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Poliomyelitis: epidemiology and prophylaxis
5. Results of a two- and three-dose vaccination experiment *

D. METSELAAR,' K. McDONALD,2 W. GEMERT,3 M. M. VAN RENS,4 & A. S. MULLER5

In tropical countries, seroconversion rates following oral poliomyelitis vaccination are
frequently unsatisfactory. In an area ofthe Machakos district in Kenya, 4000 children under
S years ofage have been registered and are visitedfortnightly by trainedfield staffas part of
a comprehensive, population-based, longitudinal surveillance project. It was considered
possible that poliomyelitis vaccine, given orally to children twice or three times at home,
wouldproduce satisfactory conversion rates. After collection ofbloodfrom a random sample
of the children, vaccine was given twice to all children under S years ofage. Blood was then
collected a second time from a different sample of children. After a third dose of vaccine, a
third blood collection followed. The percentages of the children that received vaccine each
round were calculated and the sera testedfor antibodies. It appeared that the mean titre was
more strongly related to age than to the number of doses ofpoliomyelitis vaccine received.
Improvement of herd immunity after two vaccine distributions was significant for a few age
groups and for two types of vaccine only. In none of the groups was a significant
improvement obtained by the third vaccine distribution. The problems associated with
vaccination by live poliomyelitis vaccine in tropical countries are discussed in relation
to the results.

From a preceding paper in this series (1) and a
review by Metselaar (2), it is obvious that poliomyel-
itis has become a significant public health problem
in Kenya, where only a proportion of the children
receive the three doses of vaccine usually regarded as
necessary for obtaining protective immunity against
the three types of poliovirus. Moreover, in tropical
countries, seroconversion rates by vaccination with
Sabin oral vaccine are frequently lower than those
achieved in industrialized countries (3). Results of a
serological survey after a mass vaccination cam-
paign (4) suggest that Kenya may not be an excep-
tion in this respect.

It was therefore decided to determine improve-
ments of immunity status resulting from two and
three doses of trivalent Sabin vaccine given at home
to children naturally exposed to infections by wild
poliovirus, of which only a proportion had received
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one or more doses of vaccine through the health
services or during the mass vaccination campaign
conducted in 1972.
The survey was made in the north-western part of

the Machakos district where, in an area of 87 km2
with a population of approximately 24 000 people,
4000 children under 5 years of age had been regis-
tered. Deaths in all age groups, births, and a number
of acute infectious diseases in the children under
5 years of age are recorded by means of fortnightly
home visits as part of a comprehensive, population-
based, longitudinal project of the Medical Research
Centre (5)

MATERIAL AND METHODS

Blood collection and serological tests
For blood collection, the households in the area

were randomly divided into four groups of similar
size. On four occasions, with intervals of approxi-
mately 8 months, blood was taken from the children
under 5 years of age belonging to the households of
each of the groups in turn. Children that had passed
their fifth birthday since registration were sometimes
included, but children older than 6 years were never
sampled. During the first, second, third, and fourth
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collections, respectively, 991, 996, 955, and 1077
children provided blood, i.e., 94.5%, 90.1 %, 87.6%,
and 85.4%, respectively, of the children present at
the time of the surveys. Between 20% and 25% of
the serum specimens of the first, second, and third
blood collections were available for poliovirus anti-
body tests. Bleeding, serum collection and the tests
for poliovirus antibodies were performed according
to the descriptions given in an earlier paper (4).

Vaccine distribution in relation to blood collection
After the first blood collection, two doses of

trivalent Sabin poliomyelitis vaccine were given,
8 weeks apart, to the children by the project's field
staff. The second blood collection, 2 months after
the second vaccine distribution, was followed by the
distribution of a third dose of vaccine. The third
blood collection took place approximately 4 months
after the last vaccine distribution. The home visitors
were instructed to visit absentees a second time in
order to get as complete a coverage as possible. Of
the registered children, 81.8% received vaccine dur-
ing the first vaccination round, 84.6% during the
second, and 65% during the third round. Besides
careful registration of each dose given, an attempt
was made to register the poliomyelitis vaccine doses
received by children from other sources. This regis-
tration was probably less reliable.

