
Bull. Org. mond. Sante 1954 11 403-442
Bull. Wld Hlth Org.

THE DISSEMINATION OF 17D YELLOW FEVER
VACCINE IN AFRICANS IN KENYA IN RELATION TO

THE INTERPRETATION OF RESULTS OF
PROTECTION-TEST SURVEYS

W. H. R. LUMSDEN, B.Sc., M.B., Ch.B., D.T.M., D.T.H.
Virus Research Institute, Entebbe, Uganda

Manuscript received in December 1953

SYNOPSIS

The extent of dissemination of 17D yellow fever vaccine among
the population of Kenya, especially among Africans, is estimated,
largely from information in the records of the Kenya Medical
Department. The total recorded vaccinations of Africans between
1941 and 1951 amount to about 379,000, representing 7.2% of the
African population in 1948; it is, however, possible that the actual
number of vaccinations is considerably higher. At Mombasa,
78,000 persons of races other than Africans were given routine
inoculation over the same period.

After a study of the economy of use of vaccine, the author
discusses the protection-test surveys performed before 1951 and
during that year in relation to the dissemination of vaccine. It is
tentatively concluded that natural infection of man with yellow
fever is rare in both Kenya and Tanganyika.

Introduction

In 1951, studies of the local epidemiology of yellow fever were carried
out by the writer and Dr. A. J. Haddow at Gede, on the Kenya coast,
and at Taveta, south-east of Kilimanjaro. Part of the work consisted of
the taking of blood from samples of the local African inhabitants. It was
known at the time of our visits that a campaign of mass inoculation with
17D yellow fever vaccine had been carried out in the coastal population
of Kenya in 1941 and 1942. The campaign had involved the inoculation
of some 320,000 persons, estimated to represent over 90% of the coastal
population at that time.3 However, it was expected that individuals who
might hatve been vaccinated would be comparatively simply excluded from
consideration and that immunity discovered in individuals not obviously
involved in the inoculation campaign could only be the result of a natural
infection. (The terms " immune " and " protective " used in the present
paper imply that the individual referred to has been found to exhibit
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404 W. H. R. LUMSDEN

circulating antibody neutralizing yellow fever virus under the conditions
of the mouse protection test. See Smithburn.10)

It was later discovered that the situation was by no means so simple,
inoculation with yellow fever vaccine having been carried out among the
African population in at least some areas since the campaign of 1941-2,
and being freely available at certain centres in Kenya. It was decided that
a study of the distribution of vaccine in Kenya was a necessary preliminary
to the interpretation of the results of protection-test surveys, and
Dr. T. Farnworth Anderson, O.B.E., Director of Medical Services, Kenya,
kindly made available the inoculation records for that study to be made.
In the inspection of the records various other matters of interest have come
to light, and these also are presented in so far as they bear on the inter-
pretation of protection-test results. The conclusions reached after the

FIG. 1. SOUTHERN KENYA AND NORTHERN TANGANYIKA
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study of inoculation records are here applied to protection-test surveys
made before 1951, mostly already published, and to the results of the
present surveys at Gede and Taveta.

The statistical methods used follow those described by Simpson & Roe.9
Most of the localities mentioned are shown on the map (fig. 1).

Mass Inoculation Campaigns
The first campaign, begun in April 1941, was designed to immunize

against yellow fever as high a proportion as possible of the inhabitants of
a strip, 15 miles (about 25 km) wide, extending along the whole Kenya
coast. The progress of this campaign, which may be followed in the weekly
returns of inoculations performed, was as follows:

Date , Locality

22 April - 15 August 1941 Mombasa Island and District
25 August 1941 - 24 January 1942 Digo District.
29 December 1941 - 2 March 1942 Kilifi District.
9 March - 4 April 1942 Lamu District and Tana River.
9 April - 9 May 1942 Malindi District.
12 May - 9 June 1942 Completion of Kilifi District.

A second campaign was carried out, this time in Mombasa Island and
District only, in 1944. It began before 12 February, probably in the week
preceding that date, and ended on 6 May.

Table I summarizes the records of both these vaccination campaigns.
The total number of vaccinations made exceeded 410,000, but the actual
number of individuals vaccinated was certainly less than this as the second
campaign in Mombasa must have involved many persons already inocu-
lated in 1941. However, minimum numbers of individuals inoculated can
be arrived at by taking only one figure for each racial category in Mombasa.
The 1944 figure, in each category greater than that for 1941, may be used.
The minimum numbers so calculated are:

Africans 295,299
Arabs 18,029
Others 21,205

Total 334,533

The actual numbers will be greater than these, to an extent depending
on the amount of replacement of population in Mombasa between the
two campaigns; this is likely, especially in Africans, to be considerable.
The minimum figures represent, respectively, 5.6% and 73% of the African
and Arab populations of Kenya at the 1948 census.

Routine Inoculations
For some time past yellow fever vaccine has been freely available to

the African population at eight centres in Kenya-Nairobi, Mombasa,
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TABLE I. NUMBER OF PERSONS INOCULATED WITH 17D YELLOW FEVER
VACCINE IN COASTAL AREAS OF KENYA DURING MASS INOCULATION

CAMPAIGNS, 1941-2 AND 1944*

Euro-
Date of peans,

Locality inoculation Sex Africans Arabs Asians, Total
and

others

M 32,152 5,798 10,621 48,571
April-August

1941
F 13,523 4,964 7,309 25,796

M + F 45,675 10,762 17,930 74,367
Mombasa Island

and District M 41,970 7,421 12,872 62,263
February-May

F 15,602 4,153 6,977 26,732
1944 **

M + F 57,572 11,574 19,849 88,995

August 1941 M 41,313 260 320 41,893

Digo Districtt to F 43,970 237 168 44,375

January 1942 M + F 85,283 497 488 86,268

January-March, M 45,272 298 118 45,688

Kilifi District May, June F 49,748 266 68 50,082

1942 M + F 95,020 564 186 95,770

M 18,133 673 136 18,942
April-May

Malindi District F 18,843 743 110 19,696
1942

M + F 36,976 1,416 246 38,638

Lamu District M 9,830 1,913 245 11,988
March, April

and F 10,618 2,065 191 12,874
1942

Tana River M + F 20,448 3,978 436 24,862

M 188,670 16,363 24,312 229,345

Total inoculations, 1941, 1942, 1944 F 152,304 12,428 14,823 179,555

M ± F 340,974 28,791 39,135 408,900**

* Compiled from weekly returns of the Kenya Medical Department.
** A sheet, or sheets, apparently recording 2,434 vaccinations, is missing from the beginning of

the 1944 series in Mombasa; if these are included, a total of 411,334 vaccinations is obtained.
t One sheet, recording 11,601 vaccinations, deals with both Digo and Kilifi Districts, and the

wo cannot be separated. These vaccinations have all been included here with Digo District.

Kisumu, Nakuru, Eldoret, Kitale, Nyeri, and Lamu. A vaccination service
has been in operation since 1941 at all these stations except perhaps Nyeri
and Lamu. Records or extracts of the records are available for all except
Eldoret, Nyeri, and Lamu, and are summarized, as far as Africans are
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concerned, in table II. Some of the registers are in parts difficult to interpret
exactly, so the numbers given should be regarded as very close approxima-
tions rather than critically exact. Some notes on the records should be made:

TABLE II. SUMMARY OF RECORDED INOCULATIONS OF AFRICANS
WITH 17D YELLOW FEVER VACCINE AT FIVE STATIONS IN KENYA *

Total number Average number
Station Period covered by records of inoculations inoculated per year

Nairobi 1 July 1947-30 September 1951 7,198 1,694

Mombasa 6 September 1941- 6 May 1950 52,726 6,083

Kisumu 25 June 1947-10 October 1951 14,065 3,309

Nakuru 16 October 1948- 7 May 1949 142 255

Kitale 18 November 1944-18 August 1951 782 116

Average total number of Africans inoculated per year 11,457

* Compiled from records made available by the Kenya Medical Department.

Nairobi. An extract from the records is available showing the numbers
of Africans inoculated by months for the period stated in table It. It is
stated that records were not kept before July 1947.

Mombasa. Eleven record books are available, giving a continuous
record of Africans inoculated over the period stated in table II, except
for a hiatus between 26 August and 19 December 1944. However, weekly
returns of Africans inoculated are also available from 9 September 1941 to
26 January 1946. The numbers have been computed from the weekly
returns until that date, and thereafter from the record books. A separate
record of inoculations in Africans ends on 6 May 1950, and thereafter
Africans appear with Europeans, Asians, and so on, in books entitled
" All Races ". The numbers so recorded are, however, small in comparison
to the previous records. For instance, in the first six months of 1951 such
records average only 48 per month.

Kisumu. Three record books are available which cover the period
stated in table II. Inoculations are stated to have begun before this date,
the first recorded date being 16 December 1944.

Nakuru. A summary of inoculations made in Africans for the period
stated in table II is given at the end of the European and Asian register.

Kitale. A continuous record is available for the period stated in table IL.
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The total number of inoculations of Africans recorded in the available
registers (table II) amounts to 74,913. Table II also gives an average
number inoculated yearly at each of the stations (computed from the total
numbers recorded and the length of the record). From these it is concluded
that the average total inoculations in Africans in Kenya yearly for these
stations together was 11,457. Table III shows the yearly totals of Africans
inoculated for the four stations for which extended records are available.

TABLE III. ANNUAL TOTALS OF AFRICANS INOCULATED WITH
17D YELLOW FEVER VACCINE AT FOUR STATIONS IN KENYA

Year Nairobi Mombasa Kisumu Kitale

1942 - 175 - _

1943 _ 50

1944 - 5,754 _

1945 - 10,258 386

1946 - 10,068 - 11l

1947 646 (6)* 9,478 3,884 (6)* 69

1948 2,052 8,352 3,057 20

1949 2,525 5,500 3,491 13

1950 1,735 - 3,833 8

1951 751 (9)* _ 2,199 (9)* 18 (9)*

* Where only a part of a year's record was available, an annual total has been estimated pro-
portionately, but only where the part was at least half the year. Where this has been done, the
number of months on which the estimate is based is given in parentheses.

