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Goographical status of malaria at the end of .73, as compursd 10 its originel boundaries (World Healih Ocgamaation 1973b).

"There is no problem in tropical Africa that is not part of
some other problem. All are intertwined; nothing can be
treated in isolation."

(Huxley, E., African Dilemmas, Longmans Green,
London. 1948)
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Summary

Seventy-five per cent of +he 394 million people in sub~Sahara
Africa, live ih areas where the risk of malarla-lnfecflon Is moderate
to high. The most aggressive attempts to eradicate malaria in Africa
were Initiated in the mid 1950s. Tho majority of the malaria eradication
prcgrams were deemed unsuccessful In that they failed to interrupt
transmission; however, the rates of malaria transmission were reduced
substantially. Among the reasons clted for failure to eradicate malairia
were: financial, administrative, complex migratory patterns and local
customs of reclipients, apparent excltorepeilant effect of DDT, reslistance
to pesticides, change in exophilic behavior of the vector, and lack of
trained personnel and healith services facliities.

The pressing need to expedite malaria control activities in Africa
Is accentuated by the rising cost of Insecticides and antimaiarial drugs,
the potential for vector and parasite resistance to control measures,

and lack of economical and/or alternative control measures.



INTRODUCT ION

A. Purpose

The continuing interest of the Development Support Bureau/Agency for

1
International Development (A.1.D.), the most recent Auditor Generals' reporf

ard the renewed interest in malaria by the Africa Bureau/A.1.D. have all
contributed to the need for assessing previous malaria eradication/control
programs in Africa. A study of this magnitude is necessary before devising

a strategy for majaria control In Africa.

B. Maijaria in Afrlca

Malaria Is a dlsease which has affecfed manklnd from very early times.

it has baen cliaimed as oge of fhe facfors confrlbuflng to the fali of the
Roman Emplre.2 Cenfé;lég fafer, malarla is sflll a prchlem In some parts of
the world. Twenfy-five percenf of fhe 1 178 m!lllon people living In areas
where malarla ls a rlsk are in sub-Sahara Afrlca. In 1977, it was estimated
that o;';gé 342 000 000 people iiving in Africa, only ten percent lived in
non-malarlous Zones and 291, 000 000 lived in areas where malaria risk is
moderafe fo hlgh.3 Table 1 shows Those countries where malaria Is no longer
prgsenf or prevaient. o

The severity of fhe-malarla broblems In sub-Sahara Africa is shown in
Table 2. Of the nineteen countries reporting causes of diseases in their
respective countries, malaria was unequivocally and by a iarge margin the
number one cause ot disease in those countries in which malaria had not been
eradicaTed.4 The probiem is even more serlious when one considers the facts
that: 1) these are the reported cases and 2) only a small percent of the

popuiation has access to a hospital or a health center.

1



The effecfsqu malaria can be measured in terms of morbidity, mortality
and by Its egonomld Impact upon the community. In Nssuka, Nigeria, Infants
born to mothers infected with Plasmodium have a death rate of 6 percent com-
pared to 3.4 percent for those infants born of mothers free of the parasl‘fe.5
In Lagos, Nigeria, acute malaria was incriminated as the cause of death ln'9-14
percent of children under eight years of age.6 Simi ar statistics were quoted
for children -In Ituri, Zalre. Six years ago, It was estimated that there were
a m!lllon deafh;'der yeaa In infants and children below the age of 14; many of
these deaths were attributed to mafarla. This large number of deaths in the
young populaflon'resulfs in hal f of the population being 15 years or younger.

For those chlldren and adulfs who survlve the first five years, they can

. 3 ; -v.».xu LRy

expecf‘1o mlss approxlmafely fhree days per year from school and work and
addlflonal days sufferlng ffdd mllder sympfoms of malarla.7 For a country
of over 342 mllllon populaflon fhls franslafes into significant loss of
productivity in Indusfry and school . |
" In countries or areas where malarla aradlda+|on or controi has been

practiced, the reversal of the morbldlfy and mortality due to malaria has
been most dramaflc. ln Tanzania and Kenya, children in protected areas had
less anemla, fewer cllnlcal sympfcms, appeared to be taller and less under-
nourished than chlldren from unprotected areas.8 In Malagasy Republic and
Zanzlbar, fhere was a fenfold and fourfold reduction, respectively In out-
patient clinic attendance.

in Para Taveta, Tanganyika (lnfervanflon between 1955-1959), the infant
mor:“'lfy rate was reduced from 165 per thousand to 78 per 'fhousand.8 Similar

9 10
resuir were obtained in Kenya and Senegaf. An Increase In *he number of



births was also observed In Kenya and Tanganylka. The number of hospltal
deaths due to malaria dropped to practically zero in Malagasy and Zanzlbar

as a result of malaria control/eradication programs.

C. History of WHO and US/AID Support for Ms'arla Eradication/Control
Programs in Africa

The success of malaria eradication/control programs Is aue In part to
the chemical DDT (dlchloro-dlphenyl-frIchloroefhane)11 and to the success of
operational research underfakeq b; The Rockefeller Foundation In Sardinia
between 1946-1950.12 In 1939, Mueller In Basel, Switzerland demonstrated
that a chemlcal first synthesized by Feldier In Germany was a powerful con-
tact Insec%fé]aé;ﬁﬁjh E&dlflon, because of Its chemical stabllity and low
volafj[]ty; jfyhémajﬁéﬁgléfhé]“féilhsecfs months after having been sprayed
on ngﬁé;?gﬁi G tagd oy e

w16?§5?dih1§;x90 percent of the population was Infected with malaria
befdre eradication measures were undertaken. Initially the objective of
Thé research was to eradicate the vector by larvicidal applications. When
the mefhad was changed'fo residual applicatlon of DDT to the Interior walls,
transmisslon of the malaria parasite was Interrupted. As 4 result thls method
was successful on the mainland of Italy, Greece (1950) and Cyprus (1950).

As éarlyEas 1948, the malarla program was accepted as one of top priority
for the World Health Organization (WHO).9 Between 194%9 and‘l952, malaria
control demonstration programs by joint WHO and national teams proved that
the overall parasite Eafa as well as the Infant parasite rate could be
dramatically reducedIJ after one to two years cf residual spraylng with DDT.|4

At the Eighth World Health Assembly held In May 1955, it was resolved and

declded that since some Anopheles were showing reslstance to Insecticides,



that efforts to eradicate malaria world-wide should be expedited. (The
differences between malaria control and eradication are presenfed in Table
3.) It was also decided that WHO would take the initiative to provide
technical advice and that a special account would be establishea’ to allow
countiries to contribute money or commodities to this effort. As of September,
1959, the equivalent of 8.6 million U.S. dollars had been contributed by
thirty-three countries; the United States contributed 8 million do!lars.

As a result of this initiative, 13 countries (out of then 40 countries
or political units living In malarious areas) in Africa undertook maiaria
eradicatlon programs. Between 1962 and 1964, these programs were dlscon-
tinued because the basic health services were unabie to support the
surQélllance necessary for a successful consol idation phase.

In July, 1969, the Twenty-Second WHO assembly met and having considored
the sefbackslend‘s]oy progress in many malaria eradication programs "recog-
nized malarlahcpntrglﬁas a veild and Indispensabie interim step where
eradqujlonnlélaf(prQ§enT impractical."

‘ :Pgﬁplge;jpgélgsk gf progress to eradicate malaria world wide, WHO
pef5[§T§J!ﬁ J+§jsfruggle to eliminate malaria as a serious disease. At

The Th]f}yrFlrsT World Health Assembly, the Committee drafted a resolution

on‘malar{é control strategy (Thirty-First World Health Assembly, Part i,

Official Records of the Worid Health Organization, No. 248, Geneva, 8-24

May 1978). A year later at the Thirty-Second World Heaith Assembiy it was
noted that organized antimalaria activities had not yet been initiated in
most African countries. The Commi+itee took the following action: 1)

urged member states to cooperate, coilaborate ana intensify their efforts



to implement malérlé;confﬁdfwacflvlfles and 2) requested the Director-

General to sfrengfheh\WHO'ﬁ ;qncflqnal structure so as to maximize Its

actlons and to give even ﬁfgﬁer pfioflfy to the malaria control program
In future Programme Budgefs (Fourteenth Plenary Meef!ng, 25 May 1979,

A 32/VR/14).

The support and interest in malarla eradication/control by U.S./A.1.D.
dates back to the early 19505t1§ The leglslative support for eradication
programs was established under the 1957 Mutual Securlity Act, Section 420.
Support for these programs is provided for directly by A.l.D. or Its
predecessor agencles and Indlrectly through financlal contributions to
the Pan American Health Organization, the United Nations International
Childrens' Educational Fund (UNICEF) and WHO.

" The management of the malaria program has had some discontinuity
within the Department of Sfafe;is-”The program was managed by A.{.D. and
its predecessor agencies from 1950 to 1966. Between 1966 and 1973, the
U.S. Public Health Service managed the program under a Participating
Agency Service Agreement. Since 1973 the program has been managed by the
Deveiopment Support Bureau/A.i1.D.

In 1978, A.1.D. supported malaria control programs in Asia, the
Americas and Africa. Six of the eight Aslan countries with serious malaria
problems are receiving assistance and assistance to the other two countries
is being discussed. Assistance through grants and health sector loans is
being provided to only one of the fifteen countries In the Amerigas where

malaria Is still a problem. In Africa, only two of the twenty~-six ccunitries

with major malaria problems are ~eceiving assistance; one program is belng



phased out by 1980.

Al 1ts earliest inception, A.l.D. sponsored bilateral malaria control
proJects In Liberia and Ethiopia. Its most recent malaria control progfamlis
in Zaire. |In 1963, the project in Liberia was discontinued for administrative-
rcasons. At the time the program was discontinued, the United States had |
spent 0.51 million doillars on the project.

The Maleria Eradication Project in Ethiopia was begun In Fiscal Year 1958
affer‘pllof malarla projects under.USAID and World Health Organlization/

United Nations Children's Fund (WHO/UNICEF) auspices inuicated that malaria
transmission could be drastically reduced by Indoor residual Insecticlidal
spraying.. The basic objective of the project was to end the transmission
of malaria by, 1976.-

Asslstance to fhe imperial Ethiopian Government (IEG) through Fiscal Year
l96%vwa5'pr6vjdéd by,fechnlcal assistance grants for funding U.S. techniclens,
commﬁdltles, pafflclpanf training and other costs. Technical assistance in
the form of grants was continued until FY 1968. Subsequent assistance to
fhefiEG lﬁ this program was to be provided mainly by a U.S. development
loan sjgnéq,on October 23, 1967. As of September 1976, the U.S. had contrib-
uted a fbfal of 22.4 mlllloh doilars In grants and loans to the malairia
eradication project in Ethiopia.

The malaria eradication program in Ethlopla was reiatively succe#sful.I
In addition to reducing the morbidity and mortality due to malaria for 200,000
to 300,000 people, there has been a 10f Increase in the smount of land under
cultivaticn, and the establishment of two iarge sugar plantations, a cotton ’

piantation, a paper mill and a meat processing plant In areas where malaria



Is now controlled.

The malaria control project in Zaire was begun in fiscal year 1977. The
objective of the project is to establish and successfully operate 2 pllot
malaria control project in the Kinshasa Region and in one nearby rural
area. A.l.D. wiil provide technical assistance for a pericd of five years.
to date basel ine surveys have been completed, residual spraying has begun
énd antimalarial drugs have been distribhuted to children under 15 years of

age and to pregnant and lactating women.

D. Scope of Report

The materials tor this report were gathered main'y from WHO publica-
tions, A.l.D. reports and evaluations, and published articles In medical
Journals. The Inadequacies in the data may |ie In not having access to
unpublished Information from countries that have lccally funded malaria
control/eradication projects. Chapter 11 includes geographic information
and summar ies of malaria control/eradication projects in A.1.D. assisted
and In those countries south of the Sahara with malaria eradication/control
programs. For those countries without identifiable malaria eradication
programs, only the geographical and climate data are presented since 1his
Iinformation Is necessary for planning future ma'arla control programs.
Chapter 111 explores some of the potential probiems which may influence

the effectiveness of malaria control programs.



Table 1

Areas in Sub-Sahara Africa with Malaria Eradication
1

Programs as of 1976

Malaria Measures Undertaken : Country or Political Unit

A. Never present or eliminated Seychel les
without specific eradication Spanish West Africa
measures St. Helena

B. Malaria Eradication Programs Cape Verde Islands
Lesotho
Madagascar (West Coast)
Mauritius
Natal
Northern Transuaai
Pemba
Reunion
Swaziiand
Union of South Africa.
Zanzibar

!

Reférence$5No§iibif12§iﬁHd1Chh6nlélé[§lfﬁg9§4i9j;fii977(V



Table 2

The First and Second Highest Incidences of Disease Reported to
1
Health Authorities in Sub-Sahara Africa

. 2
Ccuntry (Reporting Yeer) Number of Cases Estimated Populati
( x 1,000)

Benin (1976) 3,100
Malaria 140,157
Measles 9,514

Central African Republlic (1976) 1,200
Malaria 134,175
Intestinal Parasites 111,328

o 4

Chad (1976) : ' , : 4,000
Diarrhael diseases 114,225

Congo (1976) o : 1,300
Malaria 169,153 '

Influenza 29,872

Equatorlal Guineas (1975; » . 3.105.
Malaria 1,149
Bacillary DysenTery . 305

Ghana (1976) o 9,900,
Malaria 443,310
Measles 129,861

3 -

Lesotho (1976) : . 1,000
Gonococcal infections.: 13,292 P
Enteritis 11,211

4 s

Liberia (1975) - 1,700
Bacillary Dysenfery .23134
Malarla 1,21

, 3

Madagascar (1975) : 6,200
Influenza . 601,749 '
Measles : 142,288

Mali (1976) ‘ ; 5,700
Malaria , 383,663 .

Measles 39,673
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Table 2 (continued)

2
Country (Reporting Year) Number of Cases Estimated Population
( x 1,000)

Mauritania (1975) 1,300
Malaria 48,359
Baci| lary Dysentery 15,906
Influenza 15,097

3

Mauritius (1975) 900
Gonococcal infections 241
Tuberculosls, Resplratory

system 217

Nigerla (1975) S 63,000
Mularia 1,083,263
Maasles 134,976

Rwanda (1976) ' 4,200
Malarla 85,169 :
Measles 77,707

Senegal (1975) 4,100
Malaria 483,773 e :
Measles ) 26,567 '

Sudan (1976) 18,000
Malaria 1,030,245 :
Schistosomlasis - 102,989

3 : SRS

Swaziland (1976) ’ 4,900
Measles 3,752
Influenza 2;684

Togo (1976) * o 2,200
Malaria 274,459
Dlarrhaeil diseases 137,130

Uganda (1975) . : 11,500
Malaria 31,783
Measles 29,592

4 .

Upper Volta (1975)

Leprosy : 92,278

Amoebiosis ; - 40,149
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Table 2 contlinued

1
World Health Statistics. Volume Il. Infectious Diseases: Cases and
Deaths. WHO, i978.

2

The numbers indicate cases notified to the health authoritics. The first
and second highest disease incidences are reported.

3
Countries where malaria has been eradicated or controlled.

4
Did not report malaria as a disease.



Reference:

TABLE 3

Differences between a Malaria Control Programme and a Malaria
Eradication Programme

OBJECTIVE

AREA OF OPERATIONS

'MINIMUM STANDARDS |
DURATION OF OPERA-
TIONS

COST

CASE-FINDING

EPIDEMIOLOGICAL IN-
VESTIGATION OF
POSITIVE CASES

EPIDEMIOLOGICAL
EVALUATION OF
RESULTS

IMPORTED CASES

TOTAL COVERAGE

ADMINISTRATION OF
THE PROGRAMME

l

1

!

i
|

CONTROL PROGRAMME
['hc reducuon of malana
to a prevalence wherc it is
no loager a major public
health problem

Not neeessarily covering
all the area where malaria
transmission takes place

! Good

Without limits

1 .
; Constantly recurring

{

Supertluous
Supertiuous

By usual malariometric ;

surveys

Do not deserve particular
attention

Unnecessary

May not be the best and
still be suflicient

, !ZR:\DI(‘.:\TIOV PROGRAMME

The ending of the trins-

' mission dnd the climina-
tion of the reservoir of
infective cases in a cam-
paign limited in time

i Must cover all the arca

| where malaria  trans-
i mission takes place
i Perfect

I’rogramme cnds when cer-
tain requirements are mef
[sce CHArTER 9)

Expenditure represents a
capital investinent and is
not a permancntly re-
curring cost

Of paramourt importance

' Necessaryin the late stages

Proof of disappearance of

| indigenous new malaria

| cases

t Important and dangerous

when spraying has bueen

withheld

Indispensable both for the

| spvaying 2nd the case-
finding

Must bc fully ctficient and

l speady; it not, danger of
failure

“The above table isa modlﬁcauon of that app.-anng in W.H O., E \1 Sixth

Report, p. 9 (1957).

?ampana, E., A Textbook of Malaria Eradication.

Oxford University Press.

1963.

London, England.

12
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Malarie Control/Eradication Projects



A. West Africal

Countries with MEP2

People's Republic of Benin
Republic of Ghana

Republic of Liberis
Federal Republic of Nigeria
Republic of Sierre Leone
Republic of Togo

\JiNopzs;
A)

(A SWATILAND

>

Countries wifhout MEP2

Republic of Guinea
Republic of Guinea-Bissau
Republic of Ivory Coast

1Stippled Area

“Malaria Eradication/Control Program

1k
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DAHOMEY (NOW PEOPLE'S REPUBLIC OF BENIN) '
N
Geography and Climate

Dahomey Is a coastal state of west Africa, iocated on the Bight of
Benin berween Nigeria and Togo. It has a total area of 43,483 square miles
and stretches for some 435 miles, between GON and 12°N.

The land surfacas is generaily of low relief and it rises gradually from
south to north. The sedimentary ccastal zone Is part of the extensive
sedimentary basin stretching from Nigeria to Togo. Along the coast [tself
lie sand bars and lagoons. Anclent and recently formed sand bars run Tn
ridges roughly parallel with the shoreiine, with occasional openings which
give Intermittent access to the sea, such as those of the Boca del Rio,
and of Grand-Popc and/Cb{énou.

The Dahomeyan‘cilﬁ;fg Is Inffuenced, as for most southerly coastai
countries of west Afrlgé;;ﬁy fﬁéwgbufh hoﬁsoon winds, the northeast trade
w[ndé; The proxlmlfy df;;hé”sea; and the character of the relief. In
S;ﬁfhérn Dahomey fﬁereils a femperéfe subequatorial clImate, with temper-

_afhfeskthaf are high but not subject to great variations. The annual aver=-

- o
~.ages of minimum temperatures are around 72 F, those of maximum temperatures

ﬁﬁfpund' 88°F. Annual rainfalls are moderate In amount In comparison with

;ihcsé of typicai equatorlai cllmafes. Annual rainfalls are about 55 [nches

" at Porto-Novo, 45 inches at Bohicon, and 35 inches at Grand-Popo. The main
rainy season lasts from mid-March to mid-Juiy, with a maximum in June. This
Is the swason of heavy stormy ralns and coincides with a parlod of warm

humlid weather.

From mid-November to mid-March there Is the main dry season, during
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Dahomey Climate continued

which rainfall is very iow though it normally does not fall altogether.’
Between these two major seasons there are two minor seasons: the [ittle
ralny season lasts from mid-September to mid-November, with a maximum of
rainfal! usually in October, though always lower than the June maxlmum;
This season is preceded by a dry season from mid—JuIy to mid-September.
Throughout the subequatorial zone, the relative humidity Is high, ranging

between 72 percent and 95 percent.
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I. Country: Dahomey (Now Benin)

I1. Project

Location: Porto Novo, Cotonou, Coastal belt.
Population: 714,000

Time: 1953-1957
Type: Pre-eradication

It1. Endemicity: Highly endemic

IV. Parasite

m Primary: P. falcliparum

Secondary: P. malariae
V. Insect Vector

Primary: A. gambiae

Segondary: A. funestus, A. pharoensis

Vl.-‘Tybe‘of Inferventloh
nsecticide: Dieldrin was used from 1953 to 1956; DOT (2 a/n) was
u#éaféffggéi§5g +wice annual ly.
‘ qugiprpphquxlé;}ijh {§58'pyrlme+hamlne (50 mg) and chloroquine (600 mg)
géfefglven once a month for eight months.
VIi. Evaluation
After flveJYBars of spraying, the frequency of malaria had been reduced
but not inferfupfed.. Relaflvely good results were achieved with drug
- prophylaxis anné.rNAfTer'l9 months, the parasite rate in Infants was reduced

from 17 percent to 2 percent. However, the administration of the drug did

coincide with the dry season, so the results may be equivocal.
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Dahomey Evaluation continued

(n December 1959, the spraying and mass drug administration activities
were discontinued. Some of the reasons given for,failure to Iinterrupt trans--
mission were:

1. Insufficient supply of insecticide.

2, Large labor migrant population.

3. Houses are rethatched and replastered frequehfly.

4. Funerals and harvest feasts attract many people from unprotected

areas.

Reference: Afro Malaria Yearbook No. 1, WHO Regional Office for Africa.

AFRO/MAL/5, September 1959. Malaria Yearbook No. 2, WHO Reglonal Offlice

for Africa. AFRO/MAL/7, December 1960.
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REPUBLIC OF GHANA

2
Geography and Climate

The Republic of Ghana llies on the southern side of the bulge of West
Africa, just a few degrees north of the equator. It Is bordered on the south
by the Gulf of Gulnea, on the east by Togo, on the north by Upper Volta, and
on the west by +he Ivory Coast. Ghana is roughly rectangular In shape witn
an area of 92,100 square miles, s|lghtly:-smaller than the state of Oregon.

There are five geographlc reglonééln“?he country. The low plalns
have a strip of coastal savanna»wl?h flat or siightly rolling land and Include

the delta of the Volta river. North of the:'lowlands |le the Ashanti upiands

:whlch recelve conslderabie rainfall from moisture laden winds.

The Volta basin cerrg about one-half of Ghana's total afea. Lake
Volta, created by the damming of the Volta river, Is one of the largest man-
made reservoirs in the world, covering an area of about 3,275 square miles.
in the far north and west are the high plains which have elevations between
500 and 1,000 feet and an annual rainfall of 40-50‘lnches. The Akwapim-Togo
Range of low lying mountains iies in the extreme eastern part of the country.
This range is mostly covered with deciduous forests.

The climate Is troplical and is influenced by moisture laden trade
winds blowing across the Atlantic and by hot, dry winds coming out of the
north-east from the Sahara desert. The southern part of the counfrf has
high relative humidity during most of the year. Further lﬁ?and the level
of humldl#y Is lower and varies depending upon the prevaillng winds. The

period from March to October Is characterized by heavy rains, expecially in

the reglons_influenced by the Atlantic trade winds, while during November to



Ghana C!imate continued 22

February there is little rain. Mean maximum monthly temperatures ranye
o o
from 74-86 F at Accra, to 64-95 F at Tamale in the ncivh.

2

Notes

1. In 1967, a WHO Expert Committee on malaria reported 24 vector snecies
of anopheles were resistant to DDT and/or Dieidrin.

2. in 1973-74, the country set aside $30,000 for an?lmalarlé activities.

3. A project to develop the Volta river basin includes water impoundment
which.may Impact upon future malaria control programs.

4.  The Ghanlan government has glven fop priority to developing rural areas
and as a result several comprehensive rural health and famlly planning

projects have been initlated."
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I. Country: Ghana
1. Project
Location: Trans-Volta Territory
Population: 600,000
Time: March 1956 to June 1959
Type: Pilot (Proposed In 1959) %ﬂ
Lit. Endemicity: High, parasite rafe;;xé5-84$
IV. Parasite B

Primary: P. falciparum; responsible for 79% of,lnfecf1qp§ (resistant

Afo:DaraprIm and cross-resistant to Lapudrine)
. vwGunuary? "b. malariae; responsible for 195 of Infécfloqs’*
Others: P. ovale; responsible for 2% of lﬁfééflons
V. Insect Vector
" Primary: A. gamblae (resistant to Dieldrin) and-A. funestus.

thefs;"A. niil; A. hargreavesi

Vi. Type of lnfervenflon
vlnsecflclde. Residual spraylng with DDT
Drug prophylaxis: Medlcafed salt%
;Vlir Evaluation |
| DDT was shown to be effecflve on walls (IOO’ klll) affer three months.

: HEND ¢

Pofenflal problems could resulf from; a) fhekvlllagers WIII not allow fetish

's k¥

hufs to be sprayed and b) some houses are palnfed yearly.

Reference: Afro Malaria Yearbook No. 1, WHO Reglonal Office for Africa.

AFRO/MAL/5, September 1959.
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REPUBLIC OF L.IBERIA

2
Geography and Climaie

The Republic of Liberia is located on the west coast of Africa a few degrees
off the equator, on the great bulge of the continent. It extends about 350
miles along the coast between Sierra Leone on the northwest and the Ivory
Coast on the southeast. Guinea Is to the north, and the Atlantic Ocean to
The‘ypstsﬂﬂqhsqufh.A Liberia Is about The_slze‘ofqunnsxlyanla and covers an
area of app?oklmafaly 43,000 square miles. s i e

. There are three geographical zones. ;TbPQQFQPthfﬁﬂgﬁﬁ;fFQmﬁth?‘39 to.

50 mile wide low-lying coastal belt, characterized by mangrove marshes,

fagoons, and tidal creeks; an Interlior tropical railn forest; a‘reglon of hilis

and plateaus extending to the country's Inland border and rising to elevations

of 600 to 1,000 feet; and the Guinea Highland In the far northern part of

the country, where forest Is sparse and mountains rise to 5,000 feet.

Although all main rivers carry a good volume of water the year round,
There are great variations In flow because of the rainfall pattern and rapid
run-off from the watersheds. Most streams overfiow their banks after the
heavy downpours that occur during the rainy season. The flooding of land
creates stagnant pools of water which are breeding grounds for many vectors
of sﬁch diseases as sleéplng sickness, malaria, and schlistosomlaslis.

Liberia has the hot and humid climate usually assoclated with troplical
couﬁfries. Humidity Is seldom less than 80% except when the harmattan, a hot
dust-laden wind that blows from the Sahara desert from December to February,
sweeps the coast. At that time humidity may be as low as 50%.

There are two distinct seasons, dry and rainy. Tne latter lasts from
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May to November and produces rains that account for approximately 85% of
Liberia's coastal rainfall, averaging about 175 inches a year. The rainfall
extremes vary from 70 Inches inland to 250 inches along parts of the coast.
Temperatures are warm and rather uniform throughout the country. During

o o
the entire year average temperatures are between 70 F and 80 F.

2

Notes

1. Since 1971, larviciding and residual house spraying has been ongoing in
all counties and territories of Liberia.

2. Malaria control programs since World War 1l have reduced malaria trans-
mission in Monrovia but mosqul*o:reSIs*ance‘fo Iinsecticides has resulted
In malaria being a continuing cause of physical inefficiency, sickness and
death. |

3. WHO Expert Committee confirmed the resistance of anopheles to Dieldrin and
cross-resistance to BHC In' 1958 (WHO/MAL/198." Feb. 12, 1958).
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l. Country: Liberla
I1. Project
Location: Central Province of Liberia
Population: 54,000 in 1953; 142,000 in 1955; 200,000 In 1956.
Time: 1953-1957 |
Type: Pllot malaria eradization program
I11. Endemicity: Holoendemic
IV. FParasite

Primary: P. falciparum; responsible for 82% of Infections

Secondary: Mixed Infectlion; respdhﬁlble'fof/iSZ df Infecflons
, O+hérsi P. ovale; responsible for 6$"of»lnfécfiohs;‘P.‘malaflae;
o responsible for 12§ of lﬁfééflonsi o
v. fﬂ#eCT,Vécfor
JS}lﬁary:‘vA. gamblae'(reslsfanf‘fb Dleldrin aﬁd BHC), _A. funestus
vi. Typévéfflﬁfervenflonb ‘ |
klnsecfl#ldeé: DOT spraying; the flrst round of spraying was &t
% 2.7 g/m2 additional rounds were at 2 g/mz.
Drug Prophylaxls: Pyrimethamine and/or chloroquine to approxl-.
: mately 80,000 people. |
Vil. Evaluation SR
A. funestus disappeared. 'A.'gamblae was reduced but sfl!l Is respon-
sible for seasonal transmission of the disease. The mass drug admlnistratlon
project was abandoned.
| Some of the problems assoclated with the fallure of this project were:

1. Many of the villages were located In inaccessible forest areas.

2. Migration of laborers to Guinea and the Ivory Coast.
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3. Agricuiture people moved to their farm areas during the planting

and harvest seasons and erected huts which were not sprayed.

Reference: Afro Malaria Yearbook No. 1, WHO Reglionai Offfce for Africa.

AFRO/MAL/5; September 1959. Malarla Yearbook No. 2, WHO Regional Office

for Africa. AFRO/MAL/7, December 1960.
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l. Country: Liberia
It. Project
Location: Kpain
Population: 300,000
Time: 1953-1961
Type: Malaria eradication program
I11. Endemicity: Holoendemic
IV. Parasite

Promary: P. falcliparum

V. Insect Vector

Primary: A. gamblae, A. funestus:

Vi. Type of Intervention -
lnSecf}clde: Dleldrin In 195%; DDT (2.65,g)ﬁ?$'§n§§fper annum from
1957-1961. | |
Vil. Evaiuaf!on
The parasite. rafe In; lnfanfs was’ educed from167 SSfto 0 ‘and In chiidren

was reduced from 73. 3% To 30$

Reference; ;HHO/AF§Q/MAi7§:a3;i
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Country: Liberia

Project

Time: 1958-1959

Type: Pilot malaria eradication project
Endemicity: Holoendemic

Parasite

Insect Vector

Type of Intervention

Y

2

Insecticide: DDT (2.65 g/m )lbncé*per;annum{

Evaluation

The parasite réfe,ln Infénfs §5$fféqgggdgfrqmg7255ﬂgtqlOS after spraying.

A 38% reduct lon In-bara§i+éQfét6:ﬁdSEo§Sérygdfjn‘ojdéhéchlIdren.

Refereﬁ¢e:: WHO Expert Committee dn?Mafﬁhié}??Fﬁf&ggﬁjﬁééébérflvﬂWHO Tech.

Rep. Series No. 467. 1971.



l. Country: Liberia
Il. Project
Location: West of Bomi Hills to Kakata, Marshal on the east and
inland to Bopulu. |
Time: 3 years
Type: Demonstration project
111. Emdemicity: Hyperendeﬁﬁo}
V. Parasite \
V. Insect Vector -

Prlmary. Agﬁgamblae melas, A. squamoses (found after spraying operations)

Vi. :Type of lnfervenflon
Insezrlolde. Dleldrln - annual ‘spraylng; larvlcldlng-- maln part of city
oniy.
Vii. Evaluation’

Affer one year the paraslfe rafe in Infanfs was reduced from 75$ to 43%.

Slgnlflcanf reducflons were nof observed ‘successlve years even +hough
1spreylng was continued.- Some of *he reasons glven for fallure to interrupt
~transmission were:

R 'lndlfference on parT of. personnel.
' ' by SRy R

2. Ineffecflveness of Iosecflclde ‘because of remuddlng of walis or
soo*:i, | |
"Sg!gK[fchen‘hUTs‘USed'lﬁ upiand rice areas were not sprayed.
4:, Vehicles deteriorated rapidly under use and were poorly maintained.
5. -Spray teams were not adequately supervised.
;Reference: Majaria Control Terminal Report, 1957. National Public Health

Service, Monrovia, Liberia.
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THE FEDERAL REPUBLIC OF NIGERIA

3
Geography and Climate

Nigeria Is the easternmost of the countries that face on the Gulf of
Guinea in the West African bulge. It lles entirely In the tropics, its
southern edge being only a few degrees above the equator and its northern
border well below the Troplc of Cancer. |t is bordered on the east by the
Federal Republic of Cameroon and for a very short distance in the northeast
by the Republic of Chad. The northern and northwestern borders are bounded
by the Repbulic of Niger, and the western border Is bounded by Benin,
formally the Republic of Dahomey. The country has a total area of 356,669
square miles, and its boundries roughly form a square, excluding the great
exitension into the Gulf of Guinea of the Niger Delta. The greatest east~to-
west distance is about 650 miles.