Paired sera

The method of blood collection did not provide
for paired sera of individual children. Only in one

small village, adjacent to the surveillance area, were

children bled twice, once before and once after three
rounds of vaccination.

RESULTS

For calculation of the results, the sera were

grouped according to the age of the children and the
number of doses received. Each age group was given
a score from 0 to 4 as shown in Table 1. The titres of
the poliovirus antibodies for the three virus types
were allotted scores as follows: 0 when the reciprocal
of the titres was less than 9; 1 when this reciprocal
was between 9 and 72; 2 when it was between 144
and 576, and 3 when it was higher than 576.
For each virus type the mean antibody titre scores

were compiled for dose and age. For each of the age

groups 0-4 the x2 values were then calculated for
possible differences between titre means with in-
creasing numbers of doses; for each of the doses 0-3

(in which >3 = 3) the same was done with rising
age score. A positive correlation of age with mean
titres was found for 0, 1, and 2 doses for type-I and
type-3 antibodies, and for 0 and 1 dose for type-2
antibodies. The results are shown in Tables 2-4.

Table 1. Number of children according to age and
vaccine doses received

Age (months) Age Dosescore 0 1 2 > 3 Total

6-11 0 33 15 22 10 80

12-23 1 32 27 37 35 131

24-35 2 30 27 46 34 137

36-47 3 41 22 40 23 126

> 48 4 34 41 64 35 174

Total 170 132 209 137 648

Table 2. Mean antibody titres to poliomyelitis type 1
according to age and doses of vaccine received

Dose
Age score

0 1 2 > 3 Total

0 0.30 0.53 0.77 0.70 0.52

1 0.72 0.41 0.57 0.89 0.66

2 0.90 0.78 0.80 0.97 0.86

3 0.95 0.95 0.80 0.70 0.86

4 0.94 0.98 1.06 1.00 1.01

Total 0.77 0.77 0.84 0.89 0.82

Table 3. Mean antibody titres to poliomyelitis type 2
according to age and doses of vaccine received

Dose
Age score

0 1 2 > 3 Total

0 0.85 1.13 1.55 1.60 1.19

1 1.16 1.11 1.38 1.49 1.30

2 1.53 1.41 1.35 1.35 1.40

3 1.29 1.59 1.52 1.52 1.46

4 1.59 1.63 1.39 1.37 1.48

Total 1.28 1.42 1.42 1.44 1.39
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Table 4. Mean antibody titres to poliomyelitis type 3
according to age and doses of vaccine received

Dose
Age score

0 1 2 a 3 Total

0 0.58 0.80 0.73 0.80 0.69

1 0.66 0.85 0.86 0.77 0.79

2 1.30 1.07 0.87 1.21 1.09

3 0.88 1.23 1.05 1.00 1.02

4 1.32 1.17 1.02 1.03 1.11

Total 0.94 1.05 0.93 1.01 0.97

A positive correlation of dose with mean titre
was found only for type-I antibodies in the 6-11-
month age group and for type-2 antibodies in
the 6-1 1-month and 1-year age groups. For none of
the age groups was a positive correlation of dose and
mean titre found for type-3 antibodies. In those 4-5
years of age, a negative correlation of dose and mean
titre was found for type 3; this may be a chance
finding. It appears, therefore, that the age of the
children was more strongly related to the mean titre
than was the number of doses of poliomyelitis
vaccine received.
The percentages of children with antibodies in

each of the age groups were also used for the
assessment of possible improvements to the herd
immunity of the child population. For this assess-

ment, the number of doses received by the individual
child was not taken into account. The sera from the
first blood collection provided the baseline data.
Those from the second collection gave the informa-
tion after two vaccine distributions and those of the
third collection provided the data after three distri-
butions.
The number of children per blood collection in

each age group and the percentage of the children
with antibodies are given for each poliovirus type in
Table 5. After two vaccine distributions the improve-
ment is significant (P<O.O1) for type 1 in the 6-11-
month age group and for type 2 (P<0.05) in the
1-year age group. In none of the groups was a

significant improvement obtained with the third
vaccine distribution. However, when the children of
the second and third blood collections are combined,
the improvement was also significant (P<0.5) for
type 2 in the 6-11-month age group.