Where only part of a year's record was available, a total has been estimated
proportionately, but only if the part of the record available amounted to
at least six months. Only for Mombasa is the record available as early as
1942 and only for Mombasa and Kitale as early as 1945. Both these
stations show the highest numbers inoculated in 1945 and 1946 with a
general decline in numbers in succeeding years. There was a similar decline
in the last three years at Nairobi, though there small numbers only were
inoculated in 1947 as well. The most uniform record is that for Kisumu,
where the numbers remained steady at between 3,000 and 4,000 per annum
until 1951, when a slight decline appears. If it can be assumed that the
trend of numbers at the two stations for which records are available back
to early years is representative of all the stations, then it would appear
that the numbers inoculated in 1945 and 1946, and probably also in 1944,
are also likely to have been comparatively large at the stations for which
early records are not available. Thus seven times the yearly average, or
80,199, is almost certainly a conservative estimate of the total number of
Africans given routine inoculation during the ten years 1942-51.
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Many of these inoculations are probably of travellers, to comply with
regulations for entry into adjoining territories. A decrease in numbers of
inoculations is to be expected after early 1951, at which time Tanganyika
was declared within the area of endemic yellow fever. Further, a decrease
may be expected after September 1948, when food rationing ended, as
until then in Mombasa the production of a valid certificate of inoculation
was a condition without which a food ration card was not given (Dr. C. D.
Rosenwald-personal communication).

Other Recorded Inoculations

Besides those already mentioned, some miscellaneous vaccination
records have been discovered. They are derived from Kenya Medical
Department reports unless otherwise stated.

In 1941, a total of 10,188 inoculations is mentioned. Of these, 3,790 were
made in Africans, 2,121 at Kisumu, 227 at Kisii, 225 at Kakamega, 1,102
in the railway staff, and some others. In 1942, 6,908 were made at Kitale
and Eldoret, where 3,778 were of Africans, 2,764 and 1,014 at these two
places respectively. In 1946, a total of 1,154 men, women, and children
inhabiting the Gede Agricultural Settlement was vaccinated (Dr. R. B.
Heisch and Dr. W. L. Barton-personal communications). These additional
records amount to 18,250 inoculations, of which 8,722 were of Africans.

Further, it is known that inoculations have been given in other ter-
ritories adjoining Kenya, sometimes in considerable numbers. Moshi,
Tanganyika, may be quoted here, as inoculations done there closely affect
the interpretation of protection-test survey results at Taveta, discussed
later. Between January 1947 and October 1951, a total of 1,21 1 inoculations
was made there, an average of 251 per year; it is possible, also, that con-
siderable numbers were inoculated there before 1947 (personal communica-
tion from the District Medical Officer, Moshi). In addition, it has for
several years been the custom in the Sudan to inoculate all Haj pilgrims
on their way through the Sudan to Mecca (Dr. E. S. Horgan-personal
communication). It should be noted also that the estimates made in this
and preceding sections refer practically exclusively to the civil population.
East Africans taken into the Forces during the 1939-45 war are estimated
at about 200,000, and practically all these were inoculated against yellow
fever (Colonel M. J. Tarmey and East African Medical Departments-
personal communications).

Other Information from the Records

Sometimes, besides simply numbers, the records give also the sex,
tribe, and age of Africans presenting themselves for routine inoculation.
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Knowledge of the make-up of such a population was considered of import-
ance for the interpretation of protection-test survey results generally, and
analysis has therefore been made in some detail, particularly in the case of
Mombasa, where the information is most nearly complete. Such studies
are best discussed under the names of the inoculation stations concerned.

Mombasa
A sample designed to be about one-fiftieth of the record was selected

by taking those individuals whose certificate numbers ended in 00 and 50.
Only small numbers were inoculated in 1942 and 1943 (table III), and a
large part of the record for 1944 is not available in books but only as
weekly summaries. Study has therefore been limited to the years from 1945
onwards. The method of selection gave a close approximation to the
fraction desired; in the record from January 1945 onwards, 921 selections
were obtained for an expectation of 926. The deficiency is only trivial,
and the sample can be accepted as closely representative of the whole
population under study. It will be convenient sometimes to divide this
sample into approximate halves, before and after 30 June 1947, to study
changes in the constitution of the population being inoculated.

The tribal code of the East African population census of 1948 2 has
been invaluable as a guide to the identification of tribes and as a standard
of spelling. More than 60 of the tribes included in this code are represented
in the sample of 921 individuals. The Tanganyika atlas 13 has been used
as the authority for the location of tribal territories in that country. For
convenience of study the tribes are grouped according to the country of
their main recent origin

Coastal Kenya tribes:
Nyika tribes .... ....... . . 297

Digo . . . . . . . . . . . 132
Giriama ..... . . . . . 69
Duruma ..... . . . . . 38
Rabai ..... . . . . . . 27
Chonyi . . . . . . . . . . 18
Ribe ........... . 6
Kauma ..... . . . . . 5
Jibana ..... . . . . . . 1
Unspecified .1....... . I

Pokomo. . . . . . . . . . . . . . 13
Bajun ..... ..1.
Swahili .... . . 1
.Jomvu .... ........ . . . 12
Changamwe .... .. 5
Kawango .... .. 2
Kilindini .... . . 1

Total .... . . . 332
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Most belong to the sub-tribes of the Nyika main tribe. The Pokomo
derive from the Tana River valley and fall most naturally into the coastal
Kenya group, although their territory extends inland along the river.
The last four examples are place and not tribal names, but local advice is
to the effect that these also may be accepted as being people of coastal tribes.

Mid Kenya tribes:
Kamba....... 98
Teita..... 61
Kikuyu.. .. ........ 51
Embu... . 5

Total . 215

Here are included tribes whose territories lie in the region east of the
Rift Valley but do not come into the coastal region. This group includes
the Kamba, a large tribe of the Machakos-Kitui area, but it should be noted
that " Kamba" is also the name of a small section of the coastal Nyika
people, and that the two may be confused. However, it appears that the
latter can be represented to a small extent only in the total; the greatest
number shown by any of the other small Nyika tribes was 18 in the case
of the Chonyi, and the others, the Kauma, Jibana, and Ribe, were all
much smaller.

West Kenya tribes:
Luo ....... 69
Luhya tribes . ...... .... 27

Nyala . . . . . . . . . . . 16
Maragoli ......... . 7
Kakamega ..... . . . . 2
Marama .1.... . . . . . I
Nyore .1..... . . . . . I

Samia.. 7
Kisii . .1

Total .104

The territories of these tribes lie in Kenya west of the Rift Valley.

Coastal Tanganyika tribes:
Sambaa .16
Sageju .10
Makonde. 7
Zigua. 4
Shirazi. 4
Zaramo. 4
Mwera. 2
Rufiji ............... . 2
Bondei .............. . I
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Coastal Tanganyika tribes (continued):

Machinga .1.... . . . . . . . . . I
Matumbi (as Mbugolo) .1... . . . . I
Ndengereko .1.... . . . . . . . . I

Total .... . . . 53

The main territories of these tribes lie within about 80 miles (about
130 km) of the coast.

Mid Tanganyika tribes:
Chagga ...... . . . . . . . . . 25
Nyasa ...... . . . . . . . . . 22
Iramba (as Nyaramba) .... . . . . 3
Luguru (as Kami) .... . . . . . . 2
Makua ...... . . . . . . . . . 2
Ngoni ...... . . . . . . . . . 2
Kaguru .1..... . . . . . . . . . I
Meru .1.............. . I
Ngindo .1..... . . . . . . . . . 1
Pare .1.... . . . . . . . . . . . I

Total.. 60

The main territories of these tribes lie east of a line joining Lakes Eyasi
and Nyasa, but do not come into the coastal region.

West Tanganyika tribes:
Haya tribes . . . . . . . . . . . . . 51

Ziba . 49
Haya. . 2

Nyamwezi. . . . . . . . . . . . . . 11
Sukuma ..... . . . . . . . . .. 5
Kerewe ..... . . . . . . . . . .. 3
Kuria (as Tende) ..... . . .. 3
Bende (as Simbili) .... . . .. I
Zanaki ..... . . . . . . . . .. 1

Total .... . . . 75

These tribes have their main territories west of a line joining Lakes
Eyasi and Nyasa.

Uganda tribes:
Bagishu . .. 2
Teso ... 2
Acholi . .1.
Alur ..1.
Basoga ... 1
Sebei . .1.

Total.. .. 8
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Besides these, individuals described as " Mganda" occur 13 times.
It is considered that these cannot be accepted with certainty as Baganda in
view of the existence of a locality, Ganda, near Malindi on the Kenya
coast; " Mganda " could perhaps mean " a man of Ganda ". Inspection
of the names of these people is of little assistance as most are Mohammedan
and give no tribal indication, only one is a definite Baganda name. These
people have therefore been relegated to the group of unrecognized tribes.

Belgian Congo tribes:

Manyema ........ 2
Banyaruanda........ 1
Tusi ........ 1

Total ...... . 4

Besides these, three people recorded as " Myanezi " or " Mnyanzi"
might have been of the Belgian Congo tribe Yanzi; but it was considered
that this was open to doubt, and they have therefore been relegated to
the group of unrecognized tribes.

Unrecognized or unknown tribes:
Blank or not clearly legible . . . . . . 23
Mganda .... . . . . . . . . . . 13
Mohiyao and similar spellings .... 7
Mnyanezi or Mnyanzi ..... . . 3
Msiba ...... . . . . . . . . . 3
Mgunya ...... . . . . . . . . 2
Mnubi .1..... . . . . . . . . . I
Myovu . . . . . . . . . . . . . . . I
Other tribes (single individuals) . 17

Total .... . . . 70

Those recorded as "Mganda" and " Mnyanezi" have already been
discussed. " Mohiyao" perhaps refers to the Yao tribe of southern
Tanganyika. " Mnubi" is generally considered to indicate a descendant
of the Sudanese troops introduced into what is now East Africa in the latter
part of the last century. " Yovu " appears in the tribal code,2 but the tribal
territory has not been located. The rest are tribal names which do not
occur in the code.