A number of major geographic div:sions are readlly distingulshable,
stretching In generally east-west zones across the country. The Low Plains
Ile mainly In Western and Mid-Western States. They are bordered on the Gulf
.of Guinea by a coastal stretch of low-lying, often swampy land interspersed
with lagoons and creeks and varying up to twenty miles or more in width.

The Lower Niger Valley reglon lles roughly east of the Low Plains and consists

of a comparatlively narrow valley extending from the confluence of the Niger

and Benue rlvers at Lokoja southward for about 185 miles to the apex of the
Niger Deita. In its upper section It comprises a number of qulte narrow gorges
between which |le somewhat broader stretches bordered by hillis with elevations
befween 300 and 700 feet.

One of the major features of the West African coastllne is the Niger
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federal Republic of Nigeria Climate continued

Deita, which projects into the Gulf of Guinea from the southern coast of
Niger ia between the Bight of Benin and the Bight of Biafra. This great
bulge of sedimentary material, deposited by the Niger River, stretches
some 75 to 80 miles from its apex below the town of Aboh to the sea; it
covers an area of about 10,000 square miles. Directly to the east of tt.
Lower Niger Valley is a highly eroded plateau area characterized by prom-

Inent scarps, the Southeastern Scarplands. The region's chief geographic

features are the Udi and lIgala plateaus and the Akwa-Oriu Uplands. The Udi
Plateau runs from north to south; it northern end merges with the Igala
Plateau, which extends from east to west. The general elevation of these
plateaus Iis about 1,000 feet above sea level, with escarpments rising
considerably higher. The scarps on the northern and eastern edges drop
abruptly at various points In their 500-foot descent in elevation.

The Southeastern Lowlands occupy the area between the Lower Niger

Valley and the Niger Delta on the west, the Eastern Highlands on the east,
and the Benue River valley on the north. The coastline of this region
resembles that found in the Low Plains area; it is simiiarly fringed with
sandy spits and mangrove swamps.

The Western High Plains, of Plateau of Yorubaland, are part of the belt

of high piains that extends through West Africa. They lie between the low
western coastal plains and the Niger-Benue River Vailey reglon and are broad-
est in the west near the border with Benin, whore the land has a general
elevation of more than 1,000 feet.

The combined valleys of the Niger and Benue rivers form a great east-

west arc approximately across the middie of the country. The Niger Rlver

valley extends from the border with Benin on the west, and the Benue River
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valley extends from the eastern bhorder with Cameroon.

The Northern High Plains comprise a broad plateau area. Ths large

central section of the plateau extends for about 300 miles from east to west.
Sometimes designated the High Plains of Hausaland, the region consists of a
ser ies of stepped plains that range from about 600 feet above sea level at
the outer edge to roughly 3,000 feet iIn the area surrounding the Jos Plateau.
Some plains' levels are separated by prominent escarpments.

The Jos PLateau, surrounded by the south-central section of the Northern
High Plains, includes distinctive features that set It aside as a separate
geographic region. Covering an area of about 3,000 square miles, It is sep-
arated from the surrounding plains area by pronounced escarpments. The area's
general elevation Is over 4,000 feet above sea,level,fgpéfhllls'ln,lfs eastern
part attain heights of over 5,800 feet.

~ The Sokoto Plalns occupy the extreme northwestarngpér*hofhjheAgognfry

and are generally monotonous in appearance. in The{wasferh pﬁrt,éros]qn has
lett occasional tablelike hiiis.that stand about 100.feet above the surrounding
plain. /Irenchllke stream and rlver valleys characterize this.part. They have
broad flat fioorskz or more miles in width and steep clifflike sides 100 to

200 feet high. Water In the rivers Is largely seasonal and is lIimited chiefly
to the short rainy season. .

The Chad Basin consists of a bfoéd plains area In the northeastern part
of the country. In this area the land siopes gentiy eastward from the North-
ern High Plains to Lake Chad. The region has a general elevation of about
1,000 feet above sea level and |s largely featureless except for fixed dune
formations in the northern section, many of which are covered with trees and

grass.
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The eastern boundary with Camerocon is characterized for about 500

miles by mountainous country, the Eastern Highlands. The northern part of

the highiands consists of several hill groups, with high points around 3,670
feet. To the south of these are the Mandara Mountains, which extend along
the border to the Benue River valley: These mountains comprise a dissected
plateau with a general elevation of about 4,000 feet . They encompass an
area of some 300 miles In length with an average width of about 20 miles.

The climate 1s tropical throughout the country, but considerable variation
exists between the south and north due to dlfferences In the principal weather
componenfé:' temperature, humidity, and the rainfati’. -

- ‘Above a | Ine that runs east and WeSf‘apprbximafély north of the Niger
and Benue river valleys, one ralny season and one dry sed;on are relatively
wel!| defined. The rainy period In this area occurs between April and October,
ucually sfarflng*lnjlafé”Aprll or early May glbng the dividing lline and con-
flﬂulng*progreSslvely northward; the rains In the far north usually begin In
June. 'Peak’ralns are experienced throughout the area usually In August. About
the middle of September harmattan winds begin moving southward, bringing dry,
hot days and relatively cooler nights. By the middle of October the ralns
have generally ceased throughout the area north of the Niger-Benue River
Valley reglon, and the harmattan coninues to dominate the weather until the
startiof'the next rainy season. R

'“f”FEom*+hé?nger?Benue River Vallé}fﬁaﬁfhwafd, four seasons are usually

distinguishable. " These consist of 'a long rainy season, a short perlod in
which the rains siacken, a short period of heavier rain, and a iong dry

season. The start of the ralny season In the south occurs in February

along the coast and moves gradually rorthward, reaching the Niger-Benue
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River Valley region in April. Heavier rains continue over the area through
July. There is a decline in rainfall in August, and in some years it is
particulariy noticeable. Rains are again heavier from Septnmber to early
November. By mid-November the harmattan usually covers the area to the
coast, with the exceptlion of the delta region and the southeast, where it
becomes dominant usually In December. The dry perlod usuaily continues
unfll February or March. |

The amounf of annual ralnfall decreases norfhward from.the coast. In
parfs of fhe nger Delta and the southeast If fofals 0\,r 140 Inches a year.
This area recelves some rainfall durlng every monfh of fhe year, Including
the perlod of The harmattan. The southwest Is drier, wlfh Lagos averaglng
about 73 lnches annually, A Zone across the country from Lagos to the Eastern
Highlands recelves 80 or more inches annually. Farfher Inlend Tofallraln-
fall decllnes In the cenfral part of the counfry to 40 or 60 Inches. Within
this area, The Jos Piafeau affecfed by Its higher elevaflon constitutes an
lsland of greater precipitation registering an annual average of 60 to 80
inches. In the north rainfall declines to 20 or 30 Inches annun[ly and In
parfs of the extreme northeast falls below 20 Inches." |

The northern half of the country recelves less than one Inch of ralinfall
for perlods of from five to seven months during the dry season. Water short-
ages are often acute; local streams and w:'ls dry up In some areas, forclng
villagers To'ffavel considerable dlsfences to obtaln needed water. The lack
of water also forces cattie ralsers In the north to move their herds in the
dry season to better watered areas, such as the valleys of the Niger or Benue
rivers.

Temperatures throughout the country are comparatively high at all times
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of the year, with mean maximums increasing northward from the coastal area.
Mean annuai minimum temperatures in the south are about 710 to 730F. A
variation of less than 2°F. occurs throughout the year. Mean annual minimum
temperatures in the northern region range from about 66o to 7IOF. During

December and January In the dry season, mean monthly temperatures decline an
. [o] : : . -
average of about 10 F. from the annuz! minimum.

There is little dally varlation between mean maximum and minimum temper-

o
atures in the coasfal areas; The dlfferences are usually Iess than 20 F. In
the norfh The range I's between 30 to 40 F acfual readlngs on parflcular

o
days durlng The harmattan season may vary as much as 70 F, wlfh a Iow of less

than 50 F '

The humldlfy varies conslderably in different parfs of the counfrykand
at varylng flmes of the year. High nlghftlme humidities are reglsfered reg—
ularly in the coastal regions and range between 95 and 99 percent throughout
the year. During the rainy season midday humidities are above 70%; during the
dry perlod they range from abouf 60 to 70%. In the north the humldlfy during
the rainy period rises fo above 90% at night and decllnes to 60 or 70% at mid-

day. During the harmattan bofh daytime and nlghfflme humldlfles are qulTe low.
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l. Country: Nigeria

Il. Project
Location: |laro Town, Southwest ngerla”
Population: 12,500
Time: 1949-1953
Type: Malaria eradication program’

I11. Endimicity: Holoendemlc

Iv. PaéaS(fe

Prlmaryz P. falclparum

V. Insect Vector

Primary: A. gambiae; A. funestus'"

Vi. Typé of Intervention
Insecticide: HCH (0.2 g/m ), four cycles per annum.

Vii. Evaluation

A. funestus was ellmlnafedf§f>fhe end\qf!fhé flrsf yearkbuf reappeared

0 oyt

34y

- N R B 2 A IS TR LT I T S B T Ve T TN I S
one year after cessatlion of spraying. A. gamblae.wgs reduced by 90%. The

paraSlfe rafaﬁln‘iﬁfah%évaééégagéaﬂngﬁr33;3iﬁ¥3T16?23 &ffar spraying.

RefeFen&é:«ﬁlhfd; Bull No. 3. ‘Dépf; Mpd;;SéfVices, Nigerla.




.
'v.

v‘

vi.

Vil

In Infants was reduced from 79.5¢ to 1.0%.

rate were observed in chliidren from 1=7 vears old.

‘Type of[ln?ervenflbn

Country: Nigeria
Project

Location: Western Sokoto
Population: 500,000

Time: 1953-1959

Type: Malaria eradication progiﬁmw

Endemicity: Holoendgmlc

Paraslte:

Primary: P. falcibarum

insect Vector

Primary: A. gamblae; A. funésfus%,

2

2-

Insecticide: Dieldrin (0.6 g/m ) once per annum from 1953-1956;
DDT (2 g/m ) twice per annum from 1956-1959.

Evaluation
PUGERRY T e

%0

There was a decrease in the number of both species of Insects In sprayed

areas; both specles were found In temporary sheiters. The parasite rate

Similar reductions In parasite

Reference: Mimeographed doéuménts; Federai Maiarla Service, Lagos, Nigeria.

1956-1957.
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i. Country: Nlgerla

1. Project

Llocation: MWestern Sokoto

Population: 500,000

Tlme: 1954-1957

‘Type: Pllot malaria eradication program

IT1. Endemicity: _Holoendemlic
IV.. Paras|te S

Primary: P. falclparum

Secondary: P. malarliae, foﬁnd'predoﬁ[hanfly;fhyéhlldren.
Others: P. ovale
v. Insecf Vector
Primary: A. gamblae (reéfsf@ﬁfffb;?féi&fiﬁi;“A;;fua;s;UQ‘wﬁ
V. Type of oes e S -
' : ' 2 2 2
Insecticide: Dleldrin (0.25-0.54 g/m ); BHC (0.4 g/m ); DDT (2.2 g/m ).
‘Elghf to ten cycles every 6 monfﬁs..: |
g Dfug Pfophyiaxls: Chloroqulne (150 mg) or phrlme{hamlhb (25 mg)
’ given monthly during the maln transmission season.
vii. Evaluafﬁbh
ip§§¢ff¢fde spraying was effective in reducing the vectors which resulted
In a r;aucffén In the transmission rate of malaria during the dry season.
Parasifémfé was still present In chiidren under 11 year of age.
ln’l957, after the first round of mass drug admlnistratlon, parasitemla
In Infants was el Iminated and in older children was reduced consliderably.

In one village the trophozolte rate was 29% before drug distributlion and was

reduced to 3% after five months. With the onset of the rainy season, ‘there
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was an increase in the parasite rate which was not reversed by a second

round of mass drug administration.

Reference: Afro Malaria Yearbook No. 1, WHO Regionai Offlée for Africa.

AFRO/MAL/5, September 1959. Malarla Yearbook No. 2. WHO Regional Offlice

for Africa. AFRO/MAL/7, December 1960.
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I. Country: Nigeria
Il. Project
Location: 2 smali viilages located 20 miies from Lagos
Population: 421

Time: 14 months experimental period

I11. Endemicity
IV. Paraslite
V. Insect Vector _
VI. Type of Intervention
Drug Prophylaxi55 [Cﬁ]§foqu[n§$(IOQ_mg)}of pyrimethamine (25 mg)
adjusted for body wélghfEéﬁdﬁgiyégﬁpﬁ;é*ﬁsnfhiy.~‘-
. VIi. Evaluation
‘ After fourfeen.monfhs,ﬂfheVparaslfe rates were reduced from 65%¢ to
208 for those taking chloroquino and from 77% to 3% for those taking
pyr imethamine. Some of the pfoblems wlfh.mass drug administration were
compllanceiand;new arrivéls;fd>ihe§VIllage‘who did not participate In the

program.

~Referénbé:gﬂwHO/MAL/j95fiAFRb/MAL/i;§fepff7;@1958;”
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l. Country: Nigeria
Il. Project
Location: Garkl District, Nothern Nigeria
Population: 50,000 (8 clusters with 2-4 viliages each)
Time: 1969-1975
Type: Pllot malaria eradication project
i11. Endemicity
IV. Pasasite

Primary: P. falcliparum
I

Secondary: P. malariae.
V. Insect: Vector. : . - ) ,
Prlﬁary: A. gambiae (A and»B);;Aa'funesfus
vi. TYpe‘gf‘lnfervenfion

.J a)fér§poxuru(2 g/m‘).{S rounds at 2 monthly Intervals.

b);Propoxur and [sulfalene (500 mg) - pyrimethamine (25 mg)] every
,‘16 weeks.gf»
- ¢) Spraying and mass,drug.admlnlsfrqflon'every-fwo weeks In the wet
season and every ten weeks In the dry season.

Vil. Evatluation

The prevalence ofrP. falclparum varied according to the season, being
most prevafénf dﬁrlng‘fhe rainy season. The parasite rate varied between 30
to 55% In the untreated vlllages;,Qefween 27-37% In viliages treated only with
propoxur; between 2-28% In those villages treated with propoxur and drugs every
ten weeks and between 1-5% In those treated with propoxw’ and drugs every two

weeks.
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During the time of ‘intervention (1972-1973), the parasite rates dropped:
below basel ine levels. In 1974, the parasite rates were up again due to

the absence of control measures.

Reference: WHO Chroniclie 30: 286-289, 1976; WHO/MAL/76,870; WHO/MAL/76.871;

WHO/MAL/76.873; WHO/MAL/76.890; WHO/MAL/77.890.
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|. Country: Nigeria

Il. Project
Location: Kankiya, N. Nigeria
Population: 60,000 people (50,000 experimental, 10,000 conffel)
lme: November 1966 to August 1968
Type: Malaria eradication program

I1i. Endemicity

IV. Parasite

Primary: FP. faiclparum (responsible for 88-94% of Infection)

Secopndary: P. majariae; P. ovale

V. Insect Vecfor’

FTlmary" A;;gahblae: A. funestus
vi. Type of lnfervenflon | L

lnsecflclde. DDT spraylng 2 g/mz) every 4 monfhs sfarflng at end of
dry season for 4 rounds. .f

Drug Prophylaxls. Chloroqulne (ISO'mg) and pyrlmefhamlne (15 mg)

In a comblned fablef once every sley days..t
Vil. Evaluaf!on |

Thls mefhod of spraylng and mass drug admlnistration was not
effecflve In- Inferrupflng transmission of malarlia. Before spraying the
Infenf”paraslfe rate was 5% (a non-transmission season), was reduced to
zero aflfhe beginning of Intervention and Increased to 13% during the
transmission season. In the unprotected area, the Infant parasite rate
was 70% by the end of the transmission season.

Some of the reasons given for fallure to Interrupt transmission were:

1. Incorrect census.
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2. Chloroguine ts bitter tasting and induces vomiting, especially on
an empty stomach.

3. Spraying may not have been thourough or effective (excito -
repellent effect of DDT or short-lived effect on soot walfs),

4. Mobility of mothers to del iver babies away from the village,
especially In those villages that are unprotected by malaria control
measures.

5. Many people sieep out of doors.

6. Labour immigration probiems.

Reference: WHO/MAL/73.817.
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l. Country: Nigerlia
Il. Project
Location: Kiouta Area
Population: 86,000
Time: 1974
Type:
Iti. Endemicity: Mesoendemic to hyperendemic
IV. Parasite

Primary: P. falciparum

V. Insect Vector

Primary: A. gambiae, A. funestus

Vli. Type of Intervention
Insecticlide: DDT spraying (2 g/mz) one application
Vii. The number of malarla cases was reduced from 10.3% to 6.9¢. Parasite
rates in infants were reduced from 32.8% to 15.5% after spraying and in adults

the parasite rate was reduced by flfty percent.

Reference: WHO/MAL/IRC/72.28.
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REPUBLIC OF SIERRA LEONE

3
Geography and Climate

The Republic of Sierra lLeone, roughly clrcular In shape=-its north-south
axis |s about 215-miles long and the east-west one about 190 miles-is a
compact country of 27,925 equare miles located in the southwestern part of
the great bulge of West Aftica. Lying between the seventh and tenth parallels
north of the equator, it is bounded on the west by the Atlantic Ocean and
inland by Guinea and Liberia. Its varled terraln Includes the striking,
mounTalnous Slerra Leone Penlnsuia; a zone, of low=lying coastal marshland

(
along The Aflanflc Ocean; and a wlde plalns area extending inland to about

the mlddle of the country. East of The Elalns fhe land rises to a broad,

moderafely elevated plateau from whlch emerge occaslonal hill masses and

mounfalns that Include West Africa's highest point. '

The cllmefe I's marked by distinct annual wet and'dry seasons. - Raln
in relaflvely apprecleble quantity beglns In- easfern Slerra Leone In’ Aprll
and by May’fhe enflre counfry has enfered the wef season. From this time
unfll fhe end of November more fhan 85 percenf of ‘the fofal rainfall Is
recelved everywhere excepf for a very small area ln “the Interior lowland
plalns, twenty Inches er more of raln fall ln each_monfh durlng'a three-
to four-month perlod.}{in:fhe higher area rlelng to the plateaus in eastern
and northeastern Slerra Leoee only derlng one to two months is there rainfalli
above twenty Inches; the plafeaus themselves do not ordinarily experience
rainfal | over twenty Inches In any month.

The mean annual rainfall for roughly four-fifths of the country Is 100

inches or over. Oniy in the northern areas does it drop below that amount,
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and only a small zone along the Guinea border receives less than eighty
Inches. Total precipltation Increases from the interior to the coast, where
a large zone recelves from 120 to 200 inches; the Sierra Leone Peninsula's
upper elevations have recorded close to 218 Inches, and the average annual
rainfall at Freetown is about 150 inches.

The December-Aprll dry season Is in sharp contrast to the wet period.
Durlng at Ieasf four monfhs of fhis flme fhe coasfal and interior lowland
zones have under 2 5 Inches of raln and for fwo to three of these months
and average ralnfall Is under one lnch. The easfern plateau area has a
somewha1 shor*er ex*remely dry perlod, ln parf because of the greater amount
of rainfall produced by convec*lonal disfurbances In thls more elevated
region. The mean amounf of dry-seeson ralnfall for mos* of the counfry
actually does not exceed fen lnches, and a conslderable aroa recelves flve
lnches to less than one lnch durlng fhls perlod. Al*houqh the growth of
vege*aflon slows at fhls flme, fhe ralnfall recelved annuallv Is adequafe
under normal condlflons fo supporf a profuse cover of mols* vegefaflon fypes
fhroughouf fhe counfry.

Temperafures are Conalalenle nlgn anougnour The co nfry, ranglng

roughly be*ween day*lme readlngs of up fo *he mlddle 90 sF and readlngs ln
o
the middie 60 sF at night, dependlng on season and local ity. Absolute min-
o
lmums In the low 50 sF occurs at flmes ln the savanna area of the eastern

plafeaus and Iower readlngs are presumably reached at upper elevations In
“the Loma and Tlngl mounfalns. ]he»coes*al and interior lowland plains areas
have mean annual femperafures of‘79°F or 80°F and the eastern plateau reglion
a mean of close to 77.5951*

Dlurnal variations are most marked during the dry season, when there
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o
may be a difference of up to 30 F in the interior between monthiy mean
o
maximum and minimum temperatures. Absolute maximums may be above 95 F
0 o

and minimums between about 50 F and the lower 60 sF at this time. The
coolest temperatures usually prevail during the wet season in August
except in the eastern plateaus, where they may occur at the onset of the
dry perlod. In Freetown daytime temperatures during the rainy season are
reported to run about 80°F and those at nighttime about 76°F. In the dry
months correspondlng temperatures average about 92°F and 74°F respectively.
The hnm}dl+y; flke the temperature, is usually high, although some
amelfora}lon ia experlenced‘durlng the harmattan period. In early morning
during {Be rainy season the humldlfy Is close to or above 90 percent through-
out the coun?ry. By mldaffernoon If has decreased In the western half to 80
percenf or sllghfly Iess and In the far northeast savanna to somewhat below
75 percenf. In fhe dry perlod early morn ing humldlfy usually varies between
80 percenf and almosf 90 percenf. A marked drop occurs as the day progresses,
however, and af varylng flmes durlng this season different localities reach

lows of around 50 percenf or under by midafternoon (in the area around Kabala

In fhe norfheasf savanna counfry fhe humldlfy drops beiow 30 percent).
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Malaria Control Activities (Freetown)

During World War I, A. gambiae and A. funestus were controlled by

larviciding. Between 1946 and 1950, the Anopheles population remained

stable but the parasite rate continued to increase. Larviciding was rein-

forced by residual spraying with BHC and a decrease in the Anopheles density
and parasite rate was observed. Despite continued spraying, the anopheles

density has continued to Increase. (WHO/MAL/196. AFRO/MAL/Feb. 7, 1958).
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REPUBLIC OF TOGO

1
Geography and C!imate

With a total area of 21,853 square miles, Togo stretches some 324 miles
inland from a very narrow seafront on the Guinea coast of west Africa. It
lles entirely within the troplcs, between BQN and IION, and roughly between
0o and 2°E. The coast on the Bight of Bgnln‘ls only 31 mifes long and the
W-E width'of the .country ranges up to 87 miles. . ", .-

”Ovéréﬁéf¥ffaé;c6uﬁfryvlIes below 660‘feef;lnfaltltude,'and'only a very
smal | préﬁbrfloh ]sfhlgher than 1650 feet.. The ridgesﬂd¥afhe Togo mountalns
which éfdés the country diagonally from.SSW:fo NNE»aFeufhe_soufhern part of
fhe‘Afégsfé'mounTalns that run from southeastern Ghana.fb the basin of the
ngerrgicgffand which have been a‘hlsforlc1barrler‘befﬁeen isiamlc peoples
to the north and most African peoplesufo'fhe south. The mountalns are much
faulfedéénd'are deldedvby deeplvalIeyngnTO‘severalkElafeaus with abrupt
edges and rugged rérlefyisu¢h asffhéwkabre mouhfalns In the northeast, the
Fasaou masslf of fhe'cenfrq“éndufheukkpdsso plateau of fhe.soufh. The highest
polnfilléS'ln the éxfreme'soufhfdfffhe'range, In Mount Agou at over 3,280 feet.

. Togo's tropical climate comes under the seasonal! influence of the high
pressurefareas respec*lQéfQ-of the Sahara and the southern Atlantic. in the
norfherntwlnfer, WIfh the Saharan anticycione dominant, Togo experlences
fhg dfy,fdﬁSfy harmattan wind from the northeast. In summer, the southwest
mohééén,'under the influence of the St. Helena anticyclone, brings raintfall
with the hunid winds off the ocean.

v o
Ralnfall conditions are different to north and south of latitude 8 N.
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in the south the rainfall regime has two wet seasons, a maximum rainy per-
iod occurring between March and July, and a secondary season in September
and October. North of this latitude, the climate is rather of Sudan type,
with a single rainy season, from April to October. Highest annual rainfall
amounts colincide with the highest, mountainous areas, totals reaching 60
inches or more. Equatorial conditions are experienced only in the central-
west mountains.
An anomalous climatic condition of relative dryness (less than 15 inches of
rain a year) affects the' coastal zone of Togo, and of nelighbouring parts of
Ghana and .Benin; fhére3aretralnfalIs:of‘over 4 inches in only 2-3 months of
the yeér; and-only a smalllnﬂmber‘of”days with rain.
AVerage_maxlmum~Temperafures Increase from south to north of the country
{Lome, 869C; Nuatja, 9I°C; Mango, 9300) while average minima decrease (Lome,
73°C; Nuatja, 70°C; Mango, 66°C). Highest temperatures are experienced at
the end of the dry season, just before the first rains, but in the upland and
mountalnous aéeas the heat is felt Ieés intensely. Relative humidity, high-
est In the south aiong fhg'coasf, ranges between 80 percent and 85 percent

In the ralny season, but falls to as low as 20 percent in the north during

the dry season, when the harmaffanvls blowing.



vi.

Vil.

Country: Togo
Project
Location: Center of Coastal belt of Togo and extended areas -
Population: 75,000 in 1953; 279,000 in 1957
Time: 1953-1957
Type: Pllot malaria eradication program
Endemicity: Holoendemlc; transmisslion occurs throughout the year.

Parasite

Primary: P. falclparum

SRR ey e FADL foeepm b o480
" Secondary: P. malariae -

‘Insectd’ VectsF

Prlhary: A. gamblae; A. funestiis

Type offlnferVanioan

ih§é¢+fglde:1.1953f57qé'DDTVSprayed fﬁléé'énnuélly; 1957 Dieldrin used.

Drug Prophylaxis: . Chioroquine (600 mg) and pyrimethamine (50 mg)

- .glven monthly.
Evaluation

In zone 1 where residual spraying and mass'dfug administration were

underfakeh, the Infant parasite rate was reduced from 33§ to 8%. In zone Z

where the residents received only chemotherapy, there was no reductlion In

transmission. In areas where only residual spraying was used, transmission

was not Interrupted but the parasite rate in children 0-14 years oid was

reducéd to 7%.

Some of the reasons given for fajiure to interrupt transmission were:
1. There Is a seasonal migration of laborers from Ghana which accour.s

for one-third of Togo's population during the farming season.
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2. Many huts were not sprayed because of tribal relligions.
3. Soot covered walls reduced the efficacy of the spray.
4. Chemotherapy was glven during the farming season when most people
were away from their resident villages.
5. The drugs were administered as two separate tablets; compliance

was also a problem.

Reference: - Afro Malaria Yearbook No. 1, WHO Reglonal Office fbr Africa.

AFRO/MAL/5, September 1959. Malaria Yearbook No. 2. WHO Regionai Office

for Africa. AFRO/MAL/7, December 1960.
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i. Country: Togo

1. Project
location: Rain forest zone ~ 58,000 people

Degraded forest zcne - 29,000 people
Time: 1970-1973
Type: Pilot malaria eradlication project
Itl. Endemicity
IV. Parasite

V. Insect Vector: A. gamblaa; A. funestus

Vi. Type of lnfervenflon
2

lnsecflclde., Slngle appllcaflon of DDT (2 g/m )

fowt, ;:'

vil. Evaluafloh‘“

There’was a marked reducflon in fhe number of A. funestus in the degradeu

;foresf and raln foresf for 2 years. There was a sharp decrease In the number
Eof A. gamblae durlng fhe flrsf fwo months only. In the degraded forest
Izone fhere was no change tn tThe parasite rate of Infants; children ages

1-14,ygars old showed a 25§ to 50% reduction In parasite rate.

'Reference: WHO/MAL/77.891; WHO/MAL/77.676..
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REPUBLIC OF GUINEA

3
Geography and Climate

Guinea is situated on the southwestern edge of the great
buige of West Africa, between roughly 7° and 12.5o north of the equaTor.A
From its westernmost {imit bordering on the Atlantic Oce.n, the couniry
curves inland in a great southeasterly~bearing arc that averages some 150
to 200 miles in width. The maximum west-east distance Is about 450 miles,
that from north to south about 350 miles, and the country's total area
Is 94,925 square miles. On the arc's inner perimeter lie Sierra Leone
and northern Liberia, and on its outer edge are the states of Guinea-
Bissau, Senegal, Mali, and lvory Coast.

The government distinguishes four geographic regions each
of which is characterized by different morphological features and a somewhat
different climate. Lower Guinea stretches iniand from the Atlantic Ocean
to the malin mass of the Fouta Djallon. The coast is of the submerged kind

lined by broad marshes through which drowned rivers (estuaries) open onto

the sea. The Fouta Djallon highland mass constituting most of Middis Guinea

consists of a complex of elevated, relatively level plateaus. About 5,000

square miles of this area are over 3,000 feet above sea level. The plateaus
are deeply cut in many places by narrow valleys, many of which run at rough-
ly right angles, giving the reglon a checkerboard appearance. The principal
feature of Upper Guinea, which lies to Yne east of the Fouta Djallon, is the

extensive lightly wooded, tal! grass savannas. The Forest Reglon encompasses

the southeastern corner of Guinea. Its major feature Is the Giinea Highlands,
which have general eievatlons ranging from about 1,500 feet above sea level

In the west to over 3,000 feet in the east; peaks at sevoral points attain
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4,000 feet and above.

The climate is characterized by wet and dry seasons that vary in
length in different partc of the country. In the far south the wet season
begins In February or March but in the northeast may not begin until June.
In geheral, however, the period of heaviest rains in most areas is from
April or May to October or November. The dry season usually falls between
November and April. The greatest rainfall is experienced everywhere during
July and August. Lower Guinea has wet and dry seasons of roughly equal
length. The region has a mean average rainfall of 110 inches or more annually,
the highest anywhere in the Country. In some places the total rainfall may
far exceed this average; for instance, at Conakry it is usually close to 170
Iinches and may in some years be over 200 inches.

The wet season in the Fouta Djallon rarely exceeds four months, but
some rainfall occurs during most other months. A mean average of about
100 inches falls in areas close to Lower Guinea's coastal region, seventy
or more inches in the more central part of the highland, and about sixty
Inches In the eastern part. East of the Fouta Djallon the savannas of Upper
Guinea have a rainfall that rarely exceeds sixty inches. Rain falls there
prlﬁclpally between June and September, but storms may occur during any
month; 1ess that one~half inch is usuvally registered monthly, however,

" between December and March.

In much of the Forest Region precipitation occurs throughout most of
the year; only in January is there usually less than one-half inch of rainfall.
The average annual precipitation is somewhat less than in Lower Guinea, but
the more extended period of rainfalt permits growth of a rain forest veg-

etation in the region.



Republ Ic of Guinea Climate contlnued 63

Temp”afures and relative humidity are usually high in the coastal
o
zone at all times. |In Conakry, temperatures generally remain between 90 F
o
and 75 F. The relative humidity ranges from about 70 to nearly 100 percent-

the annual mean minimum is above 73 percent ir the early afternoon and £

percent In the early evening. In the Boke area away from the sea breeze,
o
+he annual mean maximum temperature Is about 93 F, and during March and
. o
April dally mean maximums are 100 F or above. The humldity in Boke is usually

above 90 percent by eariy evenlng fhroughouf fhe year. The effects of the
harmattan during the dry season however occaslon a deflnlfe lowering

of _humidity In daytime fo befween 40 and 50 percenf..

i

In fhe Foufa Djallon femperafure readlnqs are lower and fhe range of

humidity percenfages Is wider than ln fhe coasfal zone., Dally mean femp-
o
erafures may range between 54 F and 94 F durlng the dry period and the ‘mean

relaflve humldlfy may vary from 93 percenf in early mornlng to, at some

points, as low as 29 percenf by Iafe affernoon. In July and August daytime
o
mean maximum femperafures, lowered by fhe ralns do nof exceed 80 F, and at
o
night they may drop to 65 F.»»The relaflve humldlfy during this time filuctuates

between 95 percent In the mornlng and 84 percent In the early evening.

