susceptible to 
measles , and infections occur under 6 months of 
age (Grigsby & Adetosoye , 1973; Ministry of 
Health of Kenya and World Health Organization, 
1977; A b d u r r a h m a n et al., 1980). It seems 
appropr ia t e , the re fore , to immunize children in 
Afr ica as early as possible. Exper ience in the 
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Measles in Africa. 59 

developed countr ies has shown that children 
immunized against measles be fore 1 year of age 
have lower seroconversion and poorer protection 
than children immunized a f te r 1 year of age 
(Krugman, 1977; Shasby, 1977; Marks , Halpin 
& Orenste in , 1978; O 'Ne i l , 1978). T h e probable 
mechanism for the lower seroconvers ion and 
poor protect ion is the persistence of t ransplacen-
t a l ^ acquired maternal measles ant ibody 
(Albrecht e t a l . , 1977). 

From these and o the r similar studies the 
recommended age for measles immunizat ion in 
the Uni ted States of Amer ica is now 15 months . 

In Afr ica , there are relatively few reports of 
serological studies done to determine the optimal 
age of measles immunizat ion . Burrowes & 
Cruickshank (1976) carried out a trial in Bulawayo 
to ascertain the right age to immunize children 
against measles . Seventeen out of twenty-six 
(65%) of the 4-month-o ld infants in their study 
had pre- immuniza t ion measles ant ibody in their 
sera, and only two of the twenty-six (7 .7%) 
children had significant seroconversion. Only 
fifteen out of for ty-four ( 3 3 % ) 6-month-old 
infants had pre- immunizat ion H A I level of 1:8 
or greater . T h e seroconvers ion rate among the 
forty-four infants was 5 2 % , compared with 97% 
among 9-month-old infants . In a study of 6-12-
month-old infants in South Afr ica , Dick, Smith 
& Kipps (1975) found a seroconversion rate of 
42% among the 6-8-month-oId , compared with 
80% among the 9-12-month-o ld children. In a 
rural part of Nigeria, Hcndr ickse & Montef iore 
(1968) found that only four teen out of twenty-
nine (48%) infants aged f rom 3 to 7 months had 
measles neutralizing ant ibody titre of 1:10. In a 
measles ou tb reak , Fabiyi & co-workers (1974) 
carried out a serological study in twenty-nine 
children who were hospitalized with measles, 
even though they had been immunized against 
measles about a year before the ou tbreak . 
Twenty-eight of these children were immunized 
between 6 and 9 months of age. Only eight out of 
the twenty-nine children had complement fixing 
measles antibody of 1:4 or greater : no antibody 
was detected in twenty-one children. More dis-
turbing was the au thor ' s finding of significant 
seroconversion in only two out of the twenty-
nine children following the infection. In our 
institution (Abdur rahman et al1980), we 
found that thirty-four out of thirty-five (97%) 
newborn babies had H A I titre of 2= 1:4, but the 

number of children with this level of antibody 
was only 6 out of 28 (21 %) at 6 months of age. In 
a bigger and more elaborate collaborative study 
in Kenya (Ministry of Health of Kenya and 
World Health Organization, 1977), it was found 
that 90% of children no longer had. maternal 
antibodies at 7-8 months, and that almost all the 
children seroconvcrtcd when vaccinated at l x / z 
months or older. Seroconversion occurred even 
if a lower level of maternal antibody still persisted 
when the vaccine was given. 

Suppression of immune response 

There arc clinical conditions known to influence 
adversely the immunological response of the 
African child to an antigen. Protein calorie mal-
nutrition (Smythe et al., 1971) and infections 
such as measles, malaria and tuberculosis 
(Chandra & Newberne, 1977) have been shown 
to depress immunity. These adverse clinical con-
ditions often co-exist in the same child. Because 
of the depressed immunity, and therefore fear of 
dissemination of live viruses, children with se-
vere infections or malnutrition are not of ten 
immunized. However, McMurray and his 
colleagues (1979) have shown that moderately 
malnourished children produced as much anti-
body and had the same degree of post immuniza-
tion morbidity as their well-nourished cohorts 
after measles immunization. From his study in 
Central Africa Glyn-Jones (1972) concluded 
that immunization of susceptible children 
against measles, even if these children are acutely 
ill and malnourished 'is not only justified but is 
mandatory ' . 

