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Preface
 

nis report is one in a series of st idics thli have heen carried out under 
lie auspices of the Panel oin the Population Dvnamics of Sub-Saliaran Af
rica ot' the National Research Council (NRC) ('oinliltee oil Population. 
The Research Council has a lonll histor ol' cXtMlill ig popt lliion istics ill 
levClOpinIt COtrliCs. In 1971 it is,,ued the report Rapid Popduliom (r owh: 

o'i( 'II'Acc.N and I i '( hlylimpliaion.. InI 1977. the predeces.sor Commit
tee oil Populaltion md )cllouraphy begal a major study of levels and trends 
of fCrtilil \Md nortalit\ in the deCelOpinn world that resulted in 13 countryt 

reorts. and (0 reo1rl,, oin det irmaphic methods. 
 Then. i tihe carly 1980)s, it 
undLrtook alstld, o the1 CteCrmlinatlls of fertilily in the developing world, 
xhich resulted in I) reporlt. In the mid- and latc-I 9 8X()s, the Committee on 
Population asscscd the econonmic Consll ot' population growth andeqlnl1ces 
,Ile hC;llh oCsll tltlllCS ol colntracept ivc use and controlled fertility, allmlotng 
1a1vlly other acti', ilus. 

No t.'lflicti on lh deiCogr1aphy o1' sub-Sahtaran Arica cmercd f'rom 
the early \ork otf tle committee. lIrgely becalusc oftle plaucity' o1 dtla and 
the poolr qualitv of' lhlh was availahle. Ilo\ever, censuses, clhnographic 
studies, and ,,L'rvevy.s of' rcctC:. N'eas,. such as those under the a1USpices o the 
World Fertilitv Survev and the )emographic and I lCalth Survey progranms, 
have lade avai a le data onl the deinograplihy o1 sub-Sltaran Africa. The 
dlta collCction has no .ouhthCen stimulated bv the increasine inleresi ofr 
both scholars and policytMakCrs in the dcmogra0rlphic development of Africa 
and the relations belween detnogr phic change and socioeconomic develop

i.
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ments. In response to this interest, the Committee oil Population held a 
meeting in 1989 to ascertain tie feasihility and desirability of a naor sludy 

of the denogralphy of' Africa, and decided to Setulp a Panel on leile Popuhl

tion Dynamics of Silb-Saharan Africa. 
The panel, is chirlCd bv Kenneth Ilill and tllelberswhich inclUdes 

'ron Aft'rica Europe, al the LUniled States. net for tie f'irst time il Febru
ary 1990( in Washingto. ).('. At that mee_'1tin tile pall decidCd to Net up 
six workin, oroup. omp+,,cOsd oi its OX% 11 11mI'ber, and other experts onl the 
deniography of' Africa. to carr\ Out specilic studies. Four working groups 
focused on cross-national studies Of sbtllaillive issues: tile social dynamics, 
of adolescent fe"tilit, lctls aft'ectinel, cotrtaceptive lse. the effe~ccts onl 
mortality of child ,ill ,ival and general icaltllh prourils. and the delo
graphic eftects of' economic reversals. The t\tother v' orkilg grupl ,ere 
clI a rediL with in-depth studies of KeIux Miad Sci',.l, with theil- o.jective of 
studVin linkaes b'tweeii dciOorU',tihic varilCs ald between those vaii
ables and .ocioeconioiiiic changes. Tlie panel also ducided to ullblish a 
volume of papers r[vietleiiig levels a1d tieiilds of fertility. nuptialitv. the 
proximate deteriminiaits of lert ii child lortalit\. adult inrmlalit s interi-ial 
tfioratiou. and internalionlal ilieration. as lI ais the deniographic conse

lelnces of the AII)S epidemic. 
This voltiilic, ole if the furl ,,coss-it i II sItldies, atlilII)I, to do,.l

ilent the effects of, eic'ral helth :ml child Sur i irgruil mortailit)'.l n 
Altholgh p)rogress has beel iiiade.i, tait ald child imortality leve, in parts 
ot, sub-Salaram Africa rmUiillM102oi th1e hi.iest in tile world. The lisCase

specific orientation of this report dr.s attention to a v.arict of" strateois 
and interventions that have been d.levelpe'd ill M effoTt to med(hlC tihe tur
tality effects of tli\ of the mo,st iiiiportaill disases,. It also exammiir: the 
elTects of getcral ical:i prograils tlat l \e beenl impleicited ill various 
settims of' sul-S aiarai \tfrica. 

,As is tile case for all of the panIl ,work. this reort would not IVe 
been possible x,ithOut the cooperation and assistalcc of lie )ctnograthic 
and Health Survey f(l)11. Program of tile Institute for Resource I)evelop-
mient/Macro Systems. \Ve are erateful to the IIIS stafT lor responlding to 
our inquiries and flcilit~lliniI our earl\ ccess t tihe surve\ data. 

We are also gratcful to the organi/atitis that lrovided financial SUlppIIOrt 
for the work of the pamiel: tile (f)icC Of Ihelth the (fficC Of !Jolpulatioll, 
and the Africa Buelau of the U.S. Auenmcv for Initernational )evelopmient: 
the Andress, W. Mellon ilidal iou the Williamn and Flora Iless lett Ioind 
tion and tho Rockefeller Folllutlaiol. BesidCs iplmv' iding Iullding. tile rclre
sentatives of Ilhese orgalii/atioiis kvcle a source of iliiorliatioil aind advice in 

,tho developmentt of the panl overall work llan. 
This report iesulis firot the joint efforts (if the working group members 

and stal' and represents a consensus o' the members' views ol the issues 
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addressed. The Conmittee on PoFpulation and the Panel On tilePopulation 
Dynamics of Suh-Salharan Africa appreciate the time and energy that all the 
working group members devoted to the study. 

The workig group was assisted in its etl'orts by several commissioned 
background paper,. Charles Katende aulhored a Iaper on infant and child 
mortalily and the proximitv of health facilities in Liberia and Zimbabwe. 
MNaralet luck x role a paper on m1rtalilv tends in Sene.gal. 

Special thanks are also due Joan Mnltgomery Ihllord and Paula Melville 
[Or pro iding. superb adminilstratiye and 1ogiStical supprt t the working 
group and t Florence PoilhloI (ofrher skilllfil editing of the report. Eugenia 
Grohuman and Elaine Mc(iarralueh %ere instrunllllmlJ in guiding the report 
through lie report review and production processes. 

SAMUEL II. PRESTON, Chair 
Committee on Population 
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Executive Summary
 

hil'ant and child mortality rates in many parts of sub-Saharan Africa 
have heen decreasing in recent decades, but remain among the highest ill 
the world. Althouh lthe decline in mortality is fairly well documented, it 
has heen dlit icutlt to (e.terilitle the relative inpolrta,,ce of, various diseases 
and conditions as catse of dellath arn children ofl"dilff'renll aoe ,,oups).S 
l)a oll causes of death aret itllo ,lte and of qluestiolable quality, hut 
virtual all stidies repot t)hat measles. diarrheal diseases, acilte resplir alory 
inlec'tio is., aMd malaria arC th1e leaditte cautes of deathi for Children less thall 

'5 ,cars if ae. li s repolt VW Nl r l ilrtlls aillld al preveritill and 
tre-alitlr these and olher leadiltg casc.sf dat,1h ill sul-Salharanl Africa. It 
also re1is the" eCidtel olithe effects of* ucetral heaflth progralls oti 
rCducitte ltild ttottalit, il the rei,'Io . 

N1httt Caiuscs of death ctut be prcvetlled thlroutth vaccinaltioln pograts. 
We haC re'\iestted studies, o1' vacc'in eflicatc anld idlnluni/atiolli prot'atil 
inl spccific hales itll-'-t aluaratl Africa, ald have cottcluded that vaccilla
tiotl proLacll as utlallii fclts ti retltlcit izftnt attd Childatil haive 
titortaljl. Ilose\cr, results it thesc studies shtuld be strapolated to 
dilfrtur'll parls of' Alrica witlt catiol bccMtsC o1'lohicalanMid cultural 
diffCuCets. ;1tt 1 ariatiotul ill diseaC e)idctiolugics across reeiolls. More
tver. reisult. Ituill sllall-scale slutdi,.' arC dilfticuil to replicate ill il'te-scale 
ttiotntal prtgrarrt h tecause lif'itet ill pror riltt t andtt .'tes tlanrt telllcul ho

Itlw'vver, tt10t a.ll the leading2 c;Ses Of' deathr calt he ireve,t+el thriough 



2 EFFECTS (F HEALTH PROGRAMS ON CtlILI)M ORTALITY 

vaccinations. Other disease, responsible for many infant and child deaths 
can be preventcd or treated through a variety of interventions that can be 
effective if used correctly and in a timely way. 

DISEASE- AND INTERVENTION-SPECIFIC FINDINGS 

Studies indicate that increased measles vaccination coveraoe has led to 
lower mortality. Moreover, the incidence of measles decreases as vaccila
tion coverage increases. Even so, research is needed on appropriate case
management strategies, for lowering the case-fatality rates among those who 
become infected. 

Rates of miortality due to diarrhcal disCases peak as c! uldren are weaned 
in the pilstneolatal period. Most interventions in both hospitals and corn
munities focuts oil case management of' acute tlehydrati'ii diarrhea by using 
oral rehydration therapy (ORT) and continued feeding. ORT is anl ITective 
treatment, btl it is not used ,idclV enough and is often used incorrectly. 
Research needs inic! ile the dCvelopment and evaluation of home -based treatment 
programs, the de veltopment of case-inanageient strategics for other forns 
of diarrheal diseases, antIan assessment of the effect of ORT programs on 
mortality. 

Malaria is a majoir health problem in Africa for both children and adults. 
and is responsiblc for it iarge proportion of all child deaths. Programs to 
combat malaria need to consider tile diversity of ecologies, the spread of 
chloroquine-rcsistan strains. and the high costs and managerial complexi
ti-s of min' of' the available technologies. Presunptive treatment of Ina
laria ased oil the presence of i fever is commllon both at clinics and at 
hole, bt little research las beelldone o evaliate the effect of presumptive 

treatment on mortality. Other increasingl y common preventive strategies 
include Iproviliing chenioprophylaxis to pregnant women and the use of 

insect icide-treated bed nets,, to prevent mosquito bites. 

AcUte respiratory' infections (ARIs), especially piM ~io;ia, can be treated 

with antibiotics, but few large-scale studies have been conducted to te t 
different stritegicS for providing treatment. Those studies that have been 
conducted suggest that appropriate case management call reduce infant llor

tality by 20 percent antd undler-5 mortality by 25 percent. )ata from the 
Demographic anid icalth Surveys sugest lIhat only i sinall traction of chil

dren thought to haVe ARIs actually receive aintlibiolic treatment. 
Other diseases antd conrditions 'ontribulin2 to infant and child mlortality 

reviewed in this report include ptuISsis, luberculosis, tetaillS, and nutri
tion-related conditions. 

In addition to the dise Se-specific interventiois, that have been initiated 
in recent years, the expansion of general health services has also contrib
uted to mortality reduction. Studies report declines in mortality its different 



3 EXECUTIVE SUMMARY 

types of health services become available. The effects of health services oil 
mortality are difficult to evaluate because of timing in implementation and 
the confounding effects ef other factors. Research needs include document
ing the effects of primary health care on infant and child mortality, and 
indicating the factors contributing to its difftrent degrees of success. 

GENERAL CONCLUSIONS 

In addition to res;,:rch needs related to specific diseases, this report 
offers eight observations related to the state of health programs and re
search in sub-Saharan Africa: 

1. Declines in mortality rates should remain the ultimate indicator of 
the effectiveness of child health interventions in Africa. 

2. The goals stated for many programs suggest that program planners 
often have unrealistic expectations about the feasibility of measuring mor
tality changes associated with some kinds of interventions. Programs can 
be ciassified into three groups: those causing rapid reductions in mortality; 
those with a more modest potential or that reduce mortality at a slower rate; 
and those for which direct measurement of mortaliiy effect is not feasible. 
Misunderstanding tile nature of a program can lead to unrealistic expecta
tions of its effects. 

3. The trend toward stating program goals in terms of reduction in 
cause-specific mortality may he setting unrealistic expectations for evalua
tion.
 

4. More emphasis should be given to age-specific mortality rates in 
stating pr gram goals. 

5. There is a need for more evaluations of various packages of inter
ventions. It is difficult to evalnate individual components when services 
are provided in combination. 

6. rvorc empirical evaluations of program effects are needed ill order 
to test predictions from models. 

7. There is a need for more long-term studies that inclu 'e regular 
collection of vital statistics, and routine surveys of service utilization and 
quality of care. 

8. All evaluation studies should include detailed measurement of both 
the coverage and the promptness of services, as well as compliance with 
program protocols. 
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Introduction
 

The historically high population growth rates experienced in Africa 
were tileresult of' sustained high fertility levels as infant and child inortality 
began to fall. Recent data from the Demographic and Ilcalth Surveys con
ducted in sub-Saharan Africa indicate that the total fertility rates of a num
ber of countries, most notably Botls\ana. Kenya. and Zimbabwe. have ,
gun to decrease . AlthOt,,h fcrtilitv is declinin, inl these and possibly otier 
parts of' sub-Salaran Africa see 'ohcn. I993). it hi, i'h most ofremains in 
the rc-cion. The dcclinus in lhotswana. Kenya. and /ihbahvc have heen 
mrc apparent alnd rapid than those of other countries in the rcoion. 

SIliklarly', analysis of child mortality trends (i.e.. deaths amtone children 
undfer ace 5) also stgests that declines are contininlilg to occlr illa number 
of countries. The rate at which tie dcclines are occurring \aries across tfie 
region. One of the factors contributing to the decline inl inflant and child 
mortality has been the pro,-ision of health services. A number of' initiativcs 
over the past 25 \'ears have fostered chifld survival though promoting rela
tively simple. aff'ordale. and proven technoloics. 

I f1978. the World fcalth ,'sseably set tie goal of' icalth ,oiall by 
the year 200)1).- This oal includes ensuring a life hoth lonl and free of' a 
heavy burden of illness. In Africa, between 19855 i.ild1990, an1CstimatCd 
4.1 million (ffcliglnan et al., 1993) died aM uall' hC orC their fifth i'iday 
and arc deprived of' tfie most basic rcutlirelnents f'r a healthy life. There
forc, the first aim of' many health fprograms in Africa is to provide children 
with a reasonable chance of !iving a long a1d healthy life. 

-5 
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This emphasis on lowering mortality is also evident inthe U.S. Agency 
for International 1)eveloprm-ent's WSAID) Child Survival Initiative, which 
started inAfrica ii 195. The progratn's goal is to reduce infant mortality 
inl USAID-supported countries from the 1985 average of 97 dailh per I 00) 
live births to less than 75. The prgraiM builds on primaOry health care 
programs. and focuLses oillimlinumiations, oral rehydration therapy, improv
intc ntutrilion. reducing numbers of hich-risk births, and improving maternal 
health. Since 1985. USAII) has invested U.S. $1.5 billion in the Child 
Survival Initiative. 

In September 1990 itthe World Summit for Children, representatives 
of' 159 countries agrtle oii a Plan of Action for Implementing the World 
Declaration on the Survival. Protection and eI)velopment of Children in the 
1990s. The plan includes sevcn iniijor goals, the first of\which is targeted 

to be completed between 199(0 a reduction of ilif'altand li year 20(100: and 
under-5 mortality rates hy one-third, or to 50 and 7(1 per 1(1(10live births. 
respectiv\elv. s hi. hever is less (United Nations Children's Fund. 1991). 

Anong tlie iorie specific supporting goals were the eliimiationl of* neo
natal tetanus b' 1995 and(1the redluction of measles deaths by 95 percent by 
the vear 2000. as well a, the reduction of' leaths due to diarrhea in children 
less than 5 y'ears ol age b 50 percent, and the reduction of deaths due to 
acute respiratory infections in children Under 5 b\ one-third (United Na
tions Children'. Find, 1991). The plan inclldod nany other goals for child 
health: for example, increasing >irtlhsseights and reducing the ip'e'alenlce o1 
maln]utrition . and of iodine and vitamin A deficiencies. Ilowever. reduction 
of, child llortalityv is the lajor element of the goals for child health. 

Although infant and child mortality rates are declining in most of sub-
Saharan Africa. only two conltrie,--Iotswalla and Zimlbabwe-currentlv 
are estimated to have infant and child mortality rates as low as the major 
goal calls for by the y'ear 2(01). Most other countries Will requireldeclines 
of' more than one-third to achieve the goals of infant mortality rates of 50 
per 1,0001 and child mortality rates of' 710 per I(1111). In the past, mortality 
reductions probably have been the result of I unber of' different factors 
including hCalth programs (antd control of epidenics). changes in diets and 
health behaviors, and general economic development visible in education 
and road building,. among others. These f'actors ws'ill all continue to play a 
role in re(lIciilg mortalily in the future. IHowever, the most direct way in 
which governments can Intervene to redutice mortality in the short run is 
through increased provision of' health services. 

The ability of African governments to provide health services is limited 
by the small amoulnt of money available for the health sector. Ialtl' of' the 
population of Africa li ves in countries where cx penditures oilhealth were in 
the range of $1.50 to $6.81 per capita in1985. Fle average African lives in 
icountry inwhich the government expenditure on health was only $5.32 
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per person (United Nations Child'en's Fund. 1991: Oghu nuLdGallagher. 
1992). Bet wecn 1975 and I985, the averacge African experienced a decline 
of I 1 percent ill tie government,'s real per capita e\penditures on health. 

The severe shortale of filds for heallh programs has led to a deate 
abuut the best o"developin. services. Althoullh there are1t1c' health 
mans dimensions to this dcbale, the cenllral argnirient has been beteell 
those adiocatimg "'selective" prinmary health care and those advocalimr "coln
prelinsive" primary care. for example, \:Ailsh andhealth (See, Warren,
1979: Ilabicht and Berman. 19801: Ncs, lII. 19., or 1i10rle disctlssiolr.) 

Tile advocates of atselecti\c approach argue hilltile sltUtage 01'" re-
CIotrS he foCused most 

tiols. hie advocates ol a Comlprehensive approach arigue that ,el\ ing onl 
cosI-effecti\ eness leads to a short-term slrate2 tiant will make it difficult to 

sources requLires thill Ol the cost-effctlVe hCrvtell

reach tilelong-term goal. lipirtiular, thev arctic that the 111ost cost
effective prooraunis are (ttell indi\ idull prograLs ainied healthi-electcdat 
prUblens, for examnple. vaccitio-preventabh disCases aid lllatllial Coll-
Irol. llowever, if too miluch lilplasis isplaced ol \verticall\ organized 
ilerventtion-specific. the ,goal of integrated proeramns Ilnav Inev r be lachieved, 
and onlv a limited nuLher of ser\ ices \k ill iea\ ailahle to tile,eneral pub
lic. 

Whether prouuratlts are inte'erated or lo. tilesCverC financial coLnstraiIts 
oti health prograls in Africa require choices, such iswhich drugs o0phr
chase and which skills to( emplhasi/e illtaining, health plestonel. atnoln 
othetlrs. Withlout Ima,.ssive increases Illtie funds a ailable l'ur heallh pro
g Al.n.. covernnltS \6ill to set priorities (implfliit o)r' explicit)African have 
for th1e use of' scrllCe resolrces. Iliaddition It)cost-elfeclivclress, there are,naiy other criteria I'm seltin. these priorities. including costs. elfieacy, 

concerns foIequity, and tilepreferences uf the population. (Gi\nfilegoals 
set by tileWorld Surlnit for Children and tilelich nlortalit\ rates in Al
riCa, it seems initiullv reasonab+,le to stress tileexpected elTeCt o1, programs 
on mortal it s*. 

('onuparing programs according to their expected eflect oit mortality 
has several advantages. First, iortlil, rales pro'ide a C0n11111111 llelsle 
that ;'acilitales coinparison of programs. For e\alnple, iortalil\ rales altlow
 
lsto cotmparC the effe.. c of' a measles \acciiatioml progral \ ith tie effect of
proIgram foltreatinle diarrhea. SCOItd. ieductions in rtortalit\ often te
flect reductions in !he duration or severity of illnesses. For example., a 
progran that treats or prevetts malaria Itas low\er mortality by reducinrg the 
incidence, prevalelcc, or severit\ ol nalauria. It is diflicult to prouce a 
simple measure o'uorbiditv that incorporates both prevalence and severily. 
I loss ever, if nlortalily diie ti infectious diseases can he reduced through a 
program, it is likely thit rmorbiditv also declines. 

It is not feasible to measure the mortality effect of every health pro



gran in every country. Iloweve, it is important to IlleasurlC the mortality 
clTect o 1'Vious ty'pCs of interventiotns. When wc know that a specific type 

can reduce 'of program mortality, e can raso'iably as.lsulme that any' sinliklr 
prorallI thht reacs a sublaltital proprt'tiotn of tile population \ ith quality 
services probabl reduces Iorltalty. 

This volume eantines tMe scienti lic evideice orf tle efecliveness of" a 
\ariety of health intervllitions ini reducing. child mortality in sIih-Sallarall 
Africa. We have ntevldrualcd the C\)c'tCd CI'ct of' potential ne\ tech
noloiies yet to he tried in ,\frica. such as vaccilles t proltect aglinst nma
laiai or AIDS. We have also limited the 'e ie\ to interventiolns that are 
get+eraHy' the piiinLce of health miitistries. For example., \e have not 
evaluated ile impact or \water and salnitatioli programs, a,.iricultural projecls, 
or adull literacy lroram, although these might be ihiportat compone itts 
of' gm)erflllent stratecics for rcduciiie child niortalit. [or the iajority of' 
these types of progratms, there i, little e\hL_1icc ofal mrtatil' efcct. Inl 

,addilioti. We have ]iliiteCd Oi-r,'. ves to prorIil. \hfusc elfect oii mortality 
can be evalulled. :or this lea',oi , hav\IL tI e.1\valua.tLd the e\idece iil 
AIDS Tgrams. Ile delk\ het\eeit huliai ililllnudel'icicyc\ virus (IIIV) 
itl'ectionl and death is so logi thut it is not feasible to lleasure direcly' tile 
effect oIf' prograll s ol Illtoritlit.. 