In Upper Guinea femperafures and especlaliy the humidity are sfrongly
infiuenced by the harmaffan, when ‘temperatures are over 90°F during the day-
toward *he end of the dry season they often exceed 100o F-and drop to GOOF
or below at night. During the dry perliod relative humidities of 70 percent
or above at night decline to under 40 percent at midday and may be between
20 and 30 percent by iate afternoon. During the rainy season temperatures
usual ly are between 70°F and 900F. Relative humidities remain comparatively

high during this time, generaliy between 70 and 90 percent or over.
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REPUBLIC OF GUINEA-BISSAU

4
Geography and Cl imate

Guinea-Bissau is located on the West African coast between Senegal
and Culnea. Its territory also Includes the offshore B}Jagos Archipelago.
A low coastal, swampy plain covers much of the country, especially
In the southwest. The land rises gradually toward a savanpa in the east;
the highest elevation of 985 feet Is In the southeast. Several rivers
mark the coastline; the three most Important-the Cacheu, the Geba, and the
Corubal-~are navlgabie for conslderable distances.
"The soll is Iargely alluvial and fertile. éalme.and mangrove thickets

‘cover mosT of the lowland along ?he coas? and fhe rlrers. Further inland
Is' a Translflonal zone with hardwood foresTs, and ln The Interior are free-
’doTTed éraeslands. , ’1_ ‘ “ ;

» Thegcllmafe Is Tne;leal wITh a mean average temperature of 77OF. The

weT season Iasfs from June to November followed by a dry season during

whlch The norfherly harmaTTan (dusT-Iaden wind) blows from the Sahara Desert.

Aprll and May are The hoTTesT monfhs December and January are the coolest.

‘The cITy of Blssau annually recelves abouf 70 inches of rain.

i
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REPUBLIC OF IVORY COAST

3
Geography and C|imate

o (o]
The Republic of the Ivory Coast |ies almost wholly between 5 and 10

north of the equator and is bisected by the fifth meridian west of Greenwich.
Westernmost of the Afrlican countries that border the Gulf of Guinea, its
outline is a rough square, oriented in the cardinal directions, with sides
about 350 miles long and ah’éréa”ofjapproxlmaTely 124,000 square miles.
The country Is bounded for fhé entire length of 1ts eastern border by Ghana.
The noffhern'bohnda?yﬁfs'Bﬁ%fé&"fﬁf”appro&lmafaly equal dlstances by Upper
Vol'ta 'on’ +he @ast and Mail on the west. Again for approximately equal
distances, the western border, from north tb'EOUfh, abuts Gulinea and Liberia.
The shore of the Gulf of Guinea forms the southern boundary.

Geographlcally, most of The'cbunffyhléﬁé'Wlde plateau. The land Is
differentiated Into three zones extending east to west across the entire

country and running paraliei to the cdaniinea The lagoon region (zone

laguhgffe) Is a narrow coastal béiT:é§¥ghdlﬁg along the Gulf of Guinea from
the Ghaha border to the vicinity 6f;FF§§éo,”néar the mouth of the Sassandra
River. ' For Its enTIre'lengTh,‘the”éééEf:of'thls reglois Is fringed by a
strip of low, sandy Isiands or $andbars, known as the cordon |ittoral.
3V5Ff66§ly Feferred to In the Ivory Coast and by French writers as the
zone de fa foret or the foret dense, the dense forest region forms a broad
beit that covers roughly a‘thlrd of the country north of the lagoon region and
extends from Ghana on the east to Liberia on the west. West of Fresco, it
reaches all the way to the sea. Its northern boundary, aithough weli-

defined, Is very irregular, descending in the form of a wide V from points on
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Republ ic of Ivory Coast Climate continued

the Ghana and Guinea borders some 200 airline miles inland, to within about
75 miles of the sea north of Grand-Lahou. The region gains its identity
from the heavy tropical forest that flourishes throughout.

The savanna woodland region comprises all of the Ivory Coast |ying north

of the closed forest. |t is characterized by a scattering of single trees

or clumps of trees over continuous stretches of grass and low shrubbery

and by narrow strips of heavier timber bord;rlng the watercourses or |ines of
drainage. The size, types, and density of tree growth diminish progressively
from south to north.

. The dqmlnanf,characferlsfjcé_of The_c[lmafe are sustained heat and
seasonalfralnfa|l. In the southern part‘gftfhe country two distinct periods
of maximum isolation occur annually following the equinoxes, causing two
rainy andifwo dry seasons,each.,(Farfher_nor+h, the two rainy seasons merge
into avs[ﬁgle period of rain, aiternating annually with a season of dry
wea+her. :The two resulting types of climate are classed as equator ial and
tropical, respectively.

Alqﬁgkjpe_coasf, Qhefé the characferlsflcskpf the gquaforlal,cllmafe'
arg mqstﬁgrogbunced, TQpréjare wjdglvar!aflons jn_monfhly rainfall, but no
monThv!syinpouT significant pre¢lplf§tl9n, .Fer_geasons are dlistingulshed in
this rgg]pq:-:ThermaJpr:dry season °C°Uﬁ55ﬁf9m December through April,
fo(iqwedvby!fhe,paJQr‘ralpy seasqnﬂfrom May through July. The major seasons
are foljowed,by two minor seasons which repeat the cycle and form a minor dry
season during August and September, and a minor rainy season during October
and November. . Although progressively modifled Inland by continental factors,

this general pattern persists over the southern two-thirds of the country.
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But farther north, the four seasons merge into only two; most of the
ralns fall between. June and October; and the months from November to May
are relatively dry. The contrast between rainy and dry seasons Is more
pronounced than in the south. At Firkessedougou, for example, average
precipitation durlng~fhe‘peak of the rains In August and September totals
over 20 Inches, whereas the total for December and January averages cnly
about half an lnch.ﬁ

Relaflve humldlfy fol lows Trends slmllar to the rainfall and is highest
during ralny seasons.“ ln #he soufh ?he average Is above 80 percent for the
year, and bofh The annual and dIUrnal ranqes are very small. Toward the north
where the drylng effecf of The harmaffan’ls stronger, yearly averages are 60
to 70 percen+ and #he ranqes are ‘much more pronounced. For example, the
average relaTlve humldlfy aT Flrkessedougou varles from 45% at the height of the
dry season In January to 80% when the rains are heaviest In Augusf.

Temperafures are’ warm Throughouf the year; In the southern third of the
country average mlnlmums durlngrfhe coolest months' do:not ‘fall beiow 70°F.
On the ornér hand, aVerage maximums during the warmest months may exceed 90°F,
but only-in fne far north. Throughout the country, both the diurnal and annual

ranges off?emberafure are small, but the ranges, although remaining moderate,

Increase progressively toward the Interfor.
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REPUBLIC OF SENEGAL

2
Geography and Climate

Situated at the western extremity of Africa's tropical zone, the Republic
of Senegal has an area of 78,684 square miles and a population of about four
million people. It Is bordered to the north and to the northeast by the
Senegal River which separates it from Mauritania; fto the east by the Faleme,

a tributary of the Senegal River which separates It from Mali; to the south
by Guinea and Guinea-stsau; and, to the west by the Attantic Ocean. The
Gambia constitutes a finger ofljerrlfory twenty miles wide and two hundred
miles Iong'fhafifhrhsfs.frpm f%e coast eastward deep into Senegal.

Senegal Is é fléf counfﬁ;;yiylné in the depression known as the Senegal-
Maurlfanlan Basln. Alflfudes of more than about 330 feet are found only at
Cap Vert and in: the soufheasf of The country. Even In years of average rain-
fall, vegefaflon In most of norfhern Senegal Is limited to fibrous grasses
and thorn scrub. Soufhward more frees encroach upon the grassy, open areas
and mixed subfroplcal foresfs prevall in the exfreme south, ‘particularly be-
tween The lower reaches of The Casamance Rlver and the Border with Guinea-Bissau.

Senegal!s cIlmaTe ls character i zed by relatively high daytime teuperatures
fhroughoufj{he year an&.qd{dng annual dry season. Because the countrv |les
yell soufh'gf the Troﬁléngé"Cancer, days vary jess In length and solar radliation
Is more Intense and persistent than in temperate latitudes. Warm, humid
equatorial and maritime air masses shift northward during the first half of
the year, generating rainfall in é broad contact zone or intertropical front.
The prevailing wind for the remainder of the year Is from the northeast -

the dry, dusty harmattan from the central Sahara. Interaction between these
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two alr masses produces a broad belt of instability and rain in late summer.

Average annual breclpifaflon in southern Senegal Is between fifty and
sixty inches and Is spread over a six-month period from May through October.

In central Senegal precipitation measures twenty to thirty inches and falls
during the four months from mid-June to mid-October. The north receives less
than twenty inches, almost all of it |imited to the three months of July, August,
and September.

Temperatures in coastal areas rarely fall below 600F and daily, monthly and
annual ranges are limited. Iniand, away from the moderating influence of the
ocean, seasonal daily fémperafures reach as high as IOOOF. The difference
between the meah ﬁéﬁfﬁiy%ﬁéxima and minima may be 350F and the dally range can
be more ?han:AQéE;QQA:géEfbﬁksfrlp élong the northwestern coast between Cap
Vert and'ihe sérdéf'hffh Maufl?anla>l§ an exceptlon to the otherwise relative
homogeﬁébﬁéléllméte; Thls areé, Influenced by the trade winds from the
A?IanfléC0ceén and the cool water of the Canary current, has temperatures
somtha? iower and more uniform than those of the Interior and the rainy season
is a few weeks shorter.

.

Notes

1. Eighfyrfko'pgrcén? of the population lives in malarious areas.

2. Seny‘eg‘évl has a sevrlolds4mvlgran‘r labor probiem. It has been estimated
that 20% of the popuiation is composed of migrani workers.

3. The government has several water deveiopoment projects which may present
serious probiems for malaria contfrol activity. These are to:

a. Consolidate and hold as much water as possible by coordinating water

development projects with neighboring countries
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b. create a water supply network
c. develop the Senegal River Basin - two dams are to be constructed.

4. Drainage system In Dakar and Saint-Louis are Inadequate during the yearly
floods. As a result, large areas of the city are flooded with conftaminated
water which serves as an Ideal breeding source for mosquitos.

5. The rural health sérvlces are decentral ized so that local authorities

dotermine what projects will be Initiated.
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l. Country: Senegal
Il. Project
Location: Thies
Population: 494,000
Time: 1953-1957
Type: Pilot malaria eradication program
I1l. Endemicity: Highly endemic except in arid part of country.

1V. Parasite

Primary: P. falclparum (responsible for 99.5% of infections)
Secondary: P. malariae (responsible for 0.5% of infectlions)
V. Insect Vector

Primary: A. gamblae; A. funestus

VIi. Type of Invervention
2
Insecticide: BHC used from: 1953-1955 EEW\(Z g/m ) used from 1953 to 1957;
houses sprayed annual

Chemofherapy. Pyrlmefhamlne (25‘mg)kglven waekly.

Vit. Evaluafio,fe

In freafed areas, some decrease In malarlia Indices were observed but
Interruption of +fansmlsslon was not achleved. After six weeks of chemo-
therapy, the parasite rate dropped from 75¢ to 6% in children 0-14 years old.
Between 1952 and 1955, the infant mortallity rates fell from 177/1,000 to
50/1,000.

Some of the reasons glven for fallure To Interrupt transmission were:

1. _Inadequate planning, |

2. Nof all houses were sprayed,

3. Oniy 50% and 70% of the population recelved drugs af fhe approprlafeha

T
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times.
4. Soot covered walls reduced the efficiency of the spray.
5. Houses were rothatched or replastered periodically.

6. Nomadism.

Feference: Afro Maiaria Yearbook No. 1, WHO Regional Office for Africa.

AFRO/MAL/S, September 1959. Malaria Yearbook No. 2, WHO

Regional Office for Africa. AFRO/MAL/7, December 1960.
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REPUBLIC OF UPPER VOLTA

4
Geography and Climate

Upper VYolta Is a landlocked country lying between the Sahara Desert
and the Gulf of Guinea in the loop of the Niger River. 1t is bordered by
lvory Coast, Ghana, Togo, Benin, Niger, and Mali. The land Is green to the
south, with forests and frul+t trees, and desert-like to the north. ost
of central Upper Voita |lies on a savanna piateau, 650 to 1,000 feet above
sea level, wiih fields, bushes, and scattered trees.

Annual rainfall varies from about 40 inches in the south to less than
IO\Inches in the extreme north and northeast, where hot desert winds accen-
tuate the aridity of The region. There are several distinct seasons-warm
and dry (November-March), hot and dry (March-May), and hot and wet during
the rainy season (June-October). The counfry's main rivers are not navigable.

The major ity of Upper Volta's people are concentrated in the south and
center of the coun?ry at densitles someflmes exceeding 125 per square miles.

This population pressure, rare In Afrlca, causes annual migrations of hund-

reds of Thousands of UppeE‘VolTans to. The -Tvory Coasf and Ghana for seasonal

agrlculfural work. -
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I. Country: Upper Volta
I1. Project
Location: Bobo-Dioulasso
Population: 50,000
Time: March 1953 to June 1960
Type: Pilot malaria eradication program
I11. Endemicity: Holoendemic

IV. Parasite

Primary: P. falcfparhm'fré$|§+énf to pyrimethamine)
Secondar9:~ﬁf;;ﬂélé??gg?i
V. Iﬁsecf Vector o
Primary: A. gamblae (reslsfanf fo Dleldrln), A. funestus (exhibits
| marked exophlly) | |
vi. Type of lnfervenflon e o
Insecflclde.» DDT (2.2 g/mz) or, BHC (0 ll g/m2) annual or biannual
Chemofherapy' thoroqulne (600 mg) andeyrlmefhamlne (50 mg)
VII; Evaluaflon i ' | | : .1 i  ‘k 
Three fypes of lnfervenflon were frled' 1) spraying, 2) spraying with
drugs only at the beglnnlng and peak of the transmission season or twice
monthly for four months, 3) spraying pius drugs twice a month from June to
September. Aithough transmission was not interrupted, the best results
were obtained with method #3. Blannual spraying plus drug administration
reduced the parasite rates to 6% in children 2-4 years old compared with 20%

in areas where only spraying was used and 22% in areas where only drugs were

used for Intervention.



Bobo-Dioulasso project continued 80
Some of tho problems contributing to the failure to interrupt trans-
mission were:
1. Seasonal migration of viilagers during the harvest season
2. The reduced effectiveness of insecticides on soot covered walls

‘3. Local customs of sleeping out of doors and outside evening gatherings.

Reference: Afro Malaria Yearbook No. 1, WHO Regionai Office for Africa.
¢ : . e

A?RO/MAL/S, September 1959. Malaria Yearbook no. 2, WHO Reglional
Office for Africa. AFRO/MAL/7, December 1960.
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I. Country: Upper Volta
It. Project:
Location: Village of Koumbia
Population: 350 people of all ages
Time: one year
Type: Pilot malaria eradication prbgram"
11i. Endemicity: Holoendemic
IV. Parasite
V. Insect Vector
Vi. Type of Intervention }
Chemofherépy£j Chloroqulhé?SulfaTe (5 mg/kg body welght)
Vii. Evaluation
The spléen; para lTe and gamefocyfe rates were reduced to ore-fourth

of pre—lnfervenflon rafes.‘ Whereas-fhe anleody titer to the parasite was

o TR drha b VF i
reduced markedly In chlldren no cﬁanges were observed in the adult antibody

titers.

Reference: ~WHO/MAL/76. 866."
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l. Country: Upper Volta

il. Project
Location: Bobo-Dioulasso, Village of Wakara_
Population: 1,100
Time: 1961 (June)
Type: Pllot malaria eradication program

{tl. Endemicity: Holoendemic

IV. Parasite:

Primary: P. falciparum

Secondary: P. malariae

Y. linsect vactqr;

Primary: A. gamblae, A. funestus’
Secondary: A. nill
vi. Tvpeof ,'nfer;'enﬂPn |
i;%éé}fglgéé‘;chhlqrvosw(area»;prayed with DDT prior to dichlorvos

. ; . 3
application); one dispenser per 500 ft .

.....

Vil. Evaluation
Théﬁ]nsecflclde wés éffecflve for three months during the wet season and
fiVé:ﬁoﬁfﬁs durlng the drY*éééSbn; The parasite rate in chiidren (ages
11-9 yeérs old) was feduded;by"jsﬂ; parasite rates In infants were reduced by
,55%' During The‘fcljbwlng transmission season (October 1961) the parasite

rates began to rise In Wakara and remained high through March, 1962.

‘ E .
Reference: Bull. WHO 29:231-:35, 1963; Bull. WHO 29:247-249. 1963.



83

24—
- 200 Mies
eaver
20—
. «.ﬂh-hrnu
18—
A Fihir
Al Junaymah
. < —
12 Mgt n“ N
{1GERI A
KN
ENTRAL AF
psgee .
. T AR N R
602708 9-77 (541800)

Lambert Conhymat Projection
Standard paraliels 8° and 32°
Scale 1:8,900,000



REPUBLIC OF CHAD

3
Geography and Climate

Chad extends north-south for more that 1,000 miles, from the Tropic
of Cancer, which crosses the heart of the Sahara Desert at 23.50N.,-Through
broad transitional zones of subarid and humid savanna to the edge of the
troplical rain forest at about 7.50N. The average distance across the
country from east to west is 500 miles, and total land area is about 496,000
square miles. The nation is landlocked, having no easy or direct access to
the sea. It shares frontiers with Llbya, Sudan, the Central African Republic,
Cameroon, Nigeria, and Niger.

The wel|-watered southern 10 percent of the country, which contains most
of the productive arable land, consists of subtropical free savanna and is
Inhablited by nearly half of the total population. Northward the land becomes
a subarld transition 2zone (Sahel) of thornbush savanna and semlidesert. The
sparsely populé*ed far noffh Is a rbcky wasteland consisting of southern

extensions of the Sahara and Libyan deserts.

In the sourthern part of Chad (the Subtropical Southern Zone), the wet

seas&n extends from April through October, bringing from thirty-five to fifty
Inches of rain. Humidity during this time Is often about 80 percent, and
temperatures are relatlvely high throughout the year. Daytime maximum temper-
atures in Moundou are above BOOF even in January ~ the coolest month of the

dry season -~ and In August, when the rains have some cooling effect. Temperature
max imums duiring the hot months of March, April, and May are frequently above

o o
100 F, and officlal temperatures above 113 F. have been recorded in the months of
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February, March, and Aprii.

North of the Chari River In the Sahellian Central Zone, the tropical

rainstorms are weaker than in the southern prefectures. Fort-Lamy records
about twenty-five inches of rain annually; maximum temperatures above 100°F.
occur frequentiy, especially during Aprii and May. Ouaddal Prefecture on
the eastern border recelives from 20 to 25 Inches of rain a year.

Most of the northern half of Chad (the Saharan Zone) is true desert,
an extension of the Sahara. Much of this area receives only. traces of rain
during the entire year. In most of this area the average daily maximum
temperature Is about 900F. during the coolest month of the year; absolute
maximums are above 115°F. Strong winds from the northeast create violent
sandstorms.

ln the southeastern quadrant of this arid region, near the norThern\
border\ovaflfine Prefecture, is the Mortcha region. Dry for nine months

of the ‘year, the Mortcha region receives fifteen or more inches of rain -

mosflyﬁaﬁrlng'July and August.
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THE GAMBIA

4
Geoqraphy:ahd Climate

The Gambta Is Iocafed on the bulge of West Afr.ica and comprlses ‘3

4 PRI

narrow strip of tend 7 to 20 miles wide along The lower reaches of The

i '1 )

Gambia River. |t extends iniand 200 miles from The Atlantic Ocean and

i

except for the seacoast, Is compJeTely surroundeq by the Republic of
Senegal . |

The Gambia is low-1ying, with a maximum alfifude of 120 feef above
sea level. Thlck mangrove swamps border the lower half of the Gambia

;Rlver where vegefaflon often rises 100 feet. Behind the mangroves are
!

,.

-rlver Uflafs" whﬂch are submerged completely during the wet season, In
T

sqme cases with salf water. Sand hills and rolling plateaus |ie farther

back from the river\
‘The cllmafe Is\§ﬁbfroplca[ thhgajmarked{hof and wet season (June-
l
‘OcTober) and a cooler dry season. (ﬂovember-Abril) Annual rainfall varies

SRSRITA TN, ¥ \

o o e )

from 30 to 55‘1 ghes .and comes only In The summer . Temperafures ranqe from
/ §
60 F +91L30 1is wiTh¢datty‘;EEberafures exceeding 90 F from April to June.‘
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REPUBLIC OF MALI
1,5
Geography #-.d Climate

The Republic of Mali is a landlocked country situated In the heart
of West Africa. | covers an aréa of 92,700 square milas, sharing common
borders with Mauritania and Senagal In the west, Algeria iu the north, Guinea
and ivory Coast in the south, and Upper Yolta and Niger in the east. Mall
Is a country of low relief, the highest point being Hombori &t 3,770 feet,
an isolated summit. Only some 13,5C0 square milas lie at a!titudac above
1,650 feet, mostly around Adrar des lforas. The greater part of the surface
is about 1,000 feet above sea lave! and is generaliy very flat, except for
the slopes around the edges of a number of plateaus and a few deep valleys
cut into the less dlssecfed.parTsAof’Those plateaus.

Mali Is divided into three climatic zones. The southern Sudanic cllimate

o
zone extends up to 15 N. It receives from 20 to 60 Inches of rainfall per

year, the heavier falls being in the more southerly areas of the zone. In
this zone average temperatures vary from 75°F to 95°F. Above the Sudanic
climate zone is the Sahel whose southern portions receive about 20 Inches of
rain per year and whose northern areas receive about 7 inches. Temperatures
vary from BOOF to IOOOF. To the north of the Sahel is the Sahara climate
zone where temperatures range from IZOOF to I4OOF. Rain 'n the Sahara is
sporadic and scanty.

In all of these three zonas, the climate is hot and dry. Thers are
however two major seasons. The dry season, which extends from November to

June, is characterized by progressively rising temperatures, espucially from

April through June. From Novembe:- through !anuary the g)lzé blows ton! air
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from the northeast causing a brie? cool spell with fgmperafures falliﬁg to
70°F. In February, the harmatifan blows ho+ dry air ;u+ of . the Sahara,
continuing on into June. During this period, temperatures in the Sudanic
zéﬁs and Sahel rise to a daily average of IOSOF.
~.voIn"mid-June the rainy season begins when a monsoo.. wind blows from the.
southwest bringing with it considerable moisture. The rainy season Is
characterized by a beginning ard an end in which severe thunderstorms
accompanied by much wind are common. « Most of the rain falls during July and-
August, usually every few days. It is rare for a daily rain to last for more
than a few hours. The rainy season is fairly cool but humid. Once the rains

end in October, the climate becomes warm ugain and is uncomfortably humid

until the cool alize winds begin to blow.



Selected Climate Data foiMalil

Temperature *C . . _vVlrl_{in(all L B ‘ Relative hamidity
.\'ulfn-ﬂ Average mazima Avrr:nn.- minima ‘ .\vr;_:u: A Numa! r, ;;lonllu Higheat Lowest
- —— e ] of rlim’l":y’l: 1 with over monthly monthly
Highent - Taghest l lowest (mm) totnim “ %
- Qikaso . . . . . .} Mar. 37.7] Aug. 30.7 ! Apr. 24.2 ‘ Jan. 14.8 1.364 . o4 May-Oct. Sept. 96 Feb, 30
CBamabko. . . . . L VAP 395 Aug. gn.2 | May 2,.4 | Dec. 7.3 1,100 81 Jun.-3ept, Sept. g6 Mar. 34
Mg o . o o o P Apr ag.g ) Sept, 31,0 ) May 25.8 I_Ian. 15.4 7 70 Jul.-Scpt. Sept. g2 Mar, 30 -
TRayes . . v e e ! May 42.9 | Jan. 33.8 ; Muy o84 ij:m. t7.9 788 65 Jul.-Sept. Sept. 93 Mar,. ‘125~T'-
Mopti + .+ . . i May go.5| Drc. 31.0 | May 25.2 !_[;m. 13.8 465 64 Jul-Sept. Aug. 93 Mar, 29
1| Jun. u27.5 | Jan. 14.0 260 j0 Aug, Aug. 7% Mar. 2o

. . . s e« o | May g2.5 | Jan. 41

“.S«mnt: Service Médurulogique du Mali,

16
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ISLAMIC REPUBLIC OF MAURITANIA

3
(Geography and Climate

Mauritania Is located in northwestern Africa and Is bordered on the north
by Spanish Sahara and Algeria, orn the ezs. and south by Mali, on the south
by the Senegal River and Senegal, and on the west by the North Atlantic
Ocean, Of the total land area of 397,850 square miles, approximately two-
thirds is part of the Sahara Desert, and the remaining third predominantly
savanna grassiands. The virtuaily barren northern portions of the country
are inhabited by nomads (75 percent of the total population), while the
near-tropical Senegal River valley and certain savanna sections along the
southern border with Malf are the slite of sedentary agricultural populations.
It Is coﬁmon to dlsflngulsh Mauritania by the prevalling winds which
results in faur zones: fha Saharan Znne, the Sahellan Zone, the Senegal
River Valley Zone, and the Coastal Zone. The Saharan Zone comprises the
norfhern‘+a0ffhlrdsv9f the counfry and has an annual precipitation of 5.8
Iaches; ‘Varylng ffoﬁ‘5.7 Inches at Tidjlkdja In the southern Saharan Zone
to less fhan 1 lnch ln The far norfh, raln usually falls during thke hivernage,
or ralny season, lasjlng from July to Sepfember and is the result of fortui=-
tous sforms fhaf dump large amcunfs of water In shcert perlods of time.
Tbmperafure ln fhe Saharan Reglon has extreme diurnal variations but

minimal annual variations. During the wirter, variations may range from an

o o
early morning low of 32 F to a mid-afternocon high of 100 F. During the summer,
o o
temperatures range from 60 F in the mornings to more than 120 F by the after-
o o

noon. The mean yearly temperature at Atar is 99 F in the summer and 68 F In

the winter. The coolest months are December and January; the warmest, May; Junse,
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and July. e et et e
In the Sahelian Zone, the Mauritanian steppes and savanns grasslands

V .( ISR NAET

consists of an east-west belt with its axis runnlng fhrough Bcufillmlf Aleg,

Kiffa,w'Ayoun el'Afrous and Nema.' Greaf herds of caffle, sheep, and goafs
move across fhls zone from north fo south following fhe season. oo
Precipifaflon varies from the minimum of 6 |nches in fhe norfh fo a ‘

. . '
' 3

maximum of 17. 8 inches at Kankossa in fhe soufh. The hive.nage beglns earlier

t . Lo
v ;
[ ' i

In the Sahel fhan in fhe Sahara, abouf June and lasfs unfll chober.' Agaln,

Tauon el ot R iz o

annual varlaflons are of slgnlficance.‘ Klffa had 7 2 lnches ln 1951 buf

st ot vty L iasiiangon torer odf o raenhwa OV oo o ben b
21.5 Inches In 1936.
;)ri-f ’)ﬂf) IR AN Ptes [ 55 6 T e llll) "N’: V l = l;’) S : ‘lr/‘. ”::" i !
Alfhngh femperafure exfremes are somewhat less severe +han ln fhe Sahara,
cancitslugeg tomtiont s vastoo®e 1o 50wt sre 1iet dtive sop
dlurnal varlations do range from 60 F to 70 F. The harmaffan Is fhe pre-
doite @bt palliave it ovd siastiws! defupeiteib of nonmes 20 18
valling wind, but here It has a slighfiy hlgher molsture confenf than in fhe
Inpenas it onnb rotboder wdb ponnts acsc s st Deanon RIS LI BRI
Sahara and thus slows rapld evaporaflon of surface wafer.
)ilr ”‘fi o ot EE T '/‘ " )‘

Rainfall In fhe Senegal River valley is generally fhe hlghesf In fhe

LT

o 1o neitais VTN : A &

country. Ranging from 12 lnches to 26 lnches per year preciplfaflon beqlns |n

R

Tanoi nenertel ooy clonandiind TETEE R
May and lasts unfil Sepfember.
AT ;&(w s A FIERTIIE o 5/,.'::'-.1," d Plegp oy i syt ' o -
‘Temperatures are cooler and are subjecf fo less annual and dlurnal
~tubot Yo iy oo o0 an oo toe
variation. The mean yearly maxlmum and mlnlmum femperafures for Kaedl are
[o) Qi'l “ . S ,‘ SR
94 F and 74 F, respecflvely. Humidify ls much hlgher along fhe rlver and
+l.ld 20t

the air is often clouded by dense misfs. Durlng the rainy season tornadoes e

s monl oune . . e :
a frequent occurrence. ln fhls seml-froplcai climafe unllke the rest of fhe

Jremmues et iy
counfry, malarla flourlshes.

ln fhe Coasfal or Sub-Canarlan Zone, ralnfall Is quife minimal. In

.ll T
Nouadhlbou lf averages less fhan 1 lnch annuaily and occurs durlng fhe Saharan

LB : e want

hlvernage ln July-Sepfember. Temperafures are moderafe varying from mean
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REPUBLIC OF NIGER

5
Geography and Climate

!
The ?epubllc of Niger |ies within the northern troplics, between 11037 N
and 23033 N. The greater area (over 386,000 square miles) stretches from
the southern sahel northwards through a desert zone to the Troplc of Cancer,
while a small projection to the southwest (some 46,332 square miles) stretches
as far as the river Niger. This southwestern portion Is surrounded by the
Republics of Mali, Upper Volta, and Nigeria. The eastern and northern borders

of the large land locked Republlc of Niger are adjacent respectively to Chad

Libya, and Algeria.

Thedlgrgesf‘parf of the country lies In a desert region (1), recelving
less than Jgj]qéhes qf c§lﬁ_pervyear. ~In this saharan zone, which Includes
the vast d[sfflpfshqf_nérihern Tahoua, Agadez ana Bilma, and most of Goure
and N'Guigmi, cultivation is impracticabie except around oases. South of
this ZOnehﬁfrefches a sahelian zone, running west to east, with rainfall over
15 Incheg, a saQénna steppe with acacias, where most of Niger's cropland [s
chafgd, . Westwards and in the southwest, with Increasing rainfall, trees
become_mo#e abundant. Within the sahelian zone, several regions can be
re;ognlzed. ‘ |

In fhe‘wesf are the dissected plateaus (2), stretching east as far as
the Ader-DouTchI; and the Niger valley (3) from Gaya north fo Firkou. The
Dailoi Bosso and Dallol Maouri which in the north constitute the major iive~
stock zone of Azaouak district. Eastwards |ies a sequence of ,'egions (3}
which have strong links with northern Nigeria, namely Ader-Doutchi (Tahoua,
Birni N'Konni and Madaoua), the Goulbls (Maradi, Tessaoua and southern Dakoro),

and Zinder. The most easterly region is the Manga region (6) from tha dugu
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Republic of Niger Climate continued %

Yobe valley in the south to N'Guigmi on lake and westwards as far as Goure.

P

, Rainfall is the most significant element in the climaté of Nigefﬁ
There are extreme variations both In amount and distribution of rain.' Tie
annual rainfall diminishes rapidly from south to north. At Gaya, in the
extreme southwest at atout 12°N, the annual rainfall is 33 Inches and
i+ decreases northwards o 14 Inches at abour 15 N (In the latitude of
Tahoua and Goure) which Is regarded as the northern Iimi+ for cultivation.
Agades, in the south of the Alr massif, recelves 4 'inches a year, while
the higher ‘land of the massif recelves more rain than the sur~ounding’
deserts.

