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Poliomyelitis: epidemiology and prophylaxis*
1. A longitudinal epidemiological survey in Kenya

BALDEV KAUR NOTTAY 1 & D. METSELAAR 2

The results of a long-term survey of poliomyelitis in Kenya are reported. Virus was
isolated from patients and a limited number of sera were also tested for antibodies. The
purpose of the investigation was to elucidate the epidemiological characteristics of the
disease and to determine whether epidemics could be predicted. A 3-year rhythm was
found in the circulation of type I poliovirus, making possible the prediction and hence,
on two occasions, the curbing or prevention of epidemics.

During the past 25 years outbreaks of poliomye-
litis, affecting mainly young children and frequently
reaching the level of serious epidemics, have been
reported from many tropical countries (see review by
Drozdov & Cockburn, 1967).

In Kenya the number of cases of poliomyelitis
reported to the Director of Medical Services exceeded
50 for the first time in 1945. The average number
for the years 1946-1953 was 64. Subsequently,
countrywide epidemics occurred at 3-year intervals
in 1954, 1957, and 1960, with 538, 617, and 1 003
notified cases respectively (Walker, 1956; Fendall &
Lake, 1958; Fendall, 1962). Live trivalent vaccine
distributed in late 1962 and early 1963 probably
prevented the epidemic expected in 1963 (Fendall &
Grounds, 1965).

It was thought that a longitudinal survey spanning
a number of years could elucidate somewhat more
of the epidemiological characteristics of poliomye-
litis in Kenya. The following studies were therefore
undertaken:

1. A countrywide survey was begun in 1964 to
determine which types of poliovirus could be isolated
from patients in the acute stage of poliomyelitis.
The results of this survey, which is still in progress,
were compared with the incidence of the disease as
reported to the Director of Medical Services. In the
course of this investigation the possibility emerged

* From the Medical Research Centre, Nairobi, Kenya,
Department of the Royal Tropical Institute of Amsterdam,
Netherlands.

1 Assistant Virologist, seconded to the Medical Research
Centre from the Ministry of Health of Kenya.

a Virologist.

that in Kenya poliomyelitis epidemics might in fact
be predictable. The survey was then used to explore
this possibility.

2. Serum samples from a number of patients and
a number of children without poliomyelitis were
tested for antibodies against the 3 types of poliovirus.

3. In an effort to find an explanation for the
observation that epidemics in Kenya tend to begin
around October, meteorological data were related
to monthly incidence rates of poliomyelitis based
on reports to the Director of Medical Services.

AREA OF THE SURVEYS

Kenya is a tropical country situated at the equator
on the east coast of Africa. Plateau areas with high-
lands and mountain ridges cover a large part of the
country. Only the coastal plain is below 200 m.
Temperatures vary with the altitude. Because of low
rainfall the northern parts of Kenya, which amount
to about 60% of the territory, consist of bush and
semi-desert country. There are two rainy seasons.
Less than 10% of the population lives in towns of
more than 2 000 inhabitants. Houses supplied with
piped water and facilities for nightsoil disposal are
largely confined to these townships. In the rural
areas standpipes or wells are occasionally present.
Since 1963 Kenya has been divided administratively
into 7 provinces with Nairobi as the capital. The
majority of the 11 million population lives in the
south while the dry north is very sparsely populated.
The economy of the country is largely dependent
on agriculture, although tourism is of growing
importance.
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MATERIALS AND METHODS

Test material
Faecal specimens were frequently received in 50%

glycerol and sometimes were a few days or even

more than a week old. Faecal suspensions (10%)
in Hanks' solution, containing the usual antibiotics,
were centrifuged and the supernatant was stored at
- 20°C until inoculated into tissue cultures. Blood
was collected by venepuncture; the serum was

inactivated and stored at - 20°C.

Cell cultures and isolation of viruses
For virus isolation and typing, baboon kidney

cells were used. After trypsinization, cells were seeded
(350 000/ml) in screw-capped tissue culture tubes;
3 tubes were used per specimen. Melnick's medium
served as a growth medium and medium 199 was

used for maintenance. The tubes, containing Hanks'
solution, were inoculated with 0.2 ml of the faecal
suspension and kept for 1 h at 37°C, after which
the contents were replaced by medium 199.