We haue liimited the scope of this report to the denouraphic and 
,, epidelmiologic C\idence that protlai ha\ reduced llortalitv. 'hi foctus 

lr'tuviles oly' half' Of the e\idemuc needed 1to cirl' out al 'auiking of pro
,ranlis ill teril, o cotl- lfctiveis. Iho\ever. by limiting, oul revicw to 
progrins thal ar a.read commnioii ini \frica. \\Ce have loctsed l n programs 
that are gcnrcaull, as'mlled to be cot-effective. This re, ie' exainns \whethcer 
the evidence of effecti\cness justilies the colititt perceptiont 1hatthese 
proTsali aic_ effcti. It \'ouhd be uscful to determiin hether studies of 
the cos.ts of thes." progriuns (including both public and privtlc cotIs) justi1y 
the uSuMl ipecrccptiiii, IhI\oc\'cI. d COi)tic rcvic\ of Cotl StLldie:S \\otld 
exteid heonld the resoutIces and the technical expertise of' the \vorking 
g r up. 

Ill evaluti iile nmortalil effect of health intervctit ions. \%C "gobe.ond 
the evidence that these teclinloluies are "'safeam cllecti,+.e ICalth prt

'rams do not include medical technologies unless there is evidence that 
thin nedical benefits out\\Aieh the tmiedical risks for individuals. We arC 
interiested in tihe heillits tui populations. and thes catl be very dilfereIl 
from the benefits to itdi\vidvi . I the te'r oi c\luatiii Studics. \ e need 
to go beyond estiimating iitlrventiol 'cllicamc." the li huoical effcC as 
measured in careflully conttrolled clinical trials. istead \c need to lleasire 
tIe "'lectiveness" Of' pr 'il. hiehcan bce reduced lv improper prolce
dures, lo, complhance ra;tes, or factors that select individuals wilo receive 
treatment. For examppe. progranis to preven'lt Illteases, I anlll.or tubhern



9 INIROJU( "lION 

losis can change the epidem ioo.'y of the disease by changing the risk of 
lfection for the entire population, including those not receiving treatment. 

Decision makers should be aware of the differences in resuls based on 
biological models andl hose from field sludies. Theoretical results based on 
models rarely serve as a substitute for field studies, which incorporale the 
difficulties and shortcomings arising iil carrying out a prograni. 

Often, tile field-based evidence that health iwtcivCntions reduce imortal
it), rates is wNeak. The justification for nanm programs is based on the 
argumenl that a i-s en disease causes death in a certain percentage of cases, 
and that file inter'ention is effective at a Certain level in preventing (or+ 

curinl.) the disease and has Ie' or no side effects. These arguments rely on 
biological models of the disease process and scientific tests of, various parts 
of,tLe model e.1.. the Cf'icacv of a vaccine or treatlment). This approach is 
most consv i lci g when tile evidence sugcests very few serious side effects 
and s,'lien the disease has serious inplicatiiins for health (e.g.. the use of 

elle.,;is vaccillation). 
Ile Cv ideuce to slpport ltese liological irood l s m1ay not be adqCllate to 

produice reliable populaltion-based Cstilales of program effecliveness. For 
example, ilall\ of the deaths of children in Africa reslt from the interac
tion of several hcalth problems. It is diflicult. if not impossible, to design 
models thal describe these inlelaCtions in sufficcienl detail to produce teli
able es~litilates for the iuorality-reducing effect off differcnt Itpes of pro-

Estllialin the eflect of a L'ealth intervention beconmes lore difficull 
whenl the program does nlot racich all children al risk tor tile disease. For 
example, a progrill lhal reaches children only in the tipper socioeconomic 
groUps %\illprobalv have less effect oil nioralit\ than one that targets 
malnourished children ill illpo erished familics. ASsI a irelll oflheCunequal 
disribution of risks,. thie Call be large differncices ill the effectiveness of 
programs thal eiploy the sale imedical technloloics. For this reason, we 

uist examine the effectiveness of, programs in a inumber of diflercnl settings. not just the potential cfficacy l" lecf olgies. 

NIuch of the c'videuice about the efCltiuless of inltervelliOllS on moor
tality llics f'roil research projects in small populations. Thus, the evi
dence f'omn these projects Illay not provide reasonable estimates of the el
fects these interventions will have when implemented in large-scale government 
prograills. When programll, are e\ paitled be volnd small populIatiols, the 
quality' of the services Call chance drastically as can tIle social groups they 
reach. Vaccine failircs, incorrect diagnoses. aind reduced effectivlicss of 
supervision or patient e(Luc'uiiin are all More likely in large-scale programs. 

This voluiC be iris Willh a discussion of iortalily trends and levels 
over tile past tIhree decades in the region. Mortality has decreased in all 
parts of Africa, bul al varying rates, as illustrated by regional differentials. 
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The cause-of-death profile varies across areas, hut I s1n11I nutmer of dis
eases accounts for most of the infant and ChilId Mortaltv tholu'.Ll&hout the 
region. However, becatuSe data arC 2cnera llv of' poor qualitv or nonexistenl, 
it is dif'ficult to rank these specific diseases. 

Most of this volume _\:1ttnines variou, types of health programs. Chap
ters 3. 4, and 5 revi\,, C\ idcHCe on the eteciveness of interventions ailled 
al individual disease'. ; hipltler . examilnes the liseases thatl can he pre
vented or reduce,.Md hy ilinilni.ation: mesleCs. perItussis. tuherculosis. ICp-
IraS', aid tetan.Is. ('liaplir 4 'ouses on interventions tlarIteCd alt ther 
communicabldll iseass: diar'rhcal diseas ,. malaria, and actle respiratory 
infections. Nutritiotral condilions, includilg protCin-eMrgv malnulritiol. 

low hirthwei-lit. and vitanii A dhficienc' are discusseiCd in ('hapter 5. The 
discussions of thes sI'c.CilicdieaC',and Conditions e\Iline the etiolot',' 
svrrptnrlls. and prevalence of' each disease: its CpiderniiOlgv ar1d natural 
course: irtereCtitl studies conductCd ill Af'ricai atnd other pMarts of the \,,orld: 
and program coveragce in Arica. 

The ,reaniatlioi lo th,.'e hulk of' report die,,ase relctste f'Ictlie h 
that allnost all of, the ,tudie", flte fIfctivees', of health prongralns exam1
inC sinele ilursenItiols., Al s.,h11wull IM preferred to oratlize the 
r'o)r1't alng oiier lines,, nlne aVailhC restearch do.', not support o)ther ap
proache". In partic.ular. there is very little research on tire effecliveness of' 
tile rmost con llollr t\p of programs. those pOgralls that Combinelialrlllo 
inlerventions aeainst several dise1ase. evidenc Ihre is on tIre eCfc-What V 
tiverress of integrated aid general health programs is revic%.ed iti Chapter 6. 
The fialla chaptI)lr p)ro, ids cocll.ll.sions and recommendations. 

http:revic%.ed
http:tetan.Is
http:reduce,.Md
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Trends in Mortality and
 
Causes of Death in Africa
 

During tile past 30 years, African governments have worked to increase 
the quantity and quality of modern health services available to their popula
tions. Before independence, most colonial ,overnlcnt1LMS intlrloduced health 
programs. If the expansion of health services 1,", had an effect, , e should 
expect to fiud that infant and child mortality has declined during recent 
decades, at least in countries that have achie'ed imlprovenIts in services. 
Of course, there have been melcrous other changes in Africa 'Iat might 
have contributed to mortalitv reduction. Increasing educatiot, levels are 
associated wkith improved child care practices and better ttiliation of health 
services. Construction of roads reduces tile effect of droughts 1v imlprovinlg 
food( distribution leto\rlks. Moreovci, road construction facilitates trails
portalion to urban areas where more modern ialth services are located. 

This chapter reviews data collection and techniques for estimating trends. 
mortality levels and !rcnds, verbal aulopsies, ca.uses of death, alnd the effect 
ol AIDS on child mortality. The discussions of mortality levels and causes 
of' death provide the background for later chapters. which consider the evi
dence for the effects of specific programs. 

TRENDS IN CHILI) MORTALITY 

Data Collection and Fstirnation Techniques 

Early attempts to measure mortality levels of African populations were 
based on efforts to register all births and deaths, especially in urban areas. 

'I 
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For instalce, a vital registration system was implemented as early as 1915 

in four cities of Senegal and conltinues to be maintained. Despite many 
attempts, the coverage aild qualitV of vital i'egistration systems remain poor 
at the national level inlcontinental sub-Saharan Africa ()e Graft-Johnsol, 
1988). 

Most recent efforts to estimate mortality levels and trends at theiltna
tional level are based on large-scale surveys and censuses. These ,urveys 
employ two basic approaches to estilting iinfant and child mortality. The 
first approach involves direct methods, which are based on reported births 
and deaths of individual children. The most common survey alpploach is 

the maternity history, which includes tie date of each birth and tiledate or 
age at death of each child who has died. Maternit histories have formed 
the core of both tie World Fertility Surveys (WFS)and ihe Demographic 
and Ilealth Surveys (I)lIS). Variations include truncated maternity histo
rics. which include onlv recetI births (i.e.. children bort'n during the past 
five years or tiletwo nmost recent children horn to each mother). l)eath 
rates can be calculated dir'ectlv from these dataLbcause tile'allow tabula
tions of deaths and perhSO1-'ears of risk at each age. Trends in mortality 
canl be estimated from tabulation of deaths and person-years of risk by both 
age and year. A second type of direct estimation procedure is based on 
information aboutl recent deaths (generally d.aths in the last year) and the 
current population si/c. 

The alternlative approach is to use indirect inethods, which are based on 
data that do not provide Im tabullion of deaths and person-years of' risk by 
age. The must common indirect approach is the Brass child survival method, 
which uses data oil tIle average numbers (f' children ever born and the 
surviving children of woolen in each ilve-year age groulp. l ong with a 
simple model. This model requires asslimlptimOs alout the age pattern of 
child mortality'. It can be used to estimate trelnds ill motlality' on tilt further 
assutLIptioll that tile treilds in recent years have been smooth. Several vari
ants Of this mode12l are described in detail in United Natimv Manual X 
(United Nations l)epartnent of' International Economic and So.:ial Affairs, 
1983). 

Most Of' the data on levels aMid trends collie frol coillpalisons of' several 
sur-Vey's illthe Saille COutlry. When a cOlililryIhas a consistent conlbinalion 
of estilate, of levels and trends froill direct and intdirect methods, tile 
statistical evidence can he Coisidered reliable. Ilowever, lill (1992) re
centlv -evie,,,ed tle available data from 38 sub-Salharan African countries 
and found as iliilV caseslof,inconsistent a1,of consistent data. Common 
shorteumines of data Oil child survival illclude '11Ceomissiou and displace
illeil of births and deaths and misreporting (l ages and duratioms of expo
sure to tile risk ol' deatli. Altlhough the general impression of mortality 
decline is strong, the estimated treids should be considered with caution 
because of' these types of error iil data. 
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In addition to national data, more accunate local studies catn provide 
detailed info'rmation and a check on the plausibility of national data. Ex
amlples include some of' the vital registration systems otl cities and solne 
prospective studies of communities. In these research areas with continll
ois reistration of vital events, a small, oeo-raphically del'ined Community 
is followed Ior a period of time with a multiround surve-t he frequency of' 
which can range f'rom weekly to annually--aind periodic censuses. These 
intensive undertakings lrovid c comiplete and accurate detntiooraptlhic (laia 
including trends, age patterns, seasonal variations, differentials, and some
times, Causes of death, though typically I'or fairlk small nuinhers of' events. 

Ctrrent Levels ol' Mortalify Ind Irends Since 1960 

The measure we use Ior trackin levels and trends of child mortality is 
the probability of dy'ing by age 5 1q cx). pressed per thousan,11d IiVe hi rthIs. 
This measure captures almost all tlie mortalit' risk prior 1t idultod, and 
is less affected by the age prolile of clhihld rea'ilg pritices such as weanhitg 
than tile ilant mortality rate. Estimates of' .5 /re/1 a'ilalle aftler 198( for 
15 of 39 sub-Saharan African countries. Table 2-I pre,,cin, tile probability 
of dyinw b 1. years 1960 to I'r all tfhe countries of'ae for the before 198 
sLb-S. ltahrau+Af'rica With acceplable estimates. The numher of estimates 'or 
each year raiiges f'rom 5 (for 1985) to 27 Ifor I97l). hlIe recent estimates 

' var f'romn Illl0 oi f.wer dclhs by' age per I,00(11 live birtlls in lBotswana, 
Kenya. and Ziinibabwe to 2(1(1 or iire il Ilurkina aso., Liberia. Mali. and 
Zaire. The reilaininc cotlrllicsl'iitei.'auniu I(100. The low-motl;.ity 
Co.nlries IIive mnorllit\ raits cilnlpaiahle to those il inially countries of 
Asia, with le\els lox\eir than India I- Pakistan. The hih-iiiortilitv counlries 
include the miortllity ill the woritl duringlihihest values of' child recoIdcd 
the 1981 Is. 

The lata for' almost all African calountries show decl ninfiil mortality since 
196(. [icurec 2-1 shows data f'rom Table 2-1, with difTerent sylmols; used 
for dala points I'rom the hroad suhr' ions---\\estern., middle, eastern, and 
southern. Three points stlanl out froi [igure 2-1. Firsi. there is a great 
deal of, variabilit il Illeastres ol child mortality anion_ countries of' sub-
Sallar Africa. In 1961, probabilities ol" dying bv aCe 5 varied from 140 to 
400 aoing the 19 countries with estimales: ill 1985, the tainge was I'rom 6(1 
to 250 aci ss the IS counlries with estiimates. SecoInd. there has beeiia 
subsmaliial and rather sleady decline in child mortality i'isks from 190t0)o 
1985: the median sq1 in 1961) of 225 fell to 1811 by 1985. Third. there is a 
stibstaitial differienlial ill child inorltlity bctweeii the countric,, of' easletn 
and southern Alrica and those of Middle an1d western Africa: althouthil'
f'ected bv the countries included ill the dt11a set lot' spec fic years. Ile me
diail Sq values I'or eastern and southern Af'rica are ahout 61) per thousand 
lower thant those for western antI middle Alrica f'rom 19611 to 1985. 



14 EFFECTS 01 III:'ALIii PROGRAMS ON ('ltL) MORTALITY 

TABLE 2-1 Child Mortality Rates per 1,000 Live Births (based on the 
probability of dying by age 5). by Country and Year, Pre- 1960 Through 
1985 

Couniry Pre- 1960 1961) 1965 I197) 1975 It980 1985 

Eastern Africa 
Burundi - 270 240 220 221) 21) 175 
Ethiopia - 235 230 225 220 -- -
Kenya 26) 210 185 165 145 125 100 
Malawi - 360 345 335 320 285 -
Mozanibique 26(1 - 28)) 28)) 280 - -
Rwanda - 24)) 220 220) 221 22)) -
Somalia - - 241) 225 210 --- -
Tanzania 260 24)) 235 225 215 - -
Uganda 245 225 195 180) 175 185 185 
Zambia - 220 190) 180) 165 1511 -

Zimbabwe - 16) 155 145 14)) 135 95 
Middle Africa 

Angola 360 -- - - - -
Cameroon 2910 - 235 220 185 - -

Central African 
Republic - 325 295 245 - - -

Chad 34)) 31( - - - - -
Congo 29)) 21)0 165 140 - - -
Equalorial Guinea .... ...... 
Gabon 351 250 . . . . . 
Zaire 285 - - - 235 210 211 

Southern Africa 
Bois, ana - 175 160 14() 12)0 9)) 61 
Les lo - 211 195 185 175 - -
Namibia - - - - - - -
South Africa - - - - - - -
Swa/iland 241) 230 220 215 - - -

Western Africa 
Berlin 361 - - 255 240 200 -
Burkina Faso 421) 315 295 275 255 220 215 
Cfcnedlvoire - - 265 245 211 165 1-1 
The Gambia - 351 345 310 275 241 
Ghana 371) 220 211 185 171 155 161) 
Guinea 3810 - - - - - -
Guinea-lissau 3)11 - - - -

Liberia - 28)) 270 255 245 235 2211 
Mali 385 - -- - 360 311 250 
Niger 31011 - ... - --
Nigeria - - 195 190 
Senegal 375 300 295 285 265 2211 190 
Sierra Leone - 41)1) 385 365 -- - -
Togo 351) 300 245 221) 201) 181 1611 

Northern Africa 
Sudan - 221 2(15 17)) 1510 145 135 

SOURCE: -lill(1992). 
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FIGURE 2-1 EIstimates off tie probability of dying by age 5 (51/0) by subregion and 
time period. NOTE: Western Africa (shown as a plus) includes FBenin, Burkina 
Fa-o, The Gambi:, (hana, (uinea. Guinea-Bissau, Liberia. Mali. Niei. Nigeria. 
SeneLal. Siera Lcone, and Toc. Middle Africa tshov as a trianle) inclu(es 
Angwola. (amloooll, Cenlral ,\lricat Republic, Chad. Congo. -. Gatluitlrial (Gui6Cu, 
hon. and Zaire. Eastern Africal .Shown atsa circle) includes lhuruldi, lthiopfia. 
Kenya. Nlai,Nlo,/a! ique Ramla, Somalia. Taniana IUganda Zamhia. and 
Zimnbablm e. Alri lI a,"ox ljSotillntl a ( |aa diamontl) includes Botswana. I.Cesolho. 
Nanibia. South Africa. and Sww.ilad. SOURCE: IHill (1P)()2). 

In countries where lomi-term series ae available, Ihere is cotiislenlt 
evidence that tile mortality decline started well before 196(0. A nubl er of 
estimates of child mortiality suggest that current levels reflect long-term, 
substantial changes. The earliest estimate of' , for Kenya. for example, 

was 262 (lill. 
of dying before age 5 had decreased to 165, and it was estimated to be I00 
by 1985. The estinmte of i/,) was (Hill. 1991). had 

goes back to 1947, when it 1991 ). By 1970, tileprobability 

for Gltana in 1935 371 
declined to 185 bM 1970, and contittuCd to decline, althomgh mote slowly to 
1601 in 19S95. Senegal also Shows a large decrease in monrtality,. altho ugh 
current levels rcmtin fairlv high. The probability of dying hy ape 5 was 
estimated to be 373 in 1946 (Ilill. 19911; it fell to 285 in 1970. and wats 
estimated to be 19) in 1985. Vital statistics for Daktr, Senegal, suggest 
that mortality has been decliting for at least 70 years. 

In general the decline in mortality has been steady since 196(0 in most 
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colnltries. lowever. exceptions e\ ist. One exception is l:lhiopia. with no 
.vidence of decline betwecn 1960111d I975. and no data thereafter. In 
Ghana. the decline sCms to have stopped atelIr IN) (ld there nav actnally 
have beell Some increse. T he salie "cIs to he Intle in) I+fand. where 
lllor'talitv appears to rave been risine slihtl\ ,ince 1975. 'I'll Stat' data 
fronl Mo/.allbiqte o( not so\ , il eviICce (11 decline. 11 also appears 
that inlortaliIy did hot h1ch01inl RwaUlda btCtl 960 aind SeveralIen 19,(8. 
ot llese counlirics \ eiit tlhroii perioS()'ll Iajor political tlurlnoil dturiig 
lite 1970Is arid tire It SXIs. 

Ill Several coutitries. periods fur v, htich datl are :ivailahle aie too sholl 
I perrlirilll\ t0 Ill Nigeria. data are soi pooryeliotLS Collctltioll abot .,ds. 
before [ie 19)9) IhlS liat triorlalil trenls cannot be determined. Olher 
corrntrics.---.\iolat. ('had. ard %.lariritaial--do!lot havC ntionally rcpre
,,clitatliv. dta that tllo, artv estimation of rnittlity. 

ii addition to \11riatinrs bct,.eenl corunrtries. there arc Irmajor variations 
ill tNotalit\l.vels w,,ithin crmntries. "liCse strikingz sblatrhlMrl dlfferellces 
w.ere roted cspeciall, , Niger. and \o/Mllhirire by ('oalein eya..\ngotla 
and Lorimier ( 1907. I.,ree dilfeer.ices ,, crc also Irmird by Ewbank et al. 
198+ ill Kc :it. Ilill i 199T) fhnd ,ariaiions by district rargitg I'rllli 140 

to 381) il tile 1955-1)57 SL rsC\ is ZairC arid Variatitis Irot 13(0 to 29)0 in 
tire I1)99 ccl'sis tl Zaiiiia. ("aitrelle ct al. (I 1)%) lilnd large vsaiationis in 
Seiteal. i:irah alnd Preston i I1)82) 'shiud1major ilfferenles, etvSeen nrtthernl 
and Siotlihri Sudanr. F\tre:rC rcgiorrral dijtllcrcltes secIrn to he a distilctivc 
leature 01' \lraiAl rnrntalin\, )rl).al)\ reflertin majt dilflrelces in local 
epidemiological and srrcirrcconnriic cliVir'oiriiciils. 

Ill siiiriats\. thee is cleat C\ irleiCe Ihtl rnttir.lits I' Children tnder 5 
has beenr dccliniirig rapidl\ ill slb-Silharair AIica. il somle parts at least 
silcC tile I9-10lS and pnOssihl since tile Il1)0s. lhrncwr, teil data arc rnot 
detailed riMprecise cirrmngh to slhmk tie spccilic cffect,, of hIcalth systenms 
aid hlcallh irtcrvcrlhiois. Such a COutH'nrsirni is lirimited by, broth thie itimpreci
sioti of tire cstinlIatCL trnCIds ill rinorality arid tIle diflicultV 0f establishingc 
changes ill tile LuILit\ arid qLalit., tf medical services actuallv provided 
durirrg each titie pctirrd, is rtiscuisscd iil ((hapier 6. Nonetheless, tie nmo 
tality declirie accotmpanied tie ciiergi.'Ce rinf idicieic. tile01iruderir arid 
allrival of anthiotics ald :llitnirahlrill diugs, as , ell as, socireCrhiroilliC dC-
SehnIOtiMCIL. chta.ct,.ri/ed 10dCller tallltioll. ri1Cr'eascill ,rericlltiraiIh,\ triSll 
and intuStrial plrdiCtio +tla.111ariCill edtc.LtiCtrll.ll. d 

Tlhe C\Iclill oi poditical mid ecollulic on'alli/,atill illia cotlrllll serlls to 

plty a major rrle in itrirtalih\ rcduction. (ounttrics vherc political unrest. 
,'ar. airll amine disrupt tile Soncial igalli/atiull ternid tohave a stgi~nanit 
nortality : 1 . in Sotme ca,,cs. tsi riri MtlaitN ratcs. \nost likely., Itture 
trends in ruorltalitv ,, ill also continuC to be Shaped by tile combination of 

http:MUIORTAI.17
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improved health services, activities related to economic development, and 
unexpected ocial and political problems. 