““The raTnfall 1% distributed very unevenly through the year . There Is
one ralhy ‘dedson’; starfing with storms In May in the south, July further
norfﬁf““%hﬁﬁéfff§wfﬁé:wéffesf'mOnfh”and.Thén the rains recede between Sept-

ember7éhd'bé¥bberfEéébéFaih§‘fd"fhe iatitude. The ralny season varies thére-

3

fore from f1ve months 'in the south to two months In the north.
“NIger 1'1es In"ohe of the hottest zones of the world. Dally maximum

ERERROPE S ' BRI ,o PR 1 . . - . . . ; b e
temperatures of over 104 F occur In Aprli-May, in advance of ths first rains.
- Sorteny ety b san e e o : . S
During the ‘ralny "season they fall to 50 F, rise in October and *all again

from December to February. Daily minimum temperatures fluctuate in a simifar
way Bﬂf‘¥Hb'dé[ly}¥ém3éFé¥bF€\range I's much greater during the dry season

than ‘in the rains, and 1s also much higher in the north than in the south.'
. L : B - , : 0y
At Niamey In the southwest, absolute extreme daily temperatures are 43 F
Lo o , : ° 0y
and 117 F; in the Air massif they can be 23 F and 122 F.

t
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100
CAPE VERDE ISLANDS

4
Geography and Climates

The Cape Verde isliands are located in the central Atlantic some 385

'fkmlles of f the west coasr 6f Africa. The archlpelago consists of 10 islands

fyand 5 lIslets, which are divided Into windward and leeward groups. The six
Isiands in the windward group are Santo Antao, Sao Vicente, Santa Luzia,
Sao Nicolau, Sal,band Boa Vista. The four islands in the leeward group are
Malo, Sao Tlago, Fogo, and Brava. Forty-percent of the peopie Iive on the
Island of Sao Tlago.

Although the lslands are volcanic In origlin, the only active crater Is
on Fogo. (lTs mosf recenT erupflon was In 1951.) Three Isiands - Sal, Boa
Vista, and Malo : are somewhaf level and lack natural water supplies.
Mounfalns over 4 200 ff are found on fhe Islands of Sao Tiago, fogo, Santo
Antao, and Sao Nlcolau.

Al of the Islands, but especlaily the windward, have been eroded by
sand carrled by high winds. On‘several of the mountainous islards, sheer,
Jagged cliffs rise from the sea. Genérally the uplands and coasts are devold
of natural vegéfaflon, whlch Is largaly confined to the Interior vallevs.

(

Ralnfall Is vory Irregular, and Ifs falture causes perlodic droughts

and famlnes. Af Prala;ﬂ verage preclplfaflon Is only 9.5 inches.
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- C. Equatorial Africal

Countries with MEPT

United Republic of Cameroon
Republic of Zaire

Country without MEP2

Central African Republic

1
Stippled area on map.

2Malaria eradication/control progrems.






103
UNITED REPUBLIC OF CAMEROON

3
Geography and Climate

Camerqon covers about 183,500 square miles in wesf—cenfraf Afrlca;
forming an irregular wedge extending northeastward from a coasfllne onz?héfi
Gulf of Guinea, an arm of the Atlantic Ocean, to Lake Chad, 700 mlles
inland. The country has a 160-mile coast!ine on the Gulf of Guipea and
approximately 2,765 miles of border with six countries: Nigeria *o The
west; Chad and the Centra! African Republic (CAR) Tov#he northeast and
the east; and the People's Republic of the Congo (Congo - formerly, Congo
Brazzaville), Gabon, and Equatorial Guinea to the South.

The country can be divided geographically Into four regions. The

Northern Plains extends into Lake Chad, where the borders of Nigeria,

Chad, and Cameroon intersect. -The narrow neck of territory south of the

lake is part of a shallow inland basin, . several hundred miles wide, which

exTend§ in all directions from Lake Chad. In the Central and Southern
f!gigggg, the Adamaoua Pléfeau;.lylng‘befween 7°N and 90N latitude, extends
froh fhé easf;rn fd’fhé wésfarn bordér of Camei-oon at elevations that

are evéfywhere more than 3,000 fecet above sea level and average abouf

4,560 feet. Sarface‘feafures in the central parts of this high plateau
include small hills or mounds cappeci by erosion-resistant granite or gnelss.
South of the Adamacua Plateau begins a series of lower plateaus that extend
throughout most of South Central and Eastern provinces at elevatlons averaging
about 3,000 feet but descending gradually southward to the border and westward
1oward a serles of terraces leading dowiward to the roastal plain.

P

The Cameroon Mountains, the Western Highlands, is the highest range ia the




Cameroon Climate continued 104
country, extending southeastward from the Cumeroon-Nigeria border area at
about 160 miles. It is less than twenty miles wide in most of the area
northwest of Mount Cameroon, which divides the northwestern coasta! plain
from the broader lowlands in the central coastal area.

The narrow neck of Northern Province is among the northernmost area
reached by moisture—-bearing winds from the equatoria! rain belt (Subarid
north). Southerly and southwesterly winds bring about forty inches of rain
annually fo the Garoua area and about thirty inches to much of the area
farther north. Most of it is concentrated in a five-month season (May to
September) in the Garoua region and in a shorter season near Lake Chad.
Daytime temperatures are usually high except during and immediately after
late summer rainstorms. Midday maximums are often above 900F, especially
during February and March, but nights are usually much cooler, at least
during the dry months when the diurnal range often covers thirty degrees and
may be as much as fifty degrees.

Much of the Adamoua Plateau is an area of humid wooded savanna (central
Savanna). At Hgaoundere, a town near the center of the Plateau and near the
geometric center of Cameroon as well, annual rainfall is about 59 inches, twice
as much as the average in the far north. The rainy season extends from Apri]
to October and is longer toward the south, where this region merges into the
region of humid wooded savanna and forests.

Much of this subequatorial central area is from 3,000 to 5,000 feet
above sea level, and elevation ftends fto moderate temperatures. Records
taken at Ngaoundere (3,600-foot elevation) show average dailv maximums
ranging from about BZOF in June during *he rainy season to 950F in March at

o
the end of the dry season. Dally minimums are about 60 F or slightly higher



Cameroon Climate continued 105
dur Ing s;veral months of the summer rainy season.

Winter is a period of low humidity, which ‘makes the area more comfortable
for humans than the lower and wetter areas in the south and the southwest.

Southward the lower plateaus become progressively more rainy and humid.
Rainfall ranges from 6C inches per year in areas near 5°N latitude to nearly
100 inches in the southern section of the coastal plains near the town of
Campo. Diurnal and seasona! fluctuations in temperatures and humidity are
within narrow ranges, especially at the lower elevations and along the coast.
Yaounde's temperatures are typical, having an average daily maximum of 82°F
and an average minimum of 72°F.

Felative humidity is not offen below 50 percent, and It Is frequently
above 80 percent. Nevertheless, at 2,300-foot elevation, Yaounde and a
large area fo the north and east have a more comfortable climate than the
southwestern coésfal zone.

The southern area comes under the Influence of equatorial airmasses
from the south as well as Atlantic alrméésés from the southwest. Among
other complex climatic Infiuences, one result is a pattern that includes two
seaéonal rainfal | peaks annually and two ﬁeasons that are less rainy (some-~
what Ihaccurafely known as The.dry season and the Ilttle dry season). The
ralns aré moderately heavy in Aprll and May, tapering off to the little dry
season (four to six Inches bflréfn per month) In June and July. Rainfall
Increases to more Than fhlrfeenblnchés per month In August ana September and
then recedes to as llfflé as three to five Inches per month in December and

January.

In the Coastal and Montane Rain Forest, there is no dry season; temperature

and humidity change very iittle from day to day or from month to month. The



Cameroon Cl imate continued 10€

western mountains are aiso a part of this rainy and humid zone, but altitude
brings somewhat greater variations in the monctonous patterns of prolonged
per iods of cloud cover; heavy rain, and high humidity. Temperatures at
the port of Douala, in the central coastal area, range from an average
daily high of 84OF to average lows of about 720F; record highs in this
area are above 950F. The average relative humidity is between 85 and
90 percent throughout the year. Rainfall ranges from {00 inches per
year south of the coastal town of Kribi to 158 Inches at Douala.

Rainfall in the mountainous areas of Southwestern and Northwestern
provlnces varies greatly. Most areas, including those as far inland
as the Bamenda nghldnds, recelve between 60 and 130 inches of rain per
year . Some areas In fhe‘coasfal plalns and in fhe mountains near the
sea recelve fwenfy-flve inches of rain per,monfh in August and September,
the weffesf monfhs. ' | |

B N 4"" 1 - g JRODEI | B
Shle T feaem D arke e

Mount Cameroon sfands near fhe coast and catches the full force of the

wet winds from fhe éelflof Gulnea.‘ Turbuleroeklncreases as the winds are
pushed upward. ’Ralnfall Is heavy on the wesfern slopes, sometimes continuing
for days at a time. Sfeflons on Mount Cameroon and on the nearby coastai
plain are among fhe weffesf in the world- a totai of 250 Inches per year

has been recorded near fhe moufh of fhe WOurl Rlver and over 360 inches

i

in a small area on fhe slopes of Mounf Cameroon.

HE
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|. Country: Cameroon
Il. Project
Location: Yaounde
Poputbation: 130,000
Time: 1953-1957
Type: Pilot malaria eradication program
I1l. Endemicity: Hyperendemic

IV. Parasite: Primary: P. falciparum

Secondary: P. malariae
Other: P. ovale

V. Insaect Vector: Primary: A. gamblae, A. funestus, A. mouchetl

Secondary: A. nill
vI. “Type of lnfervenflon .
| lnsecflclde. One-half of the area was sprayed with DDT (2 g/mz) twice
yéarly and the other half sprayed with Dleldrin (0.6 g/m );
_cycle continued for two years.
Vil. kEQéfu;fidn .A |
’ In *reafed areas, ?he parasITe raTe In InfanTs dropped to 0% from an
lnlflal raTe of 40% and 1n chlldren 1-9 years to 1-2% from an Initial rate of
60%. In 1959-1960, spraying of the total areas was dliscontinued and

only the SUrroundlng areas were sprayed (Survelllance Phase of malaria

eradicatlion scheme).

Reference: Afro Malaria Eradication Yearbook No. 1, 1959. WHG Reglonal

Office for Africa, AFRO/MAL/5. Malaria Yearbook No. 2, 1960.

WHO Reglonal Office for Africa. AFRO/MAL/7.
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t. Country: Cameroon

1. Project

Location - Northern

Population: 400,000

Time: 1953-1957

Type: Pllot malaria eradication program
[11. Endemicity: Hyperendemlc

IV. Parasite: Primary: A. gambiae

Other: A. coustani; A. nili, A. pretoriensis; A. pharoensis; A. rufipes

V. Insect Vector: Primary: P. falcliparum

Secondary: P. malarlae
Other: P. ovale
VIi. Type of Intervention
Insecticide: DDT was sprayed twice year{y.Q;Smalleh’areas were sprayed
‘elther with BHC or DLD. |
Vii. “Evaluation
'Malarla Indices remained high (82§ iﬁlf[é]!y‘énd 12% after Intervention).
Reasons given for fallure to reduce Transmlssloh were:

1. Llocal cusfons such as sleeping out of doors and replastering and rethatching
houses periodicaily reduced the effecflveness of Intervention methods.

2. Nomadlsm,

3. The type of construction used In houses reduced the effectiveness of the
|nsecflc|de to 6-8 weeks.

4. Ralns rendered most roads Impassable, therefore spraymen could not cover
the entire area.

The project was discontinued In 1961.
Reference: Afro Malaria Yearbook No. 1, WHO Regional Office for *Africa.

AFRO/MAL/5, Sept. 1959. Malarlia Yearbook No. 2, WHO Reglonal
Office for Africa. AFRO/MAL/7, December 1960.
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I. Country: Cameroon s

1l. Project
-~ Locatlon: Southern
Population: 800,000
_Tlme: 1953~1957
iType: Pilot malaria eradication program
{11, Endemicity: Hyperendemic

IV. Parasite, Primary: P. falciparum

Secondary: P. malarlae
Other: P. ovale

V. 'insect Vector, Primary: A. gambiae; A. funestus; A. moucnet|

Secondary: A. nilil
VI;7:TYpe'of intervention
| }jnse&flclde;f?Dleldrlnwsprayed yearly (0.6 g/m2) for e!ght cycles.
VII.[;é&aluaTlon;‘A |
'A. fuﬁeéfﬁé disappeared. A._gamblae was reduced significantly.
A. mouchefl sTIlI perslsfed probably due to its exophillic heblts, but
was susceptible to lnsecflcldes. The transmission of malaria was not
'Inferrqpfed and the spraying was discontinued in 1959-1960.
Sd@é of the problems assoclated with the campalign were:
l;f‘A large number of houses were not sprayed.

2.}§Thevplanners assumed that no villages existed in the forest.

3. There were too few spraymen and thelir supervision as poor.

Reference: Atro Malaria Yearbook No. 1, WHO Reglonal Office for Africa.
’ AFRO/MAL/5, Sept. 1959. Malarla Yearbook No. 2, WHO Reglonal
Office for Africa. AFRO/MAL/7, Dec. 1960.
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(RN
REPUBLIC OF ZAIRE

2
Geography and Climate

The Republic of Zaire Is an aimost totally landlocked country strad-
dling the equator in fhé heart of Central Africa. Embracing a total area
of 905,400 square miles, Zalre is the third largest country in Africa
and is roughly equivalent to the size of the United States east of the
Mississippl River. The country'!s sole outiet to the sea Is a 20-miie strip
of land leading to the Atiantic Ocean. Zalire Is bounded on the west by
the People's Republic of the Congo and the Cabinda enclave of Angola;
on the southwest and south by Portuguese Angola and Zambia; on the east
by Uganda, Rwanda, Burundl, and Tanzania‘'s Lake Tanganyika; and, on the
north by the Republic of Sudan and the Central African Republic. Its
proximity to these nine African couniries has facilitated large refugee
movements In and out of Zaire over the course of Its history. These
continual migrations have also served as a vehicle for transmission of
diseases from other couniries to Zaire.

The topography is diverse, ranging from the large mountains of the
Rift Valley In the east, among the highest mountains In Africa, marshes
in the northwest, savannahs in the north and south highlands, and scattered
woodlands in the soufheasf,‘fo a dense equatorial rain forest In the central
basin of the country, covering approximately 409,300 square mlies.

The Zaire River, from which the country takes its name, Is the prin-
cipal body of water In the nation. By volume, it is among the !argest
rivers in the world, second oniy to the Amazon. Upstream, the Zaire

River Is navigable to Kisangani. Rocky channels and waterfalis along the -
{



Zalre Climate continued 1z

west and south of the river make these sections unnavigabie as It flows
toward the Atlantic. The Zaire River is navigable year-round, however, .
from Matadi, the nation's main pai't, to the point where it empties into
the Atlantic Ocean.

Two principal climatic zones can be distinguished in Zaire: the
equatorial and the tropical. Average rainfall in the area surrounding
the equator is high, an average of 70 to 80 inches annually and the temp-
eratures are generally equally warm year-round with a mean average temp-
erature of 75°F, varying up to 10 annual ly. The tropical climate zone,
which covers the major part of the Zaire River system basin, has two main
seasons: rainy, with high temperatures and rainfall averaging 39 to 60
inches and dry with generally gray skies, no rain ard miid temperatures.
Aithough exceptions do occur, the seasons are generally reversed in the
two hemispheres: the dry season usually extending from November 1 to March
30 north of the equator is concurrent with a rainy season south of the
equator. This phenomenon plays an essential role in assuring regularity
of flow of the Zaire River. Since the river covers an area both north
and south of the equator, rain falls in Its basin all year round. Line
squalis, violent and potentially destructive winds are common throughout
the Zalre River basin whqrp}jhey,@ayJOCCUr up to 10 times per month during

the rainy season.

Notes
2 .
A. Support by the Government of Zaire of malaria control programs.

1. Zaire has legislative authority for its malaria control program

through the National Commission for Malaria.
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2. The National Malarlia Service has conducted some-spraying and
larviclding operations. These operations héve been Inadequate
due to lack of manpower, resources and professional expertise
in entomology, parasitology and epidemiology.

3. Antimalarial drugs are available to the populaticn, however,
they do not take advantage of the service.

4. The country Is making serious attempts to develop it's health

saervices.

B. U.S./A.1.D. Support of malaria control programs

The agency completed an agreement with the government of Zalre In 1976
to establish an Endemic and Communicable Disease Controt Program (Project
No. 660-058-60031). One component of the project was a malarlia control
program. The objectives of the program are:

1. To establish the organizaticnal capabliity and the Tralned manpower
to plan, develop, and execute programs for the control of malarla
and other vector-borne diseases in Zaire.

2. To estabiish and successfully operate a pllot project of malaria
" control in the Kinshasa Region and in one nearby rural area. The
ln&lca?ér of success would be a significant reduction in the
;umber of dea?hs, particularly In younger chlilidren.
3. To extend and integrate the principles and practices of vector-
borne disease control into the permanent health delivery system.
The technical assistance provided by the agency includes one fuli-time

trained techniclian experlenced In the technlques of malaria and vector-borne

diseases for a perlod of five years and the necessary assistance from time
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to time of malariologists, entomologists, epidemiologists, and environ-
mental sanitation specialists. The estimated cost for the first two years
Is $134,500,000.

The project activities were described in the 1978 Annual Report of
the Malaria Advisor and In the evaiuation document (Development Support
Bureau, Development Information and Utilization Office/AID). The principal

activities were:

Geographical reconnalssance

Distributing chioroquine fc persons under 15 years of age and

pregnant/ lacrating women complaining of fever.

Gathering of epidemioliogy data

Draining of ditches In four zones

- Spraying 8,000 houses with DDT

- ldentification of A. gambiae
° *i7bgf3FmTﬁ!ﬁg.Tﬁé‘séhSITfo+y of A. gambiae to DOT.
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CENTRAL AFRICAN REPUBLIC

. 5
Geography and Climate

The Central African Republlic is located at almost the precise center
of Africa, about 400 miles from the nearest ocean. It covers 622,560 km2
between the lLatitudes 30N and IOON and is surrounded by Chad on the north,
Sudan on the east, Congo (Brazzavilile) and Zaire on the south, and Cameroon
on the West.

The country Is a vast, well-watered plateau drained by two major
river systems. The northerly system drains into the Chari Basin and even-
tualiy into Lake Chad. The southerly system drains into the Oubangui, a
confluent of the Zaire River. Navigation is |imited fo the Oubangui and
short sections of the Lobaye and the Sangha.

The republic iies athwart an upswelling of the ancient basement plat-
form of Africa, which divides two major tectonic basins, those of Chad
and of Congo. This dorsale, running west-east across the country, occupies
more than half of the total area. !ts plateaus, carved from the Pre-Cambrian
crystaliline basemenf'rqqks;iaverage 1,800-2,000 fzet in altitude, and Its
peneplain suﬁfééélthﬁaﬁaTéréhed between the Chad and Congo basins, Is
dominated by occésidﬁé’ilﬁselbergs - kaga - which are usually composed
of granite lnfrus}ons;ln the Pre~Cambrian basement.

In general, the climate is tropical continental in type, with a short dry
season, though there is considerable variety of regional climates within the
eight degrees of latitude across the country, with corresponding differences

In vegetation. These bio-climatic zones range from the equatorial at

Nola in the southwest to the sahelo-sudanese at Birao in the northeast.
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The dry season starts in November and ends between March and June,
depending on the locaility and on variations in annual conditions. There
Is never total drought, and the seasonal rhythm of the ciimate is bal&anced
by the high pressure areas over north Africa and the south Atiantic. Average
annual| temperatures are high, generally 77—790F, but 750F In the northeastern
highlands. Annual rainfall amounts are moderate, ranging from 67 inches In
the southern equatorial zones to 31 inches in the northeast. Because the
rainfall Is adequate and the dry season Is short, cliimatic conditions

favor a woodland-savanna vegetation and open forest over most of the

country.



D. South Central Africal

Countries with MEP®
3

Mozambique
Southern Rhodeaiah
Repudlic of Zamdia

Country without MEP2

Repudblic of Malawi

1Stippled area on map.
°Malaria eradication/control program.
3MEP proposed but not initiated.

hNot an U.S5./A.I.D. assieted country.

118
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MOZAMB | QUE

3
Geography anc¢ Climate

Mozambique covers an area of 303,769 square mlles, about twice that of
California. 1Its 1,737 mlles cf coastline run from the northern extremity
of the country, at the moutn of the Rovuma River, to the southern-most
point at Ponta Ouro. |t Is bounded In the north by Tanzania for roughly
480 mlles aiong TheiRovuma Rlver. lfS‘mosf éxfenslve border, 975 miles,
ls wlth Mélawl whlch penefrafes ?he cenfer of northern Mozamblque:
approxlma*ely 200 mlles of fhaf border run down the center of Lake Nyasa.
There are 260 mlles of fronfler with Zambla In ?he northwest and 765 miles
with Southern Rhodesla In the west, part of whlch Is along the crest of
the rugged Mashonaland Plateau. The southwestern and the 5hor+ southern
boundarles are with South Africa, about 305 miles long, hof including
fﬁe extreme southwestern border with Swazlland, which is 65 mlles long.

The Zambezl Valley dlvides the ccuntry Into northern and southern

halves. 44 percent of Mozambique Is littoral lowlands and marshes, mostiy
south of the Zambezl and especlally south of the Save; 17 percent is low
plateaus and hllls roughly between 600 and 2,000 feet high; 26 percent

lgthlgh plateaus and hills between 2,000 and 3,000 feet high; and 13 percent

lS;mounTains over 3,300 feet. The heavlesf concentratlions of populatlion

are along the |ittoral and‘lts Immedlate hinterland, around the mouth of the

Zémbezl and near its confliuence with the Shire, and in the Angonia Highlands.
| Cllmafé conditions are tropical. Characteristically each year has a

wét and 5 dfy season. About four-fifths or more of the total annual ralnfall

occurs during the wet season, lasting from October to April. Temperatures

ddflng this perlod are higher than average. The dry season, lasting frcm
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Aprii to September, is cooler than average, and |ittle or no rain falis
during this period. Fluctuations in rainall often result in droughts that
bring about famines. There is no risk of frost, and lowland crops that need
constant high temperatures and fairly abundant summer rainfall flourish.

The warm Mozambique current, flowing south from near ihe equator, raises
temperatures and humldity along the coast. The temperature range at Pemba
(formerly Porto Amelia) Is 70.5°F to BOOF and at Beira, 7OOF to 82.50F.
Ralnfall Is particularly heavy along the contral coast from Quel imane,
which gets more than 48 inches annually, to Belra, whilch gets more than 5o.
North and south of this region the annual rainfall decreases. Along the
southern coast it averages between 30 and 40 inches; the northern coast gets
anywhere from 24 to 48 Inches énnually. Relative humidity follows the same
pattern as rainfall along the coast, the highest year-round humidity being
in the central coastal reglon.‘ Belra has about 77 percent; Pemba has 81
percent. Humidity decreases to the north and south.

Inland there Is considerable variation in the climate, largely because
of differences in topography and the presence of such large hafural features
as Lake Nyasa. The northern region is within the zone of tropical monsoon
climate. Temperatures are relatively high with little veriation. The
annual temperature range at Tete Is from a mean maximum of 890F in the wet
season to a mean maximum of 69°F, which occurs in the dry season. Along
the Southern Rhodesian frontier in northern Manica Province, rainfall in
places exceeds 64 Inches annually. A short distance to the north, in the
Zambezl Valley of Tete Province, it drops to between 16 and 24 inches.

The southern region Is in the subtropical anticyclonic zone. The

o o
annual temperature ranges from 80 F to 65 F at Maputo. It is on the whole
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much drier, particularly in the Gaza region, which lies in the rain shadow
of the Lebombo Mountains. Pafuri, on t.@ western frontier of Gaza Province,
has recorded a mean annual rainfal! of about 12.8 inches. In some years

no raln falls at all.
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|. Counfry? Mozambique-

It. Project

Population: 1,500,000

Type: Pilot malaria eradication program (proposed)
I1l. Endemicity: Hyperendemic (in 1956, 53% of deaths in Africans was due

to malaria).

IV. Parasite

Prlmary' A. gamblae

Secondary A. funestus

»»»»»»

VQ’flnsecT>VecTon B

Pﬁlméi-'y"}‘V'P”’:falcl parum' (responsible for 90 percent of infections)

thers:' P. vlvax, P. malariae, P. ovale ;
Vi Type of Intervention |

In;ecflclde: DDT‘spgaylng:

éa;ﬁSTherapy: Anflfma(arlalsiTofpaflehfs;cbmplalnlng of fever
Vil. ,évaluaflon . |

Pofenflal problems for confrol measureskwere The mOVemenT of farming

AR

communitles durlng fhe harv fzseason and fhe mlgraflon of laborers tfo

Natal and Swazlland.

~ Source: Afro Malarla Year Book No. , WHO Reglbgél Office for Africa.

Fine

AFRO/MAL/S. September 1959.



Southern Rhodesia

12k

;}( zls Kapbt 2 “ MALAW!
up'mi il
Q N ., Lbo Miles 49
6 d xio Kitomsters (g,
Kabwe $
~
z A M B I A \,\mumﬂ“ \
i Flagsh %
- MOZAMBIQUE %,
. H N "
] PN P, N .
Kafue P - i’ "
“ - Cabor.
—l-uh \/—"“’\ s Caberdl
r——\! Chirunde 18
«‘);‘Q .b‘ Te!
Kariba Ds fide § (
\ :’hul
5 arwia N
L 1] ol agele ) -
) . Lake Umvukwes e
Kariba, t 88 ‘f/
Kildoyon ! 'g' -
. $ia SANE [
. 7 g /9 Muts
:‘Mﬂ » { )
BW AFR
Liviagatens _ . Y “\' 4
Zambet! ! .
iderie New Sanfm™ ! i Cotandice
la
d Sengw wame \lllruuuu '"” i
Wask
e P 4}%‘”
~,, P
Shanggtt oy, - & ¢ \"\‘\
Oxs Owo, S \ S v
apane “ ‘ ‘
— \ -
himele
~N Umeome \K /
Lonel \ . %
Iiu" G A R &S
3 ‘b
\ \Salukoe k . 5‘ o
Nty \ *~, y
. -l L f Oe
|——20 277 mwlyl \\\ an o *u 0T
™ 2 1 -
/ )II /‘.'5:\‘ L =~ Shadeni, \__ i 7 “.‘"/’“\'/
e o = p "
r‘?‘ [N o - Bl
P Ll I ~— % f?_ J
YRS Swend wast N\ Y S e/
b =D T o NERANY ENAN Sl
- Makgadikgadl > Prr canga /e S
{salt pans) \ o\ - "
N ~- Sav
3 pio
Lothakans =~ ‘ Shass, q‘-.% \’\4{':. N \’\/"/N
\‘bz’}lghv \N . ~\q
. — 7
BOTSWANA ™ " Merkssicast
e . . L2 ridge ( solacas
. Messin e
e P - MOZAMBIQUE
-
“Mehslerwe AN
SOuUT RICA
kmwkoar
<
; A
Plenrshory
24 t"d' ol 20—
210 32
807740 977 (841838)
Lambert Conformal Projection —— Reliroad
Standard paraliels 8° and 30°
Scale 1:5.550,000 -  PRoad

Houndary represantation ta
not necessarily suthornitative

A Arport



125
SOUTHERN RHODES IA

3 .
Geography and Climate

Rhodesia, located within the tropics In southeastern Africa, has a
land area of approximately 150,820 square miles. The geologic base Is
primarily a portion of the granite plateau that under!ies most of the
continent. The plateau rises in central Rhodesia to form an elevated
savanna region, or highveld, from which the land slopes to three river
basins: the Zambez! on the northern border, the Limpopo in the south,
and fhe Sabi In The southeast.

Through mosf of lfs Iengfh fhe hlghveld is between 4,000 and 5,000
the ferrlfory's maJor rlver baslns. On lfs northwestern and southeastern
slopes, the highveid merges lmpercepflble into the medium altitude wooded
grasslands (middleveld), generally defined as the area between 3,000 and
4,000.feef In eIeQaflon. ‘ln the ﬁoufheaST the Ipwveld, which Is generally
considered to lnclu&e fhe iand below 3,000 feef, exfends from the nominal
edge of the middieveld to the soufﬁeryvand soﬁfheasfefn borders, covering
nearly one-flffh of the ferrlfory. -

Throughouf mosf of the hlghveld dally maxlmum‘femperafures are between
80°F and 90°F for most of the year. Temperafures above 90°F are recorded
durlng'Sepfember, October, and November (the early months of the warm season).
By the end of November the earliest rains and associated partial cloud cover
have a slight cooiing effect. Temperatures are actually slightly lower
dur ing December, January, andAFebruary (the height of the southern summer)
because these are also the wettest months of the rainy season. In the

highveld accumulated daytime warmth dissipates quickly after sunset, and

nights are cool. Nighttime frosts occur in July, which is the coolest month.
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Annua! rainfall In the upper levels of the veld ranges between 24 and
32 inches and may be higher in a small area near Salisbury. Although most
rainstorms occur during a pei-fod of only three months, this is not a time
of continuous cloud cover. Many of the rainstorms are brief, and rainy
days are Interspersed with periods of bright weather.

The eastern highlands have a cooler, wetter climate than that of the
highveld. The area usually receives between 40 and 70 inches o* rain per
year.

The mlddle veld reglons on both flanks of the central highveld are
somewhefhgarher and drler fhan fhe uplands.‘ Annual rainfall averages 16

2"' SR TN ,v‘;,.'"{' 1 v
to 24 lnches ln the mlddle elevaflons on the southeastern side of the high-

b S0 o4
b

veld ancvas much as}32 Inches ln The norfhwesfern and northern sectors.
Ralnfall decllnes To less Than 16 Inches per year in most lowveld areas.
Bel+brfdge, on fhe soufhern border ln The colony's most arld region, may In
some years recelve less fhan fwo Inches of raln ln January, Its wettest
monfh; Dayflme Temperafures in the Iouveld in bofh the Limpopo and Zambezi
river baslns may exceed IOOOF. There Is less nocturnal dissipation of

surface warmth after nightfall than in upland regions and a somewhat higher

averege relaflVe humidity, desplfe‘fhe scarcity of rainfall.
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Country: Southern Rhodesia

Project

Location: 13 native reserves in 1951; 45 native reserves in 1956.
Population: 200,000 in 1951; 670,000 in 1956; 900,000 in 1959.

Time: 1949-1960. |

Type: Malaria eradication program

Endemicity: Hyperendemic in Zambez! basin; seasonal on central plateau
Parasite

Primary: P. falciparum (responsibie for 95 percent of infections)

. Secondary: P. vivax; P. malariae

insect Vector
Primary: A. gambiae (exophilic and feeds on man and animais); A. funestus

thers: A. coustani; A;‘EUflbes;~A. breforlensls; A. ieesoni

TYpé of .Intervention

lnsecflcldé: Annual spraying of BHC (40-80 mg/ffz) or DD (80.5 mg/ffz)

Chemotherapy: Chloroquine and pyrimethamine given at the beginning and
ending of the ftransmission season.

Evaluation

. The Eesulfs varled aS»sthn in the appended table. in July 1959 when

spfay[pgdw§s resumed, malarla transmission was interrupted in the western

section only (population 120,000). Some European farms and native reserves

had an overaill parasite rate of 13 percent. Aithough no more than 60

percénf of the poputation received chemo-prophylatics, the parasite rate

was reduced from 18 percent to 2 percent.

Reference: Afro Malaria Yearbook No. 1, WHO Regional Office for Africa..