Incubation took place at 37°C. The tubes were
examined regularly for a period of 2 weeks. Positive
specimens were typed with type-specific rabbit polio-
myelitis antisera prepared in the authors' laboratory.

Serological procedures
For the demonstration of antibodies to polio-

viruses in human sera the metabolic inhibition test
in tubes was used, as described by Salk et al. (1954),
baboon serum being substituted for horse serum.

Secondary baboon kidney cells were used in the tests.
Antigens were the prototype strains: Mahoney,
MEF-1, and Saukett, diluted to contain 100 TCID50/
0.25 ml. The tests included control titration of the
virus, serum, and cell controls.

Meteorological data

Average rainfall was calculated from data in the
Annual Summary Report of Rainfall of the Meteoro-
logical Department of the East African Common
Services Organization. The figures for temperature
and relative humidity were collected from The
Weather of East Africa, an annual report issued by
the same department. Figures were taken for the
townships of Nairobi, Nakuru, Kitale, Kisumu,
Lamu, and Mombasa, which are regarded as repre-
sentative of the various climatic conditions of Kenya.
The averages of the monthly mean maximum and
mean minimum temperatures were used for the
calculations. The relative humidity was that recorded
at 6 h 00. The dry northern parts of Kenya, from

which practically no poliomyelitis cases are reported,
were omitted from the calculations because their
inclusion would have affected the final figures
disproportionately.
Poliomyelitis incidence
Monthly incidence data were taken from the

Bulletin of Infectious Diseases of the Ministry of
Health; these are compiled from the returns sent in
by medical officers. There is evidence of under-
reporting.

RESULTS

Table 1 gives the number of poliomyelitis cases
notified monthly from January 1964 to December
1971. In 1970 and 1971 the rates may have been
lowered by the occasional distribution of vaccine at
dispensaries, clinics, and in a pilot project (Metselaar
et al., 1973), and in 1957, 1960, and 1966 the incidence
was unusually high. If these 5 " abnormal " years are
omitted, then a total of 3 467 cases were notified
from 1955 to 1969 inclusive. This gives an average
for the "normal" years of 24 cases per month.
If a rise to three times this figure is arbitrarily
regarded as an epidemic, then one true epidemic
rise was observed, from October 1965 to June 1966.
This rise will be referred to as " the epidemic ".
Several other rises above the monthly average were
also observed from January to July 1968 and from
January to September 1969. In addition, observation
started at a time of high incidence.

Because of under-reporting the figures have no
absolute value, but there is little doubt that the major
fluctuations are real.

Virus isolation from patient specimens began in
November 1964 and is still in progress. The results
up to the end of June 1972 are reported in Table 2.
This period will be referred to as the " observation
period ". Up to 30 June 1972 about 2 400 cases
were notified and 1 832 specimens examined. (Up to
the end of 1965, specimens from Nairobi only were
tested.) Though the patients who provided specimens
may not always have been those who were notified,
there seems to be no reason to suspect that the
isolates do not give a good indication of the preva-
lence of the various poliovirus strains in patients in
Kenya during the observation period. Of 863 posi-
tive specimens 731 (84.8 %) yielded type 1, 82 (9.5 %)
yielded type 2, and 50 (5.7%) type 3; this gives a
ratio of 14.6: 1.6: 1.0 for the three types. However,
it is obvious from the figures of Table 2 that this
ratio is an average for the observation period.
Actually, the ratio varied constantly.
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Type 1 fluctuated the most. At times it was absent
from the isolates, while at other times there were
high peaks. The fluctuations ran practically parallel
with those of the reported cases. Fluctuations in the
rate of isolation of the other types were less pro-
nounced. Type 3 was more frequently absent from
the isolates than the other two.
The average isolation rate for all three types