CAUSES 0F I)EATH AMONG AFRICAN CHILI)REN 

1n1orni1aton about the major causes of death is important for progr;llal 
plalinlg alld Call be useful for progran evaluation. Program hat target a 
small number of diseases can use reliable information about changes in the 
cauIsCs of death to demonstrate a causal relationship between program in
puts and imortality dccl inC. 

[ofortiunately. even less is known about the causes 01f death in Africa 
thal abot01 mortaltyl levef. and trends. None of' tie counlries of continental 
sub-Sa. ..m Al'rica has a reliable national system of death recistration. 

In addition. knowlCdee of causeS of death is hampered by two olher 
dilicullics. The f'irst problem arises 'ron the fact that many deaths have 
multiple causes. ('onsider. for example, a child who is moderately mal
iotriShCd. Iis a case of Iieasles, and die,'s shortly afterward from acute 

diarrhca and nicumlonia. lhe death Could be attributed to any one of' these 
conditions. All of them can be either prevented or treated by appropriate
 
ie(ical iIte'yNCitio0ns. e'lercel'rC, of child survival programls
the effect on
 

motaillity will be dltCllll nCd by the ntatntre of the it.ractlion aillOng these
 
causes. Ilo\wvcr, the complexity of tie disca, proccsS is difTicult to sum
nl/c i siiple sttistiLZcal or tabuhu l'orm. A cause-of-death classif'catin 

is rCdtCmtimiist by ncCCsi ty. 
A sCconld lrbh'iil is the quality of the hdiagnoses. lIven in the best
 

hiospitals of' luropc and the United States, a nmbler of' deaths arc assigned
 
tO illCorrect CauSes. Inl devclolitg c1oIntriC,, LICCuate dianoseS arc even
 
moore difficult to othain. One reason is that a large proportioll of deaths 
occur olttside modern medical facilities and are not observed by qualii'cd 
diano"stieians. liven in hospitals, diagnosis is conllpi icated hy the lack of 
cotplete and accurate case historics, a low rate of auto)psy, and a shortage 
ol diagnostic facilities. Il addition, lany patients arrive at the hospital 
duri(i the last stages of the disease. which makes it diffictlt to disentangle 
tie proxilmatC causes. This situation inhibits a clearer Understanding of' the 
role of malnutrition inltorbidity and mortality. 

Verbal Autopsies 

A niumber of researchers have used a technique called "verbal autopsy" 
to assess the causes of deaiths that were not attended by trained medical 
personnel (e.g., Carenne anid Fontaine. 1986: Gray et al., 1990). The con
cept behind this technique is to use all the available evidence-clinical, 
epidemiological, and demographic-to determine the probable causes of 

http:MORT.I.IT


18 EFFECTS OF IEALTtl PROGRAMS ON CIHILD MORTALITY 

tile 
that might otherwise have been included in a miscellaneous category of 
"other deaths," these gains can be illusory. In particular, verbal autopsies, 
like all diagnostic techniq ues, can lead to false attribution. In some cases, 
these false positives may outnumber the true cases. 

Little is known about the precision of algorithms (i.e.. )he series of' 
questions asked to determine tilecause of death) used in verbal autopsies. 
For example. what is the ability of algorithms for malaria to pick up all 

cases of malaria (i.e.. the sensitivity of the algorithm, denoted here by .)or 

their ability to identity deaths due to other causes as "'nonmalarial" (i.e., tile 
specil'icity. 13)? Given tilelimited amount and types of information that can 
be collected in a verhal autopsy, it is difticult to achieve high rates of both 
sensitivity and specificity. If file specificity is low and the condition is rare. 
then the estimated proportion of deaths due to a cause is likely to be exag
gerated. On tileother hald if the sensitivity is low and the condition is 
coimnmon. tileestimated ra:e might be understated. 

Kalter et al. (199) studied some algorithms for tetanus, measles, diar
rhea, and acute lower respiratory intfections (A LRI) in tilePhilippines. Table 

2-2 presents their res, Its for four sets of criteria for diagnosing ALRI. As 

expected, the specilicity of algorithms increased with tilenumber of' items 
included in the algorithm. but the sensitivity declined accordingly. Thus, 

with more symptoms, fe wer cases of ALRI were picked up, bul those that 
were detected were more likely to be real cases (i.e., an increased positive 
predictive value). 

death. Although verbal autopsies provide guesses of causes of deaths 

TrABLE 2-2 Sensitivity and Specificity of Various 
Criteria for Diagnosing Acute Lower Respiratory 
Infections in the Phillipines 

Scnsitiviiy (x Specificity [3 

Criteria %) 

A. Cough ;anddyspnea 86 47 

B. Cough and dyspnea 66 60) 

-t1day 

C.Cough _>4 59days and 77 
dyspnea 21 day 

D. Cough ?4 days'and 41 93 
dyspilea _>2days 

SOURCE: Kalter ctat. (1990:384). By permission of Oxford Univer
sity
Press. 
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Verbal Autopsy Estimate0.7 

06 CriteriaA 
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CriteriaB 
0.4 
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Truo-Eslimale 
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0 .1 .2 .3 .35 
True Proportion due to ALRI 

FIGURE 2-2 Relationship between true proportion of deaths to acute lower respira
tory infection and proportion estimated from verbal autopsies using four sets of 
criteria for diagnosis. 

The implications of this trade-off between sensitivity and specificity for 
the estimated proportion ol deatlhs due to Al.RI are shown inFigure 2-2. If 
the real proportionof deaths due to this cause is p. and tilesensitivity and 
specificity of the diagnostic criteria are (. and 3,.then the estimated propor
tion of deatls due t the cause is (xI) + ( - I - 1)). For example, if ALRI 
was [lot respotnsible for atly deaths in a population, criteria C (cough of four 
or more days and breathing difliculty of tne or more days) would still 
esti tnate that 23 perce'it were due to ALRI because the specificity of these 
criteria is only 77 percet. If 35 percent of the deaths are truly caused by 
ALRI. then the false diagnoses of ALRI by using criteria C,are counterbal
anced by missed cases of ALRI. In this case the csti mated proportion of 
dealhs due to AILRI is 36 percent, which is very clos, to the true 35 percent. 

Criteria 1)(c017h of four or more days and breathing difficulty of two 
or more days) have a higher specificity (and lower sensitivity), and produce 
an accurate estimate if AI.RI is a ctually responsible for 10 percent of deaths. 
If ALRI is responsible for more thimn 10 percent, criteria D underestimate 
the true rate. If ALRI is responsible for less than 10 percent, criteria D lead 
to an overest imate. Criteria A (cough ,aldbreathing difficulty) and B (cough 
and breathing difficulty of one or more days) have such low specificities 
(47 and 60 percent, respectively) that they do not produce reisonable esti
mates of the proportion of deaths due to ALRI at any plausible true level. 
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Reasonable estimates of die proportion of deaths due to ALRI (or any 
other cause that is responsible for less than 30) percent of' deaths illan age 
group) are obtined only if' the specif'icity of the crileria is quite high. For 
example, with a sensitivity o'()5 percent and a specificity1 of 80 percent, tie 
prevalence ot a cause that is actually responsible for 15 percent of deaths 
will be overestimated by 78 percent (i.e., itwill he estimated to be 27 
percent of deaths). Ilisolle clses. it Illay not be possible to achieve levels 
of' specificity high enough for important causes of" child (leatls illAfrica. 

Slo%\ et al. (11992) used verbal autopsies for 303 infanits who died at 
Kilifi hospital illKenya. IHlowever. Becker and (ray' (lersonal communica
tion ) have raised several questions about tilequestionnaire used by Snow et 
al. They note in pIarticular thit measles, accidents, and unainutrition are tile 
only causes that were addressed \' specific items illthe questionnaire. All 
other diagnoses apparentl, were based oil responses to a checklist of 29 
sytlptoms and signs. It is not clear how tileinterviewers asked the ctlies
lions on tilechecklist, and it is not known what algoritlims \\,ere used to 
derive the verbal autopsy diagnoses. Because of these problens. the results 
obtained by Snow ei al. do not necessarily reflect the sensitivities and spccifticities 
that could be achieved by the type of' detailed questionnaires and algorithms 
used illother studies. Therefore, the stulv by Snow et al. (toes not provide 
a test of tile true potential of verbal autopsies. 

Mobley e Al. (persoMl commnication. 1993) examined the sensitivity 
and specificity of careftlly defined algorithms for five nmior causes of 
death illNamibia. Their sample inICIded deaths illa hospital of' children 
who were diagnosed with inalnutrition, diarrhea, pneumonia, malltria or 
measles either at tiletime of admission or before tiletime of' death. Sixty
one percent of the cases had two or more of these diagnoses. 

Mobley et al. (personal communication, 1993) reviewed the reliability 
of' several algorithms f'or each disease. For diarrhea deallhs, the presence of 
loose or liquid stool combined with either thirst or sunken eyes gave a 
sensitivity of 75 percent and a specificity of 7 1 percent. Raising tie speci
ficity to 90 pecent by using only tilepresence of 6 or more loose or liquid 
stools per day leads to a sharp reduction in tilesensitivity to 36 percent. 
For pneumonia. tilespecilicity never rose above 71 pelcent using the pres
ence of' cough ad fev'er combined with dif'ficilt or rapid breathing. This 
algorithm was associated with a sensitivity of only 61 percent. A diagnosis 
of measles based on age greater than 120 days and rash led to a sensitivity 
of 7 1 percent and a specificity o' 85 percent. Adding fever for al least three 
days raised tilespecif'icity to 9f) percent but dropped the sensitivity to 67 
percent. Their algorithms for malaria reachcd relatively high levels of' 
specificity (several in the range of 87 to 97 percent) based on fetver plus 
convulsions and/or loss of consciousness. [However, these were associated 
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with low sensitivities (41 to 45 percent). These algorithins perlormed better 
f'or children diagosed inl the hospital With cerebral malaria. 

The above sltidVy provideS ver' useful ilfl'rllolln aIb+outi the relilbility 
of' verbal auitopsy estimates 'r major catises oi child mortality in Afr'ica. 
lowever. by limiting tile saml)le to (leathis USCribed to these l'ive CiLses ill 

the hospital, the estimlated Sle)_il'icitieS iight be differct thatn they' \would 
be in a completely rIll(ll saimnple of' deaths. For example, tie specilicities 
f'or cerebral malaria might have been lower if' tihle had included (leatlis to 

eninellilis and other iffectioLtis diSiCs thalt ci be assoiilted wilh high 
'evCr id conlvllsiolls. Ilo\evCer, the fIC thil even the m1o1st Stringent 
algorilils rarely lead to stpecil'iciliCs aSithigh a9 p)l Ceri'cnt htlisueel.sts 
verbill alUtolsie will rarely be liseful f'or ineasuriig nortality rates for causes 
of, death Ihtil ire responsible for less than 15 percenrt of' all dealhs in an age 

ro ti). 

Studies of' Causes of Deahi AIong I nfants and Children 

'he appendix to this volnime reviews the resuIts of' st udies of catises of 
deaths amin, infants and children in 9 areas of' Africa. These studies are 
stllantri/ed ill Table 2-3. Given the problems discussed above, we have to 
exercise CaLtion in interpreling the ICstlts of' these stidies and in trying to 
generaliz.e to the whole of' sub-Saliaran Africt. 

LOW Ibirth\\eightl birth rtmla.Llln., and congenital tflects are respoils~ble 
l'or tie larg est Liniber of* ineolnaill deths in Mo Sttudies. The few excep
tions (western Sierra Leone and Niakhar, Senegal) have very high rates dUe 
Ito neonatal tetaiLS. [iring the postnotiatal l)eriotl, diarrheal diseases are 
generallv ranked 'irst, l' llowet b) ALRI-p'neuinotniai, malaria, and measles 
in varying orders. 

At ages I to 4 years, measles is olften the niost comiloll calse of death. 
In some parls of' the continent, measles vaccination rates may have in
creasel sufficiently to redt ce its importance: however, it cerltlinly colitin
ties to be a major 'actor ill child m1irtal Mitad mUst remain a to) priority for 
hacalllh programs. Diaiirrheal diseases are generall' the second caise oftdeatis 
ill this age 1rou1p. with alaiil, inahalntritoin, and A LRI -pneumlii gener
ally ranked thir tlhrouhiftl'th in varying orders. if cOUl'Se, it is tl'til 
difficuli to determine t specil'ic catise of death becasie if the common 
smintilteoLis occLrilece of' measles, ALRI, Mnld diairiihel. 

Althotigh it is notl possible to prodtuce reliable estillates of' the propor
lions of' infatil and child deaths in Africa thait are dle to each ma1.jor CatluSe, 
the irimiry importcite ol' diarrheal diseases, measles, malaria., ARI, aind 
mlnutrition is clear. The list can be romuided otit with the addition of i few 
neolltlli] cllses (preMltLiurity, birtlh trauml.anl, congeniltal de'ects., and neonatal 
telanus), and the possi+,le addition of' t few causes that are more diflicult to 



TABLE 2-3 Summary of Cause-of-Death Studies by Rank of Importance of Cause 

Neonates 

Study Area Tetanus 

Sierra 1 
Machakos 
Dakar 
Saint-Louis 
Niakhar I 

Postneonates 

Study Area Diarrhea 

Sierra 2 
Machakos I 
Dakar 1 

Saint-Louis 3 
Bamako 1 
Malumfashi 2 
Sudan 1 
Kasongo 2 
Niakhar 1 

Low Birthwkeiht 

2 

Il 
I

a 

Ia 

2 

ALRI/Pneunonia 

I 

2 


4 

6 

4 
1 
2 

Birth Congenital 
Trauma Defect Pneumonia Sepsis 

4 3 
I" 2 
iI i 

a 

Ia I a 

3 54 

Malaria Measles Meningitis Malnutrition Septicemia 

5 3 4 6 
3 
2 3 
2 1 

2 3 4 5 
1 3 

2 3 
3 

3 4 5 



Children 1-4 Years 

Studv Area Diarrhea ALRI/Pneurnonia Malaria Measles Meningitis Malnutrition Tuberculosis Accidents 

Sierra 4 2 5 1 7 3 6 9 
Nlachakos 3 4 1 2 
Dakar 2 3 4 I 
Saint-Louis 3 5 4 1 2 
Barnako 4 5 2 I 6 3 
Malumfashi 2 I 3 
Sudan 1 4 3 2 
Kasongo 2 3 
Niakhar I 2 3 4 5 

"These causes ranked equally in the study. 

SOURCES: Sudanes, Ministry of Health and World Health Organization 1981 : Cantrelle et al. (1986): E%&bank et al. (1986): Kandeh 1986):
Fargues and Nassour ( 1988): van Lerberehe and Pangu ( 1988): Garenne anJ Fontaine (19901): Omondi-Odhiambo et al. (1990)): Tomkins et al. (1991):
NI. Garenne. personal communication (1992). 
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diagnose (e.g., pertussis and men ilngitis). The relative importance of these 
main causes will vary across populatiols because of dillercnces in ecology 
(e.g., malaria), behavior (e.g., neonatal telanus), and vaccination patterns 
(e.g., measles). Given the difficulty in determining specific causes of death, 
it may he unrealistic to determine whelher or not the disease-specific reduc
tions in mortality, such as those stated in the goals of the World Slmmtl1it for 
Children, are actually heing achieved. 

lEt'l'ects
of' AIDS on Child Mortality 

The acquired immune deficiency syndIronie epidlem ic is a new factor 
influencing infant and child mortality in sub-Sahiaran Africa. Currently, we 
do not have solid data on the incidence of AIDS deaths among children in 
the region. Iowever. we do know that the AIDS epidemic will have both 
direct and indirect effects o infanlt and child morlality. The direct trans
mission of' the human immunodeficiency virus (IIIV), which causes AIDS, 
t'rom mother to child occurs primarily during delivery, bul ray Occur also 
through breast milk. It is esliniated Ilat altleast ,()percent of children 
infected with Ilil will (lie by age 5. additionalThe indirect effect is tile 
mortality risk arising from orphanhood faced hy an uninfected child whose 
mother is ill from or (lies of AIDS. 

Ilow large are these effects likely to be? Stoto ( 1993) reviews siinula
tioll niodels of AIDS and finds that inl'an mortality rates might increase by 
as much as 20 perceit iii urban areas. Ilowever, the.se estimates have wide 
margins of uncertaintv. First, the estimates depend critically on perinatal 
iIV translission rates. The models assume that about 31 percent of chil

dren horn to ItlV-positive mothers will themselves be lIV positive, al
though some European studies have shown rates as low as 13.) percent 
(European Collahorative Study. I)9 1).Second. it is not known if l-IV
positive women have higher or lower fertility rates than woinen illgeneral 
because of social behavior or health status. Third. the estimates consider 
only the direct effect described above: they do not include tileadditional 
risks to AIDS orphans. SucIi risks may be large for very young clhidren. 
but prolably fall rapidly as age of the child increases. 

Simple calculations provide an estimate of the order of ragilitude of 
the effect of AIDS on child mortality inAfrica. It is estimated that approxi
mnately 2.5 percent of adults in suh-Saharan Africa are lIlY positive (U.S. 
Agency for International Development. 1991). If IlllV-positive women have 
the same fertility rates as other women, then about 2.5 percent of all births 
in sub-Saharan Africa are to IIIV-positive mothers. If the transmission rate 
from mother to child is 30 percent. and if 80 percent of IlIV-ilffecled chil
dren die by age 5,then .006 (i.e., .025 * .3 * .8) of children born in Africa 
will die by age 5 of' AIDS. However, about 18 percent of these children 
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would have died by age 5 in the absence of AIDS. Thus, the direct elfect of 
AIDS is to increase mortality by age 5 by about .006 (I - .18), or 5 per 
1,000. Therelore, AIDS is probably responsible for only about 3 percent of 
all deaths to inalnts and children illAfrica. Adding to this the extra child 
deaths resulltin friom orphhtilood I children bornt toallollnlV-nenatlive 

IIV-po)sitive mottherls would increase this percellage only slightly.
 

Eslimn:ites of* I:, recent efTects of AIDS oilchild mortalitv il sub-Sa-
Iarln lAf'rica are uncertain enotLh: f'orccasts of' its cl'f'ccts Ifor [te rest ol the 
decade are more hazardous still. Perilatal tran missioll rates and case
fatality rates are not likely to change much in the next decade. I lowever, 
sCropreValcCC might continl It inctrease or might stat to fall as behav
iotal Ittodif'ications occur and high-risk groLps ar reduced by excess mor
tality. 

SUMMARY 

Mortalily in virtually all areas of' Africa appears to have been declining 
in recent decades. althotgh the pace of1decline has varied greally. Rcduc
tions in inflant and child mortality contitue to be observed in most coun
tries. although it appears that slight inlcCasCs ha\ve occttrCl illso1me CoLin
tries in recent ears. The limitcd data avaijable indicate that the leading 
CMSCS o1 dCath duritgi tile CMnntal ipCriod are birlh tratna. prematurity, 
and congecnital deflects, allhough tetanutts \\as the Icadline catise of, death ila 
few Stt(li s. Inl the pistttcotiatal period, diarrhea alpears to ie the leading 
cause of, dcall, f'ollowed by AlRI-et)ItM1onia . Atng children ages 1-4 
yeZrs. maslCs,, dia rrhea. ALRI. mlalria. and tnlalnutrilition arC the leading 
causCs of' dtlth. Although All),S is an ill]ulolnl calSe of' deaths amlorlng 
adlults ilAfrica. its effct aMllon infants and children is not largc rclative to 
othe.'r cLuSCs. The IransmIlission ol' AIDS f'rom mother to infant probably 
increas s infant and child mortality by 'ewer than 5 deathis per 1,000. 
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Immunization Programs
 

The Expanded Programme on Ilmmunization (EPI), with recommended 
guidelines established by the World Health Organization, is a major interna
tional effort to increase the proportion of children covered by basic immu
nizations against childhood diseases. Because of Africa's unulsually high 
rates of child mortality 1rom nneasles, the prevalence of tuberculosis, and in 
many places. substantial mortality duc to neonatal tetanus, ElI plays a 
central role illthe health strategy 'r Africa. Illaddition, the low levels of 
funding Io1r health programs in Africa have ftorcd many countries to focus 
their scarce resources Oilwhal are perceived ats the most cost-effective in
terventions, which include EI (Walsh and Warren, 1979). 

In general, the vaccines that form the core of FITI progranis are measles, 
diphiheria-pcrLussis-lctanus, pOliOmiyelitis, bacillc Calmltc-Gtu6rin (ICG) 
for tuberculosis, and tetanus 'or prCgnanl women or women of childbearing 
age. Each of thlCse v'lccines has been proven efficacious to varying degrees. 
However, vaccine efficacy does not necessarily imply that a program hased 
on vaccinatiolns is effective illreducing mortality. 'here are two reasons 
that programs might be less effective than suggested by the efficacy of the 
vaccines. First, as pointed out in Chapter 2,child mortality iii Africa often 
results from the interaction of' several diseases, frequently illcluling ualllu
trition (although mnalnutrition, illIally cases. allybie at consequence of 
infectious and parasitic discases. The interactions alloneg different child
hood diseases are so complex that it is difficult to estimate the effect of 
reducing the incidence of a single disease by using mathematical simitla

26 
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tions. The second problem is that vaccines may be less effective in large
scale prograns than in small-scale trials of their efficacy. If vaccines are 
stored incorrectly, used after their expiration (late, not given at the appropri
ate age, or given to children who have already contracted a disease, the 
effectiveness of tile iruinnization progrnam can he greatly reduced. For 
these reasons, it is necessary to mleastre the aCtlal effects of real programs. 

The PI programs in most A[rican countries have achieved large in
creases in tile proportion of children who receive all of the standard vacci
nations. Figure 3-1 shows the proportions of' children aged 12-23 months 
that had received all the standard vaccinations, based on data from the 
Demographic and IHealth Surveys conducted in the mid- to late 1980s. Given 
tile relatively high levels in some countries, it is possible thal these pro
grains have had a substantial effect on inl'ant and childhood mortality. Be
cause illost of, tile increase in vaccination coverage occurred alter 1985, 
many of tIle children born shortly bel'ore tile survey have a higher likeli
hood of being vaccinated than their older siblings. How ever. the effect of 
thesc progranis on child tmortality inay be too recent to be evident in the 
available denographic data for most countries. Moreover, although the 
trends in immunization coverage are upward, coverage can vary greatly on 
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FIGURE 3-1 Proporlion of fully irni1irurized children 12-23 nonths of age, selected 
sub-Saharan Africri countries. NOTE: 1Based i munizon tion cards and niothers' 
recall. BWA- otswara. 13)I--urumdi, GIIA-Ghana, KEN-Kenya, LBR-Liberia, 
MLI-Mali, NGA-Nigeria, SEN-Senegal, UGA-Uganda, ZMt3-Zanbia, ZWE-
Zimbabwe. SOURCE: Denographic and Health Survey reports (see Appendix B). 