Table IV summarizes the representation of the various tribal groups
in the two parts of the sample and in the whole. There is no statistically
significant change between the first and second parts of the sample in the
proportional representation of any single group, except for the increase
in the Coastal Tanganyika tribes for which comparison X2 = 5.5 and
0.01 < P < 0.02. However, all Kenya tribes taken together show a
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TABLE IV. TRIBAL MAKE-UP OF RANDOM SAMPLE OF 921 INDIVIDUALS
INOCULATED WITH 17D YELLOW FEVER VACCINE AT MOMBASA

Before After Ttlsml30 June 1947 1 July 1947 Total sample
Region from Estotalwhich tribe numbers

derived number percen- number percen- number percen- inoculatedinocu- tage of inocu- tage of inocu- tage of
lated tota lated total lated tota

Coastal 189 39 143 33 332 36 19,007

Kenya Mid 125 25 90 21 215 23 12,308

West 54 1 1 50 12 104 1 1 5,954

Coastal 20 4.1 33 7.7 53 5.8 3,034

Tanganyika Mid 25 5.1 35 8.1 60 6.5 3,435

West 35 7.1 40 9.3 75 8.2 4,294

Uganda 6 1.2 2 0.5 8 0.9 458

Belgian Congo 1 0.2 3 0.7 4 0.4 229

Unrecognized 36 7.3 34 7.9 70 7.6 4,007

Total 491 100.0 430 100.2 921 99.4 52,726

significant decrease (X2 - 9.3; P < 0.01), and, similarly, Tanganyika tribes
show a significant increase (X2 = 11.0; P < 0.01). The average numbers
of important groups inoculated per month during the two periods have
been estimated from the known totals and the proportional make-up of
the sample and are given in table V.

TABLE V. ESTIMATED NUMBERS OF AFRICANS INOCULATED
PER MONTH AT MOMBASA

Estimated numbers inoculated Estimated numbers
per month inoculated per

Tribal group month in the
Tribal group before after second period as

30 June 1 July percentage of the
1947 1947 first

Coastal Kenya 317 210 66

Mid Kenya . . . 210 132 63

West Kenya 91 73 80

Coastal Tanganyika 34 48 141

Mid Tanganyika 42 51 121

West Tanganyika . 59 59 100
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There is a diminution in the average number inoculated per month in
each Kenya group; it is greatest in the Mid Kenya and least in the West
Kenya group. On the other hand the monthly inoculations of Tanganyika
tribes have increased in number, most in the case of the coastal group,
or have at least been maintained. Considering the whole sample, the
largest contribution is, as would be expected, from Coastal Kenya tribes,
but this contribution only slightly exceeds one-third of the total. It is
believed that Coastal Kenya tribes were very fully recognized and that
those individuals relegated to the group of unrecognized tribes are mostly
derived from outside the Coastal Kenya area. Thus nearly two-thirds of
the people given routine vaccination in Mombasa appear to be drawn from
other parts of East Africa. People of Mid Kenya tribes contribute 23%,
of West Kenya 11%, and of Tanganyika 20%. Table IV also shows
estimates, made on the basis of the proportional representations found in
the sample, of the total numbers of people given routine inoculation in
the various tribal groups since 1941. From the Tanganyika atlas 13 it is
estimated that the native populations of the Coastal, Mid, and West
Tanganyika divisions used were, respectively, 1,037,302, 1,730,429, and
2,424,396. On these bases, and assuming that the persons inoculated in
Mombasa eventually returned to their tribal territory, the expectations of
inoculated individuals among the general population of these regions are,
respectively, 0.29%, 0.20%, 0.18%.

One selection was of unstated age and has been discarded in studies of
the age distribution in the sample. Further, no age-estimate in years is
available for 36 males and 22 females simply stated to be adults; it has
been assumed that the ages of these " adults" were distributed as in the
rest of the sample, and on this basis they have been divided up and added
to the appropriate adult age-classes, when these are studied later in this
paper.

Table VI summarizes the distribution in the two parts and in the whole
of the sample by adult and child, and by sex and tribal groups.

Comparing the proportions of the sexes as adults in the first and second
parts of the sample it is evident that there has been a general decrease in
the representation of males as compared to females, most marked in the
Coastal Kenya tribal group. That this was a general trend appears from
the following tabulation, which gives the distribution, by sex alone, in
the two parts of the sample:

Period Males Females Total
Before 30 June 1947 319 172 491
After 1 July 1947 236 194 430

Total 555 366 921

Males composed 65% of the first part of the sample and only 55% of
the second, and females increased correspondingly; the difference is
statistically highly significant (X2 _ 9.7; P < 0.01). Considering the whole
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TABLE VI. DISTRIBUTION BY TRIBAL GROUP OF 920 INDIVIDUALS
IN RANDOM SAMPLE OF THOSE INOCULATED WITH 17D YELLOW FEVER

VACCINE AT MOMBASA *

Before 30 June 1947 After 1 July 1947 Total sample

Region from which adults children adults children adults children
tribes derived__

M F M+F M F M+F M F M+F

. 85 49 55 30 56 57 115 105 112Coastal (63) (37) (29) (35) (65) (40) (52) (48) (34)

Kenya Mid
79 18 28 57 21 12 136 39 40

Kenya Mid (81) (19) (22) (73) (27) (13) (78) (22) (19)

West 28 15 10 22 15 13 50 30 23
W (65) (35) (19) (59) (41) (26) (63) (37) (22)

Catl 16 2 2 24 4 5 40 6 7
(89) (11) (10) (86) (14) (15) (87) (13) (13)

Tangnyik Mid 16 8 1 21 6 8 37 14 9Tanganyika Mid (67) (33) (4) (78) (22) (23) (73) (27) (15)

Wet 15 20 0 12 27 1 27 47 1
West (43) (57) (0) (31) (69) (2.5) (36) (64) (1.3)

Uganda 5 0 1 2 0 0 7 0 1

Belgian Congo (0 0 1 2 0 1 2 0 2

U 21 9 6 13 15 6 34 24 12Unrecognized (70) (30) (17) (46) (54) (18) (59) (41) (17)

* Figures in parentheses are percentages, showing the proportional representation of the sexes
among adults and the proportion of children to the total of all ages.

sample, it is evident that the sexes as adults are very evenly balanced in the
case of Coastal Kenya tribes; males formed 52% of the total adults
(table VI). This proportion approximates fairly closely to that of the East
African population as a whole, in which males form about 47% of the
adults (East African Statistical Department-personal communication).
Tribal groups drawn from other parts of East Africa show different propor-
tions of males to females as adults, and these divergences have been com-
pared statistically with the condition in Coastal Kenya tribes with the
following results:

Mid Kenya tribes
West Kenya tribes
Coastal Tanganyika tribes
Mid Tanganyika tribes
West Tanganyika tribes

x2= 27.2;
x2= 2.5;
x2= 18.8;
x2= 6.9;
x2= 5.5;

P < 0.01
P > 0.1
P < 0.01
P < 0.01
P < 0.01
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Thus all the divergences, with the single exception of the case of the West
Kenya tribes, are statistically highly significant.

Generally, the other tribal groups tend to show proportions of males
greater than among the Coastal Kenya tribes but one, the West Tanganyika
group, shows an opposite divergence.

The representation of children of both sexes in proportion to the
total of all ages increases from the first to the second part of the sample
in all of the geographical tribal groups except that of Mid Kenya (table VI).
However, except for the case of the Coastal Kenya tribes (for which
X2 = 4.2 and 0.02 < P < 0.05) none of these changes, taken singly, are
statistically significant. Nor is there a significant change when the sample
is considered without being divided into tribal groups; in the first part
there were 104 children to 386 adults, and in the second part 103 children
to 327 adults, for which arrangement X2 _ 1.0 and P > 0.1. Considering,
therefore, the undivided sample, it is evident that the proportion composed
by children is highest in the Coastal Kenya group of tribes-34%. This
approaches fairly closely to the proportion found in the African population
of East Africa as a whole; from the 1948 census, in which individuals were
classified as children up to 15 years of age, one year older than in the
present analysis, children are estimated to compose about 40% of the total
(East African Statistical Department-personal communication). Tribal
groups drawn from other parts of East Africa show different proportions
of children in relation to the total of all ages, and the divergences have been
compared statistically with the condition in Coastal Kenya tribes with the
following results:

Mid Kenya tribes x2= 14.9; P < 0.01
West Kenya tribes x2= 4.8; 0.02< P < 0.05
Coastal Tanganyika tribes x2= 9.0; P < 0.01
Mid Tanganyika tribes x2= 8.4; P < 0.01
West Tanganyika tribes x2(adjusted)= 30.4; P < 0.01

Thus all the divergences are statistically significant, and all but one are
highly so, the exception occurring in the case of the West Kenya tribes.
Comparing groups other than the Coastal Kenya group among themselves,
it appears that they are insignificantly different one from another, the highest
value of X2 obtained for any comparison being only 1.9 (P > 0.1), except
in the case of the West Tanganyika group. This is significantly different from
the next lowest, the Coastal Tanganyika group (X2 (adjusted) = 5.6;
0.01 < P < 0.02), and highly significantly so from the other Tanganyika
tribes taken together (X2 (adjusted) = 7.5; P < 0.01).

Thus, on comparison of the proportions of males to females among
adults and of children to adults the tribal groups fall into three main
divisions

(a) Coastal Kenya tribes in which the sexes are practically equally
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Luo
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represented as adults, and children compose about a third (34%) of the
total population.

(b) A division, which includes most of the tribal groups, in which males
tend to predominate among the adult population, and children compose
smaller proportions of the total population (13%-22%).

(c) West Tanganyika tribes in which females predominate over males
as adults, and children are practically absent.

TABLE VIl. PERCENTAGE OF CHILDREN AND MALES OF NUMERICALLY
IMPORTANT TRIBES IN RANDOM SAMPLE OF THOSE INOCULATED

WITH 17D YELLOW FEVER VACCINE AT MOMBASA

All
Adults only

All

number percentage

children

132

69

38

27

18

13

98

61

51

69

27

Sambaa 16 6.2 15 100
Coastal

Sageju 10 20 8 (7) *

Chagga 25 8.0 23 96
Tanganyika Mid

Nyasa 22 27 16 50

Ziba 49 0 49 16
West

Nyamwezi 11 9.1 10 70

percentage
of

males

45

56

50

47

81

(6) *

80

65

85

61

60

* Where the denominator is less than 10, percentages have not been calculated; instead, the
actual number of occurrences has been given in parentheses.