AFRO/MAL/5, Sept. 1959. Malarlia Yearbook No. 2, WHO Regional
Office for Africa. AFRO/MAL/7, Dec. 1950.
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- 0 PR S 0 D S B S g S S P S O D B S S G b e —— St se om0 o . - Ay e S - ) T ew 4 s i gt e gy e S W

: " Popu~ ° 0-22mhs ° 15 yrs " 6.2y
: LA slation :TYios, : lioss ¢ Pare’ Noc.: Nose : Pars : Nose: Nose ¢
X : : 3x. : Pos. :Rate : “xs : Pos. : Rate : Ex. : Pos. :}
. BUSHU Reserve ' 4,000 F 121 ¢ 12 .9.9,5 258 F 23 P 8.9% 136 % 23 P!
: (contimiously : : : : : : : : : :
: sprayed since 1950)° : :
* MAUIGWENDI Reserve : 45,000 : 87 : 1 :1.2% :532: 10 : l.&: = : =
* (No spraying since : FY PR . . .
' 1955) : I P : : : :
: VADZIVA Reserve  © 12,000 % 100 P 8-'84 P31} 46 ‘1387 60° 7 1
: (contirmously : R Tt ’ : ; :
: sprayed since 1950) % . :
* W.OMRL Pagerve 1 24,000 ; : 4B O
S vt L. vy i »
¢ latoc deSaction s : :
' (two years spraying: : : :
. discontinued since ;- : : :
© 1955) E S : :
| UZUMBA Reserve ;3 A
: Central Section . .
* SHAMVA : 1,000 : 3
; Tom Compounds & R T , It :
. Vicinity (Ho spray : R S : :
. ing for sevoral E a8 s
. years) : £ Sy 1

L 8 T S s 8 : :
: SINOIA Iocation  ° 160 9ot g i~ 12 yoar
: Bproyed for several. IR St :
 years) ; Gy ) :
* SABIE : 9,000:t 4507 L0 . .
. Sprayed for 3 yoars: s R B :
¢ . QRVXTI L te et e :“J'r x{,i;":’ff . ’n; . .
: NDAMGA ZAK: Res.”™ ' 78,000 0% 49 . 6 .13% 10 o0
¢ (Contimous. spray~ |, - Lol : :
: ing since 1954) | ; e s s : : :

This serple cannot be rogurded as valid, in view of population fluctuations anc
lack »f statistical experiunce of the Loc al Hczlth Inspector

Survey not complctede

Ref: Afro Malaria Year Book No. 1. WHO Regional Office for Africa.
AFRO/MAL/5, September 1959.
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REPUBLIC OF ZAMBIA

: 3
Geography and Climate

Zambia, formerly Northern Rhodesla, Is In south-central Africa. It Is
bordered by Zaire (formerly Congo, Kinshasa), Tanzanla, Malawi, Mozamblque,
Southern Rhodesia, Namibia (South West Africa), and Angola. The country
measures over 800 miles in Its longest east-west axis, and 700 miles north-
south, covering approximately 290,000 square. miies. Most of it Iles on a
nortion of high plafeau ek+endlng fram South Africa northeastward to the
Red Seé; it conslsfs of Two major geographic areas partially separated
by a sallenf called The Congo (Kinshasa) Pedicle, extending southeastward

befween The semlarld wesfern reglon and the swampy Lake Bangweulu area

Iocafed ln the norTheasfern part of the counfry.

Theysharply defined wet and dry seasons are sallent features of a
tropical savanna region tempered by alflfude. There are thrae definabie
seasonsi cool and dry, from May to August; hot_end’dry, from September to
November; and warm and wet, during the ralny season from December to Aprii.

| In much of the plateau areas ébove 4,000-foot elevation, the mean
temperatures for August, the coldest month, range between 26°F and 65 Fo;
qublng‘fﬁe warmest months, October and November, they range between 85°F and
90°F. A second perlod of high temperatures occurs in April and May, when
fhe ralny season draws To a close. For fully half the year, during the cool
:season fromEMay to chober or November, there Is Iikely to be no rain
anywhére In the gqunfry. During this season the weather is clear and the

nights crisp. There are occasional frosts, and thin ice forms on quiet

pools of the higher areas.
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The southern areas are. in general, the areas of lower altitude, below
3,000 feet, and therefore have higher temperatures. Thus, areas in the
Luangwa and Zambezi Valleys a:e warmer than the upland swamps and savannas
between Lake Mweru and Lake Tanganyika, which are 90 nearer the Equator.
Although the annual rainfall in these southern valleys is low, they are
humid and disease ridden during the rainy months.

In the central highlands and in the Copperbeit rainfali ranges from
approximate!y 25 inches on the piateau north of Livingstone to 50 inches
or more near the Congo Pedicle. Westward from Livingstone into southern
Barotse Province, rainfall shades downward from 25 inches annually and is
less dependabie. This is semidesert, sparsely populated and climatically
related to the Kalaharl Desert of Botswana and South-West Africa.

The northwest border area, from the Copperbelt westward to Angola, and
most of northeastern Zambla, including Lake Bangweulu, recelve about 50
Inches of rafn a year. Lusaka and the adjacent highlands occupy a trans-
Itlonal zone between the heat and drought of the south and the heavy ralns
of the north. Most of the‘'central hlghlands and the Copperbelt area enjoy

a falrly comfortable plateau climate.
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Country: Zambla
Project
Location: Kabwe, Central Province
Type: Pilct malaria eradication program
Endemicity
Parasite

Primary: P. falciparum (responsible for 90 percent of infection)

Secondary: P. ovale

Insect Vector

Type of Intervention

Chemotherapy: Chloroguine was given biweekly between November and March
and drug administration coincided with the malarial
transmission season.

Evaluatlon

Two groups with the appropriate controls were tested. In both experi-

mental groups, the crude parasite rate was lowered by 40-50 percent compared

with the controis. However, transmission was not interrupted.

Reference: WHO/MAL/75.845. .
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REPUBLIC OF MALAWI

3
Geography and Climate

Malawi, an inland nation in southeastern Africa, (s well within the
southern tropics. Its territory extends north-south for 560 miles at an
average width of less than 100 miles in a southern segment of the East
African Rift Valley. Within its borders are about 36,325 sq. miles of
land, plus 9,425 square mlles of water area, mostly in Lake Malawl and
two smaller lakes.

The prevalling climate ranges from warm fo hot, and fheré are distinct
annual wet and dry seasons. Malanfs warm season, which Includes the wet
season, extends from September or chober«fo March of‘Aprll. The rest of
the year Is slightly cooler and much drier. Ralﬁféll'ls very sparse from
' May fhrough Sepfember when mosf areas recelve less fhan one Inch per monfh.

Abouf 90 percenf of the counfry recelves befween 30 and 60 Inches of
rainfall per year. Five pqrcenf of the counfry, mosfly;ln the lower ele-
vatlons of the Shlre.VaI[éy’and In the Rumphi area’Af;the Northern Prov ince,
‘ reébrds.ZO to 30 lncﬁés;: The remalﬁfng 5% also Includes two widely separated
reglons = the MulanJe and ofher hlghlands, In fhe soufheasf and long
segmenfs of the lake plalns, In the Northern Reglon. These areas recelve
- 60 fo 100 inches of raln per year, well above the natlonal average.

Low altitude areas such as fhe Iower Shire Valley are usually very hot
and humid durlng the rainy season. The relative humidity Is usually be~
tween 50 and 80 percent In mosf of the country, even durlng the dry season.
Temperature decreases as altitude Increases and Is usually bearable on the
midlevel elevations, such as the plateaus and highlands around Lilongwe

and Zomba, or at higher altitudes. The monthly average temperature at
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o
Lilongwe, for example, is about 58 F in July, the coolest month, and about

o
74 F in November, the warmest month. Mean maximum temperatures at this
o o
altitude (approximately 3,400 feet) are from 80 F to 90 F, in November
o o ‘
and 40 F to 50 F, in July.

Areas 4,000 to 4,500 feet above sea level usually have a relatively
o
comfortable mean maximum of about 75 F and an absolute maximum of about

920F. Night frosts occur during July in areas above the 8,000-foot level
on the Nyika Plateau and the upper levels of the Mu!anje Mountains.

The Mulanje Moqnfalns',upper level Is no more 5 n 75 miles from the
locale éf Malawl's opposite extreme In temperature, the Nsanje area in
the lower Shire Valley, only 200 feet above sea level. Nighttime temp-
eratures remain uncomfortably high at this low altitude, and frosts are
unknown. A high mean mqfipum,,abouf 89°F, prevails In the riverine area,
and an absolute maximum é§6§é}jobfﬁlf§jofien recorded during October and

November .
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REPUBLIC OF BOTSWANA

2
Geography and Climate

Botswana Is situated in the center of southern Africa, bounded by the
Republ ic of South Africa to the south, Southwest Africa (Namibia) and the
Caprivi Strip to the west and north, and Rhodesia to the east. There is a
direct |ink with Zambia at a point on the Zambezi River. The country has
an area of 220,000 square miles, comparable In size to the State of Texas.
Ctimatically and geographically Botswana is also similar to Texas. The
area, a vast tableiand with a mean aititude of 3,300 feet, is divided into
three regions.

Eighty percent of the population |ives in the east, where soii and
railnfail are sultable for dryland farming. Here rainfall averages 19.7
Inches in the southeast and 11.8 Inches In the eastern central district.
Rivers In this reglo? flow into the Limpopo, which marks the border with
South Africa. .

The northwest and northern part of the country are covered by the

Okavango River Delta. The.wafer from the deita drains into the center

of the country and the Makarlkarl'Salf Pan, and into Lake Ngami. The Chobe
River in Thé north marks the border between Bofsyana and Caprivi, and
fiows Into the Zambezi above Victoria Falis.

The Kalahari (Kgalagadi) Desert covers much of the central and southern

region of the country. This desert is a rolling sandy area covered in part
with grass and bush. There is no surface water in the Kalahari, and rain-
fall averages less than 9 Inches. Underground water is available from
borehoies in the grazing areas on the edges of the desert.

The climate is tropical in the north and temperate in the rest of the
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(o] (o]
country. Temperatures vary from a mean of 56 F-87 F In January, the hottest
(o] (o]
month, to & mean of 41 F-74 F in July. Ground frosts occur during the winter
(o]

months, but the days are warm. Temperatures reach 100 F in summer, but
lack of humidity lessens the discomfort of the heat. Rains occur between

October and April.

2
The Malaria Situation in Botswana

The dry climate in the heavily populated areas restricts the incidence
of malaria in Botswana. Malaria was rqsponslble for 3.5 percent (52 cases)
of the reported out-patient ylsjfs In April, 1979. (The leading cause of
hosplfallzéflon and-dqafhs wasbfuberculosls.)

Healfh‘servlces ére unevenly distributed between the urban and rural
'commuhltjes. Exlsflpg fécllf%les consist of 14 hospitals, 8 health centers,
37 clinics and 160 héalfh posts. There are 52 medical doctors in Botswana
and‘fhé raffo of physicians to population Is 1/12,500.

~The migration patterns Iin Botswana are varied. There is a seasonal
moveﬁenf between frlbal‘vlllages, agricultural land and cattle posts as
well as internal rural-urban migration. Laborors show a seasonal migration

pattern to areas outside the country.
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KINGDOM OF LESOTHO .

2
Geography and Climate

The country of Lesotho is roughly the size of the State of Maryland,
bcovering 11,716 square miles. The country is largely mountainous and is
completely surrounded by tha Republic of South Africa. Its boundaries
were determined politically and militarily without regard to its potential
viability as an independent political entity. Three~fourths of the country

is covered by foothills and mountalns of the Drakensberg Range, rising to

11,000 feet above sea: level. ‘Thegremelnlng one-fourth is lowland, 5,000-6,000
feef in alflfude.( The iowlands supporf about 50 percent of the population
and produce mosf ef fhe agrlculfural crops. Mixed farming is practiced in

the foofhllls which cover 16 percen+ ~t the Tofal land area and support

some 30 percent of The_pepulafiog, The remulnlng 20 percent of the popuiation
Is largely engaged ln Herdlng‘in the meunfalhs, which extend over 57 percent
of The naflon's Iand. :' \ |

o o o
The' cllmafe Is femperafe varylng from 20 F to 90 F In the lowlands.

- In the mounfalns,'fhe wlnfer temperature reaches belew zero. Ralnfall
averages 28 inches per year In most of the country, end most of the raln

falls between October and{Aprll.

| 2
The Malaria Situation In Lesofho

The high altitude and a femperafe climate are largely responsible for
-the absence of malarla and other tropical diseases (schistosomlasis, trypan-
fosomlasls, and onchocerciasis) endemic In many parts of Africa. The most

Zfrequenf cause of hospitalization and death in 1974 were respiratory diseases.
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REPUBLIC OF SOUTH AFRICA

Geography and Climate

The Republic of South Africa is the southernmost country of contin-
ental Africa. Its western limits are formed by the coastline of the
Attantic Ccean and 1ts southern and eastern extremities by the Indlan
Ocean. It shares Inland frontiers with South West Africa (Namibla) in the
northwest, Botswana and Rhodesia in the north, and Mozambique and Swazlland
in the northeast. South Africa's territorial landmass completely surrounds
the small ‘independent state of Lesotho. The country's four provinces are
Transvaal, Cape Province, Natal, and the Orange Free State. Covering an
area of 472,500 square‘m[las, the country measures nearly 1,000 miles in
its longest easf—wesf’;¥ls and over 700 miles from north to south.

The major ‘topographlcal features are a broad and lofty Interior plateau,

a steep semicircular escarpment that surrounds the plateau, and a narrow

belt of coastal lowiands on the west, south, and east. The country ranges

from temperate and subtropicai farmland, grassland plalns, and verdant

val leys to craggy mountaln peags,ﬂgemlafld scrubland, and sparsely inhablted
desert. Approximately 70 perée&f offfhe land conslsts of mountalns and semi-
desert, and no more than 15 percénf bf the country Is cultivable.

The country has a var]efy of climatic conditions, largely because of
topographical diversitlies and the effect of the ocean currents. The south-
western cape area enjoys a Medlterranean climate; the interior is semiarld;
and subtroplical conditions exlst In northeastern Transvaal and eastern
Natal. The annual average rainfall for the whole country Is about 17.5
inches. 1t is unevenly distributed both seasonally and geographically, and
about two-thlrds of the country receives less than 15 Inches a year. Drought

condItlons occur frequently in many reglons.
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l. Country: South Africa
1. Project
Location: Northern Transvaal
Type: Malaria eradication program
itl. Endemicity
IV. Parasite

Primary: P. falciparum (greater than 95 percent of Infections)

V. Insect Vector

Primary: A. funestus, A. gambiae

:Vl. Type of infervehflon
Insecflclde. DDT -~ residual spraylng and Iarleldlng

ey e

Chemofherapy Anflmalarlals used To combaf epldemics

#

Englneerlng . Bullf dwel!lngs away from breeding places; dralnage.
ther - Inhablfanfs'sleep Indbo;s.
Vii. Evaluation

The attack phase of the malarld’eradlcaflon program star“ed in 1940.
Thé\lnCQEeﬁéé of malarla Is down To 0 5 percenf The behavior of A. gambiae
has‘changed from anThrophlIlc To zoophlllc and feeds outdoors as well as
Indoors .

The low rate of transmission may have been confrlbufed to: 1) a small

populaflon of A. gamblae resistant to DDT or 2) a variant of A. funestus

resembllng A arunl Sobti which is abundant in the area, 1s anthrophiiic and

is found mosfly out of doors four hours following dusk.

Reference: South African Med. J. 48:1265-1269. 1974. Bull WHO 55:95-103.
1977. , .
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I. Country: Union of South Africa
il. Project
Location: MNorthern Transvaal
Popuiation: 500,000
Time: 1959
Type: WHO assessment of malaria eradication program
[1l. Endemicity: Low (small foci of endemicity)
IV. Parasite

Primary: P. failciparum

Other: P. malarlae
V. Insect Vector ..
Primary: A. gamblae (zoophilic)
Vi. Type of Interventlon: Larviciding Bnd residual’spraying.
Vit. Evaluation
The Indigenous parasite rate In infants had been reduced to 0.9 percent.
The WHO team suggested the use of DDT Instead of BHC and to continue reslidual
spraying In areas where the parasite rates were evident. The migrant
laborers presented a small problem since they were carriei's of the malaria

parasite.

Reference: Malaria Year Book No. 2. WHO Regional Offlce for Africa.

AFRO/MAL/7. December 1960.
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{. Country: Union of South Africa

Il. Project
Location: Northern Natal
Zone 1 - Transmissiorn -~ Population: 100,000
Zone 2 - Consofadation =~ Population: 75,000
Zone 3 - Vigilance
Time: 1959
Type: WHO é;sessmenf of malaria eradication program
Il11. Endemicity
IV. Parasite
V. Insect Vector
Primary: A. gambiae (exophilic behavior suspected); A. funestus
Vi. Type of Intervention
Residual spraying with DDT; Zone 1 - sprayed twice yearly during trans-
mission season; Zone 2 - sprayed once yearly; Zone 3 - spraying discontinued.
Vil. Evaluation
WHO team proposed the folloﬁlng: Zone 1 - two spreyings annually for

three cycies; Zone 2 - spraying only to prevent foci of transmission from

deveioping; Zone 3 - free of malaria.

Source: Malaria Year Book No. 2. Who Regional Office for Africa. AFRO/

MAL/7. December 1960.
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|l. Country: South Africa (Northern Transvaal
Il. Project
Location: Makonde, Komatipoort, Tshimbupte Mhinga and Mutzie areas
Time: April 1979
Itl. Endemicity
IV. Parasite

V. Insect Vectors: A. marshaill normal form, A. aruni, A. pretoriensis,

A. marshalii pale form, A. funestus group, A. gamblae

compiex, A. rufipes

Vi. Type of Intervention
Insecticide: DDT
Vil. This was a monthiy report of an ongoing malaria project in the Northern
Transvaél, Séufh Africa, whlch summaflzed the entomology, serology and
parasltology data collecfedvln’fhe’foﬁr areas. In DDT treated houses, no
anophel ines were found In pyrethrum spray catches. Only In the Makonde
and Komatipoort study areas were anophe] ines caught biting humans between
6:00 p.m. and 9:00 p.m.
During a four week perliod 151 cases of malarla were reported, of which
30 were active cases. Only four-fenfﬁs percenf ofkfhe 33,833 blood smears

examined were positive for Plasmodium.

Reference: Jolint WHO/South African Operational Research Project on Malaria

in South Africa. Aprit 1979.
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KINGDOM OF SWAZ|LAND

2
Gaography and Climate

Swaziland Is a small landlocked country surrounded on three sides by
the Republic of South Africa and sharing a 70-mile border with Mozambique.
The area of the country Is 6,705 square miles. It is roughly the size of
the State of New Jersey.

The land is divided geoaraphlcally Info four dlistinct parallel north/

south, regIons. The wesfernmosf reglon Is mounfaInous highveld (900-1,800

v

meters above sea. level). Here fhe cllmafe Is temperate and rainfall ade-

? ',,v

quate to supporf plne foresfs, diversified agrlculfure dairy farming, and

sheep grazlng (wlfh 49. 5 Inches mean annual ralnfail). The middieveld

(300-1,000 mefers) s subfroplcal and drler, wlfh 36.7 lnches of raInfall
and supports caffle grazlng and Irrlgafed farmlng of corn, coffon clfrus,1
pineapple, rice, and fobacco. The lowveld (60 700 mefers) Is a subfroplcal
and semi-arid savanna with 25.7- Inches of ralnfall. Crops grown In this
reglon Include suqarcane rice, clfrus, a.d coffon, wlfh Irr.gaflon. The

eastern reglon, the Lubombo Plateau, Is sImIlar ln alflfude to the middie

veld and averages 30.7 Inches of raInfaIl.' Caffle‘ranchlng and some mlixed

e i (o]
farmlng Is prachced In this area.vAverage Temperafures vary from 60 F in
the highveld to 72 F In fhe’lowveld.

R ‘

Ihe MaIarIa Situation In Swaziland
v Although the major causes of merbldIIxmaanmonfaIIIy are gastroentes-
flnal-ane respiratcry track infection, malaria Is-pofeanaIly a problem. A
malarla eradication program started in 1945 was successful In reducing the

known cases from 6,850 to about 300 indigenous cases in 1971. Even with this
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small percentage of cases (0.7 percent), the government considers malaria

a major health problem. With an estimated 18 percent of the labor force

being migratory and the annual rainy season, constant viglilance Is necessary.
Health services are available in urban areas and almost nonexistent in

rural areas. As of 1974, there were 53 doctors (overall physician to pop-

ulation ratio of 1/9,000). The country has 11 hospitals and 57 clinics.
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Country: Swaziland
Project
Population: 237,041
Time: 1959-60
Type: WHO assessment of malaria eradication program
Endemicity: Overall parasite rate was 0.13 percent including imported
cases.
Parasite
Insect Veéfdr
Primary: A. gamblae (exophilic, exophagic and zoophl!ic); A. coustani
' "~ (anthropophilic and zoophliic)
Typgkof Intervention

Evé(uaflon

’ Aréas wefe sprayed from 1951 to 1956 and spraying was dlscontinued

two years after no cases of malaria were found. People Iiving near
the irrigation schemes as well as migrant workers receive pyrimethamine
every two weeks during the transmission season. The territory was under

active survelllance as of 1559.

Source: Malaria Year Book No. 2. WHO Regional Office for Africa. AFRO/

MAL/7, December 1960.
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F. Eastern Africat

Countries with MEP® iy

\ MmozaMBiQUE
Empire of Ethiopia (,Ji}
Republic of Kenya OUTHW ‘ z‘%j"c

Somalla Democratic Republic
Republic of Tanzania
Uganda

Countries without MEP2

Republic of Burundi
Republic of Djidbouti
Republic of Rwanda

lst:lppled area on map.

2lv‘nall.a.r:la. eradication/control program.
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EMPIRE OF ETHIOPIA

2
Geography and Climate

Ethiopla Is located in the nortreast part of Africa with the Sudan
on the west and northwest, the Red Sea on the north, Somalia and the
French Territory of Afars and Issas on the east and southeast, and Kenya
on the south. Its size is approximately 472,000 square miles.

Topography 1s rugged. Two-thirds Is mountainous plateau, with ele-

vations of 5-10,000 feet above sea leve!, divided Into two parts by a
volcanic cleft called the Great Rift Valley. The terraln is not as
rugged In the south and southeast, from the Somalian to the Kenyan
borders, where the greatest portion of coffee is grown.

Rainfall and temperature patterns are diverse. There are three dis-
tinct temperature zones: (1) Hot zone (kolla): altitudes less than 6,000
feet, average annual temperature between BOOF-IOOOF, less than 20 inches
of réln per year, located mailnly In the Awash Valley and Somall Plateau;
(2) Temperate zone (Wolna Dega): elevations between 6-8,000 feet, average
annual femberafure about 72°F;'§hnual rainfall varying from 20-60 Inches,
most densely populated and agriculturally productive, located In Central
Highlands; (3) Cool zone (Dega): generally above 8,000 feet, annual aver-
age temperature about 6l°F, with about 50-70 inches of ralnfall. There
are two seasons: wet (June to September) and predominantly dry the re-
mainder of the year. Within the past two years, Iimited ralnfall, espec-

lally In the northern provinces of Tigre and Wollo, has caused a drought

of undetermined consequence.



V.

Vie.

Vil,

: Type of lnfervenflonv

154
Country: Ethiopla

Project Location: Eihiopla
Time: 1958 to present
Type: Malarla eradication program
Endemicity: Lowlands - hyperendemic; highiands - seasonal endemlics.
The parasite rate was found 1o be a function of elevation:
under 5,000 feet -~ 8.8 percent; 1,600 - 1,799 meters, 4.4
percent; 1,800 - 1,999 meters, 2.6 percent; above 2,000
meters, 0.9 pearcent.
Paraéife

RS L
N

Primary: P. falclparum (responslble for 85 percent of Infectlons)

Secondary: P vlvax

thefs' P. malarlae, mlxed Infectlons
‘ 2,3

Insecf Vecror

Prlmary A. gambiae

Secondary' A. funesfus

ther5° Posslbly A. pharoensls, A. adenesls, A. cous?anl A. nill

2
Insecflclde. DDT (2 g/m-) twice annually.

Drug prophylaxis: Ch!orpqulne to suspecfed coses.

Evalua?lon

For fhe purposes of malarla control, the counfry was divided into

four areas (A B C D), based on thelr ecologic similarities (Fig. 1).

The lanlal spraying took piace in area A which was subdivided into six

zones and 36 sectors.

Approximately 575,000 In one zone was at risk before spraying began in
4

1957 . By 1964, three-fourths of the population In tha area was protected



FIGURE 1
MAJOR MALARIA ERADICATION PROGRAM ACTIVITIES
ETHIOPIA, 1969 155
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E Geographical reconnaissance

VA DDT house-spraying

@ DDT house-spraying plus surveillance

Program not active

" Reference: Malaria Program 1970 Annual Report. Center for Disease
Control, Public Health Service, Atlanta, Geogria. N
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The pre-spraying overall parasite rate was 12.3 percent in October 1956
and after spraying was reduced to 0.44 percenf by September 1959. Simllar
results were also observed In sprayed and unsprayed areas of other sectors
(Table 1).

Desplite effective control In some areas, the parasite rate In some
sectors began to increase in the fall of 19655. In one sector the para-
site rate was 0.5 percent in April 1964 and had increased to 10-16% between
September 1964 and March 1965. Similar lncrgases were noted In three other
sectors. In 1969, due to personnel, administrative and financial problems,
survel{iance achQlfles were not possible and rephasing of the program was
recommended.GlT was suggested that: 1) the malaria eradication activities
be changed to control actlivities, 2) spraying be continued In areas A and
B and 3) acflvlfles ln.area c be‘pos‘rponed.7

Some of The reasons glven for an unsuccessful malarla eradication
program even though fhe governmenf fully supponfed the project were:

1. Lack of adequafe financlal supporf.'

f&;-lLaék of co-ordlInatlon between technical advlsors.

'f f]nfufflclenf number of tralned personnel.
. 4. Unavallablllfy of transportation.
‘i5’ Local cusfoms of sleeplng ouf of doors.
References.

l.. Chen, S.F., O'connor, C.T., and Pletsch, D.J., Report of tield visit
to Adl Ugrl Sector, Asmara Zone, Aprll 6-9 1965.

2. Jollvet, P.H.A., Observations on the Ethlopian Anopneies mosquito and
thelr susceptibiiity to Insecticides. (Report in AID files).

3. WHO/MAL/66.554.

4. Pletsch, D.J., Report on trip To Gonder, Azezo, Addis Zemen, Bakar Dar.
December 27-31, 1964.




157

TABLE 1
PARASITOLOGICAL DATA
1963
b Sector SPRAYED AREAS UNSPRAYED AREAS !
or No. No. Nu, . ’ :
Station Smears Po:i.lives 7% Smears  |. Poljifives 7 |
Addis Zemen " 9,860 26 026 || 487 11 241 |
 Alamata 7,131 82 1.15 140 2 143
' Awedh o 74 7.84 130 11 797
‘Azezo 20275 10 0.0.5 2,304 0 0
Bahar Dar 6,434 18 0.28 - - -
.Comboloha 13,736 il 0.69 2,174 12 0.55
Debre Zeit 11,067 51 0.37 48 0 0
Delghi. 8,001 12 0.15 216 3 1.39
Gambella 4,359 362 8.30 556 138 24.22
Jimma 818 6 0.73 592 1 0.17
Massawa 6,097 89 146 2,337 142 6.08
Nazareth 17,734 279 157 333 61 18.32
Robi 7,808 © 52 0.66 5,827 29 0.50
‘Woldia : —_ — —
Adamitulu 6,996 380 543
Adi-Ugri 22,247 1,227 5.51
Adua;: 8,302 380 4.58
Agordat 6,128 130 2.12
Anba Minch — —_ -
Awasez 5,973 580 9.71
Bareritu 6,372 412 6.46
Bedes:a 3,940 212 5.38
Dangila 2,894 84 2.90
Dire Dawa 1,142 9 8.67
Deder 3,438 10 0,‘29
Endaselassie 4,866 218 4.48
. Eritrea 334 3 090
| Gojjum 2,205 9 041
' Harar 6,603 : 002 °
Maji - —_ -
Mekalle 6,961 230 3.30
| Mieso v : 621 v 113
Muger (Mulo) —_ — —_ — —_ _
Nekemte (east) —_ — —_— 1,337 17 1.27
Temben - —_ — 4,534 425 9.37
Tesseney — —_ —_ 6,614 209 3.16
% Total 175,739 1,179 0.67 116,630 5,043 432.
Total No. Smears — 231,477
Trotal No. positives — 6221
Ref: Malaria Eradication Service Bulletiqzs‘__
Vol. 3. Min. of Health, Ethiopia. April-June, 1964,
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5.

6-

Pietsch, D.J., Summary Report - Trip to Dese Zone concerning reported
malaria epidemic. October 18-22, 1965.

Report of an Indepentent Malaria Review Team in Ethiopia. May 24 -

June 2, 1972.

Malaria Program. 1970 Annua! Report. Center for Disease Control.

U.S. Department of health, Education, and Welfare. Public Heaith
Service, Health Services and Mental Health Administration, Atlanta,

Georgila.
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REPUBLIC OF KENYA

3
Geography and Climate

Kenya 1ies astride the equator on the east coast of Africa with Its
northernmost and southernmost points aboui equidistant - somewhat over
4° north and south - from that imaginary line. The total area of 224,960
square miles Includes almost 5,200 square miles of water, contained mainly
In Lake Rudo!f, known in Kenya as Lake Turkana (2,473 sguare miles), and
the ocuntry's portion of Lake Vlcforla,rknown in Kenya as Victoria Nyanza
(1,461 square mlles).

Kenya has boundaries wlfh flve ofheq countries: to the east and north
are Somalla and Ethiopia; on The norfhwesf lles Sudan; Uganda Is dlrectly to
the west and Tanzania Is to fhe souTh. ~,:

Gecographicaliy the counfry may be convenlenfly divided into seven

major regions. The Coastal Rngon, exTeanng some 250 miles from the

Tanzanian border in fhe'éoufh to the Somalia border in the north, exhibits
sohewhaf different features in Its southern and northern parts.

The Coastal Hinterland, forming the southern part of this region, Is a

relatively featureiess erosional piain broken only in a few places by small,
somewhat higher hili groups. The Tana Plains section of the reglon Is mainiy
a depositional plain - equally featureiess and deficient in rainfail - ex~
tending northward from the upper part of the Coastal Reglon to the northern
plainiands.

The Eastern Plateau Region consists of a belt of plains extending north

and south to the east of the Kenya Highlands. Elevations run mainly between
1,000 and 3,000 feet (notable exceptions are the Chyulu Range and the Taita

Hills, which rise to over 7,000 feet). The vast Northern Plainiands Region
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stretches from the Uganda border on the west to Somaiia in the east. it
consists of a series of %rld plains of differing origins--chiefly erosional
or are formed by great outpourings of lava~-and includes within its {imits
Lake Rudolf and the Chalbi Desert.

The Kenya Highlands Reglon, a large section of which was known as the

White Highlands during the colonial period because of the concentration
of the European population there, comprises the complex of high land found
In the country's west-central part.

The great Rift Valley of eastern Africa, formed by a long series of
faulting and differential rock movements, extends In Kenya from the Lake
Rudoif area In the north generélly'sddfhﬂérd‘fhrough the Kenya Highlands
and Into Tanzanla. In +hem9fc(ﬁifyvqéytékéﬁRudolf the valiey floor is
under 1,500 feefxabove‘éggfiéVéiifgﬁ+j§66+ﬁwafd It rises steadily until
In lfS'éénfﬁa]kéécfIGBjﬁgsiﬁéﬁéﬁeéﬁaf;Léka!NéIvasha the elevation Is
close to 6,200 feé+;1 From.+hé+ polhf goufhward It drops off to about
2,000 feot at the Kenya-Tanzania border:

The Weéfefn'PlaféadS’Regléh’?brﬁsyﬁéff of the extensiva downwarped

basin In which Lake Victoria Iles. In Kenya the region consists mainly
of faulted plateaus marked by escarpments that descend in a gentie slope
from the Kenya Highiands Reglon to the shore of the lake.

Contrary to the expectation that Kenya's location on the equator and
its adjacency to the indian Ocean and Lake Victorla might resuit in a
general Iy humid tropical climate, a large part of the coUnfry's exper lences
semiarid to arid weather conditions. Most of the country has two rainy and

two dry seasons. Usually by late December the northeast trade winds flowing
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from the Arabian Peninsula (and on the west from the Sahara) bring a dry
season that lasts until about March. Ouring March convergent southeast trade
winds sweeping across a broad stretch of the Indian Ocean begin to deposit
raln over Kenya, and In April rainfall encompasses all of the country to some
degree. By July a second period of dry weather ensues - except in the western
parts of the country. Dry conditions then prevail until September or October,
when a reinstatement of the low-pressure belt over Africa and convergent trade
winds bring what are known In Kenya as the small rains. These continue Into
December, when the seasonal cycle‘sfarfs again.

Only about one-seventh of the fotal area receives with reasonable
cerfalafyﬁaqtgnnualHra]nfql[:oflfh}rfy Inchgs or more, and roughly another
one-eighth can, expect an average rainfall of between twenty and thirty Inches
per yéarffélhgfyeméjndgf,'over 70_p§rcen+ of the country, usually records
less fhannjyegfy;[nghes‘gf rg]nyanngp!jy, and a considerable part of this
area recelyes under. ten. Inches. .