28 EtIECIS OF tlEAL'III PROGRAMS ON ('JIlIIOR7A.JI't" 

a year-to-year basis, especially atong pirograms depetnding on special vac
cination programs. 

Generally, statistics gathered lor the FiPI program at the national level 
locus on specific ilmluniatnli s rather than the proportion of'fillv nutt
sized children. The ,oal of'the African Region EFII prograu for I (99was 
to make ittnti/atitms avlihlblC I'01t all ilnts', til to achievc coveragte of 
at least 75 percent for all six I1" vaccines. \s of August I9) 1, tileinmmllU
ni/atio c'ovelgC lot cllildCl 12 to 23 montlts o ace illAlrica was esti-
Mlated to have reaclhed 79 percent I r [('G,57 perceitt for the third dose of 
tiledipt(hriP-ettusis-tetau, t)lrl't vaccitte, 56 percenlt Ifr tiletlir lose 
of' tile oral poliomyelitis vaccine. and 54 percnt lol tile tuicasles vaccine. 
Althlo.uh the goa0ls have intot vet been achieved, comt)parison \itlh coverwe 
in I982 of approximately 28 peIrcent l B('G, '1percent tor p)oliotmyelitis 
and IS prccntl or measle" sogge.ts that vactcination coverwce has increased 
greatly as the I-TI pro.ratm became Ci\LIvat EI:XplanlCd tI'rogMnimtelC Oil 
I nlutllz/at ion, 199t2 ).
 

The folo\\in- sections examtinc lie evidence llat vaccination lprogralls 

;agaist measles pCrtLssis, tnbeI1rculOsis. Mid tetat Itl,ave reduced Child nlntllity. 
Most of [lte 1csarclth oin1: p'orallts has focused Oil lleasles,. The reasoill 
for this emtphasis include the Itigh mortality ',oill its relativetates rommeaslcs, 
eise Of diagnosis, and the i)IC6n i' I"logrnl !'ailre becanse (f iipre- Cr 
v\accittC handtline. \nch less research exists oi pertussis. tuberculosis ill 
childrett. aid lCtanusl,. Ih\CVer, there arc several intdications of tile lell
tial effecls of, these programs. 

We have not rcvic\ cd tile literature ott two ofh polioti-eFtl diseases: 
rmvelitis and dilfftcria. We have tot included polio because of' the low 
ntuber oftdeaths Iroll this disease. I towevcr. several Aft'ican studies sug
gest that politty,'clilis vaccinaliu CalIlpaigtts can rCluce tileintCidetce)o1' 
disease and paralysis (ROdhictes., 1991: I)elmtiltc et al.. I992). despitC tile 
vaccine's hwer efTicacy in Africa :hamt inl dCvCloped countries (( tan, 
1)78: l36ttincr et al.. I981:tIxpallded tIm'ograUltlltC on ltttnuni..atiot, I9911: 

de Swardt cl al.,I990(). 
)iplhthCria hias al hw intidence ratC in sub-Salaralt Aftica because of 

high levels of acquired itttttutntity. bul Ctn haVe I hich eaIse-fa.italil raile 

(Rodrigues. 1991 ). 'thi, itumunitv tMay ble dle 1t wideslpread, rClativClV 
mild, subclinical cases. Amottg chihlC dianoCd With dilfltthuia, tile 
case-l'atality rate is high. Relative to other discases, diplitlteria is appat'
ently not a mtaior cause of' deatlh aitto;tg Af'rican children. ()oe stud sut
gests that DP'l' vaccitatiot ilSItdtll Ias treduiced tile incidence of' dillthc'ia 
(Loevinsotthn. 199). We know very little albout tile ile (f dip'htheria in 
Af'rican mortality because no reliable sources of COtt)lllttuit -Iasd data ex
ist, nor is there inlf'trrttation aol)ut tile ctntritttuiot of' dilphtlteria vaccinte to 
the cflect of vaccintion programs in Africa (Rodrigues, 1991). 

http:sogge.ts
http:Althlo.uh


29 IAMUNIZA7ION PROGRAMS 

Several vaccines that are included in immunization programs in soie 
parts of the African continent are not reviewed here. In particular, yellow 
fever and meningitis vaccines are used to control epidemics ill parts of West 
Africa. 

MEASLES 

As discussed in the introduction to this chapter, measles is one of the 
leading causes of infant and child mortality in sub-Saharan Africa. Ilere, 
\we review the state of' knowledge on measles. \Ve begi i with a discussion 
ofl the epidemiology and vaccine ef'f'icacy. \ discussion on why Africa may 
be different froll other parts of' the ,world with respect to measles follows. 
Measles inimtlnizatiio programs are then examined. with a 'ocus on their 
effects, [he relationship hlween immunization coverage and measles mor
lalil, and programl history and coverage. Finally. treatment strategies are 
discussed. 

ElI)EMNI(IA,)(;Y 

Measles is caused h) a paramv\ovirus called morhilli. It is highly 
jl'ctious1, and transinittC( from person to persoll via droplet spread (sneezes 
or con lls) of. tlrouli direct cotllact with nasal ofr throat se(retions of in
fecLd pCs.ons. The incuhaltion period of approximately I) to 12 days is 
1'll .\.,d IV coughlb lnS,,l Conw ',tion, and co junctiviti.,. The chalacleristic 
rash .lpl,.ars abthl to to foutlr days al'hlr the onset of' ollher sIllptonis. The 
total illness generally lasts 7 to 0 d(1\ s (()renstcin et al.. 1986). A case of' 
mcaslcs proiles lifetime l'rotection, and repeat cases dre rare. The syrhip
toIis of' the discase are well knovn in Alrica. and therc arc local lamies for 
it in many h gtauaes. ('o1mm complicalions include otitis media (inner 
Cai illcCtiolnsl lryngitis, pcnlina.l, diarrhe, and CncCphalitis. 

Measles is one of the majtlr causes of death auomin children in Africa. 
It is a colltributiuc f;actolr in , to I10 percent of deaths alinoug African chil
dren (Of'ost-Amall. I983: RodriCue,, 199 I ). The proportion is even higher 
in laly paris of' tlhe colinint. F r example.L atstLdy in S.Cncgal il 1963
1965 found thal iasle, dealhs aCcounlCd t'r 26 percent of' deaths among 

f t)children ages I to -4 and percent of' all deallhs under age 5 (('antrelle, 
1968). Durinc epidemic years, measles can l,e responsible for 5( percent of' 
all dealhs at aces I to 4 vea's (Gamice and ('antrelle, 1986). 

Because measles (iften leads to severe diarrhea or respiraory inlec
tions, it is i)ibaly an tndCrlyiuc0 cause 01' man' mo0re chilId deaths. For 
example, a sludy iin Bangladesh (Clemens et ilf., 1988) found lhllt measles 
vacci naltion 'educed the odds of dying from diarrhea by 59 percenlt, the odds 
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from respiratory illness by 22 percent. and the odds from malnutrition (i.e.,
"swelling or edema") by 47 percent. Feachem and Koblinsky (1983) listed 
measles inllunizatieil as one strategy for reducing child mortality from 
diarrheal diseases. They calculted that nmeasles immuinization al the age of 
9-11 months, with coverage of 45 to 90 percent might avert 6-26 percent of 
diarrhea deaths amiong children less than 5 years of age. 

Although respiratory and gastroilotestinal infeciions often occur during 
or in the month alter measles cases, excess iortality can continue for many 
months. Ilull el al. (1983) followed children who had measles and coin
pared their overall mortality with that of children who did not have measles. 
Half of the extra deaths amlong children who had measles occurred three to 
nine nonths atfer the case. Therefore, studies that ascribe death in the one 
to three months following a case as measles deatlis may be understating the 
true effect of measles ol mortality rates. One possible explanation for the 
long-term effect of' measles is the growli retardation that often follows. 
The Kasongc Project Team (1986) documented that thiree ionths after tlhe 
onset of measles, growth retardation was still apparent based oi both weight
for-age and weight-lor-height relative to local standards, as discussed in 
Chapter 5. Another possible explanation is in alteration of physical defense 
mechanisms or a decrease in ilinllnocolipetence because of the measles 
virus. 

VACCINE EFFICACY 

There are several measles vaccines in use today. The most common in 
Africa is the Schwarz vaccine, an attenuated live vaccine introduced in 
1966. During the 1980s, this and other measles vaccines were modified to 
increase their stabili.y and, thereby, their effectiveness. A second vaccine, 
the Ednionston-Zagtreb, has recently been tested il high ldoses as a way of 
lowering the standard age at which the vaccination can be given. 

Several studies, most of then l)rospective studies based in coinmnlli
ties, have estimated lie efficacy of measles vaccine, which is its ability to 
prevent measles when used in carefully controlled trials. InI a recent clini
cal trial cond ucted in Senegal, the efficacy of the S"ch warz measles vaccine 
given at 10 inollhs of age was 98 percent (the 95 percent confidence inter
val (C.I.) was 86-10) percent: Garenne el al., 1992). A study by Ilull et al. 
(1983) estimated that measles vaccine efficacy in The Gambia was 89 per
cenl ill children more than 9 montls of' age (95 percent C.I. 77-94 percent). 
Lamb (1988) estiialed an efficacy of 90 percent for The (ambia. These 
estinales are close to those from Europe and North America (e.g., Miller, 
1987: Rebiere et al.. 1990). 

IHowever, a study by Aaby et al. (1990b) estimated a lower vaccine 
efficacy of only 46 percent (95 percent C.I. 7-69 percent) in Bandim district 
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in Guinea-Bissau, amiong children born in 1984-1985. Even after assuming 
that the vaccine was not effective t il 35 days after the injection, tIle), still 
estimated that its efficacy was only 68 percent (95 percent C.I. 39-84 per
cent). This low :fficacy was not due to vaccine farilul rc since antibodlv tests 
of vaccinated children showed rates of seropositivity greater than 95 per
cent. It is also unlikely that this low estimate is a result of either misclassification 
of vaccination status or inappropriate age at vaccination. 

The effectiveness of icasles vaccines may he lower in field conditions 
than in carefully conducted studies because of inappropriate storage of tile 
vaccine (cold chain failures), inalpropriate age at vaccination, or other in
correct vaccination procedures (e.g.. Cutis et al., 199(a). 

A recent study of children vaccinated al the Institute of Child I lealth at 
University College lospital in lhadan, Nigeria (Adu et 1l.. 1992) suggests 
that vaccine effectiveness night be a serious probleni. Only 55 percent of 
children seroconverled afler vaccination, and S7 percent of these had low 
antibody levels. [he vaccines came from four different nlllufalcturers and 
nine hatches. !'le authors suggested that this low efficacy niay have been a 
resull of cold Cloi n fai lures. 

Attempts to mneasure effectiveness of large illlmunization programs are 
complicated by problems in verifyin g both vaccination status and measles 
cases. For example, a study in Nozalninque foulnd that adjustments for the 
estiniated accuracy of mot her's reports of measles cases raised the esti
mated vaccine clficacv from 37 to 66 percent (Cults et al., 199 0a). A 
similar study ill Tanzania found all efficacy of"54 percent based oil mother's 
recall of vaccinalion satuis comtpared to il estimate of 96 percent based on 
clinic cards (Killewo el al., 1991). 

Garenne el il. ( 1992) used halth cards, as well as clinical and serologi
cal records. to estimate the elficacy of vaccines delivered by the national 
vaccination campaigns in tile study area ot Niakhar, Senegal, in 1986-1987. 
They estimated the vaccine efficacy for those children inlilunized at 86 
percent (95 percent C.I. 77-92 percent). This estimate represents a failure 
rate five times greater than that foid in clinical trials using tile same 
vaccine in the saime area. Porter et al. (1990) examinmed vaccine efficacy in 
five refugee camps in Malawi. They based lheir cai cI lilt ions on the vacci
nitiol siatus of children who had a healih card (which indicates inimuniza
tions definitely received) and e',linialed efficacy to he greater than 9() per
cent. 

These studies suggest thai vaccine efficacy is very high in Africa in 
carefully controlled studies. Ilowever, in programs, vaccine faihlire can be 
a serious problem. Therefore, we cannot simiply assuLe thit high coverage 
rates necessarily imply that large proportions of children are protected against 
nileasles. 

There are some studies iniother continents that demonstrate the effec



32 II-J-E("TS OF.III:AII PROGRAIMS ON ('I/1.1 MORlALIJT' 

tiveness of measles vaccination in reducing mortality. For example. itstudy 
in Bangladesh (Koenig et al.. 1990) Itid tha! mortality among vaccinated 
children ages 9 to 6(0 months w,'as alhotll 4) percent lower than aniOn" at 
matched group of unvaccinated children. This difTerence remained afer 
controlline for differences in s)cioecolmlnic statUS and affter sevCral tests 
for selectivity in the acceptance of vaccination.' 

WIt AI"CI A ,IIGtiT El IlIERENT 

Measles is i more significant I'actor in child mortality ili Africa than iil 
other areas of the world. One reason for this higher significance is that tie 
high fertility rates in Africa quickly replenish lhe population ol children 
who have not had ineasles. In cities, this replenishment leads to frequent 
epidelics and i yOLngCr eaIe of Cases was itue ill Ellurope hef'ore;ill th:un1 
the availabilily of measles vaccine. Differences in residence patterns he
tween Africa and other areas of he \world, with extended families livinc in 
enclosed areas in sollic parts of Africa, can lead to higher case-faltality rates 
(see Ielow). 

lstinates of' the case-fatalil ra.tC fbIr nmaslCs Sl ;eltthllt it is ulluSLI
ally severe in sone parls of' West Africa (,Aaby. 18)9X). 'he high case
fatality rale is probahly not life solely to the voull, Ic distribution of' cases 
because the epidemic in southwestern Ethiopia also cxhibited very high 
case-fatality r ltes, despiel 22.6 percent of' cases havine O Ccui ,lllmong 
children aged 5 to 10iyears and 5.9 percent ill children I I \eats or older 
(Lindltjorn, 199(1. A Lltough the high prevalence of illtitiiion is oftelln 
mentioned as a reaso for iiliclcase-fatality rates, he evidence t, hrcollciu
sive (see discussion of' nUtlliion a1nd lleasles in Chapter 5). It is likely that 
the high case-fataliy rates are iclaled to the low level of heialth services 
available in maiv areas and thei hih proportion of sec'ondarv cases in InlIiseholds 
(discussed in delail helow). 

Another feature of' measles in Af'rica is that measles vacciniation is 
effective at earlier ages than is true in developed COUlntries h)ee;iue; maternal 
antibodies ware earlier in African children. This redluction in ilnilllnity is 

'The latl 'si cOIIutcIld 1) Ko'nig ct al. \%as Iset o I sitto "Ncarried out 1)\ Phillips el Al. 
(1984) in ihtl meialcs v\acinalizi as itfluerd in March 1t982 Io all childietn ) nittills of 
age or older in I\\o ilhcks A and (' of lur iltervctilill suhareas. In NOtt'lher l)i51 
tieasles , ceiccittdtittit renailiing Ilocks It The anallwas d lie t\io hIltcks ind 1)). 
sis hi Kotettig Cl A. cttilsists Of Al chilihh linI h cks tni 1C\ ', and (' ire itttniititi/ed hemteen i) 
and 601 iionitlis durii (lie peliod Matth t982 to I)ctlher I h15. Th' e chiihdrei werc randoti i 
Inatched ill unnaccinailed chtihilretlit i ltlh ks It and I), hawetd tn: tI lia n ito rnticord ot 
being vaccinatedil tt nicasle, dtlrtttLi the sludy r'liio , (2) hiit ibitt iln the ',ate niolllh and 
year as lie tOrretI dlniig matched %accince: and 3) (i io'nvaccilie, havin Us lit\'ived atl le l 
I the date tif vaccination of the natcheld vaccinee. 



apparently due to lower levels of maternal antibodies and less efficient 
traIsport of antibodies to the fCLus (Black el al., 1986). There is Solme 
evidCnce that chihldren borni to molhers who are positive for hiiilln im11nlnlllO
defticiency vi ruIS (1IV) may' have even poorer transport of measles antibod
ies and a hiche risk of measles infection before awe 9 months than other 
children (F[mlbree et al., I992). 

The recommended age For vaccinmlion is 9-11l months for tropical Af
rica. compared to 12-15 months for EIuropC anod the United Stalts (Kenya 
Ministry of lCatli and \Vorld Ilicath Organialion, 1977: Expanded Programinme 
oilhninuniatiol. 1982). In some areas, pr'(cranils have lowercd the age for 
measles vaccination to 6 months. In a situdy in The (ahnbia. the efficacy 
dropped to 37 percent \\hen administered at16-8 miontlhs of' .ic([hull et al., 
1983). Threore eular vaccination bel'orc 9 illonlhs of' age is generally 
not recommended iless itis possible to provide a second dlose aflerlage 9 
Ilotlnhs. Studies of' the usc of high-liter vaccilles (i.e.. vacciles with high 
levels of' thetillentnatel virus) oilyOLiiuCI"children (4-6 months) show rell
sonable levels of' serocolnversiOln and efficacy in prevenline measles cases 
I\Whittle ei al.,1984. 1988: Aaby et al., 1988h). bult low efficacy in reduc
ilg inortality ((h.renlne cl al., 1991 ). 

EVIDECE OF NIORTALITY AND MORBIDITY 
EFFETI'S FRO(M AFRICA 

There MVrequile a few studies of' the effect of lleasles vaccination on 
both iortality and the incidence of liseasC i Africa. The following sec
lions firsl r'eview the evidence that vaccinatiorn aoainsl measles can redulCe 
mortality in Atrica, then the evidence that programs have reduced the inci
dence of measles cases. 

Theme are several studies that examine the effect of measles vaccination 
on child nmorta.Ility i'aCs in Sulb-Saha.ir;'in Africa. These stlndies can be di
vided into two groups: (I) stidies that leaSLi thle elfect (' i'eclhalr lieisles 
iIniiiuiii/.ation prograls on mortalily, and (2) sludiCs If effects inmodel 
prmgrallis limited ti special reSear'ch areas. ihe folrner evaluations are 
closer to our main inecrest because they examine the efTect of largce-scale 
prmgraiiiS. [le secoIld group of' studiCs delntistrates wvhat can be accom
plished illcarefully managed programiNs. TlhesC studies provide evidence 0f 
fhe relationship between changes in ileincidence (f imeasles and ldutlLionl.S 
inioverall child nortality. 

ElTecls (ifGeneral Measles Iimunization Programs 

(Garenne el al. (1985) sltidied the eflect of tilenatlional vaccinailiol 
progratii in Senegal. The program increased coverage with measles vaccine 
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nationally fron a few percent in tileearly 1960s to 74 percent I'r 1967 and 
1968. After 1968, coverage dropped for several years. Garenne et al. 
(19'5) provided data showing that tileannual nulber of measles cases 
reported nationally dropped by 35 percent in 1967-1971 compared to 1963
1966, corres )onding to tilenational vaccination campaign in 1967-1969. 
They also show that the proportion ofl'deaths ascribed to measles decreased 
substantially in the two rural study areas of Ngayokhbie and Ndemine 
(among deaths at ages 0-14 years) and in Dakar (deaths at all ages). 

After a brief drop. vaccination coverage in Senegal remained greater 
than about 75 percent nationally for 1974-1979 (Garenne et all., Even1985). 
so, the number of, children seeking medical attention f'or measles returned to 
high levels. In addition, the proportion of child deaths (fue to measles 
returned to high levels tor 19,72-11978 in Ngavoklibmne and Ndenitne, areas 
covered by continuous registration of, deaths. 

'wO sludies in Guinea-Ilissau. one in an urban area (Bandim; Aaby et 
al., 1984b) and one in a rural area (Quinhamel: Aaby et al., 1984a), were 
natural experiments brouglht albut by the introduction of measles vaccina
tion in preexisting research areas. In Bandin, the mortality rate arong 
children aged 6-35 roontls was 127 dealhs per I.))() in 1979. After a 
measles vaccination campaign, tilerate depped to 17 in 1980 and 48 in 
1981. Durint 1980 and 1981, tilemortality rates for vaccinated childreil 
were mut,ch lower than the rates aniong tivaccinated children (Aaby et al.. 
1984b). Mortality was also lower ang vaccinated children than anong 
children who had previously had measles. In Qu inhamel, the rates were 
1(17 per I.0000 in 1979 and 98 per 1.000 in1980. Alter a measles vaccina
tion campaign in early 10 l,the rate was 44 among tilevaccinated and 72 
among the unvaccinated (Aaby et al.. 1984a). Quinhamlel was the only one 
of five rural areas studied where measles was a problem during tilestudy 
period (Aaby, 1988). 

Effects of Measles Vaccination
 
in Field Trials and Model Programs
 

There have been several field trials in defined study populations that 
were specifically designed to measure tileeffects of vaccination oil mortal
it). hi addition, several model programs have demonstrated tilepotential of 
programs. These studies offer more inf'ormation than vaccine trials because 
they provide estimates Of' both tiledirect and tileindirect effects of vaccina
tion. In particular, the measured effects lrol these studies include the 
reduction of' mortality fromldiarrhea, respiratory itifections, and malhnutri
tion. In vaccine trials, some of these dealhs would not be recognized as 
restilling from measles. If contintued for a sufficiently long time, these 
studies also Call show changes in tHle frequency of epidemics and tile resllt
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ing change in the age distribution of cases. Similarly, these studies are 
often superior to evaluations of general health proarams since they are often 
based on more scientific study designs. FIor example, they can include 
control areas, randomization, or estimation of the effect of the program oil 
those who actually received services. 

H-owever, these special studies can present a misleading picture of the 
likely effect of real programs. One reason is that irge-scale programs 
rarely match the high level of supervision and training achieved in smaller 
programs. It is possible, therefore, that large-scale l)graillls night have 
more cold chain failures and be less likely to reach t,e most vulnerable 
parts of the popuilation. A second reason is that it is easier to carry out field 
trials ill popultions where Measles is a fre.'queitl hea.lth p)robhlel. In particu
lar, it is not feasible to test the elect of a ieasles progran in an1area that 
experiences measles epidemics only every three tol five years. It is also 
more difficult to carry out these stidies inUrban areas becLuSe of high rates 
of population nlobility. Finally, areas used in researL h studies oftein have 
hetter access to general health services than other rural areas. 