39

28

26

37

11

31

15

25

20

22

26

number

80

50

28

17

16

9

83

46

41

54

20

Adults only
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TABLE VIII. DISTRIBUTION BY AGE-GROUP AND SEX OF 920 INDIVIDUALS
IN RANDOM SAMPLE OF THOSE INOCULATED WITH 17D YELLOW FEVER

VACCINE AT MOMBASA *

Males Females

Age-group before after both before after both
(years) 30 June 1947 1 July 1947 periods 30 June 1947 1 July 1947 periods

number % number % % number % number % %

0-4 18 5.7 24 10 7.6 19 11 20 10 11

5.14 35 11 29 12 12 32 19 30 15 17

15-24 117 37 78 33 35 41 24 57 29 27

25-34 89 28 69 29 29 47 27 56 29 28

35.44 35 11 24 10 11 22 13 18 9.3 11

45-54 16 5.0 10 4.2 4.7 8 4.7 5 2.6 3.5

55 and over 8 2.5 2 0.8 1.8 3 1.7 8 4.1 3.0

Total 318 100.2 236 99.0 101.1 172 100.4 194 99.0 100.5

Thirty-five males and 22 females, described only as "adults ", have been assumed to be
distributed as in the rest of the sample and allocated accordingly.

Table VII shows the proportions of the sexes as adults and the propor-
tions of children in relation to the total population for the numerically
more important tribes separately. The characteristic patterns which have
been noted above are fairly closely adhered to among all the tribes of a
given geographical group. The first pattern, which approximates most
closely to that found by the 1948 census in the African population as a
whole, appears to be characteristic of the indigenous population of the area;
only the Chonyi of the Coastal Kenya tribes differ much from it. The
second pattern appears to be associated with a remote origin and is almost
certainly the result of a tendency for adult males to separate from their
families when travelling long distances in search of a livelihood. The
peculiar constitution of the West Tanganyika group is seen to be largely
contributed by the numerous Ziba tribe and is perhaps to be associated with
a local report that the Ziba provide many of the prostitutes of the city.

Table VIII shows the distribution by age-groups and sex in the two parts
and in the whole of the sample. The proportions of the age-groups alter
little from one period to the other in either sex. Adults of working-age
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groups (15-44 years) compose 75% of the male and 67% of the female
selections. The commonest male was the young adult (age 15-24 years),
who composed over a third of the male selections. In females, this age-
group was slightly exceeded by the next higher (25-34 years), and these
two groups together composed over half the female selections. A point
of importance is the considerable number of inoculations made in children,
particularly in girls. Even before the age of 4 years, children are commonly
brought for inoculation; this age-group composes 7.6% of the male and
11% of the female selections. Corresponding percentages for children up
to 14 years of age are 20 and 28, respectively.

Several points disclosed by the above analysis are of importance for the
interpretation of the results of protection-test surveys. The proportion of
the recipients of vaccine drawn from outside the Coastal Kenya region is
surprisingly high-nearly two-thirds of the total-and as most of these
people probably eventually return to their tribal areas, the possibility that
they may be encountered in protection-test surveys there is obvious.
Further, although the comparison of the two parts of the sample shows
that the number of people of Kenya tribes has tended to diminish, that of
Tanganyika people has increased or at least been maintained. In protection-
test surveys, it has generally been considered that the finding of immunity
in women or children in a given locality is a fairly reliable indication of
their having acquired infection naturally there, on the grounds that these
people travel but little and are therefore much less likely than adult males
to have visited distant localities where vaccine is dispensed. The present
analysis shows that that assumption may be unreliable. Although adult
males do generally predominate numerically, significant numbers of females
and children derived from remote areas have also been vaccinated in
Mombasa, and children compose a fifth of the males and over a quarter
of the females vaccinated. Comparison of the two parts of the sample
shows that females have tended to increase their representation in relation
to males.

Kisumu.

The ages of the recipients of vaccine are available. A random sample
amounting to 1,378, i.e., about one-tenth of the whole series, was composed
as follows

Male adults ..... . . . . 858
Male children . . . . . . . . 83
Female adults ..... . . . 323
Female children . . . . . . . 114

Total .... . 1,378

Thus children composed 14% of the total sample, and, of the adults,
males and females were represented as 73% and 27%, respectively. Such
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a pattern was, in Mombasa, found to be characteristic of incoming rather
than indigenous tribes.

Kitale.

The tribal derivations of the recipients of vaccine are available. In a
random sample of 210 individuals, the tribal make-up, using the same
groups as were used in the study of Mombasa inoculations, was as follows

Coastal Kenya tribes:

Giriama ..... . . . . . . . . . 2

Mid Kenya tribes:

Kikuyu ...... . . . . . . . . . 15
Masai ...... . . . . . . . . . 5
Teita ...... . . . . . . . . . . 3
Kamba ...... . . . . . . . . . 3

Total. 26

West Kenya tribes:

Luo . . 38
Luhya tribes ..... ....... . 72

Kitosh . ....... . 21
Maragoli . . ... . . . . . 12
Nyore ... ...... . . 10
Kabras ..... . . .. 5
Kakamega ..... . .. 4
Kavirondo .... ... .. 4
Marach ..... . . .. 4
Wanga ........ . .. 4
Tsotso ..... . . . . .. 3
Hayo ..... . . . . .. 2
Marama ..... . . .. 2
Nyala ..... . . . . .. 1

Kisii .. 7
Nandi... 2
Samia... 2
Elgeyo ...1
Suk . . 1

Total ...... . 123

West Tanganyika tribes:

Nyamwezi .... . .. . .. . 4
Sukuma ...... . .... 2
Haya (as Ziba) ... . ...... 1

Total ..... . .. 7



W. H. R. LUMSDEN

Uganida iribes:

Bagishu . ...... 17
Sebei . ...... 10
Baganda ... . .. 2
Acholi ... . .1.
Jie ... . .. I
Kakwa ... . .1.
Karamojong . ...... I
Teso ... . .1.

Total .... 34

Unrecognized tribes: This group includes 18 individuals of 11 tribal
names not found in the tribal code.2

The percentage representation of the various tribal groups and the
estimated numbers vaccinated between November 1944 and August 1951
are

EstimatedPercentage numbers
representation vaccinated

Coastal Kenya tribes .... . . . . 0.5 7
Mid Kenya tribes ..... . . . . 12 97
West Kenya tribes ..... . . . . 59 459
West Tanganyika tribes . . . . . . . 3.3 26
Uganda tribes . . . . . . . . . . . 16 126
Unrecognized tribes .... . . . . 8.6 67

The sample at Kitale contains a much higher proportion of local people
than does that at Mombasa-59% as compared with 36%-and this differ-
ence is statistically highly significant (X2 = 36.1; P < 0.01). Most of the
individuals from Uganda tribes are drawn from nearby areas-27 of the
total of 34 are provided by Bagishu and Sebei, whose main tribal areas are
within 60 miles (approximately 95 km) of Kitale. Of the other areas, only
Mid Kenya contributes at all largely, and the Kikuyu are numerically the
most important tribe in this group. Taking into account the fact that
inoculation has been carried out on a small scale only, as compared with
Mombasa and Kisumu, and that natives of distant areas are only moderately
represented, it appears that the inoculations made at Kitale will have but
little effect on immune-rates except in its close vicinity. It is, nevertheless,
of interest to note the presence in the sample of representatives of tribes
which are generally considered to come but little into contact with European
civilization; these are the Masai, the Nandi, the Karamojong, the Jie, and
the Suk; in the total of 782 inoculations, 13 Turkana also are recorded
although none of these occurred in the random sample. However, although
these tribes include some of the largest with territory close to Kitale, they
are represented by only a few individuals.
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Inoculations of Persons of Races other than African at Mombasa

The records of these inoculations are contained in 28 books, similar
to one another, which cover the period 6 September 1941 to 28 July 1951,
except for a hiatus between 5 October 1943 and 4 April 1945. These
inoculations do not directly concern the main problem under discussion,
so they have not been examined in detail; but certain information of interest
may be recorded here.

The books are usually titled to include inoculations in " Europeans,
Arabs, Asians, and others ". Most of the recipients of vaccine are identified
by name, sex, age, and race, but in the cases of steamer and dhow crews
or passengers, usually only a total number inoculated is given or can be
deduced from the number of certificates issued. Five books were selected
at random and counted to form a basis for an estimate of the total number
of inoculations recorded in all the books. The numbers counted in these
five books came to 3,001, 3,160, 2,558, 1,932, and 3,292, respectively.
The number included in all 28 books is estimated on this basis at 78,000.
This estimate is probably below actuality as, although some Africans are
included in the registers in 1950 and 1951, their numbers were small, and
this inclusion is probably more than counter-balanced by the lack of the
record for 18 months in 1943-5.

The nationality of steamer crews is not usually stated, but Lascars and
Chinese are mentioned in a few cases. Most important in connexion with
the present study is the occurrence of considerable numbers of inoculations
of individuals composing dhow crews, and these have been studied in more
detail.

They first appear in the available registers in April 1945; table IX
shows the numbers inoculated month by month up to June 1951, as well
as the totals and the monthly and yearly mean numbers inoculated. In
all, over 18,000 such inoculations were made in that period-an average
of nearly 3,000 per year. At the beginning, inoculations of dhow men were
recorded individually, and from this part of the record it is possible to
study the constitution of the population inoculated. Sometimes they are
described as " Indians" or " Arabs "; when this is so the latter are by far
the more numerous. Of the 1,519 inoculated in April and September 1945
and January 1946, all were males, and the various age-groups were repre-
sented as follows

Age (years) Percentage
0- 9 1.6
10 - 19 15
20-29 34
30 - 39 28
40 - 49 12
50 and over 9

The youngest individual recorded was aged 5 years.