Trials to overcome problems of measles immuni-
zation in Africa 

The various problems associated with measles 
immunization in Africa make it difficult to 
analyse satisfactorily the causes of apparent 
'vaccine failure' . Are these failures due to 
vaccine deficiency at the t ime of manufacture , or 
due to t ransportat ion, storage, handling and dis-
tribution, or due to faulty technique by inexpe-
rienced field workers? These are not questions 
of theoretical interest only, judging by the study 
of McBean & co-workers (1976) who reported 
that 83% of the vaccines given to a measles 
campaign team was 'wasted ' . 

In an at tempt to reduce the cost of measles 
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immuniza t ion , trials have been conduc ted with 
reduced vaccine dosage. The report by Burrowes 
& Cruickshank (1976) suggests tha t o n e third of 
the s tandard dose of measles vaccine is an effec-
tive immunogen . Hendr ickse & Monte f io re 
(1968) found that one fifth of the s tandard dose 
resulted in good seroconvers ion. In cont ras t , 
Wal lace et al., (1976) repor ted that reducing the 
vaccine virus dosage led to significant reduction 
in the seroconversion rate . In the light of the 
problems presented above in connection with mea-
sles immunizat ion in Afr ica , it is not advisable to 
a t t empt to reduce the cost of measles immuniza-
tion by giving reduced doses of the vaccine. 

A n o t h e r possible way of reducing the cost of 
measles immunizat ion, and at the same time 
increasing the scope of an immunizat ion pro-
g r a m m e , is by combining measles vaccine with 
other vaccines. That such combinations are feasible 
wi thout loss of immunogenici ty or increase in 
reaction has been demons t ra ted for measles, 
m u m p s and rubella (Weibel et al., 1978), and 
measles and D P T (McBean et al., 1978). Such 
vaccine combinat ions will be particularly useful 
in Afr ican Countr ies where a t tendance rates for 
immiumotion at health clinics are low and irregular. 
Howeve r , the m c . t appropr ia te age to give these 
combined vaccines nuist be determined in each 
communi ty . 

Since meis les occurs in Africa in young 
infants at an age when maternal ant ibody may 
still be present , it was thought that local immuni-
zat ion of the respiratory tract might produce 
immunity without the risk of vaccine inhibition 
by serum maternal ant ibody. A preliminary trial 
of intranasal administration of measles vaccine 
in 6-month-old African infants was reported by 
Zahradnik et al., (1978). Eight out of twenty-
eight (32%) infants seroconverted and six 
(21 .4%) had H A I antibody in convalescent 
nasal washes; three of the latter six children had 
a fourfold titre rise of serum antibody. O n e child 
had a nasal antibody response without serum anti-
body response. T h e protection conferred on 
these infants can only be truly assessed when 
they a re subsequently exposed to measles infec-
tion. It will be particularly useful to compare the 
infants with the three types of response to intra-
nasal immunization: those who developed nasal 
and serum antibodies, those with serum anti-
body alone, and those with nasal ant ibody alone. 
An area of measles immunity and immunization 

that deserves priority at tention in Africa is the 
product ion of heat-stable vaccines. Preliminary 
trials in the C a m e r o o n s with one such vaccine 
produced encouraging results (Anon . , 1979). 

A n o t h e r area of measles immunity that 
deserves fu r ther study is the role of cell mediated 
immuni ty (CMI) . CMI is important in immunity 
against viral diseases (Mackaness, 1971; Craddock, 
Longmire & McMillan, 1971), and measles is not 
likely to be an except ion. Laboratory evidence 
has been produced for the involvement of CMI 
in measles infection (Labowskie et al., 1974). 
T h e most convincing clinical evidence of the role 
of CMI in measles infection is the report that 
children with congenital agammaglobulinaemia 
recovered f rom measles without undue sequelae 
( G o o d & Z a k , 1956). No measles antibody was 
detected in their serum following recovery from 
measles. 