’Gfééf vérlaflons In average fe&perafures exIst between dlfferent parts
of the qé;ﬁirywyjfh altitude agaln a major factor. Outward from the high-
landé, aé;?pg elevation depreases, average temperatures Increase. A zone
lmmedlafgly}grognd The,higb[;nds has mean annua! maximum temperatures
between 79°F and 84°F and minima between 57°F and 640F. Beyond this

zone fhe low plateaus of eastern Kenya and the northern plains reglster

o o o
mean annual maxIma between 86 F and 93 F and minima from 64 F to
o
over 72 F. One area to the west of Lake Rudolf and another along the
o
Somal ia border have mean maximum temperatures above 93 F; the latter
o

area has recorded an absolute maximum of 115 F. The Rift Valley exper-
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lences temperatures simllar to those in eastern Kenya. The humidity in the
semiarid to arid areas usually is between 60 and 70 percent in eariy morning.
It decreases by midafternoon to roughly 40 to 45 perceit and in some places

to as low as 30 percent.
A zone along the coast experiences not only generally high tempera-

tures but also high humidity. The hottest months are January through
o
March; at Mombasa the mean monthly temperature is about 82 F during this

time. Beginning in June and extending through August a cooler period sets
o
In when afternoon temperatures may average about 82 F and night tempera-
o
tures may drop to below 70 F. Little variation occurs, however, in the

humldify, whlch fhroughouf fhe year Is above 90 percent early in the

1

. morning and usually befween 60 and 70 percenf ln mldaffernoon.

I E ]
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l. Country: Kenya

Il. Project

Location ~ Nyanza Province

Time - 3 1/2 year study

Type - Pilot malaria eradication program
{1l. Endemicity
IV. Parasite

Primary: P. falciparum

V. Insect Vector
Primary. A. ganblae (subspecles A and B), 5__iggggig§
vi. Type of lnfervenfl |
Ineec;{e}de~ FenItrothlon (40 percent formulation) - 8 rounds of
spraying af‘3,menthk]pfervals;' |
vil. 'f'E'\}_ia”’ljua"H_en;’ |

ffThe“paraslfe7ra+e decreased to l 8% pefcenf In the treated area com-

pared To 35 6 percenf In the unfreafed area. The general mortallty rate

g uced from 23 9 To 13.5 deafhs per 1,000 people; the crude Infant

morfallfy rafe was reduced from 153 To 93 per 1,000 Infants.

Reference: "Bull. WHO ‘541 369-376, '1976; WHO Cronicle 31: 102-105, 1977.
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SOMALI DEMOCRATIC REPUBLIC

3
Geography and Climate

Situated in northeast Africa and the easternmost country of that
continent, the Somall Democratic Republic (Somalia) has a land area of
246,155 square miles, according to standard reference authorities, roughly
comparable to that of the state of Texas.

Somalia's northern limits, which face the Gulf of Aden, |ie about 12o
north of the equator. Its eastern and southern bounds face the Indian
Ocean; the southernmost polnt of the country reaches abguf 1.5 below The
equator. Landward It shans borders on the northwest with the French Ter-

ritory of Afars and |ssés;tbﬁ”the west with Ethiopia, and on the southwest

with Kenya.. -~ st

The ferréln }s‘fhfésnerali;élaf|€s|y flaf consisting of plateau
surfaces and plains excepf In fhe nsrfh\'where rugged, west-east mountain
ranges |lie at varying dlsfances from the Gulf of Aden coast. Ciimatically
the counfry is in the froplcs, and fhroughouf the year temparatures are hot,
although there are excepflohs'af higher elevations in the north.

Four seasons are observable fwo wef and two dry. These are deter-
mlned by fhe norfhsss% anﬂ soufhwesf monsoonal winds and the transitional
fulils’ befween fhem fhaf resulf in alternating periods of moisture and
: aridity.. Durlng fhe maln perlods of monsoonal airflow, winds blow parallel
to the Cbasf and deposif llffle rainfall. In the first of these periods -
from late December or eariy January untl! about March, when the northeast
monsoon Is dominant -~ hot, dry, and dusty winds are prevalent. This season,

known locally as jilal, is the harshast time of year for the nomadic groups.

Beginning in March and extending into May and sometimes June, a tran-
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sitional perlod known as gu, dUﬁing which the monsoonal winds change direc-
tion, brings the country's heaviest, though stili comparatively meager, rains.
The third and longest season, hagaa, begins in June as the southwest monsoon
becomes ascendant. By July pastures and vegetation begin to dry up, and
dust, blown by the strong winds, Is everywhere. The hagaa season continues
through August and is the hottest period of the year in the north; along the
Gul f of Aden temperatures may soar to IZOOF. Along the southwest coast,
however, cooling sea breezes from the Indian Ocean make this perliod compar-~
atively plieasant; showers also occur during this time In This coastal area.
The second wet season, called dayr by the Somali, is the shorter of the two,
but Its Intermittent rains during the lull between the southwest and north-
east monsoons = mostly In October and November - account In some areas for
about 30 percent of the annual rainfall.

Most of the country recelves less than 20 Inches annually; a large
area, encompassing the northeastern and much of the northern pars, recelves
as little as two to six Inches. Certaln higher areas in the north, however,
record over 20 Inches annually. The southwest receives an average of 13 to
20 Inches, and some coastal spots average more than 20 inches. Rainfall Is
largely fn'The form of showers or localized rains and is characterized by
an exfféme degree of variability.

Mean dally maximum temperatures range from BSOF to IOSOF, although they
are fower at the higher elevations and along the Indian Ocean coast. Mean
dally minimum temperatures usually vary from the mld-60°s to the higher 8005.

The northern part of the country has the greatest temperature extremes;
readings range from below freezing in the highlands in December to more than

o
120 F in the coastal plain skirting the Gulf of Aden in July. The region's
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relative humidity ranges from approximately 40 percent in midafternoon to
85 percent at night, varying somewhat with the season. During the colder
months at the higher elevations, from December to February, visibility

Is often restricted by fog.

The southern part of the country exhibits less extreme temperatures,
o o
ranging from about 65 F to 105 F; the hottest season is from February
o o

through April. Coastal temperatures are usually from 10 F to 15 F degrees
cooler than those iniand. There is |ittle variation in the coastal zone's

relative humidity, which usually remains above 70 percent even during

the dry seasons.
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l. Country: Somall Democratic Republlic
I1. Project
Location: Somaliland Protectorate
Population: 650,000
Time: Aprii 1958 - June 1959
Type: Malaria eradication Program (Pre-eradication operations)
-111. Endemicity: Hyperendemic
IV. Parasite

Primary: P. falciparum (responsibie for 95 percent of Infections)

Others: P. malariae; P. vivax

V. Insecf Vecfor.

Prlmary. A gamblae
vi. ‘Type of lnfervenflon»'
lmagocldlng‘ DDT (2 g/mz) or ‘Dieldrin (0.3 g/mZ).
Larvlcldlng OOT spraying of man-made reservoirs.
thmofherapy. Discretionary use - given to nomads to prevent reintro~
duction of parasite.
Vil. Evaluéflon
Resldual spraylng reduced The incidence of malaria. Transmission still
occurlng due fo fhe presense of ‘man-made reservoirs and the romadism of
populaflon ln search of grazlng areas and water for cattle. Therefore

larvlcldlng and admlnlsfraflon of antimalarlials to nomads were proposed

. In order to elimate fhese problems.

Reference: Afro Malaria Yearbook No. 1. WHO Office for Africa. AFRO/

MAL/5, September, 1959.
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|. Country: Somalia
Il. Project
Location: 448 viliages
Population: 139,859
Time: 1963-1967
Type: Malaria pre-eradication program
I1l. Endemicity
IV. Parasite
V. Insect Vector
Vli. Type of Intervention: DDT (2_g/m%)gTWICe annually
Vil. Evaluafion
The operaflon was UnsuCCeSSful'because:
I) many of fhe vlllagers refused To lef their homes be sprayed

because iza) an increase In fhe number of bed bugs and b)

flmlng unsulfable,

2) walls‘r‘pfasfered,

g3)1 nomadlsm, |

;4) lnadequafe supervlslon anrd fralned personne!,
;5) publlc resisfance and, -

‘Q)s[nadequafe;geegraphlcal‘reconnelssenee:

Reference: Garofal, V. "Malarla Pre-Eradication Programme in the
Republ Ic of Somaiia. Inter-Regional Maiaria Conference.
- 'Belrut, 27 November - 3 December, 1968. :
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REPUBLIC OF TANZANIA

3
Geography and Climate

Tanzanla stretches 740 miles north to south and about 760 miles east
to west. Its total area is 363,708 square miles, including nearly 8,000
square miles of inland water. The landscape is extremely varied, changing
from rolling savaunas and high arid plateaus to mountain ranges. it con-
tains both the highest point in Africa, Mount Kilimanjaro, and the lowest,
which Is the floor of Lake Tanganyika.

There are four major ecological regions: high plateau, mountain lands,

lakeshore region and coastal belt and islands. There are two major plateaus,

the Central Plateau and the Eastern Plateau. The Central Plateau |les be-
tween the two branches of the Rift Valiey. Its vast expanse forms a huge
uplifted basin. Elevation varies from roughly 3,000 to 5,900 feet above
sea level. The Easjerﬁ Plaféau is“In eff-2t a serles of lower plateaus
descendln§ gradﬁaily +6 the coasfal Iowfands. In the north It censists
baslcally of the Masal Steppe, an extensive semiarld plaln of more than
26,000 square miles. The steppe is almost a desert with vast areas of
dry bush and 5canf9 grass. Soufh‘ofrfhe,Uluguru Mountains the plateau
broadens to form a rough.{;léhgle,vfhe base stretching from Lake Nyasa
to the coast. The terrain lsibroken and toward the coast is characterized
by outcrops of Isolated hillbmééses rising sharply from the surrounding
land.

One of the major mountain zones includes the Usambara and Pare ranges,
-which together form a wedge-shaped mass reachlng a helght of almost 550 feet:

and the Northern Highlands, which contaln Mount KillImanjaro and Mount Meru.
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Mount Kilimanjaro rises in two peazks united by a saddle. Both peaks
receive considerable amounts of rain on the southern slopes, and tropical
rain forest condlflons.prevail between the altitudes of about 5,600 and
9,500 feet above sea level on Mount Kilimanjaro and between 4,600 and
6,000Aon Mount Meru.

The second zone stretches from the western shore of Lake Matron
southward in a series of Isolated mountains and mountain chains inter-
spersed with lakes and craters and connected with the northern part of
the eastern Rift.

The third major mountainous region includes the Southern Highlands.
They stretch from the Nguru Mountains, about halfway between Dodoma and
Dar es Salaam, and the Uluguru Mountains, farther south, to the Livingstone
Mountains, which descend sharply toward the eastern shore of Lake Nyasa.

In the lakeshore region, the Northern portion of the Centrail Plateau
slopes gently downward to form the large shallow depression containing Lake
Victoria, which lies at an elevation of about 3,7000. Vest of The'lake
are long, narrow rocky hiil ranges, which rise above flat lowiands. On
the lakeshore are large flooded inlets.

The coastal belt is narrow in tne north and south, averaging between
ten and forty miles in breadth. it is broader in the center near the
iowiands of the Rufiji River valley where it aimost reaches the Uluguru
mountain. The 500 mile coast is difficuit to approach becsuse of numerous
coral reefs and shiting sandbars at the mouths of rivers. The inland
slopes sufficientiy toward the coast to cause most rivers tc be unnavig-

able because of rapids.
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The iclands are basically coral. Zanzibar is separated from the main-
land by a channel twenty-two miles wide at its narrowest point and Is the
largest coralline island on the African coast. It is about fifty miles
long and twenty-five miles wide with a total area of 1,657 640 square miles.
Zanzibar rises from a flat eastern plain tfo a more hilly western area.

Pemba is north of Zanzibar and is smaller. It Is forty-two miles long
and fourteen miles wide wlth a total area of.380 square miles. |ts topo-
graphy varles wlth small steep hills and valleys. Mafia Is twenty-seven

mlles long and more than nine mlles wide and is low Isiand situated about

_hal fway down the coast south of Tanzahla;z

-The climate Is basically determined:by the country's position just
soufh of the equator and‘by the airstreams coming from the Indian Ocean
and southern Asia. Excebf»for ralnfall there:ls:|ittle seasonal variation.
The: rainy season varies. In-'general rains may.begin as eariy as October
or November In the southern.part of the country and:end in March. In .
the north, however, the heavy ralns begin in March and end In May or June.
Thgre Is also a good deal of local ‘varlation, .and.a few places, especially
In the northern highlands, may sometimes benefit from.a short rainy period
in November or December .

Two major elements, rainfafl and temperature, produce what is
essentially a tropical equatorial climate. Temperatures are modified,
however, by the altitude, resulting in a somewhat cooler climate in the
higher regions, where mean daiiy maxima range between 72°F and 90°F.

Altitude also plays a large role in determining rainfall patterns, with

the higher elevations receiving more precipitation. Generally, the total
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amount of rainfall Is not very great. Only about half of the country
recelves more than thirty inches annually. There are, however, great
varlations, from more than 100 inches annually just northwest of Lake
Nyasa To less than twenty Inches In parts c¢f the hot and dry Central
Plateau and the Masal Steppe.

On the coast, Including The area of the Rufiji Basin, which extends
Inland for more than sixty miles, a warm and humld climate prevalls.
The offshore islands have a more Troplcal»climafe, wlith higher average

temperatures and mofe»preclplTaTlon than the coast.



I. Country: Tanganylka and Kenya

1. Project

Location: Pare District of Tanganylka and Taveta - sub-district
In Kenya (94,000 people); lowlands In Jushoto District

Population: 110,000
Time: September 1954 - December 1959
Type: Pilot malaria eradication project

i1, Endemicity: Hyper- to holo- endemic

IV. Parasite .

Primary: P. falclparum

Secondary: P. malariae (predominantly In chlldren)

Others: P. vivax, P. ovale

V. Insect Vector

1Prlmary: A. gamblae; A. funeéfus
Vi. Type of Intervention | ; v
‘lnsecflclde: Dleldrin (1 g/m?‘lnlflally and 0.4 g/m2 afterwards).
Vil. Evaluation
' Affer spraying, A. funestus disappeared and A. gamblae was reduced by
90 pércenf. Adult spleen and parasite rates were reduced by 25 percent;
more dfamaflc results were obtained in Infants and young chiidren. After

. three years of spraying, the crude death rate dropped from 23.5 percent

In the ‘first yéar to 14 percent In the third year.

Reference: Afro Malaria Yearbook No. 1. WHO Reglonal Office for Africa.
AFRO/MAL/5, Sep*ember 1959.
Malaria Yearbook No. 2. Who Reglonal Offlce for Africa.
AFRO/MAL/7, Dec. 1960. »
WHO/ECSS/WP/21, December 13, 1974.
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Country: Tanganyika

Project Location: Morogoro

Population: 120 scheol chlldren

Type: Therapeutic trial

Endemicity

Parasite (al! four species of Plasmodium)

Insect Vector
Type of Intervention

Chemotherapy: Chloroquine silicate - single dose.
Evaluation

The purpose of this trial was to evaluate the effectiveness of chloro-

quline sllIcafewyhlcnggp]Ike;¢hloroqulne diphosphate does not have a bitter

Tasfevapdbdogs pgt 1 qughypmljpng,y_This formulation was found to be as

effepflygngsgéﬁjpgqgg!Qe;gypbg§phgtgkln c|earIng the parasite infection.

Refeféhéé?fﬁéﬁi]fgWﬂbff

3o

306 135136, 1464,
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l. Country: Tanzanla
Il. Project
Location: Arusha region
Type: Pilot project
I11. Endemicity
IV. Parasite
V. Insect Vector
Vi. Type of Intervention: Medicated salt
Vit. Evaluaflon
The paraslfe rafe In Infants was 23 percent before the introduction
of The medlcafed éalf and was 4 percent flfty-three months after its
lnfroducflon Info fhe communlfy. ‘Some of the problems associated with
this’ mefhod were Ieachlng of anflmalarlal compounds due to mo.sture
and accepfance by fhe vlllages who were ‘used fo uslnq course grain salt

lnsfead of flne graln salf.,‘

Reference: Bull. WHO. . 35: 962-968. 1966.
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I. Country: Tanzania. B
It. Project
Location: Dar-Es-Salaam
Population: Entire populaflon'
Time: 1954 to 1971
Type: Malaria Control
I1l. Endemlicity
IV. Parasite:
Y. Insect Vector
Vi. Type of Intervention
lnseefjcide;iiDief&rlhe(SO?mg/f*;)'once a, year preceding the long rains.
VIl Bvalwath I
In The TreaTed areas, *he number of female A. gambiae per room was
reduced from 0 75 To 0.028 between 1954 and 1971. In the untreated area
the number of A. gamblae was reduced from 22 per room In 1955 fo 2 per room
in 1971. Durlng the rainy season, the number of A. gamblae Increased whereas
A. funesfus did not exhibit a seasonal lncrease in numbers.
Whereas the malarla vecfors decllned In control townships and untreated

viclnl?les, the populaflon of Culex lncreased In coastal and lake shore areas.

Reference: WHO/VBC/73.440;.WHO/VBC/73,439.
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I. Country: Zanzibar Protectorate
1. Project
Location: Zanzibar and Pemba
Population: 299,100
Time: June 1957 to June 1960
Type: Pilot malaria eradication program
I11. Endemicity: Hyperendemic
IV. Parasite

Primary: P. falciparum (responsible for 84 percent of infections)

Secondary: Mixed Infections

Others: P. vivax, P. malariae

V, Insect Vector
‘ ,Eflmary; A. gambiae (resistance to Dieldrin observed In later studies);

A. funestus

SeCOhdary: A. rivulorum, A. gambiae (salt water sub-species which Is

exophllic and zoophilic).
vi. TYpégéf‘lnTervenflon
Insectlcide: Dieldrin (o.q,g/mz) applied annually
| Chemofherapy; Chloroquine (6001hg) and pyrimethamine (49.5 mg) Issued
‘monthly for ;ik months.
Vil. Evaluation
In Zanzibar, the houses were sprayed; In Pemba, residual spraying and
mass drug administration were used as methods of intervention.
In Zanzibar, the Infant parasite rates were reduced from 25 psrcent to

0 percent. After the second year, tThe parasite rate was 0.5 percent in those

Infants who had not left the island. In older children the parasite rates
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were stiil high.

In Pemba, the parasite rate in infants was 65 percent before spraying

and after two cycles of spraying was reduced to 0.8 percent. The uncon-~

trolled distribution of the drugs was unsatisfactory and did not signifi-

cantly reduce the rate of malaria ftransmission.

Some of the problems assocliated with the inability to interrupt

transmission were:

1.

Many migrant laborers who come from the mainland of East Africa to
assist In clove harvesting are carriers of the parasite.
The helght of some of the hut ceillings were 20 feet and were in-

accessible for spraying.

" Many of the villagers sleep out of doors.

Dieldrin resistance was observed during the course of the eradication

program.

Refereh¢§:7'AfFo Malaria Yearbook No. 1. WHQ Reglonal Office for Africa.

AFRO/MAL/5, Sept. 1959. Maiaria Yearbook No. 2. Who Reglonal
" Office for Africa. AFRO/MAL/7, December 1960.
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l. Country: Zanzibar
lt. Project
Population: 124,065 (represented 83.5 percent of the total population)
Time: 1968
Type: Malarla eradication program
I11. Endemlcity
IV. Parasite

Primary: P. falclparum

V. Insect Vecfor
Vi. Type of lnfervenfion
lnsecflclde° DDT sp#aylng once In February - March, 1968 (98 percent
- ferage) before mass drug administration.

/4
e

Chemofherapy. Chloroquine (150 mq) or camoprima (150 mg camoquin and

| 15 mg prlmaqulne) at two monthly intervals.
VIl. Evaluation

‘ Mass drug admlnlsfraf[on was. nof effecflve in interrupting malaria

fransmlsslon. Before mass'drug admlnlsfraflon -the crude parasite rate

was 3.6 percenf comDared wlfh 5 4" percenf affer mass drug adminlstration.

Reference: East Afr. Med. J. 51(7): 529-531. 1974
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UGANDA

3
Geography and Climate

Situated astride the equator, Uganda is a landlocked country bordered
by Sudan to *he north, Kenya to the east, Tanzania and Rwanda to the south,
and Congo (Kinshasa) to the west. The total area Is 91,076 square mlles,
Including 16,364 square mliles of open water or swamp.

The country is predominantly a plateau 3,000 to 5,000 feet above sea
level. The maln mountain masses and other relief features are located on
the borders. On the west are the western rift valley, the Ruwenzori Moun-
tains, or MounfaJns of the Moon as they are often called, and the Mufumtiro
vol canoes.

Lake‘VIcde]:“ifﬁludes much of*fhe Qoufhern boundary, and the eastern

boundary Is mosfly demarcafedfby hlghlandﬁr which are dominated by volcanic
Mount Elgon. The Iowes+ alflfude Is 2 ,000 feet In the valley of the Albert
Nile near Nlmule on the Sudan border; the highest Is the 16,763 feet of
Margher |ta Peak, the summit of fhe Ruwenzori Range. Despite this large
range of alflfude, mos+ of the country is a fairly regular plateau.
Twenfy-fwo percen+ of the land gets less than 30 Inches of rainfall
a year. Sevenfy-fwo percent of the counTry obtains between 30-50 inches
of raln per year and 6 percen+ over 50 Inches. Thus, whereas rainfall
ranges;from an annual minimum of about 15 inches in the extreme northeast
to oQér 80 inches on the Sese Islands, most of the country can rely on 30
inches or more in an average year.
Seasonal variations In climate allow the country to be divided roughly
In haif. The southern section has two rainy seasons with two clear peaks,

one in April and May and the other in October and November; two dry spelis
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of comparatively short duration occur In June and July, and In December
and January, though the dry perlods are broken by occasional thunderstorms,
especially near Lake Victoria. In the northern .parts of the country,

lying closer to Thellimlfs of the “ropical wind zone, the two rainfall
peaks merge into one long rainy season from April to October without a
marked dry spell. The dry season from November to March is both more
prolonged and severe than eithar of the two short dry seasons of the

south.
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I. Country: Uganda
t. Project
“Location: Northern Kigezl
Pppulaflon: 120,000
Time: 1959-1960
Type: Pllot malarlia eradication program
I11. Endemicity:  Hyperendemic
V. Parasite

Primary: P. faiciparum (responsible for 80 percent of Infections)

Secondary: P. malarlae (responsible for 20 percent of Infections)
Other: P. vivax
V. -Insect Vector
Primary: A. gamblae (below 4,500 feet contour); A. funestus (above
- 5,000 feet contour) -
Vi. Tyﬁe of Intervention
Insecticlide: DDT (2 g/mz); houses sprayed three times annually In
hyperendemic areas and twlce annually In mesoendemic
afeas.
Chemotherapy: Chloroquine (200 mg) and pyrimethamine (16.5 mg)
| administered In one tabliet (about 80 percent coverage).
Vii. Evaluation
Affer 12 months of Interventlon, the parasite rate was reduced from
23 percent to 0.5 percent In hyperendemic areas and from i2.5% to 0% !n
mesoendemlc area. |
Reference: Afro Malaria Yearbook No. 1, WHO Reglonal Office for Africa.

AFRO/MAL/5, Sept. 1959. Malaria Yearbook No. 2, WHO Reglionat
Office for Africa, AFRO/MAL/7, December 1960.




l. Couqfry: Uganda
Il. Project - -
Locaticn:” Northern Kigezi
Population: 40,562
'Ilme: One year
Type: Pilot malaria eradication project
I1l. Endemicity: Hyperendemic and mesoendemic
IV. Parasite
V. Insect Vector

Primary: A. gambiae
VI. Type of Intervention
lnsecflclde: DDT (2 g/mz); mesoendemic areas sprayed twice a year;
Ahyperendemic areas sprayed three times a year.
» Chemofherapy: Mass drug administration at time of spraying; chloro-
| quine (200 mg) and pyrimethamine (16.5 mg).
Vit. Evéluaflon
The spleen rates were reduced from 39 percent to 10 percent and the

parasite rates were reduced from 16 percent to 0.3 percent after 10-12

months of DDT protection.

Reference: East/Afri:Med.'Ji -38(1)-1-26. 1961..
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I. Country: Ugande
Il. Project
location: Namulonge
Population: 36 children during first 3 years of life
Type: Pllot malaria eradicatlion program
i11. Endemicity
V. Parasite
V. Insect Vector
Vi. Type of Intervention
Chioroquine (450 mq dose) and pyrimethamine (25 mg dose) adjusted for body
weight and given once a month after first malaria attack for up to three years.
/11. Evaluation
Children we-e seen at the clinic once a month or whenever they were
Ili. All febrile cases were treated for malaria and were then given chemo-
prophylatic once a month thereafter. Thirty-six episodes of malaria occurred
In 21 children; all but two occurred two weeks after chemotherapy. Monthly

administration of drugs was not sufficient to prevent maleria.

Reference: Trans. R. Soc. Trop. Med. Hyg. 69(2): 261-262. 1975.
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REPUBLIC OF BURUNDI
3
Geography and Climate

Burundi is a landlocked nation covering 10,746 square miles, located
between 2 !/4° and 4 l/2° south of the equator in east-central Africa,

700 miles from the Indian Ocean. It lies ba'rween‘29° and 3!0 east,
borde}ing Rwanda to the north, Tanzania to the east and south, and the
Republic of the Congo (Kinshasa) to the west.

The geologic base of the country is an irregularly shaped area of the
Great East African Plateau. Much of the countryside is covered by savanna
grasslands and small farms extending over roliing hills, but there are also
areas of both swamps and mountains. Most of the land Is at least 3,000
feet above sea level; much of the central piateau has an average altitude
of 5,000 to.6,500 feet, and the average for the entire country is about
5,300 feet. The heaviest conceéntrations of people are located in the

.central uplands, which are from 5,000 to 7,5000 feet in elevation.

Daliy,#emperafures in this tropical highland climate vary with ele-
vaflongjwhlch-ls the dominant temperature factor. The only land below
3,000 féef Is a nafrow plains area along the Rusizi River, which is at
2,600 feet above sea level and forms the western boundary north of Lake
Tanganylka. The temperature In this region may reach a maximum of 93°
F.; the average is about 730F. The eastern border areas, generally below
5,000 feet, are also warmer than the heavily populated central piateaus,
which averages 65°F to 67°F. In the mountainous areas, temperatures

o o

fluctuate between 57 F and 68 F during the day and may drop 20 degrees or

more at night. Abcve 5,000-foot elevation In the central plateaus and
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hlghlands{ where most of the population is concentrated, the climate Is
rarely hoflénough to be uncomfortable to hﬁﬁéas, despite a location within
5 Oof the equator.

Total rainfall veries greatly between one |ocale and another and from
year to year. The countrywide average is between 40 and 60 inches per year.
Rainstorms at the higher elevations are usually longer but of 1ighter
intensity than at the lower levels.

Although some rain falls during each month, June, July, and August are
considered dry months, as the average during each of these months Is tess
than one-half inch. From September unti| November or December, rainfall
increases to about 6 Iinches per month then drops slightly during January
and February. There is an increase to 7 or 8 inches per month during

March and April, a sharp reduction to about 4 inches in May, followed

by the three almost rainless months of June through Auqust.
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REPUBLIC OF DJIBOUTI

4
Geography and C!Imatég

The Repubiic of Djibouti is located In northeast Africa and is
bounded by the Gulf of Aden, the Shmall Democratic Republic, and Ethiopia.
The Repubiic has three principal gecgraphic regions: the coastal

plain, less than 650 feet above sea leval; the mountains, about 3,280

- feet above sea level, with occasional peaks rising to 5,000 feet and the
plateau behind the mountains, rising from 1,000 to 5,000 feet. The land
is bare, dry, and desolate and is marked by sharp cliffs, deep ravines,
burning sands, and thorny shrubs.

The ciimate is torrid, and the rainfall is sparse and erratic. From
May to chobgr, when the monsoon biows from the northeast, temperatures

(RN : Co o
average 92uF, aithough readings have been made as high as 113 F.

Potential Malaria Situation In DJlboutl

Between 1973 and 1976, 191 autochthonous cases of malaria due to

P.’falclparum weré reported among the iocal popuiation of French Afars and

'Lasas Terrlfory. Thelr monthiy distribution and geographic repartition

fWere §Iudied, Jointly with fhevdlsfrlbuflon of A. gambiae, which had been
ifééénfly éollecfed in the Téfrlfofy. This study showed a slgnlflcaﬁf
correlation between the presence of A. gambiae and the observed malaria

casés which did not come from neighboring countries. The development of a
smal | disseminated focl Is expected, resulting from the simultaneous intro-
duction of both the parasite and its anopheline vector. This brings about

a new epidemioiogical situation for the Territory.

Referencs: Carteron, B., Morvan, D. and Rodhain, L. Le probleme de I'endemie

paiustre dans la Repubilaue de Djibouti: Med. Trop. 1978. vol 38,
no. 3, 299-304. .
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'REPUBLIC OF RWANDA

3
Geography and Climate

The country is landlocked, covering 10, 1%? square mlles, logq%ed south
of the Equator in east-central Africa, 700 milee from the Indlan Océén.

It borders Uganda to the north, Tanzania to the east, Burundi (p;eYiously
calied Urundl) to the south, and the Demozratic Rg$hbllé of the Coﬁgo
and Lake Kivu to the west.

The geologlc basp lg'an frregularly shaped area of the Great East
‘African P(aféau. Aﬁdék Qf‘fﬁe countryside Is covered by grassiands and smatl
farms exfendiﬂq’ovéffFoflihé hills, but there are also areas of swamps and
rugged mountalins, lncludlng volcanlc peaks north of Lake Klvu, In the north-
west border area.’ The dlvlde befween two of Afrlica's great watersheds, the
Congo and Nile Baélns exfends from norfh to south through western Rwanda
at an average elevaflon of almost 9 000 feet. On the western slopes of

this Congo-Nlle rldgellne, the Iand slopes abruptly toward Lake Klvu In the

Great leT Valley on The wesfern}border of the country. The eastern slopes

are more moderate, with roll'nq;hlf{s extending across the central upiands,
at gradual ly reduced alflfudes, “to the plains, swamps, and lakos of the
eastern border reglon.