Vaccine Field Trial in Khonibole, Senegal 

Garenne and Cantrelle (1986) estimated the efficacy of' the Schwarz 
vaccine using data from field trials in Khombole, Senegal, in 1965-1968. 
They Iund that the proportion dving between ages 6 months and It) years 
was 26 percent lower among children in the area receiving vaccinations 
than among children in the control area. It is possible that these results 
iight be affected by other factors related to tileselection of the children 
who were vaccinated. Vaccinatioiis were offered to all children in tlie 
vaccination zone. Sixty percent of" eligible children were vaccinaled ini 
1965 and 86 percent were vacciniatcd in 1967. Hlowever, because of ihe 
inatUre of' the program and the lack of large socioeconoiic differentials 
within the study population, it is unlikely that the results are an artifact of 
selectivity. 

Kasongo Project in Zaire 

The Kasongo Project Team (1981) compared mortality initwo areas of 
rural Zaire. In one area, a iiieasles vaccination program achieved a cover
ape rate of 83 percent among the cohort born between Seplember 1974 and 
October 1975.2 In the test area, tle mortality rate between 7 and 35 nlontlis 

"Measles vaccination was offered to 300' children, of whom 83 pec.' accepted and were 
%accinatel'. towever, Ihe proportion of child-monlhs of observ aiion ti ai were protected by 
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of age was 95 deaths per" 1.0(10 fr tile unvaccinated cohort horn hew\en 
June 1973 and August 1974. The rate dropped to 48 per I,00( for tile 
cohort covered by the vaccination progralml. In the control afea. tile rate fell 
from 80 to 69 over the same period. Therelore. mortality was reduced by 
36 deaths per 1.00(0 more in (lie vaccination area than ill the control area, a 
difference that was not statistically significant. The Kasongo Project Team 
suggested thal the gains from vaccination appeared to have been reversed at 
later ages. This conclusion is not warranted by the data they present. Mor
tality at ages 22-35 months of age increased by 7 per 1.)( in ihc control 
area but by only I per I in thel.(()vaccination area. These estimates were 
not si-nifieant y different. l)ata for chilhret beyond a.e 36 ionths are not 
presented. 

Pahou Primary Hlealth Care Project, Berlin 

The FPahon proie,,.Ct leaSlred tile effect of pritmlary health care services 
established in 16 villages 30 kilometers from Cotonou, Benin. Velema el 
al. ( 1991 ) matched each child who died between 4 and 35 months of' age 
with 1) to0 four controls of the same age and sex from the same village. A 
collpariSonl of the \accination status of cases and Controls showed that 
children vaccinated bel'Ore 12 months of age experienced a relative risk of' 
death between 4 and 35 months of t0.36. compared to nonivaccinated chil
dren (95 percent ('.. 0.16-0.81 times). liowever. vaccination after 12 
months of ace \\as not associated with reduced mortality (relative risk: 
1.02 times, 95 peicent (.I. 0.43-2.41 linies). Tl'hese i'esuhs remained after 
the addition of controls for SoCioeconotmliC status, nutritiona;.l StttiS, and 
other measures of the effect of prinary health care. These data cannot he 
used to estimate the chan-e in mortality associated with vaccination be
cause the study did not provide mortality rates for tie population.4 

Estimates of' EfTect I'rom Cases of' Vaccine Failure 

A SMtudy in (uinIea-FIissau by \aby et dl. (1989) compared children who 
seroconverted alter measles vaccinwaion with a grotp for whoml1 tile VacCilla

illIltI i/ iti ,a niii;stil'h I'lm r. The estilmatt cov t ,a % , onlv 5X ptercent b sed o ila 
coimiparison ot the 1tr s,)l-liiaitnli of tlicrvamilaliotr ilt' p gIrani araiotiir gotiI t i t fir 

lie vacciiat'd ChiIdrh ll ill the plo riln arta 1 1Iat.t\vi.
3V jlcilj'.M IjlOII , ill ,+'t lrf,.hil(IlC._' illifl"lthe+ il2C ilt ,It.illl 0f1 ,+' \%%.'r,+ iil,'tl .'le ill (le+C ,+C ,,s [lot 

"'IT ht 'a erall Intlii " lltti\ uiteiietd ill iti a tic is nat a tl pop lluatial nitiati rIw-

Silc It is based oits ai Case'sand Coirols. I[hi's late is thttretoret allaartiIt of tie ntunher at 
coniro s ( irviv ing childre t choe n pe case (detascit Ctijt.hildren). 

http:0.43-2.41
http:0.16-0.81
http:proie,,.Ct
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lion failed. The proporttion dying between ages 6 and 35 months from all 
causes was less than one-third the rate among those who sucolTivetted (4.5 
per I,0( compared to 15.1 per 1,000). The advantage of this study is that 
tileunprotected children were selected by the random timine of vaccine 
failurC. Therefore. there is no reason to believe that the uinvaccinated chil
dren ill study differed tile childrentile 'roml \Uaccinaled in socioccollonlic
 
status, maternal beliefs, or any other po entially conlfounding characteristic.
 

Effect of' Programs on Incidence in Africa 

Studies Of tihe mortality effect oftmeasle, itunttitation demonstrate tile 
effectiveness of pm based the standard vaccination reciteii. Ifrogrts on 
these programs based on the standard vaccinel, and standard ae schedule 
for vaccination are having an elfect, w.e should be able to delel-rline their 
effectivenes, through chalues ill the incidence of nteaslcs or the incidence 
oIcascs treated at icalhhl facilities. If a large enough tiutnlber of children at 
risk of lleas.,s rcceivc a potent \aecinC to teduce th1e incidence of disease, 
it sitolid be posible to dotCUMC1tt tile effect Oti disease incidence. 

('hiates in the obsereCd inidence of1 measlsC, catt he CotMIpar'ed with 
tileprediclion of' ntatftcinttical 1tlodCls. These mtolis lpredict IWo changes 
that tll'occur \hen vaccin tit co ecauc iitcreases. First, there might be 
a change in the frequency of ncsle, epidemlic,. It is not easy to predict tite 
changce that will result ftt t given level of coveitge because populations 
differsubstantially it the deCgreeS of' contact between children. lowever, if 
vaccinatiotn coverace incre.,.es sufficiently, CpideticS Will be less frequent 
ditLling tile Car, illICteiatelv after tileslat of the vaccination progrill 
(('ult', Ct al.. '19)I). SeCot d, theteimilight be a subslantial change in tileage 
distributiot of, cass. which is discussed later ill tie chapter. 

Se\eral sludies have docutiented draniatic changes ill tle incidence of 
IteasleS ollo\ ic2 farc icreases in vitccitation coveragce. Ote of tie 
earliest detuitistralions" of the pttentitl effect of measles vaccirtation in 
.\frica is based oit data froIll It0 COUInIrics in \Vest Africa that were incltded 
itt a e giottal p iticrat Itt ra licatc snmallpox and cottrol iteasles that began 
inll7. l-iv aggregatintg the data frtm about 15) geographical units in 
thee,, countrics ac cording to [ile starll of tle vaccirnation progrill, Foege 
I971f showed that the ntutmber tf' ieasles cases dropped by 54 percent in 

the year flhowing. Compared to the 12 moniths [)recedit,, the start of' the 

971) presented titor,Foegte it also detailed data Irol The (ambia that 
lrtVide a dralmatic detttonstratiot of tfte reductiot of measles cases after the 
first national measles vacciation cittlipitign. Figure 3-2 shows tilenumrber 
of measles eases illfive regions of The (iutnbiit during each four-week 
period of' 1967 and 1968. E.ach region had a measles campaign during 

http:incre.,.es
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FIGURE 3-2 Effect of measles vaccination coverage on measles cases (by four
week pci iodt 1, five areas of The Gambia. NOTE: Shaded are:i. indicate periods of 
inital vaccillatlon campaign in each area. SOURCE: Foege (1971). 

different months of 1967 and early 1968. The campaign targeted all chil
dren aged 6 months to 4 years and achieved a coverage rate of 96 percent. 
Although the iinmbers o1' mcasles cases had begun to drop in several of the 
regions, they dropped dramatically, to zero ill many cases, following the 
campaign in each region. By June 1968, measles transmission had been 
interrupted. There were only 16 Cases (uring 1969 and 1970, and most of 
them were imported. 

The campaigns begun in the late 1960s (lid not lead to a large-scale 
program of continuous vaccination with high coverage rates. However, 



39 IMMUNIZATION I'ROGRAMS 

data are available for several countries that increased their vaccination cov
erage rates during the 1980s. For example. vaccination coverage ii Malawi 
increased from 10 percent in 1976-1978 to about 60 percent in 1985- 1987. 
Surveillance data show that tilenumber ol in the later period was onlycases 
IbOuL half of tile number reported a decade carlier (Expanded Programme 

on Immunization. Similrly, ('tils c1 ill. loUld thatl the re1989). (1991) 
ported number of cases of' measles in BLurundi decreased hy more than 50 
percent between 1981 zud 1988. Vaccination coverage ill1986-1988 aver
aged more than 60 percent, contpared to ahout 20 percent in 1980). hliy 
also fotd that in Rwanda. the reported incidence ill1988. when coverage 
was greater than 8() percent. was only 3 percent of' tilerate reported before 
the start of immunization program. Similarly. data 'or Lesotho show a 
large drop illreported incidence rates as vaccination coverage increased. 

Dabis el al. (1988) examined the decline in reported measles cases in 
Pointe-Noire. Congo, during implelnclalion of the Expanded Programme 
oil Im11111uni/alion, which began Ihere il.lainuary 1982. The estimated cover
age rale increased to 31 and 37 percent, respectively, in 1982 and 1983, and 
to 47 percent in 1984 and 1985. A Coimunily survey in 1985 eslimated 
that 54 percent of the children 12-23 months of' age had documented evi
dence of vacciltion against measles. Measles had heen endemic inl Pointe-
Noire since at least 1979. with annual epidemics. Data on hospital admis
siolls for measles showed that thC monthly number of' measles cases dropped 
to very low 'igures during late 1983 and carly 1984, instead of rising for the 
annual epidemic. In addition, between 1983 and 1985 (both epidemic years). 
the hospitalization rate for measles among children 9 to 23 months of' age 
dropped by 49 percen. This dec liine associated with anwas increase in the 
proportion of hospitalized cases less than 9 months of age from 13 to 17 
Percent. 

A study in Yaound&. Camelroon, ill1974-1979 showed that the number 
of recorded measles cases dropped by 44 percent when the cold chain was 
improved and the Inllllmntll age at vaccination was increased from 6 to 9 

nlliths (Ileyllamn et al., 1983). Despite time increase iinthe minimum age at 
vaccination. the number of cases dropped in all age groups, including less 
than 9 months. 

NONLINEARITIES IN RELATIONSHIP BIIETWEEN
 
C()VERAGE AND EFFECT
 

The potential effect of measles vaccination on mortality can vary sub
stantially across populations and programs. First, the potential effect of 
programs will differ according to the epidemiology of measles in various 
populations. including features such as the frctluency ol epidemics and the 
intensity of infections. Second. the relationship between vaccination cover
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age and mortality is not simple. For example. a 40 percent covemge rate 
might be sul''iciCtl to disrupt a t)a.ttn o allnual eIidlliC illa small town 
with low tertility rates. A large city with high lertility would require a 
much higher coverag rate to achi ec the sani result. The ,ltuities reviewed 
above demonstratelLithat a vaccinalion prograi in Alrica that reduces tihe 
incidhenceoh Ilhe disease will reduce Mortality as well. ilowCver. it is diffi
cult 1o estiIate how ml1uch mot0rialitv will decline in aln'ci\cl silUlation. 

The following sections, describe tihe aclors that determinie the relation
ship between vaccine coverage and mortality reductill. 

V'acciination and Ireqienc oh' Epidemits 

An increase in the proportion oh the ptoilalti iprO tCed hy Vccina
tion can il hole epidemniology f' disease. For example. ;inchange te the 
eflective vaccinatitii callpaicn cal virtually stop Itrallimission oh, tihe dis

' ease toitwo to three years. The level of coverag1 rClil'ed to achieve this 
result (.lcpendS Oin the olfit'populatiin. the and localOf the fertility rate. 
practzices that aleclt tranmisiisinmates (e.g.. migration paliteims). 

IEttl'ec it' Vaccination on Age Di1st ribut ion oh' Cases 

The age distribnlim oh cases is inmportant tr two reasons. First. be-
Cause case-tatality rates are highest 1incl1 Cases Under 12 months oh' ac. a 
change inithe age distrihultioln OCases can cha.ii" tilecase-fatality rate. 
Second. in s0iine poulltations. the best evidence of' the effect of the lr.il 

comllies oii a cia c in the ninil or and ac distributiom oh cases wen at 
hospitals and health centers. 

Progainls designed t incr;ease the ci' .weiofIiaskic s vace inat oi.i iav 
redtuce incidence rales at all aces. Ilowever , because the hi ecest declines 
are oh ten concentrated t aces 12-35 l m ths, there is ofen a chacie in the 
ace istrihtion of cases ousrved in hospitals and clinics. A sodden in
crease inproigrami effort otelli leads to a temporary drop inl Ime prpiortion o 
cases at 12-35 ni(iths of ace and an increase in the proportioni o cases 
among children more than 5 Of' age.eearsThe proportion over age 5 
increases inl sonic populations because without vacciination, Most children 
get measles before this agc. If vaccination covcraee increases the interval 
between epidemics or leads to smaller isolated epidemics, soic children 

cpeC meillC umtii later ages. For example, Aaby et l.asles, (I 988a) reported 
that in (hiinea-Biissau, reater vaccination coverage increased the propor
ion of cases ov, irae 5 fRom 22 to 2) percent. Chamie in the age di srilto

tion Of cases is a useful inldicalor of*program effecliveness. These chaiges 
cali o'te n be doc uLneimtdlthroilh st',urveillance systemins wheneiicoml)1etc potpulation 
surveys are not available. For example, in tie city of Maputo, Moibnique, 

http:IIE:II.TI
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TABLE 3-I Proportion or Neasles Cases Among 
Children Over Age 5 Years in Areas Where 
Vaccination Coverage Ilas Remiained Iligh 

Vaccine , polld ('ascs 
( itIII I\C r ig ; 1 5 \cars (I.; 

Btrundi 57 35
 
Letsolio 78 (2
 
R\%alnda 80 31
 
Stka/ihaiid 74 41 
Ithe ( ;ia bia 0 51) 

S ((t!R'S: N lioinl diI in ('fromti l al. )91 ). c\cel for The 

(;aiiihi,. for si ich data arc from Ketleha. reporteid h .Ib iLh It),. 

vaccination toveragce increased from 42 percent in 1982 to ,6 percent in 
1986. Data on 'Iscs reported 1w health cilt.rS Sho\\ed a shiftl in tile pro
pot'tion o1' CaSL I over 5 years of age from aboul 1I percent ill 1982-1983 to 
28 percent ill I986 and 40 percent in 1987 (Cults t 1].. 190))b). 

Aflter a progl'rall llas maintained hihi coverace levels for se\'eral vears. 
the proportion (f children over age 5 protecttd by vacciiiatimn will increase. 
IHowever. that proportion can still remain hii. Tahle 3-1 presents eli 
pro)p(rtion o' cas over atce 5 il fivc area" ill which vaccination coveli.ae 
had remained greater Ihan 50h percent for ;everal years. Alter vaccination 
levels hae remained high for many years. it may be uscfl to Ctonsider 
provididt, a second lose to older children. This strateg. \\ ill protect those 
who \\ere missed initially and tllo,s who \ere_ nlt pritctCd aclatlclV by 
the first dose, althtough the mortality lffect will he lower w5ith the second 
(lose than \with the Iirst. 

Ill1cre Ss ill \accillalion CLlvI\r.C m111Vy CsUlt ill atl inclrease ill tile pro
portion of cases less than 12 months of age. Because the case-hatality rale 
is highest amiong infalt, increasing the proportion of caseS ill this ace 
group is likely to raise the overall case-fatality rate. During the years when 
CoICaC is high. Ithere are fewer cases aiong children awe 1-3 hccausC of 
the viccinatiotl, ani still fwCcr cases over aoc 5 because tllcse children have 
either been vaccinated or lai measles. Therefore, tile proportion of' cases 
tunder I year (f agc is likely to increase, at least in the short run. For 
example, in Pointe-Noire, Colgo., the propo)rtio)n of htspitaliCd cases at1(
mntllhs of age increased f'rom 13 to 17 percenlt when vaccination coverage 
increased frt)m ahout 3(-35 percent to 45 percent (Dahis ct al., 1988). Similarly. 
Taylor el al. ( 1988) reported oil the trends inl measles ill Kinshasa. Zairc. 
Between 1977 and 1983, coverage wilh measles v,:ccine increased from 37 
tot 62 percent among children age 12-23 months. Between 1983 and 1985 it 
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remained between about 50 and 60 percent. Despite this high tale ol' cover
age, measles epidemics continued in a1lternate \'ears between 1980(1 and -9N5. 
Surveillance data 1imm hospita+tls ;anl health centers ald a Conmltunity survey' 
showed that the proportion of' cases allnoing children less than I year of age 

-increased with increasih ,accinalion cveraoc. 
The new,, eluilihriuot c disti ibutioln o cacs depends on the ialttern of 

measles in the population and the tlilure of' the vaccination progilall. 'oi 
example, ill Maputo, NlominbiquC, the )opt1l0l0tioln t1 repCotei'e .ics less 
than 9 llonths of aLce iicicased sighll f l 19 percent ill 1982 to 22 
percent in 1985. The proportion then dropped to 15 peiceit in 1987 (CUtts 
el al.. 199)(h. On tlie other hand. Aah ct al. (I 98)l report almost no 
chain1c1 in (inlea-IliSSau in lie prtportlitn of' cases tnoder ace 12 ilontlihs
rising only fIroi 17 to 18 percent. 

Data froll heallh facilitics can exaceralte tile in'rease in tile proptltiom 
of cases aolioll imlaills. Since NOIuncer clhildren otfell Ihale lrle_ sCvre 
cases (in pitl because tihe' are more likely to he secondary cases). inlants 
are overrepreseted a faIcililics. vacillation theal hcalth Becalse reduces 
number of, cases at 12-1, molnsllis of' age.c (which also have higher severiyl. 
the proportion of' hospitalied patientsindlldl I y'ar is apt to increase stb
stintially. IlnNachakos. Kenm a. the paccu'nta ( ciss anlomc inl'alils was 
twice as large for l spitalitld ca cs as for all cases (Muller et al., 1977). lit 
Kinshasa, 45 per'celt of' cases reporlcd ill hospitals and clinics between 
198( and 1985 were Icss than I vear of' a., hilc in a coiiunity stuld', 
only' 37 percent eic, inftants ti',ihr Ct al.. 1988t. Simnilarl', inl an outbr'ak 
ill Kampala. Uganda, ill 1990, 28 percell of' measles patients in hospitals 
were less than 9 ioths of ace. IlMsever, a1conmuinlitiy sllrVev abohtl thr.-e 
mothsl1', latr i)tICl 1hat oly' I I pecellt of' ClsCs welC children tinder 12 
montoli l' :.W\l lidcd il Ilnmniiation. 199 1( Orai 

It is importainl Io Sties t IhatIhesCe chancs ill the ac dislributiotn 0l' 
Cases do not I-'llcct chan'ces il the incidence r-ale aoling inl'ails. Vaccina
tion program.is reduc ilicincidence of' incaslcs itmotg children under ace 12 
itlllllls. lhosCver. the case raltes al older aes otelll decline more tha,.ln 
those 11tile \'Olgcl l . and Icret rcehe o p tion of' cases a each ace 
will challce. 

As coveraoc illcreases, tle l)r'01l0trtitn o1' caIses asSOCiated with vaccine 
fai.ure will illClcase~. This hil't does nlot imply all increase il the proportion 
of vaccinations that fail. Instead. it rflcts the illcreasiucih. n1umbeh1r who are 
vaccinaled and consequently' at risk ol vaccine failure. Th'erel'lre. it is not 
possible to monitor changes il proglami e fle'ct ivCilCS meteICl y by' doCmliCnlt
ing the number ol vaccine failures or the )roportion of cases associated 
with vaccine I';eailUlre. 

http:program.is
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Changes inl
tile Proportion of'Secondary Cases 

(ne reasoll case-fatal ity rates decrease with age is that younger chil
dren are more likely to become inccld throtgh contact with an older 
household member. Numerols stuliCs have dennst.rtnrle Ihalt secondary 
ciSeS of ieICasles illa ItOIsChold (i.e.. those who are infected by another 
household ilellber) have ihigher casc-fatalily rate than isolated cases (Aaby 
et al.. I984a.c: I lull. 1988: Kostcr. 1988: Lamb. 198N: Pison anld lonneuil, 
I988: Aaby and CLe\ewenbCrhl,190): (lare1n and Aaby, 1990). The higher 

fatality a result of higiher dose, 
cOttninousOt conttacl betwCel childrCIt in the Same IIonLsChold. 

ca fi mzrabe 0t virns associalCd with closer 

It'
atvaccination progran reduces the proportion of secondary cases, the 
cae-fatallity rate cal drop suhshi lly. Forexample, Aaby el al. (19 88a) 
rleported that the prmp(;rtion of isolated cases increased f'rom 16 percent 
before the accinationlprogratll to 33 percent over ilenext three years. 
This chanige was largely rCponsible for a drop illtilecase-f'atality rare of 
children under age 12 monts from 28 to 17 percent-although this latter 
fie reCis still very high. 

The change in the pmrportiont otf Secondary cass will depend onl the 
%ay in which vaccinatiMns are distributCd in fite polpu lation. For example, 
if vaccination coverace rCmains low in a SCettllnt of the poluIlarion with 
la'c famnilic (e.g.. polygamous households then the proporlion of sec
ondillrv casC', could increlse. ()Itthe other hattd. tsthe interval between 
Cpidntics incre~ises, Amlar'ger pro rtiotm of' cases will be children over age 5 
who arC ailto 1a\rC oIle o1 IoIo'C yountllg'l" siblimigs. Durimm an outbreak illat 
primary school in Burundi, 25 of' tile28 cises wscre priiary cases in their 
houschold. ThIese ledto 31 secotnayi\ cases, 9 e)rcent of" which were 
voUlnger sihliil (Cult" et al.. I9t) ). 