Duration of immunity 

In the Uni ted States of Amer ica , the duration of 
immuni ty against measles following immuniza-
tion has been es t imated to be at least 15 years 
(Krugman , 1977). Little is known about the 
durat ion of immunity in Afr ican children 
immunized against measles. O u r experience 
f rom a few children of middle income'parents 
shows that measles ant ibody following immuni-
zation persists for at least 5 years (unpublished 
da ta ) . The number of children is small and the 
children are highly selected. Only long-term 
surveillance will give information on the dura-
tion and quality of vaccine-induced immunity. 

Recommendations 

T h e r e is a real need for cooperat ion between 
Afr ican countr ies in setting up regional refer-
ence laboratories for both the manufacture and 
the testing of potency of measles vaccines. In the 
manufac tu re of vaccines priority attention 
should be given to producing heat-stable 
vaccines which can withstand the tropical 
cl imate found in many parts of Africa. The 
laborator ies should also be involved in trials to 
find the ideal dose of vaccine and the optimal age 
of immunizat ion for different parts of the conti-
nent . W e are convinced that the setting up 0f 
regional laboratories is a worthwhile investment 
if o n e considers the amount of money wasted 
(not spent ) on imported measles vaccines 
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uncertain potency. 
Each country should carry out urban and 

rural field epidemiological and serological trials 
before formulat ing a policy of measles immuni-
zation for the country. Such trials should include 
evaluation of cost-benefit and cost-effectiveness 
of measles immunizat ion p rogrammes . While 
we are not against measles campaign per sey it 
should be stressed that they are bound to fail if 
provision is not made for an active continuing 
programme. Measles immunizat ion should be 
part of an immunizat ion p rogramme of basic 
health services of any country . 

The re is a special need to protect 'high-risk' 
hospitalized pat ients: such patients include 
children suffering from malnutrition, malignancy 
and other debil i tat ing diseases that suppress 
immunity. On admission into hospital children 
with kwashiorkor who have not had measles pre-
viously. should be passively immunized with 
gamma globulin, followed by active immuniza-
tion 8 to 10 weeks later. By this time their oedema 
would have subsided and the suppresive effect of 
the gamma globulin would have virtually dis-
appeared . Chi ldren with mode ra t e malnutr i t ion 
can be safely immunized (McMurray et al., 
1979). Chi ldren with o the r immunosuppres ive 
diseases or on immunosuppres ive drugs should 
be given gamma globulin when exposed to cases 
of measles. 

Until each country is able to de te rmine the 
appropr ia te age to immunize its children against 
measles, we r e c o m m e n d that children in Afr ica 
be immunized be tween 7 and 8 mon ths of age. 
This recommendation is based on the epidemiology 
of measles and the results of serological studies 
carried out in Afr ica . 

In developed countr ies it has been suggested 
that children who were immunized before 1 year 
of age should receive a second dose of measles 
vaccine when they a re o lder (L inneman et al., 
1972; Shasby et al., 1977). Such a practice will be 
an expensive under tak ing in most countr ies in 
Africa. Chi ldren in Afr ica rapidly lose their 
t ransplacenta l^ acquired measles ant ibody, and 
they show good seroconversion when immunized 
at 7Vi months of age or o lder (Burrowes & 
Cruickshank, 1976; Ministry of Heal th of Kenya 
and World Heal th Organizat ion, 1977). 
Moreover , they a re repeatedly exposed to 
measles. Children repeatedly exposed to 
measles have measles H A I titre grea ter than 

children who arc relatively protected (Krugman, 
1977). For these reasons, and in the absence of 
trials to show any benefits of reimmunization, 
we do not advocate a second dose of measles 
vaccine in African children. 

After determining the right age to immunize 
children and obtaining the right vaccine under 
the ideal conditions, there is a greater need for 
consumer education, to make him accept 
immunization as a sensible health investment. 
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