Except “or the eastern and western border areas, high altitudes are
common. Most of the land Is at least 3,000 feet above sea level; much of
the central plateau has an average altltude of 4,700 feet, and the average
for the entlire country Is about 5,200 feet. The heavlest concentratlons of
people are located in these central uplands, in the 5,000~ to 7,500-foot~

altitude levels.
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Altitude, averaging 5,600 feet in the central plateau uplands, accounts
Yy )

%6r\é relaflvefy pleasant Troblcal highland climata, with daify Temperafure :
ranges of as much\as 25 degrees, despife the' nafion's proxlmify to Th@
Equafor. Kigali, Cenfrally locafgftanuoaf\an avera?e elevafion ‘Hqs én
average. temperature of approxlma ly".66 F‘from March through July an during

\
November and December, with slightly higher averages at other times. Anrual

rainfall in this area Is about 40 inches, slightly below Thaf of\fhe hlghex
plateaus. Eastward, temperatures Increase, and rainfall decreases, becoming
sporadic and less dependable in the lowar elevations. Daytime temperatures
rise to 90°F and stightly above. Westward and upward from the densely
populated cenfr%l pafeau farmlands, the Congo-Nile Crest area is much
cooler.valghTflme fenperafures above the 9,000-foot level may drop beiow
freezlng, and annual rainfal | may be as much as 70 inches.
Alfhoughinqrmallyvno month of the year is completely dry, there are
fwo.ye+ and two Eelaflvely dry seasons annually. In terms of Its Importance
to fﬁé subsistence farmer, the climatic year begins with & short dry season,
lasffnngthugh January and February, followed by the long rainy season
from March to May. June Thro&gh September are relatively dry months, and
ralnfa!l increases agaln during the last quarter of the year. Heavy down-

pours are common during this wet seasor, Interspersed with periods of

bright sunshine.
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REPUBLIC OF THE SUDAN

|
Geography and Climate

With an area of 967,000 square miles the Republic of Sudan is The .
largest state in Africa. |In longitude, it is located beTwean 22°E and 39°E
and'ln Iaflfude it stretches through about 180 " from 4°N thus Including

%Thlq ITs territory a series of zones transitional: from sub-equaforlaﬂ
‘M:b;q;ﬁ in the south to arid deserT/ln the norTA. lfﬁdné}qhbours are The\
UF.i;% A{\b Republic and Libya on T?e north, th{o;{“ XT Tq? east, Kenya,
Ugéhda gnd \alre on the south, and’ ¢§3 CenTral k%r}ch;§?§%uf!c uné Chad

on %he weof. It has a coasfllne of about 450 m;xgs oﬁ the Red Sea.“

Sudan occuples one of The vasf basins of norfheasf Afrlca, its surface
belng Iargely plalns land sloplng gneral ly downwards from south to north
“and. Towafds The I!ne of the rlver Nlle which traverses the country from
TheAsouTher;’bérder wlfh UqaLﬁa to fée northern border with the United
Arab Republlc. )é very large proporTIon of the surface is no more Than
1640 feet In hel‘hf ‘though the area below 660 feef is very limited lndeed

A .
‘ occurrlng only on *he narrow coasflands of the Red Sea and in a sfrlp

, ey
borderlng fhe Nllé for some 155 mlles upstream from the Egyptian border.
Whlle fhe plalns are over iooked by the great heights of the Abyssinian
piateau on the soufh,\The mounfalns w!?hln Sudan are few and highly local-
Ized. They comprl#élqge Jebel Marra close to the western border In Darfur

: provlnce, reachlng 10,000 feef the Nuba mountains in Kordofan provlnce,

© reaching Just over 5,000 feet; Jebel Imatong, on the edge of the Lake

l plateau of Uganda, generally over 8,000 feet and culminating in mount

- Kinyetl at 10,500 feet and the Red Sea hill ranges, which are dliscontinuous
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but reach over 6,600 feet In isolated peaks.
Elsewhera snaller ranges of hills and inselbergs diversify the level or gently
undulating surface.

The climate of the northern zone is characterized by the prevalling
northerly winds and very low and unreliable rainfall. From Merowe northwards
the average annual rainfal! Is less than one Inch and is limited to August.
Relative humidity is very low. From May to September day temperatures are
very high. Winters are miid and dry though liable to have days with
temperatures lower than average caused by cold air flooding south from
winter depressions over eastern Europe. Both annual and diurnal temperature
ranges‘are high. Thefe Is a rapld fransition from the Saharan c¢conditions
of this zone fo the Sudan type of ciimate in the centrai zone, though the
changes are less noticeabie within The;Nlle valley than on the surrounding
plains.

The centrai zone has monsoonal éondlfions. The ruiny season lasts
from April to October In the sbufh and becomes progressiveiy shorter
northwards, occurring only In July and August at Merowe. Annual rainfall
amounts range from 31 inches In the south to one Inch in the north, where they
become rather unreilable from year to year. Areas of more prominent
rellef, such as Jebel Marra and the Nuba mountains, receive rather more
raln than fhe surrounding pliains. Highest temperatures occur in May and
June and lowest temperatures In January; the annual temperature range Is
49°F-57°F, lowest In the south.

vThe southern zone has a more equabie equatorial type of ciimate, with

an elght-month rainy perlod and annual rainfail amounts of 31-55 inches.
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WiTh the high August rainfalls, the summer tempera*ures are modified. The
annual temperature range Is only 5~70F, and maximum monthly mean tempera-
tures occur in March or April. FKRelative humidity is high except from
January to March.

The Red Sea Coast has different climatic conditions, Influenced by

The adjacent sea. MNortherly winds are predominant. Rain is partly

convectional, partly orographic is most likely to come in winter.

Additional Notes:

Plasmodium falciparum is the predominant causative species of malaria

in the northern and southern parts of sudan. P. ovale was extremely rare
in southern Sudan and absent in the north. During the fransmission season
62’percenT of the populace in one village was positive for malaria. A
trial of mass chemotherapy resulted in a marked decline in prevalance

after one year. (Am. J. Trop. Med. Hyg. 27(5): 858-863. 1978.)
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l. Country: Sudan

. Project
Location: Gezlra
Popuiation: 1,500,000 people in 2,200 Iogaflons
Time: January, 1975 to August, 1977

1. Endemliclty

V. Parasite

V. Insect Vector
Primary: A. gamblae (Reslstant to DDT)

Vi. Type of Intervention
insecticide: Malathion (OMS 1) spraying (29/m2) once a year for

3 years; 80-90 percent coverage.
Chemotherapy: radical cure of microscopically dlagnosed cases; all
seasonal Immigrants recelved chemotherapy.
Source reduction of breeding places
Use of gambusia fish
larviciding with Abate during the dry season
Vil. Evaluation: ’
The pagaslfe rafé Qas reduced slgnlflcanfly from 19.7 percent In

January 1975 to 0.1 percent In August 1977.

Reference: EI Gaddal, A.A. A Brlef'Revléw of Maiarla Contruol In the Sudan’
(Unpublished resuits).
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’ 206
MALAGASY REPUBLIC :

, 3
Geography and Climate

'The Malagasy Republic ccnsists of all of Madagascar - the fourth
largest Island in fhé’world - and a number of small coastal reefs and
Islands, or which only about five have more than a handful of Inhabltants.
Lying in the Indian Ocean astride the 47th meridian some 250 miles east
of southern Africa, the main island is about 1,000 miles long and averages
350 miles in width.

All of the republic has a basically tropical marine cilimate, but the
landmass of the island, particularly the eastern mountains, contributes to
the creation of Iimportant reglonal differneces. A detailed analysis reflects
five climatic regions. This breakdown Includes the humid eastern belt; the

~wet extreme north, which Is partially Isolated from both east and west by
mountains; the Central Highlands with a relatively pteasant tropical, high~
aififude climate; the mid-level and lower western siopes shading Into the
broad west-coast plain, well-watered during the summer rainy season but dry
for nearty half the year; and the south ana southwest, a semldesert area.

The varlé?lons in temperature and rainfall-are shown below for three
é!fles}' Th§ méaﬁ femperafures In the city of Tananarive (altitude, 4,500
féef).aréfaboufi7OOF trom December through March and about 600F from June
through September (see table 1). This contrasts with Tamatave, the port city
dhly‘l50'mlles to the northeast, where humidity is hich and mean temperatures
are usually about IOOF warmer (about BOOF during the warmest months and 70°F
during the local winter). Majunga, a city on the northwest coast, has a

quite different rainfail pattern but Is neariy as warm and humid @s Tamatave.

Tulear, on the edge of the southern and southwestern semidesert region,



Table 1. Mean Temperaiurs and Rainfall at Selected

Stations, Malagasy Republe, 19687
Tamatave Tanauarive Tulear
ne Rainfatl ™ infall T ! infali
Tem‘olg:lure (inc';.e.s) Tcmgeg ~ (inah::?rels) -(m(::rF: e R:ctl'\es)
January .......... 80 144 70 11.8 82 3.1
February ...... .. 80 148 69 110 80 3.2
Mar_ch ........... 79 17.8 69 7.0 79 14
April ............ i 15.7 67 2.1 76 0.3
May ............. k(! 10.4 63 0.7 72 0.7
June ............. 7 11.1 60 0.3 71 0.4
July ..., 70 11.9 59 03 69 0.1
August .......... 70 8.0 5t 0.4 69 0.2
September ....... (3 5.2 62 0.7 72 0.3
October .......... 74 39 67 2.4 75 0.7
November ........ 7 46 68 5.3 78 1.4
December ........ 79 10.3 70 11.3 81 1.7
Annual ........... 15 128.2 65 53.4 75 13.5
Altitude (in feet) 20 4,500 20

Source: Adapted from Alan B. Mountjoy and Clifford Embleton, Africa: A
New Geographical Survey, New York, 1967,
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records temperatures similar to those in other towns on both coasts but

has, along with its lower annual rainfall, a lower average humidity.
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i. Counfry::‘Malagaay Républic o
Il. Project Location: Coastal areas
Type: Planning of malaria efadicaflon projects for coésfal area.
1. Endemici¥;

IV. Parasiie

Primary: P. falciparum (responsible for 99 percent of Infections)

Others: P. vivax; P. malariae

V. Insect Vector

Primary: A. gambiae; A. funestus

Other: A. paulloni; A. mascarensis: A. coustani; A. marshalli

Vi. Type of intervention
Insecticlide: ODT and NDieldrin
Vii. Evaluation

A. gambiae and A. funestus were highly susceptibie to DDT (LD was
50
0.4%) and Dieldrin (LD was 0.1%). Spraying and mass drug administration
50
successfuily Interrupted the transmission of malaria in the central plateau.

Reference: Afro Malaria Yearbook No. 1, WHC Reglonal Office for Africa.

AFRO/MAL/5, Sept. 1959. Malaria Yearbook No. 2, WHO Reglonal

Office for Af-ica. AFRO/MAL/7, Dec. 1960.
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MAURITIUS

Geography and Climate

Mauritius is an Island about 500 miles east of Madagascar in:the
Indian Ocean. Its dependencies are Rodrigues Isiand (40 square miles,
27,000‘people, the Agalega Islands, and Cargados Carajos Shoals (27 square
miles, 380 people).

Mauritius Is volcanic in origin and almost entirely surrounded by
coral reefs. The land rises from the coast to a central piateau which
varles in altitude from 900 to 2,400 feet above sea level. The plateau is
encircled by mountains which may have formed the rim of an ancient volcano.

The climate of Mauritius is conditioned by southeast trade winds.
Tropical .conditions prevall In the lowlands. The hot season is from December
to Aprli‘ the cool season from June to September. The island Is humid
Throughouf The year, wlfh annual rainfall In some areas as high as 200
lnches. Mean Temperafures vary from 74°F at sea level to 67°F on the high
plateau.

. The eradlcaflon offmalarla durlng World War [l led to a population

exploslon on Maurlflus,‘énd populaflon density Is now among the highest

In the yorld. Overpopulafion and unemployment are the country's most
lhporfan+ socloeconqmlc,probiems. Government efforts to curb population
growTﬁ have beenvfalfly successful, although the birth rate Is still ex-
pecfed To increaso sllghtly In the coming years as the percentage of people’

of.chlld-bear {ng age Increases.
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Country: Mauritius

Project

Populafion: 400,00C is pop. of malarious areas

Time: 1949-1959

Type: Malaria eradication program

Endemicity: High in areas under 600 feet, low In other areas.
Parasite

Primary: P. falclparum (west and northwest); P. vivax

Others: P. malarie, mixed (no sporozoites found In any of speclies)
Insect Vector

Primary: A. gambiae

Secopndary: A. maculipalpls; A. cousTanl (resistant to DDT)

Type of Intervention

" ‘Insecticide: DDT spraying

' Evaluation -

7C§ﬁh+ﬁf;w§sf[n;théfSdrvelllance phase of malaria eradication scheme.

A e B e Y T s
The”nesIdualefrag§ﬁls§lopfof;malarla was due to population movements, local

custom”’of washin

Ina_EjsépTﬁéffhé walis Immediately after spraying, and

BRI | ¥ .‘1,". ha ~s ik n g s R
erifodic”replastering.of walisi "
c 1 ng:ot:\ 5a7

Reference: Afro Malaria Yearbook No., 1, WHO Regional Office for Africa.

AFRO/MAL/S5, September 5, 1959. Malarla Yearbook No. 2, WHO

Reglonal Offlice for Africa. AFRO/MAL/7, December 1960.
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Mauritius

Malaria Eradication

Before 1866, malaria was unknown on the island. Immigrant |abour and

ships Intrcduced malaria sometime between 1867 and 1868 when an epidemic

caused 43,000 deaths. The history of the malaria eradication program on the

island Is:
1907

1946

1949

1958
;1966

11968

1971 -
1974 -

Reference:

Source reduction and iarvicides to reduce the number of vectors.
The spleen rates were 50 percent-60 percent and the parasite

rates were 36 percent; P. falciparum caused 44 percent of

all infection and P. vivax caused 43 percent of all Infections.

A. gambiae and A. funestus were reduced .y residual spraying of

DDT and HCH. As a result, the number of cases reported dropped
from 46,000 in 1948 to 6,000 in 1950. The paraxzite rate was
reduced from 9.5 percent to 0.1 percent during the same period.
Ceased spraying of all areas.

Only focal points for malaria were sprayed.

Last case of maiaria occurred

Began surveillance phase of eradication program.

Mala}la eradicated.

WHO/MAL /73. 816.
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COMORO ISLANDS

‘ |
Geography and C!imate

The archipelago of the Comoro Islands |ies between latitudes lloS
and IBOS and between longitudes 430E and SSOE. It comprises four islands
roughly aligned NW-SE with a total area of 822 square miles. The four
Islands, Grande Comore, Moheli, Anjouan and Mayotte, are of volcanic origin
and al! have marked relief.

There are Two seasons ln the Troplcal maritime climate of the Comoro
lslands. A hof ralny season from November to May coincides with the cyclonic
perlo&; whlle a cool season, relaflvely dry and less humid, lasts through
the soufhern wfnfer, from June to chober. The months May-June and Ociober-
November are Translflonal between The two seasons.

Rainfall comes chlefly In the form of showers, sometimes violent
In intensity, giving 3 Inches In an hour. The heavliest recorded daily rain-
fall has been registered at Moroni, on Grande Comore: 17 Inches, on July 29,
1931. There are marked varliations in amounts ‘from one month to another &nd
from one year to another.

Annual rainfall at sea ievei ranges from 40 inches to 100 inches,
according to locatlon. At higher altitudes amounts range from 100 inches to
240 Inches or more. The southwesterly siopes of Karthala massif receive the
highest rainfall though exact data are not avallable. Torrential rain in
the south and southwest of the Islands is ilable to result from bursts of
polar alr from the south.

The annual range of temperature Is small, generally around 4-50F.
Maxlmym daily temperatures occur between 1100 hours and 1400 hours, gener-

o o
ally reaching 86 F in the hot season, sometimes reaching 93 F. In the ccol



Comoro lslands Climate continued 216

o]
seascon, maximum daily temperatures are 80-82 F. Minimum daily temperatures,
o}
occurring at dawn, are above 68 F in the hot season, sometimes as high as
o o E )

77 F; In the cool season they are generally between 76 F and 86 F.

Minimum temperatures are influenced by Tﬁe night breezes off the moun=
tains, especially the Karthala massif. At Moroni, for example, minima of
57OF may be experienced In July and August. At the summit of Karthala
minimum temperatures can fall to below 32°F.

Pelative humidity Is high, its annual variation following that of
temperatures. Pamanzl records particulariy high values. in the coastal

regions, the annual average ranges between 75 per cent and 85 per cent,

according to whether they are in windward or leeward locations. o



fComoro Islands

5

Rainfall and Average Temperatures
RAINFALL DATA’

Average annual

» 7 Aivude Period of rabnl Minnum Nomber of
Grande Comore . : October 500-150
Mitsamiouli 1936-65 1,881 : B
Moroni . . 1959-60 2,457
Nioumbadjou :500-68 8.500 _
Foumbouni 1960-68 1,279 - A
Mohéli . . January August 100-150
Fomboni . 1959-68 0 . T T
Miringoni . 1962-68 2,147
Anjouan . ., January July 70-150
Quani 1960-68 1,033 - )
M’Rcemani . 1960-68 2,443 .
Mayotte . . January August 50-150
Pamanz 1959-68 1,219
Coconi . . 1959-68 1,525
AVERAGE TEMPERATURES G
Jan, Feb, Mar. Ape. May June July Aug. Sept. Oect. Nov. Dec. Year -
Moroni. . . 27.0 | 26,9 | 6.8 | 26.4 | 25.3 | 24.0 | 23.2 | 33.0 | 24.4 | 94.5 | 25.8 | 26,6 | as5.2
Ouani . . . 27.1 27.1 27.4 26.9 25.G 24.5 23.9 23.8 24.2 25.3 26. 3 26.9 25.8
Pamanzi . ., 27.2 27.2 27.4 2-.2 46, 4 25.2 24.2 23.7 24. 4 25.4 20. 4 27.0 2b,0

L12
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SEYCHELLES

Gecgraphy and Cllimate

The British Crown Colony of the Seychelles is located in the Indian
Ocean approximately 1,000 miles east of Kenya and consists of an archl-.
pelago of some 5 islands.

The Islands in the Seychelles group are composed of either granite or
coral. The 40 granlfe Islands are predominantly mountainous, while the 45

coral lslands are flaf wlfh elevafed coral reefs at different stages of

RN

formaflon. There are, ln addlflon, 3 number of tiny cays and rocks.

Dty A S TR A T SR S T I

Mahe, The largesf lsland has an area of about 55 square miles and Is’
enclrcled by a narrow coasfal belf from whlch a mountalnous mass rises

abrupfly fo helghfs of almosf 3 000 feef above sea level . The smaller

l‘qu

Isiands, lnslgnlflcanf ln slze, are wldely scaffered.

KRR

The cllmafe ls equable and healfhy, alfhough qulfe humid, since the
Islands are small and subJecf fo marlne Influences. Temperafures on Mahe
vary from 750F fo Bg Fv’and rainfall ranges from 90 lnches per year at
Victoria® to 140 lnches»per year on the mountain slopes. Precipitation

Is somewhaf less on the ofher Islands. The cooler season occurs during

the soufheasaf monsoon perlod beglnnlng abouf fhe end of May and continuing

e .fu.' ,A, 3 %y : e

untii Sepfember. The Colony lles oufslde fhe cyclone belf, so high winds

are rarely encounfered.

Seychelles is free of malarla and yellow fever. (Grove, A.T.,
N

Africa Soufh of the Sahara. 2nd Edlflon. Oxford University Press. London.

1970.)
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H. Conclusions

The Interruption of malaria transmission has not been achileved in many
areas of Africa where maiarlia Is holo-, hyper- or mesoendemic. However,
some methods of Intervention have been effective in reducing morbidity and
mortaiity.

Residual spraying combined with mass drug administration have proved
most effective In reducing “he Incidence of malaria as determined by the
parasite rates In infants and in the reduction or elimination of Anopheles.
Significant reduction In fransmission was also achieved with residual
Sbraylng. Mass drug admlnlsfraflon alone, especlally In areas of high
endemlclfy was lneffecflve.

The success of fhe flrsf fwo mefhods of lnfervenflon depended upon:

[} Accepfance of program by fhe communlfy o
'5 ‘Suscepflblllfy of the vecfor to fhe lnsecflclde of choice

o Spraying before fhe beglnnlng of fhe malarla transmission
season . - TR I R ST ST T

o At least ninety: perhcenf coverage, of- houses with Insecticide
spray ‘

o uAdequafely fralned sersonneg

e&'Sufflclenf numbers of sfaff and supervlsory personnel
° “Availabli 4y of Insecticide and drugs

o Dependable transportation,

ee’Drug admlnlsfraflon fo 90% of populaflon

e"ﬁPerlodlc druQ admlnlsfraflon

Until malaria Is eradicated from the African Continent, the continued

success of malaria control/eradication programs will depend upon constant
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surveilfance for increase in vector populations and/or parasite rates in
lnfanfss.

The continuation of control measures In a community may result in
decreased sensitivity of the vector to the insecticide, change in
behavior (from endophily to exophily) or the adaptability of another
speclies capable of transmitting the malaria parasi're.7 Therefore,

control methods must be constantly evaiuated for their effectiveness.
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I1l. Factors which Influence the Effectiveness of Malaria Control Programs

The complicated relationship which exists among the environment, host,
vector, and parasite contributes to the persistence of malaria. Whereas,
we must understand those conditlons which perpetuate the disease (climate,
geography, local customs and migratory patterns), effective control,
for the present, depends upon our ability to eliminate the agents (vector

and/or parasite) which are responsibie for the cycle.

Afrlca ls fhe ldeal lncubafor for malarla. The three environmental
: v:, WY ;‘ig ; ‘:1':
facfors (Temperafure ralnfall and humldlfy) which contribute to malaria

fransmlsslonEare presenf In heavlly populated areas of Africa almost
perennlally.. No specles of Plasmodium can develop below temperatures of
59—61°F wlfhln a mosqulfo. The relative humidity has an affect on the
life of fhe mosquito; low relaflve humidity shortens the |ife span.
Ralnfa[l.pfoduces a breeding surface for mosquitos. Table 1 and the
maps.éhdwn in Flgure 1 emphasize the positive correlation between the

malarious areas (heavy outline In Flgure 1C) and the climate and rain-

fall in Flguré 1A and ]B,'respé&flvely.

B. People.
The host is an Important agent in the spread of malaris. The

asexual phase of plasmodium deveiopment takes place in the host and the

host is also the natural reservoir for the parasite.
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. TABLE 1

The Seasonal Periodicity of Malaria (Gill, 1938)

! AVERAGE AVERAGE MONTHLY | ZONE LIMITED BY
ZONE ©  MONTHLY | RELATIVE HUMIDITY ;| THE FOLLOWING
TEMPERATURE OF | (0800 HOURS . ISOTHERMS OF THE
HOTTEST MONTH | READINGS) HOTTEST MONTH
Temperate . : 16-20° C. Never lower than 70: 15-6” and 21:6° C.
I ! per cent, © (60° and 70° F.)
Subtropical . | 20-25°C. Never lower than 50 © 21-6° and 26-7° C.
per cent. (70° and 80" F.)
Tropical . | 25 C.or more . During somenonths 267 wad 207 C.,
H * lower than 50 per (80’ and 80° F.)
- . cent.
Egquatorial .. ; Never lower than - Ncver lower than 70 * The equatorial forest
S T 257, ‘ per cent, + arcas included in

the tropical Zone
mentioned above

Pampana, E., A Textbook of Malaria Eradication. Oxford .

Reference:
University Press. London. 1963.
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The spread of malaria Is facilitated by high population densities,
local customs and migratory patterns of people in malarious regions.
The population density in Africa Is highly variable and is due to the
opportunities for employment and the availability of arable land. Table
2 shows the average population density for most countries south of the
Sahara. Many of the West African countries, Bamblia, Maiawi, Burundi,
Rwanda, Uganda, Caps Verde Islands, Comoro Islands, Mauritius and
Seychelles have population densities greater than 40 people per square
kilometer.

Recognition of the migratory patterns (Figure 2) in Africa is Imporf; ’
ant for an effective malaria control program. The movements of people
in Aftlca are complex and are done for many reasonszz trading, looking
for arable land, visiting relatives, religious piigramages, looklng}for
amployment and nomadic pastoralism. in West Africa, the movement Is
along the north-south axls and the reasons for migration are to harvest
cash crops in Senegai, N. Niger, vary Coast and Ghana or to mine iron
ore in Sierre Leone and leerla._yin Sudan and Somal ia, pastoral! nomads
seek water and grazing areas for cattie during the dry season. Rhodesia
and South Africa attract many Jaborers from Kenya, Swaziland, Tanzania,
Lesotho, and Botswana to work in the mines.

Migrations bulld and maintain reservoirs of malaria transmission
whether the migrant moves from an unprotected to a protected area or
vice versa.

There are some factors which have a negative Impact on effective

malaria control and which cannot be changed or modified within a reason~
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Population Density in African Countries

TABLE 2

1
South of the Sahara
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Country Population Surfaci Area Population/
x 103 km km2
A. West Africa 2
Benin 3,286 112,622 29
Ghana 10,309 238,537 43
Guinea - 4,529 245,857 18
"Guinea-Bissau 534 36,125 15
Ivory Coast 5,017 322,462 16
Liberia 1,751 111,369 16
Nigeria 64,750 923,768 70
Sierre Leone 3,111 71,740 43
Togo 2,289 56,000 41
B. Sahel
Cape Verde Islands 303 4,033 75
Chad 4,116 1,284,000 3
Gambia + 538 - 11,295 48
Mali 5,844 1,240,000 5
Mauritania e - - -
Niger 4,727 1,267,000 “ 4
Senegal 5,085 196,192 26
Upper Volta 6,174 274,200 23
C. Equatorial Africa o
Cameroon 6,531 475,442 14
Central African Rep. - - S
Zaire - 25,629 2,345,409 11
D. South Central Africa .
Malawi- ’ 5,175 118,484 44
Mozambique 9,444 783,000 . 12
Zambia 5,138 752,614 7
E. Southern Africa -
Botswana - 693 600,371 1
Lesotho e - -
South Africa 26,129 1,221,037 21
Swaziland 497 17,363 29
F. Eastern Africa :
Burundi 864 27,834 139
Djibouti 108 22,000 5
Ethiopia 28,191 1,221,900 23
Kenya 13,847 582,646 24
Rwanda 4,289 26,338 163
Somalia 3,261 637,657 5
Tanzania 15,607 945,087 17
Uganda 11,943 . 236,036 51



G.

TABLE 2 continued
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Country Populat%on Surfacs Area Populition/

x 10 km km
Sudan and Indian Ocean Islands

Sudan 16,126 2,505,818 6

Comoro Islands 314 2,171 145

Malagasy Republic 8,266 587.041 14

Mauritius 895 2,045 438

Seychelles 59 280 212

1

1977 statistical Yearbook.

and Soclal Affalirs.

2

Department of International Economic

United Nations. New York,

1978,

To convert population per square kilometer to population per square mile,

multiply population x 2.59.



able time period. These are local customs or ways of life of the

villagers, some of which Include:

(o]

C.

Anopheles gambiae and A. funestus are the major transmitters of

Expectant mothers, will refdrn to thelr place of birth to
deliver infants

Periodic repainting of walls anc rethatching of roofs
Soot covered walis which reduce the effectiveness of
residual spraying

Suspiclions that operational crews are tax assess s
Sieeping out of doors

Evening gatherings which are held out of doors

Vector

maiaria In Africa.
out Africa (Figure 3A), A. funestus is found predominantly in Ethiopla,

Uganda and Madagascar. Six sub-species of A. gamblae have been identi~-

3

fled In Africa :

:Fresh - wator :sub-specles -

vé’

A . S
' 'Widely distributed and the most Important vectors

‘C - Discovered In South and East Africa

«D - Discovered in Uganda

Whereas A. gambiae Is widely distributed through-
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Limits of A Gerobige
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rec-stonce toansect:cides
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The distribution of malarial mosquitoes in Africa, the limits of 4.
gamhae und arcas where vectors have shown resistance to residual insecticides.
(Based on maps prepared by the Division of Malaria Eradication, World Health

Organization.)

Figure 3

RELATIVE ABUNDANCE OF Anopbeles gambiae
AT DIFFERENT HEIGHTS IN THE MAMIRIMIRI FOREST, UGANDA,

DURING THE WET SEASON. (REDRAWN FROM HADDOW, GILLETT, AND
HIGHTON, 1947.)

£te
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Salt water sub-species

A. melas = Discovered in West Africa

A. merus - Discovered in East Africa

Anopheles is a highly adaptable species. Although A. gambiae prefers

a more humid environment (Figure 3B), It can survive proicnged periods
of drough'r.4 As a result of residual spraying or fack of a preferential
host the behavicr of Anopheles can change from endophilic - anthropo-
philic to exophilic = zoophilic.

Although mosquitos have a few naturai predaforse, the control of
mosquitos depends almost entirely on synthetic chemical pesticides.
The pesticides DDT and Dieldrin have been used widely in malaria control
programs. Both insecticides have been effective In controlling Apopheles
In Africa, however, DDT has been reported to act as an excito-repeliant
in some areas in Sudan and East Africa.7

The continued use of insecticlides for mosquto control has resulted
in Anopheles showing reduced susceptibility to Its c?fsc#s.a The WHO
Expert Committee on Insects noted that in 1976, 42 species of Anopheles
were resistant to insecticide compared to 38 in 1968. Table 3 shows
countrles where resistance to insecticides has developed. It is import-
ant to note that resistance is found only in those regions with previous
histories of malaria control programs.

With_Anopheles showing Increased resistance to DDOT and Dieldrin, WHO
Initiated a Programme for Testing and Evaluating new Insecticides for use

in public health programs. The compounds listed in Table 4 were tested

extensively and were found to be safe and effective for malaria control.
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_Anopheles Resistance to Insecticides

Anopheline

in Tropical Africal

Resistance

2

Sub-Species

DDT and Dieldrin

Dieldrin

A, gambiae A

A. gambiae B

A. funestus

A. ni1i’

Benin, Camercon,
Empire Central Africa,
Upper Volta, Nigeria

Senegal, Sudan,
Swaziland

Congo, Ivory Coast,
Gambia, Ghana, Guinea,
Equatorial Guinea,
Kenya, Liberia, Mali,
Mauritania, Senegal,
Sierre Leone

Ethiopia, Upper Volta,
Kenya, Mauritania,
Mozambique, Nigeria,
Southern Rhodesia, Chad

Cameroon, Ghana, Upper
Volta, Kenya, Nigeria

Ghana

1

Brengues, J. and Coosemans, M., Sensibilite et resistance
des insectes aux insecticides en Afrique tropicale. WHO/

VBC/77.680.
2

Resistance based on 15% survival at concentration of 4% DDT.

3

Susceptibility of anopheles to insecticides in "Notes and

News", WHO Chronicle

29: 199-200. 197s5.




Insecticides

TABLE 4

1 which are

Effective against Anophiline Mosquitos

Compound Test Site

OMS 1 S. Uganda
(malathion)

OMS 14 Lagos, Nigeria
(dichlorvos)

OMS 33

{propoxur) Kaduna, Nigeria
OMS 43 Kano Plains,
(fenitrothion) Nigeria

OMS 43 Kisumu, Kenya
oMS 597 Northern Nigeris
{Landrin)

oMs 33 Garki District,
(propoxur) Kano State,

Northern Nigeria

Results

Spraying dose of 2 g/m2 effective
up to 4 months; more effective on
thatch roof than corrugated iron
roof.

Liquid dispensers placed in huts;
vapours were present after 3 months.

Spraying dose of 2 é/m2 effective
for 3-4 months.

4 rounds_every 3 months at a dose
of 2 g/m? effective against A.
gambiae and A. funestus .

Effective for 6 months against
A. gambiae and 10 months against
A, %unestus.

6 spraying rouads every 3 months
(dose of 2 g/m“) as effective as
OMS 43.

3 spraying rounds at two monthly
intervals proved effective.

References

Bull WHO 36:
913-935, 1967.

Bull WHO 29:
251-270. 1963.

WHO/VBC/68.108
WHO/VBC/69.113
WHO/VBC/69.128
WHO/VBC/69.135
Bull WHO 40:

67-90. 1969.

WHO/VBC/72.391

WHO/VBC/75.547
WHO/VBC/%5.854

WHO/VBC/68.104
WHO/VBC/69.113
WHO/VBC/75.597

WHO Chronicle 30:

286-289. 1976.

1The chemical composition of compounds can be found in WHO Techn. Rep. Ser. No. 356. 1967.

9€2
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These compounds should receive initial consideration in areas where the

vector population Is resistant to DDT and/or Dieldrin.

The recent concern about insecticides and their effects upon the
environment and increasing insecticide resistance suggest that biological
control may be the only acceptabie and reiiabie solution to vector controi.
In 1973, a National Academy of Science committee on technoiogical innovation
discussed the bliological controls and advantages of their use in mosquito
control. Their findings are summarized as foliows:

l. Larvivorous fish ~/smail size, diverse feeders, multiply

rapidiy, tolerate wide range use of temperature and salinity and
moderate sewage poiiution.

2. Invertebrate predators ~ mass reared and transported, cost com-

petitive with chemicals, seek out small-container habitats.

3. Genetic Manipulation ~ specific for individual species; with

contlnued use, the continued suppression using sterile or ailtered
mosqultos may be more effective, economical and acceptable from
an ecqloglcal standpoint.

4. Parasitic nematodes - Reesimermis nieiseni can be easily cultured

- and maintained; are economical and have never been found to
parasitlze other organisms other than mosquitoes.

5. Parasitic protozoans - easily applied with equipment already In

use in developing countries; can be stored for several months
under moist, cool conditions; pathogens of mosquitoes appear to

be host specific.
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6. Parasitic fungl - most species of Coelomo-myces occur only in

mosquitoes; can be used in combination v'i+h other mosquito control
techniques.