Vhein \accination covciagc icreases enough to delay measles epideim
ics for severial years, snnall epidemics can arise from eases that originate at 
a health alicility (e.g.. IFxpandled Ilroranie ol lmmnini/,ation, 1986: Chahniazariaul 
cl al.. 1993). Snch otbreak ,, occur becluse tilehcalth facilities bring to
gelier i numnblll of children at risk of measles. A case-control study in a 
child he'allh clinic on the otsikirts olAbidjan, ('Tc dlvoire. during a measles 
epidemic showed thai altltldin.g the clinic was associated with t30 percent 
additional risk 95 peitem (.I. 9-I 02 percent) of cotracting measles (Ex
panded Prog.ramune on Ittinuiz.ation. 1986). hitthis population, where cov
eriaie of leiasles vacci naiotn was 04 i)ercet., about 67 percent of' cases 
W'C atilt'ibu lto a1tendace at the clinic (luring tlte epidemic. 

A study' of' lles cSeisile, in Mbev'a, T.iniia (Btrrges el al.. 1986), 
SuLIgesltd talllhcse "'lloconlial" cases nay have a hiigher case-fatality 
rate. These d:ta provide a strotlg argument for vaccinating all tlnvaccitated 
children who attend atny child health clilic, inclUding those with fever and 
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rashes that are often incorrectly assumed to he contraidications for vacci
nation.
 

Otiher Factors 

Other f'actlors can influence the effect of programs. First., there is a 
report that cases of measles alionigI vaccinated children (e.g.. vaccine fail
ures) have a lowCr case-fatality rale thall those amllong unvaceinated chil
dr.'n (,.h Ct 11.,I ()) . lowC\ er. amother stndv lailed to demonstrate this 
diflerelce tlambua. Ih,988). Second. Aahv and his collea'-ues have demon
strated that llhi ;Uiila-BissalU. childreni Cxposed to llcaslCs IbCfor'c 0 months 
of, agc have hilicr itlortllil\ Itan t licr children (Aahv c l . I ))fa.I993), 
evel throligl about 75 percet of bth the ,esposed. and thle ttCXpISed w'ere 

later vaccinated aaiist matsles. This diterencc does not appear to he due 

1t Slcel,.vil\ factors dclrlililliViI,who els vaccinated or to socioccolloillic 
differentials. [lie elect of expoSNure to ileasles appears to last for 2 to 3 
years fholloh iiig e ptoslre. 'hcrCrlrC, it is possible that, vaccination pro

crams might rece..i:C hy redlncillg eXposure bel'ore age 6niorta.litv to measles 
months in addition to the direct effect oflvaccinattion at a later ace. 

PlR)GRAM IlSTO)R Y, ('OVEIRA(GEK, AND p ALITY 

In 1966. ca;.lp+.iiiaims I)Cgttl'l aIdmss, \atccina 'ttm,, w\ere ill West Central 

Afl'i a throtuh'l l I-country prtugr;iiui f'or smallpox craRicatiou and measles 
control ()fosu-.\immaahi. I 9S.;). CllsefIuemtls, vaccine cOVcr'tge increased 

7
signil'icallly ill the late I )(9)salld Carly 1'..()s.AlthoLuc h these program s 

were succCssful ill vaccinltline larce miuniberS of children, there were also 
maMv tc.hnicalaMnd tmIugUri ilproleis. (ovcrage rtes dro0ppCd a, these 
prulems becalumic ipare'it ;and proctain, cfforts slackeCl. After tIe World 
Ilealth Assebmhl in 1974. the Wrtld Ihealth ()rclaliZation latunched the lx
pamled l'togramiimc onl Immmnialiotm. In 1978, the World C(onference on 
F'rilmlar, IHealth ('arc hl', ..- ,ta identilied itmilui/ation as an esseti
lial clemenltolpriltiarv carc. These remciwed elTorts were based on the 
n 'rl', leat-stale vacciles and a liajor prociraillllatic ellmlore leleaslcs 
phasis oil technical training of local persoinel. 

The most currenit estimates i early 1or sub-SalmaranI 11)9()s) .Alricait coun
tries smuggcst a measles vaccillatlln covelage rate of about 52 percent. These 
iures compare favorahl\ with I98f cstimit,s of* about 3) to 33 percent 

(lntcrlationil Science and Teclmtholocv Intitute. I9911: Uinited Nation, Children's 
Fund. l')()]: M On 1992: FedlExpauPdd roaPgnimnC Inttunizalion, Nigerian 
eral Office oflStatistics atid listitule for Resa:,urcc )eveloptnent. I992). 
Ficure 3-3 illustrates the changces in coveragce rates at the national level 
betwecin the early 198(0s and early 199(0s. These estimates are very r'o1ugh: 
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FIGURE 3-3 Pro portio sof children aged 12-23 inmontfhs who have received measles
 
vaccination, countries of sub-Saharan Africa. 1981 
 and 1991. SOURCES: 1981 data
 
from United Nations Childrens Fund (1991); 1991 (Jilafrom Iternalional Science
 
and Technology Institutet I990) and Expanded Programme (ill 11i1 unLiizal ion (1992).
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many are based on administrative records rather than population surveys. 
Even the data based on surveys generally have a 95 percent conlidence 
interval of at least ±10 percent. Surveys generally accept only vaccination 
cards, which provide inf'ormation onlwhen specific vaccinations were given
rather than relying on mothers' recall-as proof of vaccination. Estimated 
coverage may be biased downward it women lose or do not have vaccina
tion cards to show to the interviewer or if progralrs run short of' cards. On 
the other hand. accepting a mother's recall of past vaccinations might bias 
the estimate tlV'artl. 

Gareaballah and Loevinsohn (1989) tested the accuracy of mother's 
recall of measles vaccinations in tileSudan. They interviewed illiterate 
mothers who hiad vaccillation cards. They found that 87 percent of mothers 
whose child had been vaccinated reported correctly (the sisitivity) as did 
79 percent of mothers whose child had not been vaccilated (the specificity). 
Therefore, they conclude that in the Sudan. limiting estimates of' vaccina
tion coverage to card-verified cases would lead to an underestination of' 
coverage. The coveragce rate based on cards was only 43 percent compared 
to 66 percent based Ol cards lld mllothers' reports. 

Moreover, coverage can vary substantially' from year to year, especially 
in countries that rel, oni p'eritlioc national campaign days and those plagued 
by political problems. If coveragce surveys are ol'ten carried out to demon
strate programn success. these survey's Imay give more emphasis to high
coverage years. ILcause tleCsti mates for 198I arc more likely to be based 
onl adini istrative records, and coverage rates were changing rapidly at that 
time, estimates for 1981 are probably, less reliable than those for 1991. 

Despite the dta piroblems, we can safely conclude that maily more 
African children are currently protected by measles vaccination than were 
I0 years ago. The countries that have the lowest coverage rates are of ten 
those that have been affecled by other economic and political problems 
(e.g.. Fthiopia. Somalia, and Angolat. Other couLntries may have experi
enced declines incoverage because of' political problenis since these esti
nmates were made (t.., Liberia and Zaire). 

In places with relatively high coverage, it is possible that a small addi
tional percentage in vaccination coerage cain have aii important efTect on 
mortality. First, vaccination coverage is generally higher among children 
living in urban areas (where health facilities are often concentrated) a id 
among children whose mothers are educated (Boermia et ail., Moth1991)). 
ers' edtLcaionI is not just a rel'lection of' urban status. For example, a study 
in two periurbani iwis inThe Gambia dcmonstrated significant differences 
between tileeducational statuS 1'both the mothers and the fathers of vacci
nated and livaccinated children within a siingle urban area (llanlon et all., 
1988). Expanding vaccination coverage in rural areas and among children 
with uneducated parents might have a greater effect than providing vaccina
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tions to the more advantaged parts of the i)opulation. Second, t higher 
levels of coverage, changes in the frequency of epidemics might provide the 
best protection for children under the rccommcnded age for vaccination. 

TREATMENT OF MEASIAS (INCIUI)ING VITAMIN A) 

The thrust of current is IedLICC measles l ccinatprograms Io t hroui va.1 
tion, but there are still a large iiuurn ,er of measles cases each year. The 
case-fatality ratc anmong hospitalized cases of measles is often 1) to 15 
percent <Kimati and Lyartu, 1976: l)ahis et al., 1988: Fischer, 1988). One 
strategy for combating measles calses is through improved treauilent off coll
plications. such as diarrhea and acule rcspiratory infections. Rcduction in 
these illnesses can Cduce measles-relatCd mortality. (See Chapter 4 for 
discussions of case mnamnft of diarrheal diseases and ARI.) Moreover, 
recent research has suggested that treatment with vitalmil \ may reduce 
case fatality in hospitalized patienls, as discussed in more detail in Chapter 
5. Because in much of' Africa. many children with severe cases of measles 
receive Ircatment in a hospital or health center. vitamint,,A treatment has the 
potential to have a substantial effect on case fatality. 

A StudV of children hospitalized with measles in Kinshasa showed that 
amtong chi Idrenless than 2 y'ears o' age, loW Serm Vitlmlill A levels are 
associated with increased risk of dying (,Markowitz et al., 1989) After 
controlling for muscle wasting. low white blood cell levels, and pIumUlenia 
It admission, llose with vitmin A Stores of less than 5 microgranis per 
deciliter had a case-fatality rale 2.9 limes (95 percenlt C.l. 1.3-6.8) oreater 
than those kith higher serum levels. Among children 24-60 monllis of age, 
serum vitamin A was not significantly associated with increased risk of 
death (relative risk 1.2: 95 percent C.I. 0.2-7.8). This study demonstrated a 
relati,,nship helween measles and serum vitamin A fcvels, but it did not 
prove that depletion of vitamin A levels is part of the 2ausal chain leading 
to d:ath. tlowever, reduced vitamin A levels probably increase the risk of 
pneunionia and diarrhea. 

The first trial of the efficacy of vitamin A in the treatment of measles 
was carried oLIt by Barclay et al. (1987) in Tanzania. This study showed 
lower mortality anorig measles cases under age 2 who received vitallmin A 
(probability less than .(5), but no difference among castes over age 2. For 
all ages, the difference between tile treatment and comparison groups was 
[lot significant (probability of .13). A trial inl Cape Town, South Africa 
I-lussey and Klein, 1990) also showed significantlv lower mortality anioig 

measles cases treated villi vitamin A (relative risk 0.21 times; 95 percent 
C.I. 0.05-).94). 

Coutsoud(is et al. (1991) ran a randomized trial in lurban, South Africa, 
limited to cases of' measles in African children under 2 years of ace who 

http:0.05-).94
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presented with both pcunionia and diarrhea complications. Only one death 
occurred-to a child receiving the placebo. However, there was a signifi-
Cant difference over a seven-da l'tollow-up in the duration of pneumonia, 
with the vitamin A group having a mean duration of 3.8 days compared to 
5.7 for the conlrols (probability less than .)5). There were similar dilTer
ences between tile durations of diarrhea and fever, allhough these were not 
slatisticall signifianl. ()f the vitamin A-treated children, 96 percent re
covered filly \within seven (lays. compared to only 65 percent alltong coll
trols (probability less than .0002). AlthougI.h the supplemented children 
showed better recovery inl the seven-day ollow-ulp., mlleasles mota'tility Can1 
continue for many months al'te the inl'eclion becau,se of its debilitating 
cOnl seq ulencc;, 

SUMIMARY 

Several sLudiCes dmonstlrate that measles vaccination progiamins cang reatly 
increase child survival in Al'rica. This conclusion is strengthened by the 
wide variety ol' research designs employed in these studies. These range 
from case control (Velema et al., 1991), to comparisons of vaccine failures 
with other children (Aabv et al., I989). to colmparison of' program and 
nonprogram areas (Kasongo lroject Team. 1981 ). The variety of research 
designs makes it difficult to compare the exact magnitude of* the effect of 
programs in different settings. However, this variety increases our col'i
dence illthe overallI conclusion. 

Although measles vaccination is estimated to have a large effect on 
child mortality, we must nate that lhesC studies cover only a small part of 
the continent. The in SeneCal, The and Gtinea-l3issaustudics Mambia. 
were all carried ot illcoastal /ones ilaireas very close to each olher. The 
stldy in lenin a~isalso carried out illa coastal area of West Africa. Only 
the Kasongo project in Zaire was in a noncoastal area outside West Africa. 
Therefore. it is risky to extrapolate from these studies to estimate the num
ber of deaths prevented by measles vaccination in other parts of the region. 

Inl addition, in sonme of the areas where the eflectiveness of measles 
vaccination has been demonstrated, there is evidence that the efficacy may 
have been quite low at other times. For example, the studies by Aaby and 
his colleagues demonstrated that the measles vaccination program in ,andim. 
Guinea-FBissau. re(luced child mortality during 1979-1981 (Aaby et al., 1984b). 
Hlowever, a liter study showed that vaccine elficacy was no more than 68 
percent in landim among children born in I984-1985 (Aaby cl al., 1990b). 

Similarly, Garenne et al.(1985) showed that in Senegial the number of 
reported measles cases and the iroportion of' mortality attributed to nmeasles 
dropped illseveral areas alter the national vaccination camhpaign ill1966
1968. However, both reported cases and measles mortality returned to high 
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levels during 1972-1978. Garenne et al. (1992) also exam ilned vaccine 
efticacy during lie national vaccination campaign in one rural area in 1986
1987. Vaccine efficacy was reasonable (86 percent), but below the levels 
achie\'ed in clinical trials in the same area. 

These studies sueest thalt even ill areas where measles vaccination has 
been demonstrated 1t be very efleCtive in reducing mortality, tie health 
programs did not always mainatain high levels of' effectiveness. This lack of 
,flectiv\eness is suplported by occasional rel)olts of hieh failure rates in 
oilier programs (e .. , ('utts e al..1 990,1: Adu ei al.. 1992). The evidence 
'rom some areas stcests that large-scale prol'rams can succeed in reducing 

the incidcnce of imeasles (e.,-.. Foce, 1971: l)abis et al.. 1988: FIpanded 
Pro-ramiiie on limnllliIMion. 1989: ('utts etl al., 1991: Kanibarani et al.. 
1991). Illo\ve\c. proerai \ioilancc I liee:cssarV to clsure a reasonable 
level of vaccinec lficacN in routiiie programs. 

Measles vaccilnation prograims are not likely to eliminate ieasles f'rom 
Africa in the near ftturet'. Therefore, there will continue to be cases of 
ileasles that retluire treatment, especially aliong children who arC too y'otu ng 
to be vaccinated accorldine to[le stalidard vaccination schedule. These 
yoiller children have hiher risks of Ieasles 1mUortalitV inl addition to el
evated risks from tile diarrhea. pneulm olia. and mIialnutrition lhat frCquently 
accompany ileas.les. 

Studies su.esl that \'itanil, A Suppleiientation mav reduce measles 
mortality. IHowever. evaluation of treatllenit slrate,,ics 'or measles cases 
continues to be a pressing need. StudiRs IneeL to be condlcted thatl iiclude 
longer follow-up of cases and controls to ensure that increases in survival to 
hospilal discharge represent long-tern gains and not just short-term abate

itl o1 tihe undlCrlyill risks. 

PERTUSSIS (WHOOPING COUGH) 

Althouh a Commonly occurring and often debilitating disease, whoop
ig cough has been a neglected subject of research throughout the world 
and in developing countries in particlar. Mortimer (1988) notes that ill 
)reindustrial lBritaiin, the lack of earlier recorded history of' pertussis may
have been due to the l)'eOccur)ation of ihsicViais with other severe infec
tions. sich as plague. typ)hus. aild smnallptox, leaving tie care o1' perlussis to 
iiiothers and oilier carecgivers. The case would appear toli be the same in 
cnritellpmrary A frica. A recent editorial ill tihe SIthII f A/rh n hMedical hn
nal ()1989) noted a visible lack of interest iin this inmportant disease by 
researchers and phiysicians alik,. 

One possible explanation for this persistent lack of attenltion is that 
pertLussis is a less visible infectious disease than others. It is characterized 
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primarily by a cough, a syrmplolm that call he caused by iallIother organ
isms. Although a 'requent cause of death, whooping cough rarely kills in a 
quick dramatic way, as neasles, snmlll)ox. and cholera do0. :ertUnSSis is also 
more difticult to documcnt bolh bacteriolo"gically and serologicall\ than 
nlly other disease.., 

PEiRTU.SSI IN I)EVIEIO)PIEI) ('OLN''RIES 

Epidemiolog,,y 

Whooping cought is a bacterial respiratory infection caused by Bord'lIa 
perussis. &ordetllh p/UpC/IU%'.i.s. a closcly related organism, cart pro
duce a similar discase, althouteh its incidlence secums to be 20 titnes lower 
than lB. 'rtu.x.Nis (Muller and LeucutlM hurg. 19)5). Cass of pertussis-like 
diseases have also heen attributcd to B. brll%'ile\pl'('a and to different 
viruses. The incubation period is genlerally considered to be t) or 1) days. 
During tne first weeck, the SN',llptolns are "lthemild 1cotgh, l'Ver). couch 
later becomes spastodic and is often l'ollowcd hy a characteristic ,s\hoop, 
bluish colorh11 of tile ,kin, and votilnitinu. This phase Call last several 
weeks. Recoverv is slo\\ and radnll, alld the coilt-h nta iersist for natny 
weeks (Mortitmer, I9)S), 

The classical clinical ipictur ' of seCvrC cises olnlll' isolder childrei 
usutallly elsil' iC'conii/ed hv tildical ie'stinel and evCen by patents theill
selves. [los\sever, inlants oftel have atypical symptoms. tn mild folrlls of 
tiledisease are seen il all ages, cspecially in isolated cases outside tiajor 
epidemics, and anllulcg vaccitated children. Culture of' B. perIu.v.. in the 
laboratory is also diffictlt. Ivern with laboratory cont'iliation, the algo
rithms for diau'losis have rclativcly low sensitivities antd specificities (Mortimer. 
1988: lPatriaria et il.. I9)h For example. l'atriarca et al. (I 988) studied 
four difTerent serologic tests for oiagnosing Cases of perttlisis. By)conmbin
ilng the pieCence of1cou.ch for at leastIto weeks with each ofl these tests 
ildividuallv, they achieved specilicities ratging from 75 to 90 percent \ith 
sensitivities rancillu 'rotil htot L percent. Without the serology., they 
could onlV aclliece a specificity of Xl0 percent with a sensitivity of 51) per
cent or less. 

Whooping cOtugh is t relaie'Cly frequent cause of' dcath in developing 
countries. SuLLen death 'rom axtsphyxia due to obstruction of the airway 
may occur iintilemost severe cdseS. urthertmore, B. perni..i.nhnfection 
may induce putnotnar,. encelphailitic. and nutritional conillic.t ions. Pulmno
nary changes may be caused by B. perlussis. itself or, more frequently., by 
secondltary invasion of other rricroorgatlislns slch is slreptococci or pilu
mococci. These changes mat1y be Sufficiently severe to compromise respira
tory function and CtlLse death. Acute encephalopathy ily cau.se convul
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sions, altered consciousiless, permaIneln b[train damlllage, Or death. The per
sistent voinlitilg after the cough call also induce severe malnutrition, deliy
dration, and !ater death (Morley, 1966: Mala. 1978). 1I addition. pr'tussis 
may airavaltc oiler infectioNs diseases such as measles and tluberculosis. 

Wloopnc ctiuch is tralniiited ffoiii person to person hy droplet Spread 
meg.. duriiig coughing or sneeziig) and usually occurs in epidemics. Virin
ally all children are sns.'mpible to >, Itoo)piln. cough frol liibIrth. Most clil
dien are inf'ected before age 15 year-s, and in UnvaccinatCd(I populations, the 
incidence, periodiciiy, and dvaminics of v,hooping cough epidemics are similar 
to nileasles epidlinic. A case gcnerally confers lifetime immmuitv. 

lPertussi is highly contaciouis alter infection and the onset of cold-like 
,Yltlp ,. shich occur one to t%%o \-cks belore the typical .hoopiring cough, 
begins. Mortality froll perltussis can be controllcd hv proper case mnatge
ment hased ol antibiotic lherap,. The cough ila) last for one to tWO 
months in cases not treated w, ith antibiotics (typically erythromyo cin. which 
is an .\pensive drug in Africa). In the untreated case, the person illay 
remain conmunicable for 4-5 weeks. Among those receivingc treatment, the 
period of infectiousness usually lasts only 5-7 days after beginning therapy 

eincisoi. 1985). 

Vaccine E1ffcaey
The lkl stratgy fr reducing pertulssis mortality is illllllI.lliZa.ll pro

,raiml. A firsl generation of killed whole-cell vaccines as developed 
before World War I. but gave poor results. A second generation of whole
cell vaccines combined with other antigens was marketed around 1951). The 
(Iiphtheri a-pertu sSiS-tCtanus a\accinc is a malor component of national im
lilunizatioli programtis.I lossever. the pCrtu>SsiS vaccine ha, not olly a rela
tively lo,' efficacy but also infrequenit SidC effects', such as convulsions. 
high f'evers, and brain dy',1uinctiiI. and has bCe tIe object of Major contto

er>sies (Miller al al., 1982: Feery. 1984: IHinman, 19)84: Ilinmnan and Koplan, 
1984). It is Still not reconimnended in some Luropeal Countries. A third 
gelcraliot of' vaccines, tihe So-called acellular vaccines. hais been developed 
and used in Japaii for many yeats. SCveal other foriltulas Ire Uinder Study. 

The lpiotecive efficacy of, tIe \accinC depend' very mmmclion the dl'illi
,ion of a case. lhe vaccine sctis to have virtually no capacity to litntct 
againms the infection, defined as the presence of the pathogen and at least 
One day of cotih. I loss,.ever. it Sens to protect a17gainlt tIe Severe forlis of 

disease, and probably against death. Studies in the L!niled Slaes and ill the 
imted Kin,,don have shos+ii thti vaccination reduces the sevcrit\ of the 

disle, Imeasured bv duration of SypllltoiS. iCall illibCr if co1ughing spasils. 
ILuinbcr of conmplicatioms. and admission to hospital (Cherry. 1984: Pollock 
ei al. !984). 
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One dose of tle vaccilne provides little plrotection., Md three to four 
injections are needed to provide maximum protection. In an outbreak in
vestigation in Atlanta (Blroone et al.. 1I981), he cflicacy of three injecclions 
of whole-cell perltussis vaccine was estimated at 94 percent (95 percent C'.1. 
75-99 percent). Another smaller sltudy ill Maryland reported by Cherry 
(1984) f'oLnd n effic.'aCV of 9' perent alin1on chllre0r a.Igcl 0-9td VCMa'S. In 
England and Wales, prot ectlive efficacy was estimated in I( ,lifTerentl stufd
ies: results varied f'rom 31 to 87 percent, wilh a nean of 57 percent (Cherry, 
1984). The larcst and mo0st comprehcnsive study conducted il l-ngland 
and Wales (Fine and ('larkso, 1984) estimated tihe cfficacy at 56 percent 
(95 percent ('.. 50-01 percent). 