8
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TABLE IX. INOCULATIONS OF DHOW CREWS OR PASSENGERS
WITH 17D YELLOW FEVER VACCINE AT MOMBASA, 1945-51

Numbers inoculated

Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. Total

1945* - - - 755 0 0 0 0 1 0 0 0 756

1946 763 1,708 843 443 59 20 0 2 0 0 0 8 3,846

1947 341 669 813 717 86 0 0 14 97 13 0 0 2,750

1948 171 1,046 1,121 684 31 0 0 0 0 0 0 0 3,053

1949 684 1,306 767 753 41 0 13 29 73 0 23 40 3,729

1950 775 490 1,109 568 10 0 0 0 0 0 0 56 3,008

1951 485 383 125 240 37 0 _ _ _ _ _ - 1,270

Total 3,219 5,602 4,778 4,160 264 20 13 45 171 13 23 104 18,412

Mean 537 934 796 594 38 3 2 8 29 2 4 17 2,964

* For 1945, no records are available for dates before 4 April.

The incidence of the inoculations is seasonal; practically all occur in
January to April with a peak in February. This is to be correlated with
the general movements of the ocean-going dhows; they reach Mombasa
by the north-east monsoon (October to February) and return by the south-
east monsoon (April to August). The main ports served by these vessels
are on the Hadramaut and Persian Gulf coasts of Arabia and Mandvi
in Cutch, India. They also carry passengers to and from Arabia (Dr. C. D.
Rosenwald-personal communication).

Amount of Vaccine Used

The records of the Yellow Fever Research Institute at Entebbe, Uganda,
which was the only centre for the distribution of vaccine in East Africa
up to 31 December 1945, show doses of vaccine despatched to Kenya as
follows:

1941
1942
1943
1944
1945

..

.

.

Total

225,850
194,400
23,000
187,140
57,520

687,910
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The numbers of doses shown above are calculated on a basis of 20 doses
per 1-ml ampoule and 100 doses per 5-ml ampoule of vaccine. That the
1941 total is not divisible by 20 is due to the distribution in that year of a
few ampoules of 0.5 ml each (10 doses), a size which was soon discontinued
for economic reasons. The amount of fluid used to rehydrate the vaccine
virus is 55 ml for the 5-ml (100-dose) ampoules, and 11 ml for the 1-ml
(20 dose) ampoules, so that, with economical administration of an individual
dose of 0.5-ml, it is possible for the numbers inoculated to surpass the
estimated dose content by amounts up to 10%.

Similar records are not available for all the years since 1945, but the
total vaccine issues in Kenya for the years 1948-51 were, respectively,
39,210, 52,090, 39,510, 35,050, or 165,860 in all (Kenya Medical Department
-personal communication).

The weekly returns of inoculations, both for the mass inoculation
campaigns and for the routine inoculations in Mombasa, give the numbers
of vaccine ampoules expended as well as the numbers of persons inoculated.
In the mass inoculation campaign of 1941-2, a total of 2,994 large and
62 small ampoules were actually used for inoculation. This, on the basis
of 100 doses per large and 20 per small ampoule, represents 300,640 doses.
The number of persons inoculated with this material in Coastal Kenya
was actually 319,905 (table I). In the process of the campaign, 112 large
ampoules and 1 small ampoule were destroyed as faulty, representing
11,220 doses. Thus, for a total expenditure of 311,860 doses, 319,905
persons were inoculated. In this campaign, therefore, vaccine was very
economically used, the numbers inoculated being 102% of the dosage
expended. In the 1944 campaign in Mombasa, 88,995 persons were vac-
cinated for a total expenditure of 976 large ampoules (of which 4 were
destroyed) and 33 small ampoules, representing a total dose content of
98,260. In this campaign also the use of vaccine was economical; the
numbers inoculated were 90% of the dosage expended.

In routine inoculations at Mombasa between 1941 and the end of 1945,
a total of 42,370 persons were inoculated, for which 435 large ampoules
(of which 9 were destroyed) and 455 small ampoules (of which 16 were
destroyed) were used. This vaccine expenditure represents a total of 52,600
doses. Thus, in routine inoculation of this sort vaccine was less economically
used; the number inoculated was only 81% of the doses expended. This
is not unexpected and arises chiefly from the necessity to open an ampoule
of vaccine if inoculations must be given before numbers of persons equiva-
lent to the dose content of the ampoule are assembled.

The total expenditure of vaccine recorded above amounts to 462,720
doses up to the end of 1945, leaving 225,190 of the 687,910 doses distributed
to Kenya unaccounted for. The records of the mass inoculation campaigns
and routine inoculations at Mombasa show vaccine distributed to other
bodies. These amount in all to 43,880 doses, of which the largest recipients
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were the armed services (35,680 doses), the Yellow Fever Research Institute
at Entebbe (3,580 doses returned for testing), and ships (1,760 doses) ; the
remainder was given in small quantities to various medical officers and
hospitals. It is not known how much of this vaccine was used in Africans.
If the remainder of 181,310 doses had all been used at the less economical
rate found for routine inoculations it would represent about 145,000 indivi-
duals vaccinated. Much of this vaccine will have been used for the inocula-
tion of non-African races in Kenya, which have not been enumerated,
except in Mombasa; and some may not have been used until the following
year, 1946, when 11,333 vaccinations of Africans are recorded. The large
amount of vaccine unaccounted for up to the end of 1945, however, indicates
a possibility that the number of Africans inoculated may be considerably
in excess of those for which records have been found ; the total non-African
population of Kenya at the 1948 census was only 157,528, only slightly
more than the estimated number of vaccinations for which records are not
available.

Efficiency of the Vaccine

Smithburn & Mahaffy 12 give the results of examinations of sera of
individuals vaccinated with 17D yellow fever vaccine in Kenya. In the
Kenya coastal area, 23 (95.8%) of 24 children, and 130(89.0%) of 146 adults
showed protective antibody 23-36 months after inoculation. Similarly 94
(92.2%) of 103 soldiers, whose pay-books showed that they had received
17D vaccine 6-22 months previously, were immune. Dick & Gee 1 have
produced evidence that immunity after vaccination with 17D vaccine is
demonstrable up to 9 years after inoculation.

Protection-Test Surveys

From the foregoing it is already evident that the utmost caution must
be used in interpreting the results of protection-test surveys made in Kenya
since 1941. The actual surveys may now be considered, and for this purpose
it is convenient to consider them in two parts, those made prior to 1951 and
those made during that year.

Surveys prior to 1951

These surveys have already been recorded in detail by Sawyer & Whit-
man,8 Mahaffy et al.,7 and Smithburn et al,,1' except for a few subsequent
tests, and here it is only necessary to give a short summary of the whole,
to record the few subsequent tests, and to discuss in more detail the localities
which have yielded immune individuals. Table X shows these results under
the same geographical regions as have been used above.
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TABLE X. ANALYSIS OF YELLOW FEVER PROTECTION TESTS MADE ON SERA
FROM KENYA BEFORE 1951 *

Locality and
Region approximatealtitude

(feet) **

West
Kenya

Mid
Kenya

Year of
col lec-
tion

of sera

Age of Number Number
donors of valid imn
(years) tests

Elgeyo Valley, 1949 15 and over

Elgeyo Valley, 1949 15 and over
5,000

Kisii, 5,500 1933-4 17-35

Others, 3,700-7,00(

Total, 3,700-7,000

0-14

01933-44 15 and over

I 0-14

1933-44 15 and over

12 0

0

1

0

25

271

329

271

366

0-14 9

Langata Forest, 1943-50 15 and overi 197
6,000

unstated 6

Machakos, 5,000 1946 15 and over 73

Others, 2,000-6,00(

Total, 2,000-6,000

Not stated

21

2

2

Percen-
tage

immune

0

4.0

0

0.30

0

0.27

Authority

Virus Research
Institute-un-
published data

Sawyer & Whit-
man 8

All

All

Mahafly et al. I

Smithburn et al.

11 Virus Research
Institute-un-
published data
-all results to
date

2.7 Smithburn et al. "

1933-50 15 and over 43 0 0 Sawyer & Whit-
man 81

Smithburn et al.

0-14 9 1 -

1933-50 15 and over 313 23 7.3 All

unstated 6 2 -

1933-4 9-16 5 0 - Sawyer & Whit-
man 8

* Only previously unrecorded tests and those from localities which have produced immune
Individuals have been recorded in detail.

** 1,000 feet = approximately 305 metres

In the large samples of 271 children and 366 adults in localities in West
Kenya, only a single immune was found, at Kisii: a woman aged 25 years
who had lived all her life there.8 It may be noted that the Kisii sample was
collected in 1933-as far as is known before any yellow fever vaccination
had been begun in East Africa-and therefore certainly represents a natural
infection.