from the specimens received during the observation
period was 47.1 %. The rate varied greatly according
to a number of factors. It was as high as 80% in the
specimens received from the Infectious Diseases
Hospital in Nairobi at the time of the epidemic.
Travel time and dilution in glycerol-saline adversely
influenced the results from material arriving from
remote areas. In addition, the average yield from
patient material from all over the country was
highest (62.9%) at the time of the epidemic and
lowest (11 %) from October 1970 to March 1971,
a period of very low reported poliomyelitis incidence.
The difference is highly significant (P< 0.0005). Dur-
ing other peaks the isolation rates were high as well.
It may be that there was always a relatively constant
number of specimens from patients for whom the
physician wished to rule out a diagnosis of polio-
myelitis without however considering it as a serious
possibility. During periods of low incidence these
negative specimens may have influenced the isolation
rates considerably.
Of the 1 074 patients whose ages were known and

whose specimens were tested, 87% were under 3 years
and 96% were under 6. The corresponding figures
for the 559 patients of known age from whose speci-
mens poliovirus was isolated (confirmed cases) were
93% and 99 %. After the age of 12 months there was
a negative correlation between age and isolation
rate. Horstmann (1963) cites several authors who
also observed that children under the age of 2 are
the most successful disseminators of poliovirus. It is
not impossible that some proportion of older chil-
dren possess cross-immunity resulting from earlier
infection with antigenically related types, which
limits the amount of virus excreted and the duration
of excretion.
Of 1 331 patients of known sex 748 (56.2%) were

male and 583 (43.8%) female. For the confirmed
cases the figures were 375 (54.5%) and 313 (45.5 %).
The ratios for the two groups are 1.3 :1 and 1.2: 1
respectively. The differences between the two sexes
are significant (P< 0.025) and confirm earlier findings
(e.g., those of the 1933 International Commission
on Poliomyelitis, cited by Rhodes (1947)).

423

08
0 0w

1 00o X

Iv-o.

< a

OCu

0

0 E

X_
o,-

0o
0 .O- 0

0
a

0

I.:

0

E

U.U

Sc
co

a)

V-

4
1-

o

E
0

0

0

In
Cu

C._

.0
010
.0

I-.



B. K. NOTTAY & D. METSELAAR

Table 2. Quarterly distribution of notified cases and of poliovirus strains isolated from
patient specimens

Observation N'Jumber of Number of Number of poliovirus strains isolated
period cases specimens

(in quarters) reported tested Type 1 Type 2 Type 3 Total

1964
(Nov.-Dec.) 71 11 2 0 2 4

1965 1st 40 7 0 0 2 2
2nd 23 15 1 1 0 2
3rd 60 18 4 2 0 6
4th 335 154 125 1 1 127

1966 1st 500 278 176 4 2 182
2nd 270 147 59 5 0 64
3rd 38 27 5 3 0
4th 14 12 1 0 1

1967 1st 22 21 0 1 1 2
2nd 38 19 0 6 0 6
3rd 60 26 2 5 1 8
4th 49 59 3 10 2 15

1968 1st 85 67 12 11 9 32
2nd 95 89 22 15 6 43
3rd 57 57 20 2 3 25
4th 53 45 23 0 1 24

1969 1st 89 59 21 2 0 23
2nd 121 85 47 1 0 48
3rd 153 105 52 0 0 52
4th 66 89 30 1 0 31

1970 1st 25 39 7 0 0 7
2nd 18 29 5 1 6 12
3rd 15 19 2 0 4 6
4th 13 23 0 0 2 2

1971 1st 12 14 2 0 0 2
2nd 17 45 10 1 2 13
3rd 14 40 12 1 0 13
4th 21 56 21 1 1 23

1972 1st a 128 55 4 3 62
2nd a 49 12C 4 1c 17

total 2 374 1 832 b 731 82 50 863

a Not yet available at the time of writing.
b Includes 10 cerebrospinal fluid specimens.
c Mixed infection of types 1 and 3.