In the paired sera experiment, the response was

disappointing, as only 31 serum pairs were available
for testing. The results, which show that in the
village community the initial immunity to type 1 was
probably lowest and the conversion rate for that
type probably very poor, are given in Table 6.

DISCUSSION

Schofield et al. (6) calculated that in Kenya, health
centres provide one or more doses of poliomyelitis
vaccine to not more than 35% of children living
within a radius of a few kilometres. This figure may

Table 5. Percentage immune children for the three virus types, per age group and per
blood collection

Percentage with antibodies against:
No. of children

Type 1 Type 2 Type 3
Age group

Round Round Round Round

1 2 3 1 2 3 1 2 3 1 2 3

6-1 months 31 21 19 19 71 a 58 64 86 b 89b 45 67 58

1 year 48 37 46 46 43 67 73 86 c 93 56 73 65

2 years 40 41 57 62 66 63 85 93 93 82 80 77

3 years 41 38 47 61 66 55 90 97 98 71 84 87

4+ 5 years 38 63 72 71 79 74 92 94 97 92 84 82

Total 198 200 241

a Significant improvement (P < 0.01).
bi Significant improvement (P < 0.05) for rounds 2 and 3 combined.
c Significant improvement (P < 0.05).
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Table 6. Results of the paired sera experiment

No. of initially negative sera/conversions

paired sera Type 1 Type 2 Type 3
No. % No. % No. %

31 18/8 44 13/10 77 9/6 66

often be much lower. Metselaar et al. (7), in a pilot
mass vaccination campaign using lay volunteers,
reached 73(64-82)o% of children in the trial area

during the first round, and 46(34-58) % during the
second round. The 81.8 %, 84.6%, and 65o% of the
three house-to-house distributions of the present
experiment compare favourably with these earlier
percentages. After three vaccination rounds, the
percentages of children with antibodies were, with
few exceptions, higher than those of the baseline.
However, the improvements were rarely significant.
The herd immunity to type 2 was quite satisfactory
after the experiment but it was already relatively
high during the baseline survey; this may have been
the result of a mixed type-2 and type-3 epidemic that
had come to an end in Kenya shortly before the
baseline sera were collected (2). The final antibody
rates for type 3 and especially for type 1 were less
satisfactory. The study even suggests that neither
two nor three doses of vaccine are sufficient to
obtain high antibody rates.
The discovery that the age of the children was

more strongly related to antibody titres than was the
number of doses of vaccine received suggests that
infections by wild poliovirus played a major role in
the development of antibodies in the children. How-
ever, no acute cases of poliomyelitis were observed
among the children of the area for the 3 years

following the beginning of the observations in April
1974.
As a type 1 epidemic prevailed in Kenya between

April 1974 and October 1975, occasional cases of
paralysis might have been expected in the area

during the 3 years of our experiment. Although
poliomyelitis was not included in the diseases espe-

cially observed in the experimental area (5) it is
unlikely that cases with paralysis would have been
overlooked.

Explanations for these observations cannot be

other than speculative. In all but the youngest age
group, the preceding epidemic of types 2 and 3 may
have had a strong influence on the immunity rates
and titre for these types and could partly explain the
observation that the relation between number of
doses and titre was restricted to the youngest age
groups.

This observation does not stand alone. The
accompanying paper (4) shows that after a two-dose
mass vaccination campaign in Kenya, the signifi-
cance of the number of doses was restricted to
types 2 and 3 in the 6-11-month age group only. The
presence of cross reacting antibodies, undetectable
by the serological test used, was advanced as one of
the possible explanations. In the present experiment,
such antibodies could explain the prevention of
clinical cases of poliomyelitis by wild virus. Because
these antibodies are probably only temporarily
present, a booster effect caused by infection with
vaccine or wild virus strains before their complete
disappearance may be responsible for the absence of
clinical poliomyelitis in the older age groups in
Kenya.