In Mid Kenya the highest proportion of immunes has been found in the
Langata Forest, near Nairobi. This locality became suspect following
an examination of the movements of an African soldier who died of yellow
fever in Kisumu in November 1943. A sample of 60 blood specimens was
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taken from 300 " squatter " inhabitants of the forest in the months following
this indication, and among 9 children and 51 adults, 1 and 2 respectively
were found protective against yellow fever virus ; all 3 positive donors
had been permanent residents of the forest since birth.7

The total sample of blood specimens from Langata Forest now stands
at over 200, and it has been considered profitable to analyse it in greater
detail. Langata Forest may be taken to include all the forest reserves in that
area-by name, Dagoreti, Ngong Road, and Ololua, and perhaps also
Mbagathi. Since the original sample reported by Mahaffy et al.,7 the donors
have been mainly Africans bled at the Langata dispensary. In all, 218 people
have been bled, but not all of these have yielded satisfactory protection-
tests. The make-up of the total of 218 by sex and tribal groups is shown by
table XI. Kikuyu, being the indigenous inhabitants of the area, are shown

TABLE XI. MAKE-UP OF A SAMPLE OF 218 INDIVIDUALS BLED
IN THE LANGATA FOREST AREA, NAIROBI, FOR YELLOW FEVER

PROTECTION TESTS, 1943-50

Males Females Unstated sex

Tribal group 15 15 15 Total

years and stated years and stated years and |stated
over age over age over age

Kikuyu . . . . . . 5 82 3 4 12 5 111

Coastal Kenya 1 1

Mid Kenya 41 1 42

West Kenya 23 1 1 25

Tanganyika . 6 6

Uganda ........2 2

Unstated or unidentified. 25 3 3 31

Total 5 180 6 4 13 0 0 9 1 218

separately. The only person derived from the Kenya coastal area was a
single Swahili. Mid Kenya tribes include Kamba, 26; Meru, 12; and Embu,
4. " Meru" here may perhaps include some persons from the Tanganyika
tribe of the same name. West Kenya tribes were Luo, 19, and Maragoli,
6. Tanganyika tribes included Nyamwezi, 3; Chagga, 1; Kuria, 1 (as
Tende); and Nyasa, 1. Uganda tribes were Baganda, 1, and Teso, 1. Three
adult males were of tribes not identifiable in the census code; they were
Mbamba, 1, and Musalam, 2. The latter term probably simply signifies
Moslem. The remainder were of unstated tribes. It will be noted that the
population is mainly made up of Kikuyu and other tribes of Mid and West
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Kenya. There is no evidence of a large influx of a coastal people who might
have been vaccinated during the campaign there in 1941-2. The results of
valid protection-tests, in all 212, made on these people are given in summary
in table X. By far the greater part of the sample is composed of adult males,
for which group 175 valid protection-tests are available. The distribution
of yellow fever immunes in adult males, by tribal groups, using the same
classification as in table XI, is as follows:

Number Number Percentage
Tribe tested immune immune

Kikuyu ..... . . . . 81 7 8.6
Coastal Kenya .1... . . 0 -

Mid Kenya ..... . . . 39 5 13
West Kenya ..... . . 22 6 27
Tanganyika ..... . . 5 0 -

Uganda .2 0 -

Unidentified and unstated . 25 2 8

Total . . . . 175 20 11

It will be noted that, of the three main tribal groups, the indigenous
Kikuyu show the lowest level of immunity to yellow fever. However, the
difference between the Kikuyu and the Mid Kenya tribal groups is statistic-
ally insignificant. For the comparison between the Kikuyu and theWest Kenya
tribes, X2 = 5.45 and 0.01< P <0.02, i.e., significant. In the foregoing, 3
immune individuals are omitted as compared with table X. They occurred
among the 15 individuals of male or unstated sex and adult or unstated age,
i.e., those which might have been included in the foregoing had the data
been complete. Of these 15, 7 were stated to be Kikuyu and included 2
immunes ; 2, neither immune, were Luo or Maragoli ; and 6, of whom one
was immune, were of unstated tribe. By including these incompletely
described individuals in a manner most designed to reduce the difference
between the Kikuyu and West Kenya tribes, i.e., by including all the immunes
and those described as Kikuyu with the Kikuyu group and including all
the others with West Kenya tribes, the comparison becomes:

Kikuyu: 10 immune of 89 tested
West Kenya tribes 6 immune of 29 tested.

For this arrangement X2 iS 1.5 and P >0. 1, i.e., not statistically significant.
This extreme arrangement is unlikely to represent the actual distribution
in the sample, but the result-and the further consideration that 25 male
adults, including 2 immunes, were of unidentified or unstated tribes-
indicates that the difference, although probably actual, should be accepted
with caution.

If the adult male part of the sample is divided into approximate halves,
those tested in 1943-8 and those tested in 1949-50, the distribution is as
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follows, the numbers of immune individuals and of the total valid tests being
shown as a fraction:

Tribe 1943-8 1949-50
Kikuyu 5/57 2/24
Coastal Kenya 0/1 0/0
Mid Kenya 2/8 3/31
West Kenya 0/0 9/94 6/22 11/81
Tanganyika 0/4 0/1
Uganda 0/1 0/1
Unidentified or unstated 2/23 0/2

There is a well-marked change in the constitution of the population
tested; in the first part, Kikuyu compose 61% of the total, in the second,
only 35%. The incomers to the second part as compared with the first are
ofMid and West Kenya tribes; all the persons ofWest Kenya tribes occurred
in the second part, and it is in these individuals that the yellow fever immune-
rate is highest. If the 8 incompletely described individuals occurring in the
latter part of the sample (1949-50) are included, as before, in the manner
most calculated to reduce the difference between the Kikuyu and West
Kenya tribes, the latter still remain the highest, 4 immune of 28 tested and
6 immune of 26 tested, respectively.

Many of the adult males compared above are of uncertain age. However,
in 128 males an age-estimate in years is available. Of these, 122 are of
Kikuyu, Mid and West Kenya, and Tanganyika tribes and include all the
14 immune individuals occurring. Table XII shows the distribution of
immunes by age-group and tribal group, the others-2 of Uganda and 4 of
unknown or unidentified tribes-being omitted. Nine of the 14 immunes
occur among incoming tribes in working-age groups, i.e., between the ages
of 15 and 44 years.

A critical comparison of the tribal groups in the sample of human
blood-specimens from Langata Forest is prevented by the considerable
Imperfections present in the data, but the evidence indicates that the Kikuyu,
indigenous to the area, are not the most highly immune to yellow fever.
Although detailed information as to length of residence in Langata is not
available for the people discussed here, it is reasonable to expect people of
the indigenous tribe to have had, in general, longer contact with the condi-
tions of Langata Forest than have incomers. The home country of the West
Kenya tribes encountered (Luo and Maragoli) is apparently one in which
human yellow fever infection is rare or absent (see table X). The higher
immune-rate in West Kenya tribes may be accounted for by differing
tribal activities, the West Kenya people indulging in some activity which
brings them into closer contact with the virus vector than the Kikuyu.
However, it must also be suspected that some of the immunes are the result
of vaccination, especially as the West Kenya people all occur in the later
part of the sample. The considerable numbers of Africans vaccinated in
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TABLE XIl. DISTRIBUTION OF INDIVIDUALS IMMUNE TO YELLOW FEVER
BY AGE-GROUP AND TRIBAL GROUP IN 122 MALES BLED

IN THE LANGATA FOREST AREA, 1943-50

Tribal group

Age-
group Kikuyu Mid Kenya West Kenya Tanganyika Total
(years) --

number number number number1 number number number number number number
tested immunej tested immunel tested immune -tested immune tested immunel

5-14 5 1 5 1

15-24 13 1 11 1 1 0 1 0 26 2

25-34 18 1 23 2 16 5 1 0 55 8

35-44 11 0 1 0 5 1 1 0 18 1

45-54 5 0 1 0 6 0

55-64 10 2 1 0 11 2

65-74 1 0 1 0

Total 63 5 32 3 22 6 5 0 122 14

Kisumu in 1941 and from 1944 onwards have been mentioned above. It
is also known (A. J. Haddow-personal communication) that after the
yellow fever case in Kisumu in 1943, considerable numbers of people were
vaccinated in Kavirondo, particularly those living along the railway line.
The human sample recorded from Kavirondo by Mahaffy et al.,7 in which
145 children and 193 adults were uniformly non-immune, was taken in
1943 before much vaccination had been done.

It would seem likely, therefore, that the crude immune-rate for adults
in the Langata Forest gives an exaggerated idea of the frequency of acquisi-
tion of infection by humans there; certainly the incoming tribes, and parti-
cularly those from West Kenya, should be excluded. The immune individuals
among the indigenous Kikuyu are more likely to represent natural infections,
especially the immune child recorded by Mahaffy et al.,7 but even they must
be suspect to some extent in view of the availability of inoculation with
yellow fever vaccine as close as Nairobi for perhaps two years before the
first sample was taken. Nevertheless, the course of events which led up
to the first investigation of the area still supports the conviction that Langata
Forest is truly a focus of the disease. This belief is confirmed by Haddow,4
who records that of a total sample of 164 wild primates from the Nairobi
area two were immune ; these immune primates occurred in a sample of 54
Colobus abyssinicus kikuyuensis Lonnberg derived from the Dagoreti Forest
Reserve, in the Langata Forest area. The exact assessment of its importance
must await a more detailed investigation of immunity in wild animals-
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especially galagos, which Haddow 4 has shown to be important in the yellow
fever cycle in Kenya-and the taking of blood from a carefully interrogated
human sample, preferably composed mainly of women and children.

Besides the Langata Forest, only Machakos has been adequately
sampled in Mid Kenya. It is felt, however, that the immunes recorded from
there (see table X) may also include vaccinated individuals. Among an
original total sample of 75 people, there were four immunes, of which three
occurred in a small group of 15 " fly-boys "; it was subsequently established
by Dr. P. C. C. Garnham that two of these three had been vaccinated, so
the third must also be suspect. The remaining immune perhaps represents
a natural infection; he was a locally resident adult male Mkamba (unpub-
lished information in the files of the Yellow Fever Research Institute,
Entebbe). However, it may be noted that people of the Kamba tribe com-
posed 11% of the sample of routine inoculations at Mombasa.

In summary, among a total of 970 protection-tests carried out in Mid
and West Kenya before the end of 1950, 27 immune individuals were disco-
vered. Although natural infections may be represented among the immunes
discovered, it is in no case possible to be entirely certain, with one exception,
and that is the woman bled at Kisii in 1933 before yellow fever vaccine
was available in East Africa. In the case of each other locality in which
immune individuals were discovered, the Langata Forest area and Machakos,
evidence is available which suggests that vaccinated individuals may be
included in the samples. It is perhaps appropriate to conclude this section
with an example. Ten patients were bled in Kisumu by Dr. P. C. C. Garn-
ham in September 1942, and the sera were subsequently tested for antibodies
protective against yellow fever. One was immune, and subsequent investi-
gation by Dr. Garnham established that this person had been vaccinated
at Ramisi on the Kenya coast one year previously.