Details of the 1965-1966 epidemic have been pub-
lished elsewhere (Kaur & Metselaar, 1967). From
September 1965 to August 1966 1163 cases were
reported. If attack rates per 100 000 inhabitants
are calculated for the various administrative regions
the figures vary between 6.0 and 21.5, suggesting
that there were regional differences. When the ratios
are correlated with the number of health units
per 100 000 inhabitants they are found to be highest
in regions with a high health unit density. Though
the correlation is not significant (P= 0.1) the finding
would suggest the possibility that the greater the
number of health units in an area, the more polio-

myelitis cases are reported. The attack rate per
100 000 in Kenya as a whole was 11.6 for the epidemic
period.

Serology
Only 30 acute phase serum specimens were received

from patients for whom a diagnosis of poliomyelitis
was considered. In only 10 cases was the diagnosis
supported by the isolation of poliovirus: in 7 cases
type 1 and in 3 cases type 3. In agreement with the
findings of other workers (e.g., Sabin, 1952), anti-
bodies were already present in some of the specimens
from cases yielding poliovirus.
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Of the 10 patients only one (a type 1 infection)
had type 2 antibodies. However, the number of cases
is too small to conclude that children lacking type 2
antibodies are more prone to the paralytic compli-
cations of type 1 or type 3 infections than children
with prior exposure to a type 2 infection, as has
been suggested, for example, by Dane& Briggs (1956).

Sera were collected from children without polio-
myelitis in a few places in Kenya when the oppor-
tunity arose. This sample was not chosen randomly.
Because the results of the various groups were much
alike, they were combined (Table 3).

After the age of 6 months, a steady advance
towards a high degree of immunity to all 3 types of
poliovirus by the age of 6 years was obvious in this
sample.
The younger the child, the more marked was the

correlation between type 1 and type 2 antibodies.
These two types of antibody were found together
in individual sera more frequently than would be
expected from chance distribution. The coefficients
of correlation (r) in the age groups 6-12 months
and 1-2 years were 0.39 (P< 0.05) and 0.57 (P< 0.01)
respectively. Thereafter the correlation decreased
with age. In children over 3 years r dropped to
0.07 (P >0.50). The correlation was not found
between other antibody types and can probably be
ascribed to a closer antigenic relationship between
types 1 and 2 than between types 2 and 3 (Salk, 1955).

Meteorological data and voliomyelitis incidence
A comparison of the poliomyelitis morbidity fig-

ures with the concomitant data on temperature,
rainfall, and relative humidity in Kenya did not
show a significant correlation with any of these.
No explanation related to climate can therefore be
offered ofwhy epidemics in Kenya tend to commence
around October. The study also failed to produce
any other convincing reason.

DISCUSSION

Type 1 poliovirus was isolated many times more
often than the other types. This observation con-
firms the conclusion reached by many other workers
(as discussed, e.g., by Dro1dov & Cockburn, 1967)
that type 1 is the most virulent.
During the observation period, at intervals of

3 years, three peaks were observed in type 1 isola-
tions. In view of the fact that type 1 was also isolated
from a few specimens examined during the 1954,
1957, and 1960 epidemics, a 3-year rhythm in the
circulation of type 1 poliovirus appears to be, at
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present, a basic factor in the epidemiological pattern
of poliomyelitis in Kenya, a country where polio-
virus is constantly present and poliomyelitis is an
endemic disease with epidemic fluctuations. A 3-year
rhythm also corresponds well with the age of more
than 90% of the patients studied.

It is probable that the distribution of vaccine inter-
fered with the periodicity of the epidemics-but not
with that of type 1 virus circulation-after 1960.
Vaccine distribution may have curtailed the epidemic
expected in 1963. An attempt to interrupt the
1965-1966 epidemic with mass distribution of live
trivalent vaccine at the end of January 1966 may
have been instrumental in curbing the epidemic
curve more quickly. When in 1968 the number of
cases again increased and type 1 took the lead over
the other types in frequency of isolation, live trivalent
vaccine was made available once more for mass dis-
tribution. Though the incidence was relatively high
for a prolonged period in 1968 and 1969 (719 reported
cases for the 2 years), an epidemic did not mate-
rialize. Type 1 became rare in 1970. This decrease
was accompanied by a decrease in the number of
cases reported (Table 2).