The World IIcallh Orgalui,.ation currently' recommends hat children iin 
developing countries receive three injections of I)lP at intervals of' at least 
four weeks. The first injcCtion shoutnld be given as soon as possil after 6 
weeks (f age. Ill mllalny countries, children are rarely fully vaccinatled before 
age 6 months, creating a high-risk period for -tCLUSSis during tile first six 
months of lif'e. 

PERTUSSIS IN AFRICA 

Epidemiology 

Prior to large-scale vaccination in tile 1970s. whooping cough may 
have been anong the top 10 calses of death amiong infants and children ill 
sub-Saharan Africai. I lowever, because of tile difliculty itn diagnosing perlusSis 
by using verbal autopsies. we cannot he sure of its true importance. Even ill 
tIle United States, pertussis cases are widely unrecognized ( linrman et al., 
1986). Ili Alrica, as ill other developirtg countries, pCrtuIssiS mortalily rates 
are Ilichest ill the first six moultlhs of life and decline rapidly with age. The 
age pialtern of +deaths differs from that of ncasles, f'roml which death rarely 
ocCUirs before 4 mionths of' age. 

Much of' What is known aboL pcriussis in Africa is based on two longi
tudinial studies conducted in ruiral areas-Machakos. Kenya. and Niaikhar, 
Senegal. Ili Machakos, two clidCln ics of" perttssis occurred between 1974 
and 1981. The average aInual incidence for the period 1974-1981 was 
estimated at 1.6 percent among children LtiCr age 15 and 2.7 percent aimong 
children under ace 5. Vaccinalion coverace was relatively low durinc this 
period. The case-f;atilv rate 1( perI1.))) for all ages combined andity was 
26 per 1,000 tinder ac I Aiuller el al.. I9841). These case-fatality rates 
(like the rates for measles ill M/lachakos) are much lower han Ihose recorded 
elsewhere (World IHcalth Organiizalior 1975). 

The pertussis incidence rate in Niakhar between 1983 and 1986 was 
107 per 1 000 among children under age 5. '[le median age of cases was 
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4.5 .wears, and vaccinlion coveragce was very low during this period (4 
percent ). Ilowever. as vaccination coverage increased between 1987 and 
1989, ile incidence rate was reduced by 79 percent (I. (;areinlc, personal 
Cu'rtLMticaltioln. 1992). Tlie ca-seItaalitv rates het\meen 1983 and 1986 were 
23 per 1,)1)) I'orall ages combined and 51) per ((( f'or infants. )uring 
1987-1989. hel vaccination coverapce was higher land children were treated 
whenever possible, the case-fatalilv rate lrolie childiei Unlder 5 dIropped to 
13 per 1.000, I reduction of' -43 percent. There \ere rno pertussis deaths in 

[Ile study area bcl\teen 1988 ar d 199( ((iGallerc ctal.,1991 ). Cases of 
rillhultritiol wCre Obsl'eCd twice as olten arnori children under agce 5 after 
pertussis as after ri:iesles (Garenric and Cantrclle. 1986). 

Vaccine Eficac.' 

In Machakos. the incidence of' pertussis allollnlvaccinated chi'dren was 
54 percent lower than aiong norirandlorni/ed controls ol' t ie same birth 
coloirts (Muller et al., 1984a.b). This tiniiri stggcsts a vaccine efficacy 
simiar to tha0 obse-Cl in dCvC~loCl countries,. Similar values were also 
'ouni d in Sontli .\frica. Invesliation otlart epideriic il ('ape lowrn. South 

Africa. in 1988-1989 (Strehel ct al.. 1991) CSirat(Cd an ncieicCC rIItCof 
06.7 percent anrorn pre-pririary school children less\illi itha two doses ofl
 
the I)1" vaccine arid 32.! I)crcclll aolllig, thtose with three or ltur doses of
 
tire VZactilc. lhis inlcidencC sutggests an Clicacv of, tIe perttssis \'acci ne of 
52 percent (95 percent ('.1. 12-74 percent). Preliminary results of itstudy 
currdt(dLCIC il Sc.l showC a siriilar eflicayii0 65 percent (NI. (arerine, 
persrnrain crrr1 tIuicatiirr. 1992). Much of tIhe variation in the vaccine eff i
cacy arises from a rarrc of' case deflinitions. If'a case definition of three 
weeks of' cOmuch is Used, then tie vaccinc will have a hiuh lfficacy: but it' a 
case definitior of the pirelncC of' bacteria arid One thetly (if cough is LrIsc(, 
vaccine efficacy will he lmower. 

PR)O RAM EFI()RT 

Figure 3-4 shows the pr porion of' children a ed 12-23 moriths who 
had received three )IT injections as recuirded ilsurveys taken iround 198 1 
and 1991. In 1981. ahtom 21-24 percent of African children had received 
three DIT injections ( United Natiors Children's Frrrd. 1991 ).By 1991 the 
lprOl)ortiC;I had ilcrCisCd to ahout 5( iercert (Internatinral Sci'nce anid 
Teclrrholoev intlitutC. 199(): l-xparndld lIr'ocrarrirne u1nhnirrurralntion. 1992: 
Nigcrian Fuderal ()ffice of, Statistics andlr titut'e for Resource Develop
merit. 1992). This increase shows substaitial iprOgrCss, htlllilVes llanfly 
children utnpir(tectel. '['ie averagce for the continent is heavily influenced 
by low coverace rates ilrtlie three largest countries ilr the region. For 1991, 

http:RU;R,.IS
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FIGURE 3-4 Proportions of children aged 12-23 months who have received three
 
injections of DPT vaccine, contries of sub-Saharan Africa, I 81 and 199 1. SOURCES:
 
1981 data from Uniled Nalions Childreifs Fund (1991): 1991 dala from Internation
al Science and T:chinology Instiltte (199() and Expanded Programine on In tiniza
tion (1992).
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Nigeria had a rate of 33 percent, Fthiopia 44 percent, and Zaire 32 percent. 
In tile rest of the region, coverage averaged 60 percent. lowever, the 
coverage rates ill any one country can change drastically from year to year 
in response to na or vaccination campaigns and political disturhances. 

Unlike measles, there are very few studies of trends in tle incidence of 
reported cases of pertussis. Data on outpalient cases of pertlsis, and cover
age with three injections of IDPT are available for Malawi between 1976 
and 1987. as shovn in [igure 3-5 (Expanded Programme on Innuinization, 
1989). l)uring most of the leriod, vaccination coverage was increasing and 
the number of cases tended to decline. lho\ever, there \ crc relatively large 
nlumCrs of' cases reptted in the last t,.rce \ears of the series v.hich may 
have been (tile to the number of unvaccitlated older children. The correla
tion between coverage and incidence is only .28. not statistically signili
cant. Ilowever, in Cape T"own. South Africa, pertussis death rates among 
nonwhites declined dramatically after introduction of the DPT vaccine in 
January 1950 (Strebel et al., 1991). 

Coverage (%) Outpatient cases (thousands)85 5 
80 
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65 
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Year 

Coverage -- Cases 

FIGURE 3-5 Trends in pertussis vaccination coverage and reported cases of pcrtus
sis inl Malawi, 1976-1987. NOTE: Pertussis vaccination coverage is defined as 
children having three doses of vaccination against diphtheria, pertussis, and telanus. 
SOURCE: Expanded Programme on Immunization (1989). 
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SUNIARY 

Pertussis receives relativelv littleatteItioi bc.atiue it is less %i,ible 
than other diseases arnd its svn-li)tOmllS Ire less distinuishable lromlthose of 
other diseases. The pertussiS vaccinIe, requirillg at least tllree (doses to he 
effective, is an essential component of child survival progranls. The exact 
effect of the pertuss-,is corpll)(mili'll)1' HI vaccination oilchild mortality has 
not 'elbCen determined. altlhoLgh studies sue..est a wide ran$e of efficacv. 
As with measles, a nmjor benel'it o1 tie prlUssis va\cine is that it lowers 
tileseverity of inlfection. As a ctuieqILelice, it is als0 likely to lower the 
incidence oIfmalutrition., which is oftel caused . rc wseollOin COLItil. 
lmmunizationr civeraee has improved ill recent yea.irs a1ird is ctLrrerlti',i esti

mated alapp~,oxilmately 5) percent. 
Case ianaenueit currently includes treatment With antibiotics, although 

the disease is seldom detected whell therapy can he rmost effective. Strate
gies for tire most approriate case mnlragerieient oflwhooping cough illthe 
pop ul atiion require IurthIe r research. 

TUBE RCULOSIS AND LEPROSY 

Tuberculosis may be responlsible for Imore deaths worldwide thanl aly 
other disea. c caused v a siirgle pathlogen (Sud'e Ct al.. 1992). Approxi
mately 171 million Africans are infected with tubercl, Iosis: tire prevalence 
rate is about 34 percent (Sudr cItAl., 1992). The annual incidence rate of, 
2.65 per 1.01)0)pipulatiir i,tire hiliest of' ill recitons. Abotl orne-sixthr of 
these vewcases are in individuals who are infected wilh tile lnun nmnu
nodeficieney virus, ,Iiclnh cauuses AI)S. The arnnrual nnor,uily rate due to 
tubllerculois is lbout 10.9 o 1.0) per ) )L llieler lnlan inI plilatiun-als, 
Uinv',other reCion of tile Vorld. 01ly ab+out 15 percellt o'tublerculosis cases 
occur illtilepopulation tlndel age 15. The largest proportion of cases is 
found arnorg adults aged 25 to 44 years (Mtirrav., 199 ). 

Because the vaccinration for tuberculosis also pr'e'enrts leprosy, we con
sider that disease here as well. Its incidence and epidemiology are dis
cussed later. 

E)II)ENII ((Y(OFTUIIERCUiL)SIS 

Ill children, irnleclion .ith tileM ''01 '+0rinlit)fr 'usi'110SjS is usually 
relatively benign and self-limiting. Ihowever, serious curmplications (par
ticularly miliary disease-the presence of' snrall nodules illtile affected 
organ or body part-and tuberculous meningitis) are often fatal i'left unldi
agnose'J and untreated. Most diagnosed cases are in adults (Rodrigues, 
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It ), althoLigh iany of these are (Ile result 01' resllrgCllCe of infections
 
acqutiured at earlier ages.
 

Data iil CaLS's 'f death aion' children rarely include tubCrculosis, 
prohally hecause of1'tile difficulty' of diacuosis. VCrbl'l autopsiCs rarely 
provide a definitive diacgosis of tuherculosis. athoumgh 'ough lasting iniec 
than ihrcc months and wetig loss are usually good indlicaiors of respiratory 
tuherculosis. It is difficultIi) diaunosis pediatric Ituberculosis even in clin
ics bcalSC of the difficu1lty in oblailing t front children andsputill samples 
the ulinavailhilit' of \-ray ficilities. Moreover. [te clinical symltouls of 
pediiatric therculosis are oftel atypical, and tlbercllill test, arc difficult to 
interpret CMigliori et al., I99). In addition, thei mortality rate dfiue to tlbel'
culosis prolaly understates tile likely effect of tuberculosis ol child Itor
tality because cases of tularculosis may lead to sc\crc weighi loss and 
indirectly ilcrease child itortalil in other ways. 

The tubcrctlosis situation ill Africa is likely to wolnil significantly 
during the.' neXt decade hcCuttse of the link hetween AIlDS and tubierculosis. 
The decline of, an II1\' patient" immunity often le~ids to the devluhpUilent of 
a11overt illfecious case of' tublerclosis. Thus, the numilnber o1 lubLlulosis 
cases is increased throLtgh reslurgence of' ohl cases anliong IlIV-positive 
individuals and throulh their spread of the disease to IIIV-imc ative iidi
viduals. [lie incidence of ltubrculosis aimon' children Will therefore in
crease ill areas ,,,,hcre I1V prevadence is high becatuse even IlIV-egative 
cliildrhil will be subljcted to an additional risk of' inlfction. Schulter et al. 

1992) have pro jected that the annual risk of' tublerculosis itlfeclion iln IfIV
negitive individuals could increase by\r 13 to 141 percent in African coutn
tries, depeLding oil the pte alIce of tublerculosis and All)S. lit southern 
Ugcanda, the annmuial risk of smcar-positive tuherculosis (i.e., infective cases 
capable of eint li ilsulittcid) among I IIV-ncga ivc adults could reach 0.4 
percent h, the year 2(101). [or the total I)OuillaiOn. Schlie/.r cil al. estimnlate 
that the annual risk of infection could ap)i)rOacl 2 percent pcr year. An 
increase in tuhrculosis is already apparent ill 'lar/ania, \here ihe reported 
num1l1ber of' snear-positive cases iticreasel froi ,U)01 in 1984 to I10.00((in 
19S9)*. lIn U.ganda the annual nuillber of confiriled cases doubled between 
1984 and I987 (SclIulcr ci al .. 1992. 

PREVEINTI N ANI) TREATMINT F1 TIUIIERU OIA)SIS 

There are two basic pIublic health apprtoaciles to tuberculosis. The first 
is vaccitiation with bacille C'ahle.e-(utjrin. I( 'iwas derived from a strain 

fl" vi-comi'tium /h iiAandtIhas been ised,l as a vacctine aganst M . mnhe'Iu II

losis since the 1920.s. In \frica, tuherculosis is also caus,''d hy 11. qaf'i'umum. 
BCG also provides some Prltection agail't Al. I'prae'. which tLIses lep
rosy. It is now a central part of the Expanded Programme on Im unization. 
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In Africa, most pediatric tuberculosis cases result from transmistsion 
from an infectious case in an adult. Most active cases .1nel11 aduilts result 
froin reactivation of infections that ilia,, have been dorlIlllt for anlly years. 
Thus, the BCG immtunization is not an effective iteans of reducing the 
incidence of tuberculosis because it dIes lot protect agailinst primarv infec
lion. The i nmuni/alion inerely reduces the risk of' progression from latent 
infection to clinically active diseaise (RiedCr, 1992). Therefore. the best 
approach to reducing incidence is treatment of Cases to reduce the period of 
transmission. l)rug therapy can cure tuberculosis and thereby prevent death 
from tuberculosis is \clf as reduce the spread of' tile disease. About 75 
plerceiit of casCs rCquiriii tlreatlellClt are a ion those aged 15-59 (Murray et 
al.. 1991 . and these arc thesourc o1 iifection for most new cases. 

The min pr1ollmcl in treatimient pro2amS is compliance because treat
mnt11l lasts bctCen 6 and IS months. Patients o"tel feel well long before 
they are cured, which leads to a high dcf'aLllt raC. For CxamnplC. in a 
program in northern (]ihiia, 52 percent of' male and 46 percent of f'male 
patients did not complete I eir tcatmcnt (;.an der Werf I al., 1990). T!he 
default rates for the standard therapy \wcre 24 percent and 16 percent, re
spectively, for programis in Moi.ambiqte and Tanzania (Mlrray el a].. 1991). 
[)efault rates are lower iin proertms that utilite the more expensive "short
course" treatments. li Motambliquc. "lantania, an1d Malawi, def'autlt rates 
for short-course regimiens were 11, 10. and 2 percent. rCspecti 'ely (Murray 
el al., 1991 ). When patients discontinue treatment before they are cured. 
they are it risk off a rc,ureence Of the infection and alC infectious for a 
longer period. 

Murray,t i al. (I ')) I estimate the effective cure rates of standard therapy 
in the national prograls of' MOtanIl-ique and Tanzania to be 66 and 60 
percent. respectively. They estimate that the effcctiveness of short-course 
therapy is about 90(1percent in Mahiwi and NMozatnbiqute, and 86 percent in 
Tanzania. 

Hiligh default rates ('IneOLi'age the developnent of' drug-resistant strains. 
A Stld)' ill northern Ghalla tvan der Wer' et al.. 1989) found that initial 
resistance (i.e., resistance allong patients who reported that they had not 
received pievious treatnetit) was 27 percent to the drtig isoniazid, 23 per-
Cellt to streptlolycin. and 29 perceit to thiacelazone. Only 45 percent of 
samlples were sensitiVe toI all three drugs. A study of' trends in initial drug 
resistance in black adult patients in South Africa fWever and Kleeberg, 
1992) shOwed that resstiaice to ison iazid declinie:, from 29 percent in 1965
1970 to 14 percent in 1980-1988. Similarly, resistance to streptolnycin 
dropped froln 34 to 12 percent. These declines are probably i result oif 

5Ttits rate includes in esimnate ("thie proportion of tdefauliers that are cured. 
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improved treatment practices. However, drug resistance is still a problem 
in South Africa among some ethnic group.i. For example. anlonlg the X!osa, 
23 percent of infections were resistant It) isoniatid. 

The studies of tibeircuhsis treatment programs have focused ol the 
effectivei ,ss of treatment am1on- identified cases. BlcaueC there are prob
ably lare differences in the success of prograls in identifyinu cases, it is 
diITicult to CstimaIe thk -''fctM (,f trCatmClll prograils on populations. Ill 
addition. most of the paticnts, in treatment pro raits aC atullts. For these 
reasons, \%t: limit 01i review to studies of the effectiveness of vaccination 
programs that provide B('. 

EFlCACY 01F I:CIILLI, ('A LMETTI:-;tIRIN ( CG)
 
VACCINATI)N
 

Estimates Of the efficacy of BC(( in piCCntilg2 tLhbcrculosis vary frol 
zero to 8l) percent in numerous s+tudics (Fine. 19X8. During the past 30 
years there has heen extensive debate ove.r the reasons for this variation. 
lHowcver. there is still no consentul. on what factors lead to hich efficacy. 
As a result, there is a nced for studies to determine whether BCG is effec
tive in nuiliorous different populaltions, Allugh the efficac' of I_';G inl 
preveltine tubereulh sis is variable, the consentsuis is that it is Cfficaciols
as high as 95 percent---in reducine the i 'cidence of serious forills of tuber
culois,. including miliary tuberculosis and tubIrucllhus ienineitis (Tuber
cnlosis Control ProMriec and Expanded lroerainC On hinuiizatioin, 
1986: Schwochel et al.. 199). These comiiplications, which are frequent in 
children. are usually Iftal if left untreated. UInconplicated cases almong 
clhildren arc relati vely benigsn but may be imlportant underl\'ii. causes of 
mortality, working particularly through imalnurition. 

ICG Eff'icacy Against Tulberculosis in Al'rica 

There are three studies of tile efficacy of I3('G in preventing tubrrculo
sis in Africa. All three are case-control studies that conpare the vaccina
tion histor'\ of tuhrculosis cases with the histor of Imontubhercular conlrols. 
'Ihiere arei niiius pirobhlems that caln hias case-control studies (e.g. . uscertainiew 
of vciCe1nation staltus an1d di;acuosis of tuhculosis in children ). I luwever. 
the costs of randonized control trials are so lih that it is not possible to 
carry out such studies in all regions (Smith, 198)X. 

Min etl al. ( 1986)Xcarricd 01t a case-control sluds of lie efficacy of 
BCG in previ,t inCtuberculosis. The case, s,crc adults aged 17-26 who 
were newly i.diagnosed \%ili spuitlil-liOSitvC ipliiionirs tubcrcuhlsis in 1983
1984 in the only tuberculosis dispensaiy in Y'10ii1Ul, Caeueroon. Many of 
these cases were probably infected as cliiidren. The controls were from in 
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antivenereal dispensary ill YZloiIide and glne-ral dispt-,nsariCs in two towils 
in the region. Vaccination stalus vas dCtllmilCd by the pe'sL'en ce or ab
sence of aI BCG residual scar. "l'hl wcre IX scar; ofsubject, bctwecn () and 
age during the B(M( mass vaccination campaign. Il estimated protective 
effect of BUG( against pulinonaurs tuberculosis ill\Ltnn adults s 66 per-
Cent (95 percent (.1.53-75 percenll. Ilis estimate conitrlolfr otential 
.orfoiluding b' sCX. ic,,Sociocconolic group. aind gcocraphic region of' 
origin. IHoeever. none oftlle ai"riables wis sigiil'ica.inll' relatcd to-tdifcr
ences illefficacy. 

Tidjaifi ei al. ( 1986) reported oil i trial coiiductc inTogo of BCi 
amni childrcn age 6 years ol less who \were illContact with newl' diag
nlosetd cases of' tuberculosis. Thesc children were al increased risk of infec
tion and thercfore ro\ided a1 ef'ff'iciclt saImnplC for imeasu.r1ting vaccine cli
cacy. The stillle J cfficMy of BU(G from this study is 6( percent (95 
percent (A. 54-74 pctcl,). The dta suggest thil ileefl'icac is higher for 
more severe forms of the dliscase. Statistical cotlllrols fhu the Closeness of 
tintact with a Case Of' tuberculosis (pilCs Or others) and Inmrice ,nd sex 
reduce the estilmalCtl CfficaC ,' to close to 611 percent. IHowever. the elficacy 
of BCG lnight be lower in this samllple thain in [he gelitral popinulation be-
Cause the slbjC el"re exposed to higher doses of the bacIeria., vhich 
could overwmelhl tileresistance Ifev acluire'lfroim FBG. 

The population of a,case-conlrol study inilially colductled in 'lalavi 
belween 198(0 and 198-I by Fine cl il.(I 6) remained under observation 
through 1989 (9innimichaus 1).et l.. ([he oiricinal studs' is discussed in 
the I'olloss'inc section with other studies of' thle eficacy of lCCi vaccine 
against lepros'.)I By the end of the I9X9 follow-U, I)new indcm cass 
oiftuberculosis had been diaignoised in lie population of' 83.445. Colnirlna
tioni of tuberculosis was based Oilsputuiml specilleCnl of slf-rCported Cases 
collected at health center,, anlethe district hospital. The illfection tales 
among BUG( scarpusitis'e and B( scar-neatli se in isWduals were very 
similar. The diffrentces betsween tie agce-corrected estimates, based oilI 
numbel1Cr of' age grOLps, Case definiions. and estitlllion techniques, were not 
significant. This finding suggests that B('G vaccination is not lprotectivc 
a1gainst tuberculosis illth1e i)opullation. 