Surveys in 1951

Gede area. The area studied lies on the Kenya coast about 65 miles
(approximately 100 km) north of Mombasa. Gede Agricultural Settlement
is a Government-sponsored settlement scheme. The other localities men-
tioned are local villages all within about 9 miles (15 km) of the settlement.
A fuller description of the area, with a map, is given by Lumsden.6

An estimate of the local population may be obtained from the numbers
vaccinated at Gede in 1942; these came to 2,099, of which 2,078 were
Africans and 20 Arabs. The population of Gede Agricultural Settlement
is stated to have been about 1,400 in 1947, so that these numbers almost
certainly include the surrounding population as well. The African popula-
tion of the area is mainly of Giriama with only a few other tribes; of a
total of 104 African children interrogated at Gede and nearby localities,
only nine were of other tribes-Sanya, Duruma, Luo, and Kambi.
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At the time of the visit, in February and March 1951, it was understood
that there had been no distribution of yellow fever vaccine in the area
since the campaign of 1941-2, and it was considered that children less than
nine years old, born since the campaign, could not have been vaccinated
and therefore could be taken, if immune, to have acquired that immunity
by a natural infection. Blood was therefore taken mainly from children
estimated to be less than this age. The results of the interrogation of
children in the Gede area and of the protection tests subsequently made
on the blood samples collected are presented in table XIII.

Of the total of 105 children interrogated, 77 (73%) were stated to have
been born at their place of residence and of these only one child admitted
to travel outside the immediate vicinity of Gede; this child had visited
Nairobi. The remaining children, 28 in number (27%), were stated to
have been born in other localities, but of these only two, from Kisumu,
were born outside the coastal belt. Most of the other birth-places mentioned
are within about 25 miles (40 km) of the area studied, the exceptions being
eight children from Mombasa and two from Mariakani. The proportion
of children born in localities other than their place of residence varied from
place to place; in the three considerable samples it was highest in Gede
Agricultural Settlement.

The vaccination of the inhabitants of the Gede area during the first
campaign took place on 6 and 7 May 1942, that is, eight years and 10 months
previous to the taking of the present sample. Subsequent to the visit, it
transpired that in July 1946, four years and seven months before the present
sample, 1,154 men, women, and children inhabiting Gede Settlement were
vaccinated (Dr. R. B. Heisch and Dr. W. L. Barton-personal com-
munications). Assuming that no children from villages outside the settle-
ment were then included, the children who may be expected to have been
vaccinated are those of nine years of age and over in all localities (vac-
cinated in 1942) and those of five years and over in Gede Settlement
(vaccinated in 1946). In table XIII a bold line divides these people, the
probably vaccinated part of the sample, from the others, probably not
vaccinated. Of the 35 children likely to have been vaccinated, 19 (54%)
were found immune. Of the remaining 44 children, only eight (18%) were
immune. These results are in accord with the vaccination statements, as
the proportions of immunes in the two samples are highly significantly
different (X2 = 11.3 and P < 0.01). The proportion of probably vaccinated
individuals which show protective antibody is lower than might be expected
from the results of Smithburn & Mahaffy 12 and Dick & Gee 1 quoted
earlier. Individuals coming in from areas in which they were unlikely to
have been vaccinated are few and the lower proportion of immune indi-
viduals seems more likely to be due to a reluctance during the two episodes
of vaccination to bring forward very young children.

The immunes occurring in the part of the sample apparently not exposed
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to vaccination must be critically viewed. When blood was drawn, the ages
of the children were estimated in consultation with the local headman
and an African dresser familiar for many years with the people. The
age-estimates of the important immunes were investigated subsequently by
the European District Medical Officer and were considered good. How-
ever, no birth-registers are available for precise evaluation of ages. Of the
eight immunes occurring in the section of the sample apparently not
exposed to vaccination, five occurred in children estimated to be seven or
eight years old; the possibility that the ages of these children were under-
estimated by amounts up to one year and 10 months, and that they had
actually been vaccinated, is considered too great for them to be regarded
as certain natural infections. The stated data relating to the remaining
immunes is as follows:

(a) A six-year-old Mgiriama boy born and resident at Penda Kula;
had never travelled.

(b) A three-year-old Mgiriama boy born and resident at Mida; had
never travelled.

(c) A three-year-old Arab girl born at Takaungu, resident only for
one year at Gede; had only made the journey from Takaungu, 25 miles
(40 km) away, and visits to Malindi, nearby.

Although the statements regarding extent of travel appear to indicate
that these three individuals represent natural infections, it is practically
impossible to confirm such statements completely, and some possibility
that they were vaccinated in Mombasa, only about 65 miles (approximately
100 km) away, must still be entertained.

Taveta. Taveta (3023'S., 37040'E.) lies on the south-east edge of
Mount Kilimanjaro at an altitude of about 2,500 feet (about 760 m). The
land slopes gently to the south and east to the valley of the Lumi River
and Lake Jipe. More or less well-developed forest occurs along the Lumi
River and covers a considerable part of the land reserved for the Wataveta
tribe, which, in 1929, was estimated to number 2,713.5 It is from inhabitants
of the forest area that the present sample of sera is derived. A fuller descrip-
tion of the area, with a map, is given by Lumsden.6

Twelve human sera from adult inhabitants of the Taveta Forest, taken
in 1945, were all non-protective 11 (included in table X). The present
results are summarized in table XIV, which also gives an analysis of the
other data relating to birth-place, tribe, and amount of admitted travel.

Of the total males and females interrogated, 29 (72%) and 24 (75%),
respectively, gave]their birth-place as Taveta. There was, however, con-
siderable difference between the two sexes in the extent of admitted
travel. Of the 29 males, 19 (65%) had visited other parts of Kenya or
Tanganyika, most at considerable distances away. Of the 24 females,
only 8 (33%) admitted any travel, and only 1 of these had been to a distant
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locality (Mombasa). Eleven (27%) of the males interrogated stated that
their birth-place was outside Taveta, and again many of the birth-places
given were distant localities. Eight (25%) of the females stated they had
been born elsewhere, but none of the localities given were far away. The
12 males of tribes other than the Wataveta include some of distant tribes;
the 11 females of other tribes are from tribes inhabiting nearby localities.

Of the two males who admitted army service, one was found non-
protective, and the other gave a persistently inconclusive result. The stated
data concerning the four immunes discovered were as follows .

(a) Male Mkamba, aged about 30 years, born at Mazeras near
Mombasa; came to Taveta in 1944.

(b) Male Mpare, aged about 30 years, born at Taveta and resident
continuously there.

(c) Female Mteita, aged about 23 years, born in Taveta; lived for a
year in Mombasa.

(d) Female Mtaveta, aged about 24 years, born in Taveta; had visited
Moshi.

Of these four immunes, three admit to visiting Mombasa or Moshi, in both
of which localities vaccination has in recent years been freely available to
Africans. Their immunity is almost certainly the result of vaccination.
The remaining immune, (b) above, would not appear to have had the
opportunity to have been vaccinated, but in view of the availability of
vaccine as close as Moshi, little over 20 miles (about 35 km) away, and the
practical impossibility of confirming statements with regard to travel, his
immunity cannot without some doubt be ascribed to a natural infection.

Discussion

Epidemic yellow fever has, as far as is known, never occurred in Kenya,
and only two cases of the disease have ever been recognized. Both of these
were suspected to be yellow fever on clinical grounds, were fatal, and were
established by the morbid histology of the liver in samples taken post
mortem. The first occurred in May 1942 in a Nubian woman living at
Kitale (about 6,000 feet, or 1,800 m) near Mount Elgon. As far as could
be ascertained the woman had not been out of Kitale for four months
previous to her illness.3 The second case was that of an African soldier
who was admitted to hospital at Kisumu in November 1943, having been
taken ill in the course of a journey. Study of his previous movements
pointed to his having acquired infection while stationed in a camp a few
hundred yards from the Langata Forest (about 6,000 feet, or 1,800 m)
near Nairobi.7 In investigations subsequent to the occurrence of these
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cases, 68 children and 25 adults at Kitale were found uniformly non-
immune,7 but immune individuals were discovered among squatters living
in the Langata Forest.

It is unfortunate that protection tests on sera of Africans resident on
the Kenya coast are not available prior to the vaccination campaign of
1941-2. However, from the rest of Kenya altogether 970 protection tests
have been performed on sera derived from nine areas west of the Rift
Valley and five in the plateau region of Mid Kenya. Three localities have
produced immune individuals. A single immune occurred at Kisii (West
Kenya) among 25 adults bled in 1933-4; 8 this certainly represents a natural
infection, as at that date yellow fever vaccine was not available in East
Africa. The other two localities which have yielded immune individuals
are the Langata Forest and Machakos. These two localities have been
discussed in detail earlier, and evidence is available which suggests that
in each case vaccination cannot be entirely excluded as a cause of the
immunity discovered in these individuals. In Langata Forest, the propor-
tion immune appears highest in individuals of tribes whose home country
lies in West Kenya, where, from protection-test surveys carried out before
much vaccination had been done, it is known that natural infection with
yellow fever is very rare. Conversely, it appears lowest in the indigenous
tribe of the Langata area, the Kikuyu, who would be expected to have been
most exposed to the conditions of the Forest. This difference, while not
conclusive, as different tribes may have different habits which bring them
less or more into contact with the vector concerned, is nevertheless sug-
gestive. The earliest sera from Langata Forest found immune were col-
lected at the end of 1943; vaccination stations were set up in the major
centres in Kenya in 1941, so that for about two years before the discovery
of the first immune it was possible for Africans to be vaccinated only a few
miles away, in Nairobi. In Machakos, two of the four individuals found
immune in the original sample were discovered, on subsequent investiga-
tion, to have been vaccinated; the others are consequently also suspect.
Thus there are only three examples in Kenya of the natural introduction
of yellow fever virus into man to which no suspicion may attach. These
are the immune individual discovered in Kisii in 1933 or 1934 and the two
fatal cases.