7. Pathogenic bacteria - commerclal production of Bacliius thui‘ingiensis

is available; can be used in combination with other control tech-
niques; no indication that Bacillus is harmful to man or plants.

8. Juvenile hormone mimics ~ (insect growth regulators) -~ natural and

synthetic chemicals which are biologically active at concentrations
wel| below those of conventional insecticides; can be applied with
standard equipment; compounds are blodegradable; can be used In
conjunction with other control methods.

The application of these new biclogical control methods may require
additional research In order to accommodate individual situations. For
example, ]n Sudan, one species of Gambusia was very suécessful in
reducing the number of mosquito larvae; a recent WHO communique sited

that Gambusia affinls could not be established in Senegal. This merely

points to the need to develop a more active specles of Gambusia capable
of surviving In Senegal. |

Vector control Is one of the most Important ways of interrupting or
reducing malaria transmission. Although blological control Is possible
and perhaps most desirablie from an ecolcgical standpoint, its effective-
ness has not been tested. Efforts should be made to encourage research
In biologlcal controls so that control measures are practical and econ-

omical. For the present time, we must rely on those pesticides which
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have provud effective against A. gamblae and A. funestus. The success

of any chemical contro! method will depend upon:
o Susceptibility of the species to the insecticide.
o Measure of species resistance before, during and after
control measures.
o Continuous surveiilance of vector for changes In.behavlor

or host preference.

D. Parasite

The causal organism of malaria belongs to the genus Plasmodium.
These are four species: falciparum, vivax, malarlae and ovale. Plasmod-
lum faiciparum is the predominant parasite and Is distributed throughout

10
tropical Africa. It also causes the most severe form of the disease.

Plasmodium vivax Is found most often in east Africa, Madagascar and

Mauritius; P. ovale persists in east and west Africa and P. malariae Is
sporadically distributed throughout the continent.

Synthetic aﬁflmalarlal drugs have been successfully used to prevent
or to radicaliy treat maiaria. The most commonly used synthetic anti-
malérlal drugs afe Iisted In Table 5. Attempts to use anti-malaria drugs
as the only mefﬁod of intervention in malaria control/eradication pro-
grams, especlalf* where the disease is endemlic, have proved unsuccessful.

Different parasite species exhibit differences in virulence and

response 1o drugs. P. falciparum requires higher doses for effective

'suppression than P. vivax. Treatment of acute attacks of P. falciparum

also requires longer duration of drug therapy. Thus, thas sensitivity of

the parasite to the drug of choice and the duration of therapy shouid be
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TABLE 5

COMMONLY USED SYNTHETIZ ANTIMALARIAL DRUGS

Chemical group Name Other names

4 amino-quinolines *Amodiaquine Camoquine
®Chloroquine Nivaquine, Aralen, Avioclor,
Resochin

9 amino-acridines  Atebrin, Mepacrine, Quinacrine ‘
(no generally accepted name, all the same drug)

8 amino-quinolines *Pamaquine Plasmochin
®Primaquine
Quinocide
Biguanides ®Proguanil Chlorproguanide, Paludrine,

*Chlorproguanil Lapudrine

Diaminopyrimidines ®*Pyrimethamine ~ Daraprim, Malocide

SOME MIXTURES OF ANTIMALARIAL DRUGS

Name and approsimate Composition and dosage

date of introduction of combined tablets
~ *Chloroprim’ {(1958) Pyrimethamine 16:5 mg
e Chloroquine base 2000 Mg
*Camoprim’ (1957) Primaquine base 150 mg
Amediaquine base 1500 mg
" “Daraclor’ (1958) Pyrimethamine 150 mg
P Chloroquine base 1500 mg
‘Lapaquine’ (1957) Chlorproguani! hydrochloride 200 mg
Chloroquine base 1500 mg

*® Proposed International Non-proprietary Names,

Reference: Colbourne, M., Malaria in Africa. Oxford University
Press, London, 1966.




241

determined for effective suppression of the Infection.

Within the past flve years, parasite reslistance to antimalarials
has developed in some areas In Burma, Vietnam, Brazii and possibly Indla.]2
The resistance Is to 4-aminoquinolines and the dlhydrofolate dehydro-
genase Inhibitors (DHFR).

Although earller reports on the development of resistance to anti-
malarials in many parts of Afrlca12 were not subsfanflafedlB, there Is
current evidence that Plasmodium Insensitivity to chemical prophylaxis
Is beginning to appear In East and West Africa. It was recently re-
ported that two Americans who had traveled in North, Central, and East
Afrlca‘suffered frbm malarla desplte chemoprophylaxis with chloroquine
phosph§f9 (50O mg tablets) taken once a week before, during and after
Thelr‘Qiﬁlf;i4 Recovery was prompt with the administration of pyri-
mefhamiﬁelor pyFlmeThamlne plus sulfadlazine. Additlonal cases from
ngér}é and East Africa have been reported In recent publlications by

the Center for Dlsease Confrol (CDC), Atlanta, Georgla, and the Worid

Health Organlzaflon.

Confirmation of chloroqulne reslsfanf strains of P. falciparum has

been accomplished by Dr. Chln,of COC (personal communication). The
parasite was Isolated f}om an Amerlcan who had visited Tanzania. The
resistant parasite was then used tfo infect primates and was grown In
tissue culture; miid resistance to chloroquine was observed In primates
and In culture.

The observed resistance to malaria has resuited In efforts to

develop alternate methods of eliminating the Infection. One method Is
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15
to use a combination of drugs, |.e., sulfones or sulfonamides and DHFR
inhibltors.
16
New an'imalarials are presently belng assessed. Two of these
Include:

o Quinol ine methano! - developed by the United States Malaria
Research Program and released for |imited use undér the name
of Mefloquine. Preliminary results look very promising.

o Co-trimoxazole - effectiva against bacterial infection but Its
efficacy In the treatment of malaria Is equivocal.

The use of vaccines to eliminate smalipox and measies In endemic areas has

been overwheiming successful in developing countries. Since 1966, A.i.D. has
supported research for the development of a vacclne effective agalnst malaria.
Significant gains have been made In the areas of In vitro cultivation of

the parasite and identification of the appropriate malaria immunogen.
These'research initiatives are necessary steps in the production of an

efflcaclious vaccine.
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E. Use of Pesticlide for Agriculture and Water Development Projects

Many African countrlies depend heavily on agrliculture for economic
stabllity and for food production for the famlly. Africa possesses one
third of the world's arid lands and approximated 60 percent of the continent
Is arrdal7‘ The drought In the Sahel during the early 1970's attest to the
problems-that exist In arid areas.

Modern technology has been instrumental in making the land more pro-
ductive by using pesticide and Implemenflng water development projects.
In some areas, especlally where Casﬁ'crops afe grown, pesticides are
heavily used. Although expor+ of pesflcldes by A.1.D. Is meager, the U.S.
government does export slgnlflcan+ ahounfs of pesticides to African countries
(Table 6). This may réprqﬁeﬁf a minumum amount of pésflclde usage since
some African coﬁh?rle§ mayﬂpurchasé pesflcldeélfrom other sources. To
Increase the producffvlfy of arid lands, and to provide safe water to
villagers, US.S/A.1.D. Is also assisting many countries In water development
schemes (Table 7).

The Impact of previous pesticide use and existing ::nd proposed water

projects malaria control programs‘ﬁhculd be considered during the planning

stages of all malaria control programs in Africa.



U.S. Pesticide Exports by Destination and Value:
Totai Exports {n Calendar Years 1969-1974 Compared to AID-Financed Exports in Fincal Years 1970-1975

TABLE 6

et (e = - -
~ Total U.S. Exports {$000) — AlID-Financed Exports {(5000) AlD :
cY CY cY cY cY Y Avg./ FY FY Y FY FY FY Avg./ § Share .
Cauntry . 1969 1970 197 1972 | 1973 1974 Year 1970 1971 1972 1973 1974 1975 Year N/C G
Column X ® < ) E F G ] 1 J K L M N o
trica *
Tunisia NA 25 105 56 79 93 72 420 33 27 46 - - 21 25.2%
Liber iy HA 124 139 82 n 89 103 1 - - - - - Negl. Negl.
Glana NA 55 29 1 158 150 81 ] - - 24 4 - 6 7.43
Migeria NA NA NA 19 81 642 247 2 - - - - - Negl. Negle
Ethiopta NA 56 673 199 656 623 441 1,175 756 552 470 1,397 871 809 |l1coz +
Tmranta NA NA RA 165 117 621 367 - - - - 2 - Negl. Nepl.
5. Africa 5,980 7,113 8,751 4,989 9,164 16,646 8,775 - - - - - - - 194
All Octhers balance | Lalance | balaunze 9,120 17,020 319,345 KA - - - - - 5 1 NA
Tutal 14, 17,573 | 19,952 | 14,713 | 27,552 38,209 | 22,039 1,605 789 579 540 1,403 876 965 443
Reference: Environmental Impact Statemen% on the AID Pest Management Program, Volume 1 - Environmental

Impact Statement May

13, 1977

Ene



Country
A. West Africa

Benin
Togo

Togo

B. Sahel

Cameroon, Chad,
Niger, Nigeria.
The Gambia,

Senegal

Senegal, Mali,
Mauritania

Cape Verde, Chad,
The Gambia, Mali,

Mauritania, Niger,

Numbexr

TABLE 7

Water Development Projects1

‘Titleﬁv

680-0201

693-0214

' 693-0210

625-0005

625-0012
625~0605

625-0932

Senegal. Upper Volta

Cape Verde
Cape Verde

Chad

655-0003
655-0009
677-0022

Rural Watér Supply
Rural Water Resources
Dev. and Management.

Rural Water Supply
and Sanitation

Lake Chad Basin Comm-
ission Institutional
Development

Gambia River Basin Dev.

OMVS Agronomic
Research II

Special Self Help

- Program

Tarrafal wWater Resources

Watershed Management

Rural Sanitary Water

Purgose

To provide reliable and clean water
to rural villages.

To increase the production of low-
income farmers.

Tc provide safe and clean water for the
rural populace.

To establish a planning unit for water
resource utilization.

Development program for the Gambia
River Basin.

Develop a capacity to carry out adapt-
ive agricultural research.

Village well-drilling, rice cooperatives.

Establish a regional irrigation program.
A national watershed management plan.

Provide potable water to rural population
by installing 500 smali bore tube wells,

n
=

h



TABLE 7 cont,

Country
Mali

Mali
Mali

Mali
Mali

Mauritania
Niger
Senegal

Upper Volta

Number

Title

688-0202
688-0204

688-0206

'~ 688-0210
 688-0213

682-0203

683-0205

685-0208

666-0228

C. Equatorial Africa

Cameroon

Cameroon

631-0012

631-0025

D. Southern Africa

Lesotho

632-0088

Operation Mils

Rurgi Works
Action Riz-Sorgho

Operation Hautl Valee

“Action Ble

Rural Land Reclamation
Niamey Department
Rural Development

Small Irrigated
Perimeters

Rural Water Supply

Mandara Mountains
Water Resources

Mandara Area Wells

Rural Water and Sani -
tation

PurEose

To increase agricultural productivity.

Develop an effective commanity suvpport
system.

To increase cereal production through
improved technology.

Rural development program.

To produce more cereals through co-
operative irrigation systems.

Management and conservation of water
resources,

To increase food production.
To introduce farmer managed irrigated
crop production.

To provide the rural poor with a
water supply.

To lnsure a year-round water supply.

To provide safe year-round drinking
water.

To install and maintain village water
supply systems.

she



TABLE 7 cont, =-3-

Country Number

Title

E. Eastern Africa

Kenya 615-0172
Rwanda 696~-0112
Somalia 649-0104
Tanzania "621-0143
1

Marginal Lands
Development.

Fish Culture

Comprehensive Groundr
water Development

Arusha Regional Planning
and Village Development

Purgose

To increase productivity and income
of farmers in marginal areas through
agricultural development plans.

To develop and maintain productive on-
farm fish ponds.

To provide a safe source of water for
Somalians and their 1livestock.

Strengthen the villagers capabilities to
implement development activities.

congressional Presentation, Fiscal Year 1980, Annex 1, Africa, Agency for International

Development, Department of State.

9ne
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F. Health Service Facilities

Jne of the major objectives of malaria control/eradication programs is
to eventually integrate the principles and practices of vector-borne disease
control into the permanent health delivery system. This proposal Is based
on the assumption that countries/regions have adequate health services:
facilities, trained personnel, supplies, equipment and location of facilities
so that they are accessible to the users. Table 8 gives the profile of
expend Itures for health and the number of hospita's and physicians for
countries in Africa. Of the 27 countries reporting, eleven speat less
than 5 percent, twelve spent between 5-8 percent and 4 spent between 8-11
percent of thelr totai annual expenditures for health. The number of
people per physician ranged from 2,000/1 in Djiboute and South Africa
To 13,000/1 In Ethiopia*. Discrepancies in these figures would be due
to lnagcurafe census information. For comparison, the population per
physician in North American and European countries range from 363/1 in
U.S.S.R. to 600-700/l“|n the U.S.A., Sweden, England/Wales and Poland.

Tﬁéynumber of heaith centers which include all health delivery
faclllf!es from hospltals to local dispensaries is insufficient to
provide p}evenflve care or proper malaria surveillance activities
for the popuiace especially in rural areas. Moreover, numbers alone
give no indication of the quality of service. Thus, the role and
capabilities of health delivery systems in malaria control programs
should be carefully assessed if they are to be inciuded in the m@#grja
control program.

(*Mali was exceptional in that 1t reported health expenditures of 10 9$
of the budget, 3,623 health centers and 54 hospitals).



Table 8A

Health Expenditures, Personnel and Facilities

in
VWest Africa
Health Expenditures Facilities~Personnel
Health Budget Z of Expendi GNP o, No. No. People per
Reporting in U,8. $ Total Ex- tures per per Hosp- Health Phys- Physician

Country Year ‘_jglgﬁ) penditures person CaE;;a3 ital Center icians
Benin 1974 6.3 10.5 $1.90 $130 54 312 95 36,000
Ghana 1973 29.1 5.7 2.83 580 243 48 981 11,000
Guinea 1967 .006 4.3 0.01 150 35 48 142 22,000
Guinea- 1969 30 18,000
Bissaw
Ivory- 1970 610 56 204 252 21,000
Coast
Liberia 1970 4.0 - - 4.8 2,22 450 32 300 132 13,000
Nigeria 1974 33.4 1.2 0.52 380 3,615 26,000
Sierre- 1974 6.2 - 6.0 2,00 200 28 97 12,000
Leone o -
Togo 260 18 226 95 21,000

lpAfrican Statistical Yearbook. 1975 Part 2 (West Africa), Part 3 (East Africa). Economic Commission for
Africa. United Nations. 1976.

African Statistical Yearbook 1975. Part 1 (North Africa) Part 4 (Central Africa). Economic Commission for
Africa. United Nation. 1977. ’

1976 Statistical Yearbook. Publishing Services, United Nation, New York, New York. 1977,
21973 Constant dollar equivalents .
3wor1d Development Report, 1978. The World Bank, Washington D.C., August 1978.

4Camparable numbers for America and Europe are: United States—- 622; Sweden-645; England/Wales-761;
?oland-592; U.S.S.R=363.
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Table 8B

Health Expenditures, Personnel and Facilities

in
Sahel
Report- Health Expenditures Facilities-Personnel
ing Year Health Zof Total Expendi- GRP No. No. . No. People per
in U.S. § Budget Expendi- tures per Per Hospi- Health Physician Physician
Country (x106) tures person Capita tal Center
Cape Verde 1969 13 19,000
Chad 1971 120 5 63 44,000
Gambia 1974 1.2 6.7 2.20 1751 5 19 19,000
Mali 1970 4.4 10.9 0.77 100 54 3,623 121 39,000
Mauritania 1971 340 6 68 18,000
Niger 1973 4.6 6.5 0.97 160 57 97 41,000
Senegal 1973 E 390 93 287 14,000
Upper-- 1973 4.3 8.2 0.71 110 96 60,000
Volta
1

Reporting year was 1974

6Y¢



Table 8C
Health Expenditures, Pe.sonnel and Facilities

in
Equatorial Africa
Health Expenditures Facilities — Personnel
Health % of Total Expendi- GNP No. No. No. People per
Reporting Budget in Expendi-~ tures per Per Hospi- Health  Physi- Physician
Year U.S. § tures person Capita Tals Center cilans
Country (x106)
Cameroon 1972 290 88 279 26,000
Central 1971 : 230 48 49 27,000
Africa Re-
public
Equatorial 1967 ~ 5 62,000
Guinea
Gabon 1971 1,341 52 96 5,000
Zaire 1974 30.0 1.8 1.17° 140 818 29,000
1

‘Reporting year was 1974

052



Table 8D
Health Expenditures, Personnel and Facilities
in
South Central Africa
Health Expenditures Facjilities - Personnal

Keport- Health Budget ¥ of Total Expendi- GNP No. No.

No. People per
ing in U.S. § Expendi- tures per per Hospi-~ Health Physi- Physician
Year (x106) tures person Capita tal Center cians
Country
Malawi 1974 3.7 3.3 0.72 140 93 370 104 38,000
Mozambique 1970 16.7 2.9 1.77 170 116 643 498 16,000
S, Rhod- 1974 35.0 4.4 4221 860 6,000
esia
Zambia 1974 ,44.4. 0.5 8.69(2) 440 82 639 527 8,000
1

Reporting year was 1974

16¢



Table 8E
Health Expenditures, Personnel and Facilities
in

Southern Africa
Health Expenditures

E Facilities - Personnel
ealth Budget 7 of Total Expendi- GNP No. No.

No. People per
Reporting in U,S. § Expendi- tures per per Hospi- Health Physi- rhysician
Year (x106) tures person Capita tal Center cians
Country
Botswana 1973 2.9 3.4 4.15 384 12 44 10,000
Lesotho 1974 1.4 4.5 170 19 83 50 20,000
South 1973 1,340 12,060 2,000
Africa ;
Swvazi- 1972 . 337 11 56 52 9,000
land
|

" Reporting Year was 1974
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- Table 8F
Health Expenditures, Pcrsonnel and Facilities

in
Eastern Africa
Health Expenditures Facilities - Personnel
Health Budget Z of Total Expendi- GNP No. No. No. People per
Reporting in UGS. Expendi- tures per per Hospi- Health Physi- Physician
Year (x10°) tures person Capita tal Center cians
Country :
Burundi 1975 2,3 5.6 2,65 120 18 126 91 49,000
Djibouti 1975 B 11 52 2,000
Ethiopia 1972 0.4 6.9 0.02 100 85 742 350 73,000
Kenya 1974 0.4 1.3 0.03 240 1,242 16,000
Rwanda 1975 3.6 7.7 - 0.83 110 261 167 112 54,000
Somalia 1973 4.6 7.3 1.40 110 24 174 193 16,000
Tanzania 1973 . = 180 236 1,555 726 28,000
-‘Uganda 1971 4.5 1.0 1.22 240 23 1,117 21,000
2 .

Reporting year was 1966

1174



Table 8G
Health Expenditures, Personnel and Facilities

in
Sudan and the Indian Ocean Islands
Health Expenditures Facilities - Personnel
Health Budget X of Total Expendi- GNP No, No. No. People per
Reporting  in U6 . $ Expendi- tures per per Hospi- Health  Physi~ Physician
year . - (x10°) tures person Capita tal -Center cilans
Country . ’
Sudan ~ 1975 - 11.5 1.8 0.71 290 122 138 1,349 12,000
Comoro 1972 - 21 14,000
Islands 2 2
Madagas- 1973 11.5 4.9 1.39 200 186 558 687 11,000
car : R
Mauritius 1972 5.0. 7.3 5.59 414 33 139 271 4,000
Seychelles 1969 o S 21 3,000
1
Reporting year was 1974
2

Reporting year was 1966

VAT
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Each countrles economic situation should be considered before em-
barking upon a malarla contrcl program. The per caplta Income of most
African countrles south of the Sahara Is between $100 and $600 (Table 8).
The fligures on per'caplTa income In most of the Middle Income Countrles
(per caplta greater than $250) are deceptive, for with few excaptions
these are actually poor countries with mineral enclaves employing only a
small fraction of the work force (World Development Report, 1978, The
World Bank, Washington, D.C., August 1978). Of the 37 countries report-
Ing gross national product (GNP) per capita, one-third had GNP per capita
of less than $200. The amount of expenditures for heaith per person
varied from less Than $,.02 to $5.59. The majority of the countries
spent between $1-$2 on health care per person. It was estimated that in
the Kisumu area of Kenya, the yearly cost for a malaria control program
would be $3-%4 per caplta (Report of Consultants - Africa Malarla,

Offlce of Heal't, (TA/H), Agency for Internaitonal Development). Thus,
most countrles will have to Increase their health expenditures tremend-

ously to accommodate a comprehensive malaria control program.

G. Tralned Personnel/Training Facliities

The need for trained personnel at all levels of malaria control
programs cannot be over emphasized. One of the major reasons slted for
the fallure of previous eradication/control probiems was lack of trained

personnel. The human resources needed for control activities Include:
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1. Professionals

Program Administrators/Advisors
Malariologists

Epidemiologlists

Medical Doctors

Environmental Sanitation Engineers
Sociologists

Entomologlsts

Efﬁnologisfs

. 2. Technical Personnel

Business Manager
Laboratory techniclian
Clerks
* - Spraymen
Communication Speclal ists
“+ "Publ l¢ Relations/Education Speciallsts

" Haalth Fduratian Aduican

3. Support Personnel

Supply/Stock personnel
Truck Drivers
Mechanics
Typists
Training for these professionals may requlfe years or months depend-
Ing on the level of competency. Periodic refresher courses are also
necessary as new or [mproved equipment, techniques or chemicals are infro-

duced.
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Presently there are no comprehensive teaching facilities Iin Africa
for training individuals In malaria control activities. In an attempt
to Increase the number of skilled personnel, WHO in September 1977
organized a francouphone postgraduate Public Health Course with emphasis
on malaria and parasitic diseases in Cotonou, Benin.

Tralning for junlor and senior level personnel should be readily
available on the continent and should be relevant to the malaria problems
In Africa. Moreover, since about one-third of the U.S./A.1.D. asslsted
countries are French speaking, training courses should be taught in
English and in French.

The World Health Organization keeps an updated Inventory of African
research Institutlions Involved In research and training in tropical
diseases. Since some of these institutes have malaria research programs,
- trained experts shouid be readlly available. Table 9 lists five French
and twelive Engllsh‘!ns?l?uflons with research and training capabilities
. In malaria. bTﬁé uge of ?hése resources and facllltles for tralining in
maiarla control should be explored and encouraged. Several of these
lnsfl¥d?lon$ aré‘geoéraphically located so that consortlium agreements
are possible; this would undoubtediy provide an excellent environment
for training. |

Presently, there are several assistance programs within A.i.D.
which may be utiiized to train professionals and support perconne! and
to educate the general public about malaria control (Table 10). These
programs could be expanded to contain education components specificaily

for malaria. It would also be economical In that these programs have



Table 9 258

African Research Institues with Potential Capabilities

1

for Malaria Training Programs

French
1
1. Cameroon, Yaounde .
Institute de Rechercher Medicales
et de plantes medicinales
(Sclentific staff of 55)
1
2. Cameroon Yaounde .
Institute de Rechercher Scientique
du Cameroun
(Scientific staff of 32)
1
3. Cemeroon, Yaounde
Organization de Coordination pour
la Lutte Contre les Endemles en
Afrique Centrale
(This institues has a one year
training program for health work-
ers in several areas)

4. Upper Volta, Bobo-Dioulasso
Centre Muraz
(Scientiflc staff of 18)

5. Upper Volta, Bobo-Dioulasse
Misslon Entomologique aupres de
1 *OCCGE

1

Special Programs for Research

and Training In Tropical Diseases,
WHO L/76.46.

English

1. Nigeria, lbadan
Faculty of Medicine
University College Hospital

2. Nigeria, Lagos
Federal Malarial Service

3. Nigeria, Zaria
Ahmadu Bello University
Department of Medicline
(Scientific staff of 40)

4. Sudan, Khartoum
Institute of Re.zarch for Tropicai
Medicine (Scientific staff of 15)

5. Sudan, Kartoum
Malaria Control Service

6. Sudan, Khartoum
Medical Research Councili

7. Sudan, Khartoum
National Councli for Research

8. Sudan, Omdurman

Hospltan fci Tropical Diseases (run
Jointly by the Ministry of Health and
the National Councl| for Research)

9. Tanzanla, Amani

East African institute for Malaria and
Vector-Borne Dlseases

(Sclentific staff of 9)

10. Tanzania, Arusha
East African Medical Research Council

11. Tanzanlia, Arusha
East African Tropicai Pesticlides Research
Institute )Scientific staff of 12)

12. Tanzanla, Dar-es-Saiaam
Faculty of Medicine, Univ. of Dar-~es~Salaam



Table 10

U.S./A.I.D. Bducation/Training Programs Which Could Be Expanded
to Include Malaria Camponents

Purpose

Cameroon

Ethiopia

Ethiopia

631-0009

6310016

631-0007;

633-0188

633-0189

Institute of Manage-
ment and TRaining (IMT)

Non-Farmal BEducation

To establish a training system of health
education which responds to the needs of
the rural population

To develop and implement a nationally
coordinated practical training system
of health education activities res-
pording to the needs of the rural
population

(1) To develop a center for economic and
social science research in Cameroam and
(2) to carry out research and to collect
and disseminate sociceconcmic data far
development programs in North Cameroon

To improve the IMI's capability to
analyze organizational reform and
administrative training requirements,
and to improve its capacity to corduct
management training for more rapid
expansion of govermment development
programs

To establish an adult education system
enabling local cammunities to develop
civic responsibility and to improve
skills related to functional literacy,
health and agriculture practices, cottage
and small industry, and general com-
minity needs

6S¢C



Ethiopia

633-0213

641-0088

6570003 .

669-0153

669-0134

621-0150

Life Integrated
Family Bducation II.

Team Support

PrJ'r’mary. Teach ﬁer::f:?‘

Delivery System

Tanzania School
Health Program

To assist urban ard rural dwellers
associations to deliver integrated
nonformal education services to
their members; train local leaders
in providing nonformal education to
adults.

To establish a post—graduate level
program in community health within
the Ghana Medical School in order to
provide the number of trained
physicians necessary for an effective
rural health delivery system

To support the govermnment Guinea-
Bissau to expand its capacity to
train primary school teachers, and

to improve the quality of instructions
in primary teacher t{raining schools

To train mid-level agricultural

workers in agriculture management and
rural developgrent to effectively

manage farm related projects and
transfer agriculture technology, methods,
knowledge to small farmers.

To develop a system of distance teaching
which enhances the quality of life of
rural pooulations not reached by the
formal school system

To assist the Tanzania goverrment achieve
institutional capacity to provide ocompre-
hensive school health services to school-
age children as an integrated part of the
Rural Development Program.

092



Tanzania

- 621=0154

Center for Health
Workers

To provide comprehensive contiming
education to all health workers,
including those paramedicals whose
initial training has been in a
narrow but highly technical specialty

192
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already been Implemented In seven countrlies where maiaria is still
considered a major health problem.

Efforts should also be made to Increase the parTIélpaTlon of Peace
Corps volunteers and students (graduates and post-graduate) In medicine,
public health, and Tropical diseases in malaria control activities abroad.
This kind of cooperation is of obvious mutual benefit.

There are several aspects of malaria contro! programs that have not
been discussed in this report; these omissions in no way suggest their
Irrelevance In control programs. These areas are:

o Responslbillty of the host government for legislative, financial

and moral commitment to malaria control programs.

o Cost/benefit of using a particuiar method of malaria intervention.
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Epitogue

With few exceptions, the status of malaria control in A¥rica Is not
very different from what It was twenty-seven years ago when Bal four
publ ished what he thought was necessary in order to solve this problem
in Afrlca.l His suggestion which are still valld today were:
o Objectives of the plan must be clear and definite, and they
should have prospects of reallization.
o The personnel needed for 1t must be competent, qualified, and,
above all, avallable.
o The environment of the plan must be favourable for its reallzation.
In other words, a need for the plan must be either felt by the
population concerned or it must be created.
o Sufficient time must be realized for the job and there must not
be too much pressure for Iimmediate results.
o There must be adequate funds to carry out the plan, remember ing
that long term projects have considerable financial implication.
Some contemporary additions to these original Ideas are:
o Correct identification of vector specles
‘o Proved susceptibility of the vector an( parasite to control
measures
o Trained staff should include, preferably, host naflonals at every
position: level
o Continued research In vector blology and behavior

1Bal four, M., "Administrative problems in connection with aid fo Under=
developed areas", Probiems in High Fertiiity In Agrarian Socleties. 1952

Miibank Memorial Foundation. New York, New York.
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o Malarla control plans which are specific for each area based
on climate, geography, local customs and migratory patterns
of residents. It is also important to note that in the most
recent report from Bendel State ln_NIgeﬁla, an area which rep-
resents four ecological strata (rain forest, savanna, peflurban
and mangrove areas) there were enfomologlcal‘dlfferences among
the anophel ine fauna In houses in the different ecological strata
(WHO/Nigerla Malarla Fleld Research‘ProJecf, (IRP/MDP/012)
Technical Report, January ~ April, 1977). Thus,’each ecological

area represents a unique microenvironment.

The success of any country's malaria control program will depend

upon how effective that country Is in maintaining Its malaria-free condition.
Thus, the malaria §lfuaflon In surrounding countries and survelllance of
Its borders are of primary Importance. WHO, In realizing the problems
involved with malarla'confrol In Africa, has proposed an inter country
confrol program to deal with potentially malarious situations in urban
centers and economic development zones (AFR/MAL/154/1977). The proposal
for a regional antimalarial program was set forth in which ecological,
epidemiological and socloeconomic factors were considered. The program
was constructed as a three-tiered system: (1) prevention of mortality and
attenuation of suffering and incapacity, (2) reducflqn of Incidence and
prevaience and (3) eradication of maiaria. The document presents a

model plan for the first tvo leveis only.

For the flrst level - "prevention of mortality and attenuation of
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suffering and incapacity due to maiaria" - the treatment would be immedi-
ate treatment of all febrile cases with a single dose of chloroquine of
10 mg per kg of body weight. The effectiveness of this action requires
That someone locally be responsible for recognizing the symptoms and
administering the proper dosage.

The second level - "reducing the morbidity rate in vulnerable groups
and the prevelance in communities of economic Imporfénce" - requires
commitment of funds at the national level to continue a long term program.
Each government's plan would tak? Into consideration its own priorities.
The responsibillty for common areas, such as ports, international air-
ports, rural savanna or forest zones’and development projects would be
protected by those countries affected. Thus, countries sharing those
areas wdu!dJha§é SIﬁfiéFwépTdéh]dlog}éal situations and would benefit
greatly Ey ¢dbbéﬁé+iﬁ§ fﬁgcdﬁéggfiﬁéégféms. Abproprlafe measures are
enumeréfed5ﬁﬁ:¥hféﬁpFSEQséif%é?“ﬁaié;fé:cdhfrol in Thebareas mentioned
above;hiWHdmﬁaui&:pfg;”533f+éf;rd{éahy”éodrdlnafing these efforts at

LU LY e e
the sub-reglional level.

lf\malaglé,l;rtplbe cqnffolled In Africa, It must bé very soon.
Therekére many factors which have a negative or pofenflally negative
Impacf.ﬁn malaria control. These are:
‘qmlnqreased_reslsfance of vectors to Insecticlides In other areas
of worid; there Is no reason to believe that Africa wiil be unique.
o Increased use of Insecticides for agriculture heightens the

possibiiity of resistant vector strains



269

¢ Potential resistance of Plasmoaium falciparum to antimalarials.

o Reluctance on the part of industry to develop new pesticides or
antimalarials

o Reluctance to use pesticides for environmental/ecology reasons

o Increased cost of pesticide and antimalaria #rugs because of

inflation

A successful control program will mean an Increase In the populafloh
because of the increased number of |ive births and a decrease In the overall
death rate. In time more people will mean additional food, schools, jobs
and housing. Therefore countries should Implement positive measures
to control popuiation growth and anticipate providing the necessary

amenities to Its growing populaflon;
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