In the studies described in the two papers, herd
immunity after vaccination tended to be the least
satisfactory for type 1 and best for type 2. Although
the better status for type 2 may not entirely be
attributed to vaccination, it is known that of the
three types of Sabin vaccine, type 2 " takes " most
readily. This was observed in the United Kingdom in
trials undertaken by the Public Health Laboratory
Services (8). For that reason, manufacturers usually
produce a " balanced " vaccine in which the quantity
of type 1 virus is highest and that of type 2 lowest
(9, 10). The purpose is to provide an equal level of
" take" for the three types. This raises the question
of whether in countries like Kenya, where wild
type 1 virus affects several times more victims
than the other types (2), the dose of type 1 vaccine
should not be considerably increased in the hope of
creating a better " take " in children not immune
against this type.
The alternative of giving monovalent type 1 vac-

cine is less attractive, in view of the fact that a large
proportion of the child population does not receive
more than one dose, and many children are immu-
nized by wild type 1 virus before receiving vaccine.
Monovalent vaccine would be wasted on these chil-
dren.
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RtSUMt

POLIOMYELITE: EPIDEMIOLOGIE ET PROPHYLAXIE

5. RE'SULTATS D UNE EXPERIENCE DE VACCINATION AVEC DEUX OU TROIS DOSES

Dans une region du district de Machakos au Kenya,
4000 enfants de moins de 5 ans ont ete enregistres et
font l'objet tous les 15 jours d'une visite effectuee par
un membre entrain6 d'une equipe travaillant sur le terrain
dans le cadre d'un projet de surveillance longitudinale
complete de la population. On se proposait de vacciner
tous les enfants, a leur domicile, avec trois doses de vaccin
antipoliomyelitique vivant administrees par voie buccale.
Chaque dose donnee etait notee, de meme que les doses
de vaccin reques a partir d'autres sources. Avant la
premiere et apres la deuxieme et la troisieme tourn6e
de vaccination, on a recueilli du sang chez un echantillon
d'enfants, comportant a chaque fois des sujets differents.
Dans un certain nombre de serums, on a titre les anticorps
correspondant aux trois types de poliovirus. Parmi les
enfants enregistres, les proportions de sujets vaccines
au cours de la premiere, de la deuxieme et de la troisieme
tournee de vaccination ont e, respectivement, de
81,8 %, 84,6% et 65%.
Tout d'abord, les serums ont et groupes selon

l'age et le nombre de doses reques. Il y avait une corre-
lation positive entre l'age et le titre moyen dans le cas
de 0, 1 et 2 doses pour les anticorps de types 1 et 3,
et dans le cas de 0 et 1 dose pour les anticorps de type 2.
Une correlation positive entre la dose et le titre moyen

a ete trouvee seulement pour les anticorps du type 1
dans le groupe d'ages 6-11 mois et pour les anticorps
de type 2 dans les groupes d'ages 6-11 mois et 1 an.
I1 semble donc qu'il y avait une correlation plus nette
entre le titre moyen et 1'age qu'entre le titre moyen et
le nombre de doses. L'immunite collective avant et
apres deux et trois doses a egalement ete evaluee. Apres
deux distributions de vaccins l'amelioration etait signifi-
cative (P <0,01) pour le type 1 dans le groupe d'ages
6-11 mois et pour le type 2 (P <0,05) dans le groupe
d'ages de 1 an. Dans aucun des groupes, la troisieme
distribution de vaccins n'a donne une amelioration
notable. Malgre ces resultats mediocres, aucun cas de
poliomyelite dans cette region, au cours des 3 ans d'obser-
vations, n'est venu a la connaissance des auteurs. Pendant
cette periode, le Kenya a ete frappe par une epidemie
de type 1. On envisage la possibilite que des anticorps a
reaction croisee, non decelables par l'epreuve utilisee,
aient prevenu la maladie dans cette region.
Des trois types de virus, c'est probablement le type I

qui a donne les resultats les plus mediocres et le type 2
les meilleurs. Peut-etre faudrait-il, dans les pays tropicaux,
augmenter notablement la composante de type 1 dans le
vaccin vivant triple.
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