The examination of the detailed records of the routine vaccinations
performed in Mombasa, including an analysis of the age, sex, and tribal
make-up of a random sample, has yielded useful information bearing on
the interpretation of protection-test surveys in Africa as a whole. Nearly
two-thirds of the Africans given routine inoculation in Mombasa were
drawn from outside the Kenya coastal area. Assuming that these people
eventually return to their own tribal territories, as is their general habit,
the expected proportion of vaccinated individuals among the general
population, for the Tanganyika tribal groups used, would be from 0.18%

438



DISSEMINATION OF YELLOW FEVER VACCINE IN KENYA

to 0.29%. Although these proportions are small, the possibility of selecting
vaccinated people in a protection-test survey should be borne in mind;
it is considered probable that vaccinated individuals are likely to occur
in a sample more frequently than their actual proportion in a population,
as Africans willing to be inoculated are probably also likely to volunteer
as blood donors in a protection-test survey. Further, these estimates are
based on the routine inoculations in Mombasa alone, and do not take into
account the people inoculated in the great campaigns of vaccination on
the Kenya coast in 1941-2 and 1944, or at other vaccination stations in
Kenya, or in the armed services during the war; and, besides these, about
25,000 are estimated to have been vaccinated in Tanganyika itself (Tanga-
nyika Medical Department-personal communication). As an indicator of
naturally acquired infection, greater weight has generally been accorded to
the finding of immunity in women and children, on the grounds that these
people travel little and are unlikely to have been vaccinated at distant
towns. Although in the Mombasa sample adult males do tend to be the
main representatives of tribes from remote areas, yet significant numbers
of women and children occur. In one tribal group women actually pre-
dominated, and in most groups children composed 13%-22% of the total.

Without the most exhaustive interrogation of individuals found immune,
and confirmatory data from other sources, it does not seem possible to
accept with entire confidence such immunity in an African in Kenya as
being the result of a natural infection. At both Gede and Taveta, when
those immune individuals who have on their record.d statements been
exposed to the possibility of vaccination have been eliminated, only a
very few remain, and in these cases, too, suspicion cannot be entirely
allayed. Such suspicion must attach to all samples in which immunes
occur in only low proportions, only a few per hundred. Only in Langata
Forest has this proportion been exceeded in Kenya, and the tribal analysis
even there has indicated that vaccinated individuals may be included.

Smithburn et al.11 record immune individuals from three lozalities in
Tanganyika-Moshi, Tanga, and Lindi-among seven localities more or
less adequately sampled (15 individuals or over). At Moshi in 1945 and
1947, 2 of 35 adults and none of 14 children were immune; it has been
recorded above that 1,211 vaccinations were carried out in Africans at
Moshi in the period 1947-51 and possibly others before that date. At
Tanga, in 1946-8, 3 of 116 adults and 4 of 117 children were found immune.
Tanga is only about 80 miles (about 130 km) from Mombasa and lies in
the Tanganyika section of the territory of the Digo tribe, which formed a
very large proportion of those vaccinated in Mombasa. At Lindi, in 1946,
3 of 28 adults and none of 15 children were found protective. Ten of the
random sample of 921 vaccinated individuals at Mombasa were of tribes
derived from near Lindi, 7 Makonde, 2 Mwera, and 1 Machinga. It is
estimated from these figures and from the total number vaccinated as a

9
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matter of routine at Mombasa that a total of 572 persons of these tribes
have been so treated.
A further confusing factor is offered by the vaccination of dhow crews,

over 18,000 individuals during the period 1945-51. It is not known what
proportions of these people are from dhows engaged in the East African
coastal traffic and what from ocean-going dhows, but this phenomenon
seems likely to produce considerable numbers of immune individuals at
least in ports, perhaps not only on the East African coast but also in the
Red Sea and in south-western Asia.

The studies discussed above have been of use in assessing the epidemio-
logical importance of the individuals immune to yellow fever discovered
in Kenya, and it now appears as a distinct possibility that a considerable
proportion of these may be due to their having received yellow fever vaccine.
It seems that the natural introduction of yellow fever virus into man in
Kenya is at the most a rare occurrence. It is, however, not open to doubt
that virus transmission continues among wild animals in several parts of
Kenya, even in the coastal region. The available information on immunity
to yellow fever in wild animals in Kenya is summarized by Haddow.4
Essentially it indicates that in Kenya (and also in north-eastern Uganda)
the main wild mammals involved are species of galago, Galago crassicaudatus
Geoffroy and G. senegalensis Geoffroy. Wild monkeys appear to be much
less frequently involved in contradistinction to the condition in Uganda
generally, where in nearly every lowland forest so far investigated immune
monkeys have been easily discovered. It seems justified to adopt as a
tentative conclusion at present that, in areas where galagos appear to be
the main wild mammal involved in the yellow fever cycle, infection in man
is rare, as it is in monkeys, and that in areas in which the wild monkeys
are deeply involved infection in man is more frequent, as, for instance,
in most of Uganda.

It would be advantageous for the interpretation of future protection-
test surveys in man for estimates of the extent of dissemination of vaccine
to be made in other African countries. Without such information for
comparison the results of such surveys can only be accepted with caution.
The distribution of immunity in wild mammals, not subject to this objection,
seems a more reliable method of delimiting the area of endemic yellow fever.
Such investigations, it is apparent, must include galagos as well as monkeys,
particularly in areas subject to a rigorous dry season. Intensive work on
the ecology of galagos and on their ectoparasites is necessary to define
the extent of the danger of diffusion of virus from them into the human
population inhabiting the same area.
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RESUME

En 1951, une enquete epidemiologique sur l'infection amarile fut entreprise A Gede,
sur la c6te du Kenya et A Taveta, au sud-est du Kilimanjaro. On savait que la vaccination
avait ete pratiquee durant la campagne 1941-42 sur quelque 320.000 personnes represen-
tant 90% de la population c6tiere du Kenya. I1 avait semble qu'il suffirait d'exclure de
l'enquete les individus vaccines et de consid6rer comme immuns A la suite d'une infection
naturelle les individus presentant des anticorps circulants, neutralisant le virus amaril
dans les tests de protection de la souris. Mais en pratique, la situation se revela plus
complexe. La vaccination avait ete appliquee assez largement dans divers centres du
Kenya depuis 1942, et, d'apres les rapports disponibles, on estimait A 379.000 en 1951, le
nombre des personnes vaccinees (c'est-a-dire 7,2% de la population du Kenya en 1948).
Depuis 1951, ce chiffre s'est certainement accru. Il apparut donc qu'une etude sur la
dissemination des individus vaccines devait preceder l'enquete sur l'immunite naturelle.

Grace aux rapports detailles sur les vaccinations, du Service medical du Kenya et de
la ville de Mombasa en particulier, il a ete possible de se faire une idWe des repercussions
de la vaccination sur les resultats de l'enquete epidemiologique relative A l'immunite.
L'auteur analyse ces rapports ou figurent par age, sexe, tribu, les donnees recueillies lors
des vaccinations.

Il est regrettable que des tests d'immunite n'aient pas ete effectues sur la population
residente de la c6te du Kenya avant l'introduction de la vaccination. Dans les autres
regions du Kenya, 970 tests ont ete effectues, dans neuf zones. Trois cas d'immunite
seulement ont pu etre consideres comme resultant indubitablement d'une infection
naturelle.

L'examen des rapports detailles du service de vaccination de Mombasa a donne des
indications interessantes pour l'interpretation des resultats des tests de protection effectues
en Afrique. Environ deux tiers des personnes vaccinees A Mombasa provenaient de
regions autres que la zone c6tiere du Kenya. En admettant que ces sujets vaccines
retournent dans leurs provinces respectives, ils representeront, dans les enqu&es sur
l'immunite, une proportion d'immuns qui, sans etre elev6e - elle serait par exemple
de 0,18% A 0,29% de la population du Tanganyika - fausserait les bases memes de
l'enquete. (En calculant ces derniers chiffres, on n'a tenu compte ni des individus vaccines
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lors des campagnes de vaccination sur la c6te du Kenya en 1941-42 et en 1944, ni des
soldats vaccines pendant la guerre, ni des 25.000 personnes censees avoir et vaccinees
dans le Tanganyika meme). Aussi est-il difficile, dans des enquetes sur l'immunite, de
depister tous les vaccines et de considerer comme valables les chiffres indiquant une
immunite que l'on admet comme naturellement acquise. Une autre source d'erreur,
qu'a revelee l'analyse des dossiers de Mombasa, est la vaccination des equipages des
barques, vaisseaux et caboteurs, qu'ils appartiennent au cabotage c6tier de l'Afrique ou
au trafic oceanique. Ces marins representeront des individus immuns, non seulement sur
la c6te africaine, mais sur celle de la Mer Rouge et de l'Asie du Sud-Ouest.

Les etudes qui viennent d'etre mentionnees ont et mises a profit pour estimer l'impor-
tance des individus vaccines dans les enquetes immunologiques. I1 semble que, dans les
enquetes en question, un bon nombre d'individus immuns soient des vaccines. L'intro-
duction naturelle du virus amaril chez l'homme au Kenya est exceptionnelle. I1 est
par contre hors de doute que la transmission du virus s'effectue de facon continue parmi
les animaux de cette province. Les recherches sur l'immunite chez les animaux sauvages
ont montre qu'au Kenya et dans le nord-est de l'Ouganda, les principaux animaux en
cause sont les galagos. Les singes semblent etre moins fortement atteints, au contraire de
ce qui s'observe dans 1'ensemble de l'Ouganda, oa, dans presque toutes les forets des
terres basses, on a trouve des singes immuns. I1 semble justifie de conclure que la oil le
principal hote vertebre du virus amaril est le galago, l'infection humaine est rare, et que la
oui les singes sont fortement impliques (par exemple dans la plus grande partie de
l'Ouganda), l'infecti )n humaine est plus frequente. 11 est desirable qu'avant d'interpreter
les resultats des enquetes sur l'immunite amarile humaine, des etudes soient faites sur la
presence, dans la region, d'individus vaccines. Sans ce terme de comparaison, les resultats
sont sujets a caution. Une etude de l'immunite des mammiferes sauvages eviterait cette
cause d'erreur et constituerait un meilleur critere de delimitation des zones d'endemicite
amarile. Ces enquetes devraient porter sur les galagos aussi bien que sur les singes, surtout
dans les regions oii sevit une rigoureuse saison seche. I1 est necessaire d'etudier soigneu-
sement l'ecologie des galagos et de leurs ectoparasites, afin de preciser le danger de
diffusion du virus amaril a l'homme habitant la meme region.
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