In 1970 and 1971 vaccine was not distributed in
mass campaigns but was made available more fre-
quently than before at dispensaries and health
centres. Moreover, in one district vaccine was given
twice with the help of lay volunteers to a good pro-
portion of the more than 100 000 children under
6 years of age (Metselaar et al., 1973). The various
distributions may have favourably influenced the
1970 and 1971 figures.

In view of the 3-year rhythm an epidemic could
have been expected around October 1971. An increase
was indeed observed in the number of specimens
received in December (27). This rise continued in
January (36) and February (39). Type 1 was practi-
cally the only type isolated (Table 2). By the end
of February 1972 a countrywide mass vaccination
campaign based on the method devised by Metselaar
et al. (1973) was initiated and the first round was
completed within 2 weeks (Koinange et al., 1973).
Nevertheless, the number of specimens received in
the authors' laboratory continued to increase, total-
ling 53 in March. This probably indicates that the
vaccination campaign was undertaken just in time
and that a substantial number of people were already
in the incubation period by the time it began. The
number of specimens began to decrease in April
and continued to drop in May and June (Table 2),
showing that the vaccination campaign was success-
ful in preventing the rise from reaching epidemic
proportions. Some of the isolates obtained since
March may be of vaccinal origin.
In Kenya and many other tropical countries staff

and budgetary conditions do not yet permit system-
atic vaccination of all children against poliomyelitis
at the optimum age. The results of our prolonged
survey show that if the disease occurs with a regular
rhythm, close observation of its periodicity together
with surveillance of the circulation of the different
virus types may go far in making possible a timely
warning that an epidemic is in progress. Well
organized mass campaigns may then prevent the
worst.

ACKNOWLEDGEMENTS

The authors thank the Director of Medical Services of
the Government of Kenya for allowing one of them
(B.K.N.) to devote considerable time to the studies
reported here. The help of Mr W. Gemert in the statistical
analysis of the results is acknowledged. The authors are

also grateful to the many physicians in Kenya who pro-
vided specimens for examination. Dr H. Foy of the
Wellcome Trust Research Laboratories kindly supplied
baboons for the cell cultures.

RESUME

POLIOMYELITE: EPIDEMIOLOGIE ET PROPHYLAXIE: 1. ENQUETE EPIDEMIOLOGIQUE LONGITUDINALE
AU KENYA

De novembre 1964 a juin 1972, pres de 2400 cas de
poliomyelite ont et6 notifies a la Direction des services
de sante du Kenya. La recherche du virus a ete pratiquee

sur 1832 echantillons de selles recueillis chez des sujets
pr6sentant les signes cliniques de la maladie. Au total,
863 poliovirus ont ete isoles: 731 de type 1; 82 de type 2
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et 50 de type 3. On a constate un cycle net de la circulation
du poliovirus de type 1, avec des pics de fr6quence sur-
venant tous les 3 ans.
Une epidemie de poliomy6lite de type 1 a e observ6e

en 1965-66. Trois ans plus tard, lors d'une nouvelle
augmentation du nombre des cas signales et des isole-
ments de poliovirus de type 1, on a procede a une cam-
pagne de vaccination par un vaccin buccal trivalent qui
a probablement eu pour effet d'abreger la dur6e de
l'epidemie. En 1971-72, alert6es par une fr6quence accrue
des cas de poliomy6lite et des isolements des poliovirus
de type 1, les autorit6s sanitaires ont organis6 une aam-
pagne de vaccination 'a l'6chelon national, avec l'aide

de personnel benevole, qui a sans doute permis d'eviter
une 6pid6mie.
Parmi les 559 patients chez lesquels des poliovirus ont

6t6 isol6s, 93% 6taient ages de moins de 3 ans et 99%
de moins de 6 ans. Le rapport d'incidence entre sujets
de sexe masculin et sujets de sexe f6minin 6tait de 1,2: 1.
Une etude s6rologique effectuee chez des enfants indemnes
de poliomy6lite a montre que 78% des 6chantillons pro-
venant de sujets ag6s de 6 ans renfermaient des anticorps
contre les poliovirus des trois types.
On n'a note aucune correlation entre les fluctuations

de l'incidence de la poliomy6lite et les donn6es meteoro-
logiques.
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