IEPII)EMII()GY OF LEPROSY 

[eprsy is ai n fet ious (isease caused by M.lwhcbew'rium leprae: it is 
rarely f.ital. The individual's response to the inlfectio,. depends on tlhe 

6ron t96Sm Ito the popultiiln 
newborn intf;mnis were vaccinaied. 

(
T

176 Ih c;unpaignus applied to up to age 20. Alter t 976, onl)' 
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cellular immiune mechalnisil. A person with a god cellular imm ne re

sponse is more likely to have aImilder tuctlIoid type. and a person with 

no immunity develol eweak or cellular is likel' to 0 li lepronatous type 

(Bloom and Godol, I983). h'lieclinical symptoms vary froml a single 

hypopigmnclted skin patch that heals spollaneously to damage to the ner

\'Ots sVstIm, bolnes, eves, muscles, and extrclurltic , . The averace incubation 

peridl is Csltmated to be 2 to 4 \'Cars. tholgh it 1ra hlrfrm9 mtOlntls to 

12 years (World Ilealtlh ()ranaltion. I 85). 'The \Vorld I lealth ()rganiza

recomnmenLIk rc;+atlletlbetmecu mlouths two 

years. dCpCnding on [ihe type of c:ase. It is eStiatLed tat aplproxiately 
tiou -1982) that last six and 

11.5 million cases of' leprosy e.xist worldwkide--- 5.3 million of which are 
registered for trettnt (]Irgels,, and Skjaerven, 1985) In Africa. it is thought 

casesthat 3.5 million cases of' leprosy exisL. (nly about I percent of' tile 

are estimated to be anirrg children under age 5 (World I lcalth ()r'uniza

tiom. 1982). 

C(; also lro)vides prItectitt aanll t leprosy, a1i1d this lrMltectit is a 

important clement inl the evaluation of its effect inl Africa (Ricder,' 1992). 

BC(I pro, ides slle protection against leprosy through cross proh.'ctiol be

tweei A I+\''oha'terhfil bo's and Al. bw'. Studies of' tlheef'ica,:y of' t3(.( 

against leprosy inl Asia show it to be 20 percent efficacious itMy'anmnar. 30 

iprceCnt ill South India. and 44 perc'et in New Guineal (Ihlreand Pi6nnighaus, 

1988). 
There have been IWO sIldiCS of tile Cfficacy' of' [('CG it ICvntling 

The conducted Starley (1981). was 

cohort study of children 'I'hi \were crtlta.ctS or relative,. of known leprosy 

patients inl tganda. It tle first StaCe of the Ntud,, iin1900-1962, 16,15) 

leprosy in Africa. fir,,t. h et al. a 

tulbcrculin-iicuative or wcakly tuberculin-poSitive childrcn weyore allocated at 

rartdorn to IG-vacirtted and UtnVacciliatlCd grou1Ip,. '[lie researchers cx

artirted t ,ese childer at inrtervals of' approxiintatls tmo year" for the next 

eighrt years. Fi ghtv percent of these children were Under age It) at the start 

of the study. At tire first folow-un visit iin1963. 1.76 childr'en born into 

the trial faritilies Were adhld to tire Colort to JilCl'Cise the nmber of' yOrtllg 

clildirt in tle study. Between 1970 and 1975, new cases at leprosy clinics 

were Checked to see if' they were included in ,hte colort StLdy'. 
Stanley' ct al. estimated that tile cfficacy of BCG against leprosy was 80 

percent (95 perceit C'.I. 72-86 percent) based on tie experience of the 

oriinal colort recruited in I96f - 19621 througl 1970. The data fron 1970 

to 1075 suggest that tilevaccirne conlniiued to be eff'cCtive 12 to 13 years 

after vaccination. Dation tilechildrt who had lesiorts of'doutf'll etiol

ogy at intake suggesed that B('G tav not have had a large effect ott preex

isting lepros' lesions. Ilowever, tile numbers ol' sutch cases were too small 

to produce reliable estimates of' efficacy ilslowing progressiot of tile dis

ease. Similarly, there was no evidence thIhat 13CG slowed the progression or 
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severity of the disease in children who had no sign of lesions It intake (i.e.,
amlllong apparent cases of \accille faiures). 

Fine et al. ( 1986) ran a StLdy of'BCG efficacyle iNs leprosy in north
ern Malawi. S hCoanThis bLv k ith a survey 0:- 112,)0)0) households be
tween 1981 and 1984. Each case of leprosy was mlatl',i. %ilh all ilidividu
als living in [he samlc squnlc kilometer \Iho ere of the same .es, live-year 
age group, and schooliw,- ,Its. The slud' \'its limited to those under ace 
35 because e inve,'.c bevend that age Ve,3 c('( \was os\\. Pcr>son s whose
BC scar staltus ssk,a doub1tful Or unkno\'+n (11.)3 percent) exclIdedwere 
from the alalv,,is. Anails, is of the matched case-control data led to an
estimate of ('(Cefficacy against leprosv of!41 percent (95 percent ('.1. I I
61 percent). sltiovingm cry little difference across agC groups. Data on cases 
of' lepros ide.:tifi ed ,ilter the initial survey (i.e.. through prospcctive dita 
collection) led to an estimate of efficacy of 57 percent (95 percent C.1. 24
75 percent . The estimat of efficacy based on the case-contlrol design (41
percent) \\its problly biased becausedoh nsard I it included some cases inwhich infection occurred befoC vaCCilnlioln. BCCausC of this ias and he
cause CrrYOrs in BCG scar ascertainlillet and in diaginosis of IClrosy miight
reduce the efficacy estimate, the illtors concludedIhLl tileefficacy was at 
least 50 percent. In a Ilolhw-up sidv hbei.s cei 1985 and 1989 amioni! the 
same p)OpulliOll an efficacy of 50 percent or greater was t)hser\,Cd (F'1inniS
et al., 1992). 

These studies suggest that BCG is more effective against leprosy ill
 
Africa than in South India and 
 N vaninar Fine. 1988; Fine and Piiiiiiliatus. 
1988). There is no ciiral., accCpted Cxhlilaaltio for this difference. I lowever,

it (foes appear that Il(.'( is ef-fecive again st leprosy in eastern and sO tlliCrrl
 
Africa. Because therw are 
a large numbher of cases of leprosy in Nigeria. it
 
would he useful to estiiiate the efficacy of the vaccine in that country.
 

PRO(GRAM (OVERA;E 
F'igure 3-6 presents the estimates of coverage of BCG by cottry in

1981 ard 1991 (13oerma et al., 199(: Internalionl Science and Technology
Institute, 1990: 1Jnited Nations ChildrCll'S Fund, 1991: Expanded Programme 
or I uln11.ii/.ation, 1992: Nigerian Federal Office of Statistics and Institute 
for Resource De'elopmnt. 1992). For all otf sub-Saliaranu A'frica, BCG 
coverage increascd I'rom about 31-34 percent in 1981 to 72 percent in 1991. 
These estimates are very rough. Many of the estimates come from adminis
trative records rather than population surveys. lEven the data based oi 
surveys usual\' have a 95 percent confidence interval of about ± Il percent
age points. Ilowever, it is clear that BCG coverage has increased drasti
cally during the past decade. 



1981
 
EJ]-mO to 9
 
P10 to 19
 

fM20 to 29
 

F30 to 39
 

M40 to 49
 

M50 to 59
 

i60 to 69
 
M70 to 79
 

*90 to 100
 

1991
 

FIGURE 3-6 Proportin.s of children aged 12-23 months who have received BCG 
vaccination, countries of sub-Saharan Africa, 1981 and 1991. SOURCES: 1981 dala 
from United Nations Children's Fund (1991): 1991 data from International Science 
and '[echnohlgy Inslitute (I990) and Expanded Progranrme on Immunization (1992). 
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SUMMARY
 

The prevalence of tuberculosis in Africa is estinated to be 34 percent. 
Given the link between AIDS and luberculosis, it is likely that the preva
lence 0+f ILIbCI'CLI]SiS Will ContirtLe to inCIsC. The B(C( vaccinatiot, al
tlhough of var'illg and que,.stionlable Cflicac,. has been shown to be effective 
against both tuberculosis and leprosy in Atrica. lowever, gicven the great 
variation in ellicacv across continents, it would be useful to have imlore 
studies in diffCre,Int At'rican sttinh S. 

lro!gramls that prokide 13(C have probablv saved Illy lives and re
duced llorbidity, los\ever. nlo precisc estimates ol the efCect of* B(G oil 
mortality exist. Childhood deaths tint havc tubercuhlsis as an uldrl\'itig 

LISC 111asacltnallv ouItnmCr the deaths directly attributed the disease.\ to 
Theieftorc, it is not possiblC 1t produce an accnrate eCstitnatC of tIe likely 
elfect of tie increase in 13C( co\erac on child tmortality ill Africa. 

TETAN US 

Tetarnus is a Imajor canSe of neonatal dealh in ntuch ot Africa. as well as 
am1ong other age gr(uIps. Because ol' the small proportioti of the pop ttlation 

protected bv itflrtluiM/ation at all but childhood ages, and tile large propor
lion of births that oCcurtunder ptol hygientic conditions related especially to 
home d,ivcries. tetanuis nrortalitv rates in Atrica are lr lab. itmong the 
highest in the \rld. The tetanis miortalit\ rate is bCst docullenled lor 
neotates-thc population in Mhich the ptblCrn predominatcs. Tetanus of 
the umbll1ilicus is rCSponsiblC lor a subsltlial proportiot ol lneotnatal and 
inlanl mortality itn unam recions \heret most deliveries are perlormed h\ 
untrained traditional birth attendants in- relatives. 

EPlIWM,]*I ,(OLO(;Y 

The few availltblC studies suggest that raCs of 1(1 to 2(0 ncoatal tetalUS 
deaths pr I .(t) live births are not unusual. StudiCs in rural parts of Sierra 
Leone have led to cstimatcs its high as 7) per I,)00 (Kadeh. 1980). Teta
nuLlS may be less ol" a problem in sotlhern and eastern Africa than i\ western 
Africa. The Niachaks project in Kena recorded a rilte ot ornly 1.2 per 
I,0(0) (van (Cinncken and Muller, I984). 

Stlie studies of, telanus are apparnCtlv biased hVvllderreportirg of 
neonatal deatlts. This hias is partiCUlarly irtp)rtMnt I'r estimates based onl 
retrospective reporting of dleaths. In several studies, underreporting is ap
parent itt tle trends of tets rnnrtalilt rates. In particular. seveCal surveys 
show highe rtes for the nonths closer to the survey' date (e.g.. Stanfield 
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and (alazka ( 1984) anid Sokal et ill. (I 988) in (Cte dvoire: Expanded 
Progranmue on imnunization (I 983)in iMalawi: however. Melcaard el al. 
(I 988) rej)rt no trend in Kefnya). ()n lhe other hand. eslimates (' ttuLiS 
mortlity llaV he ilsed upward hy errors in diacuosiJ. For example. Sno\ 
et al. (I 992) ComIed verbal aut1opsies \%ith records 0I hospitil dealths. 
They lound llal \erbal autopi,,es performcd rather %\ellfor nconatal letan 
deaths (seInsitivit\ ot 9) percent and sLpecifici of 7t)9perce n). hesc led to 
all exacu.ralioill tfle neonaital tetanuis itoralily rate ot about 31) percent. 

More so)llsticated treanent of teltauns Cases is lot cnrrntll, a viahle
 
policy option because such treatenit is c\pensi,.c and ditlicult .lhe case
lall tv rate of*I lospitalicd cases of neonatal tel.ltins ks nuall\ 60-80 per

cent (I , ho. 1971: Kc' a Nlinistr ot HIelth, 1978: Mlerhai and Kninar, 
I 980; Marti el al.. I 98s: Ilabari, i and Parakovi. I989: Uintcr,/ and Bates. 
I991). There ale IC,,er data onl tlanIus alr the irs uirolih of, lif'. In 
Ken a in 1978, the caw-fttalit\ rate among inpatcnt case, s .as. percent 
for childrenI1-1- and 47 percent folr adult over a'C 15 ( Kenfa Ninistry ol+ 

Health. I978). 
A t,,,ud\ in "ll/a lia repolrted i lossr cas-.tatali' rate alloli nolnates 

Ircited with ariiteLtatnus equinC sertll ( Iloni e.t al.. I98k.7a loweer. 
recent rrita-arrialvsi which ilcluUded the Sitdv h NMi el 1l.i did not find 
comicilu evidence that tli approach itl)roved survival aruonc neonates 
\with tetaills (.\hritvii and Berlin. I9)1 ). Yet, the ellct of scrull dlepends 

,onl ss.hen it is iven. l)rinc tire lirst t.o da\ has a haof, life, it bnelicial 
efct: thereafter, it dioes not IM.(;iarenne. per,,imhl CnrrrrnnliCatiol. I )902). 

.\lthouh Jliinpros erilts ill casC 'atality are possible, only a Small pro
prliolln ot licona.ital cases ecr receie llospitlal tratlll t (FxIpaCLded ProgirY.llle 
On 11n111nlli/atioll, 1983: IBahbiii and Parakovi. It89). For Cxamipl., in a 
rural ariea of' ('1 ,It'd'voire. oil\, 2 percent ot' ileolllal tetllus cases CamIe to 
the attention of* medical authorities (Sokal et A.. 1988). l)nrinc I979 in 
Kenya. there s, 2.258 outpaticnt caws and 707 inpatient ca,.s 01' tWtIntIs\rc 
attall a s il lie 33 disIricts flo sshich data \%ere avilable ( Kemn,,a Minisry 
o' llealth. 1978. kxtrapolaticll tlo tie .,lolc population, the Ninirisrv of 
IIcaltll eslilItCd t1atl there crc abut .. aall aes ra1 InA )1) cases nitionally. 
colnparilol .M Claild Ct l. ( I988) usCd datailon thrc0 district to eslilliale 
that there \were about 8,,(),) to 12,()11c ollatal dca lis due to telaullis allunll
ally in the mid-I 9 8 l0s. It is likely theref'ore that onlI a it'laciollof, cases of, 
tetnlltl C l reces eee minimal care. 

PROGRAMS 'IT) REI)I:I. TlllE IN(CIIIN'I; OF
 
NIONAAI'\, 'I' N I
 

In 198 ) tlre World Iliealth Assernbly called lor the worldwide elinina
lion of, neonlatil telanls by 1995 (World H[tealtch Organization. 199l). The 
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two policy options are improving delivery practices and providing immuni
zations. One way to improve deliveries is to increase the proportion of 
deliveries that occur in hospitals or dispensaries where it is easier to main
tain appropriate antiseptic practices. In hospitals and dispensaries, it is also 
possible to administer tetanus antitoxin to newborns shortly after delivery
a practice common in francophone areas (Sokal ct al.. 1988). Alihonou 
(1970) attributes the rapid decline or reported deaths from neonatal tetanus 
in Dakar to this practice. An alternative approach is to train traditional 
birth attendants or midwives to improve home deliveries by using sterile 
instrulnents for cutting the umbilicus and to treat the slump appropriately. 

The other option is immunization of pregnant women, which provides 
temporary inmunitv to the fetus and protects the newborn for several months. 
The World Ilealth Organization recommendation is that women receive two 
injections of tetanus toxoid at least one mouth apart as early as possible 
during pregnancy. ()ne study (Owa and Makinde. 1990) suggests that chil
dren who do contract neonmal tetantUs have a greater chance of survival if 
their mother has had a single prenatal tetanus inj'ction. A single booster 
injection is recomniendetld for subsequent pregnancies. Four or five tetanus 
toxoid vaccinations are likely to provide lifetime protection for the mother 
and for each of her children during the neonatal period (Wassilak and Ber
lin, 1986). In areas where neonatal tetanus is a serious problem, vaccina
tion programs should target all women of' childbearing age. 

In practice, most programs include efforts both to improve deliveries 
and to provide tetanus inmlunization to women. Although tie conbination 
is probably more efficacious than either approach alone, it is difficult to 
evaluate the independent efficacy of each approach. Only one study has 
atternptcd to compare these strategies. Orenstein et al. (1985, q(Lcd in 
Babaniyi and Parakoyi, 1989), cstinaled that in Nigeria the efficacy of two 
(loses of tetan us toxoid waS higher than that of either hospital delivery or 
home delivery by a traiined midwife. 

Incidence of'Neonatal Tetanus Among Hospital Deliveries 

Scvcral studies have shown that the incidence of neonatal tetanus is 
much lower .imong hospital deliveries than among other births (Dan et al., 
1971: Stanfield and Galazka, 1984, Kofoed and Simonsen, 1988; Sokal et 
al., 1988). Melgaard et al. (1987) reported that in three districts of Kenya 
the neonatal tetanus mortality rates were 14.1 for hotne deliveries and 4.3 
for deliveries in health institutions. These estimates yield a relative risk of 
3.3 associated with home deliveries, compared to hospital deliveries. Other 
studies have found that all recorded cases of neonatal tetanus were among 
children born at hotme (e.g., Sokal et al.. 1988). 

Women who deliver in hospi tals may be different from other women in 
many ways (e.g., they are more likely to live in urban areas and may be 
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better educated). However, the lower incidence of neonatal tetanus among 
hospital births also probably reflects better care of the umbilical stump. 
Even so, hospital delivery is not a guarantee of protection. mostEven tile 
careftul delivery will not protect the child against treatment of the stump or 
circumcision practices after the child leaves the hospital. 

Evidence of the Effect of Training of Traditional Birlh Attendants 

Because of the high cost and unavailability of hospital deliveries for 
most African wolen in rural areas, Many authorities have recommended 
training traditional birth attendants (TBAs) inaseptic procedures for cutting 
the umbilical cord and caring for the umibilical stump. A study by Leroy 
and Garenne (1991) in rural Senegal suggests that the most important risk 
factor for neonatal telanus is whether or not the person ,who delivered tile 
baby washed her hands with soap prior to cutting the cord. Ilowcver, most 
training prograns have concentrated on improving tileinsltrunent used for 
cutting the cord. 

There are verv few studies anyw here in the vorld that provide evidence 
oI the effect of, training TBAs ol telanus mortality illoplations in which 
tetamus toxoid coverage did not also increase (Ross. 1986). Studies in th1e 
IPhilippilies and Bangladesh hlve shown that midwife training reduces over
all neonatal mortality mole than maternal iniuni/.allioi, but maternal im
mnunization alone causes a lar'er reduction illtileincidence of neonatal 
tetanLusIthan midwife training (Stanfield and (alatka. 1984). 

There has been one such study in Africa in the Thics region of Senegal. 
In the first part of the study, birth attendMts ill villages learned to caresix 
for the cord properly. After this training. the neonatal mortality rate theill 
program villages was 38 per 1,()) live births, compared to It)I il the 
control villages (MDaii et il., 1971 ). The recorded postneonatal rates in the 
two areas were identical (147 and 146 per 1,000). 

In tileyears follo winrig this study, the program reached increasinga1n1 
number of villages. Smokho and Senghor (1975. qotled by Ross, 1986) 
examined the place of residience of neonatal teLtS cases recorded at tile 
Khombole hospital. The proportion of thee cases that were from villages 
selected ftor the midwife training program dropped substantially after the 
start of lie program. These studies suggest that tie training of" traditional 
birth attendaits can reduce the incidence of' neoatl.tetanus, at least in 
populations with high rates. 

Evidence of the Effect of Programs that Provide Telanus toxoid 
Immunization to Women 

Studies of antenatal immunization against tetanus in other parts of the 
world have shown that two injections of tetanus toxoid early in pregnancy 
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are 95 percent effective in preventing neonital teLaIs illtie chilh horn of 
that pregnancy. The effect of two injections declines over time. Some 
studies show that the injections are still4(1 percent effective in reducing 
neonatal tetlnuS fOUr to live years later, and Koenig ( 1992) reports that two 
(loses ol' teta.nluS toxoid lay provide protection agaitlst neonatal letauLS for 
15 years or more. A single hooster shot restores the full effectiveness. A 
single injection during prcgLiraicy provides partial protectior Iom that preg
nancy (see summary illStaIfield ald (alatka., 984). 

Susceptibility to tetanus arld case-fatality rates are not affected by tile 
presence of other coronot diseases (e.g.. malaria, iralntutritior). Therefore, 
there is no reason to expect that at tgiven level of' neonatal tetanLS Mortal
ity ar1d a given level of programir coxerage. tire effect of an irhirtui/ation 
program wvoul differ across popUlations. What is Mcertain is tie success 
ra!,.0'of various types (It t'roLrars in achievilg high levels of effective cov
erage. In parricular. there is little irloruration on the proportion ofI xvoien 
who deliver at hone after receixirng at least t o\\in.cctiOris of tetanus toxoid. 
We also do lot have stLdies that Stiggest what proportion of' births are 
partially protected hv tetallls t, oid iltjeclions during tp'evious pregnalcy.

A [cxw studies illAfrica have denmonstraled th1e efficacv of' ilnriuni/a
tior with or xxiriovtul rnidxvi fe training prograiris. Ross I98)1 reported the 
results of a prograrrl th,1t forlred %il]la.c heallh teamns in I I villages iear 
Serahu HIospital, Sierra l.enre. The program trained 'I'BAs ii improved 
perinatal c.re anld encouratged their t1 refer iwegllt wonlel for' airtenratal 
care. xvhich included tetanus toxoid in.jection1s. Within a \car of tihe start of 
tile prorgramr. tire neonatal letamus inortality rate declined from 72 to I I per 
1,0(001 live births (this difference is significaitl at the 0.00111level). In tile 
next [C\v yeCars, the nllortalit fio1 eonaltl ellnts co tiniued to decline to 
"vxiruilv Zero" (Ross. The program Sel',abtl ruSI he19, 6. nearllili Ilospirtilll 
considered a field Irial because it is ion clear whether thati prograrn culd be 
stccessfully replicatCd in larger i)Olitlhitiolls. 

"Iwo studies of large-scale prograins that participaled illIre Combattitng 
'hildhood (Cilnurnicable l)iseases 1('(.(l) projcct. uided hv tileU.S. 

Agelcy for Ilierniatoliral l)ex'elopient aid cirried Otut ly the Ceiers for 
Disease ('onrtrol ol the U.S. l)epartirrent of' Ihealth aird ilurillll Services. 

teits onll 

irortalitv. In ole area il'/aire two counties illLiberia. Ile 


provide soirC evidenrce of tire efficacx (I illlilllni/atiOn Oleontall 
and CC('I) 

proeririis lr, exaiitlKied l tis iii<. rellospectiVe llatelrllilV histories Ielore 
and after tihe slart of the prograimI. Illiheria,. dala ol cause of deah based 
on verhil auitopies suggested that there \as a reduictiol of afiproiinritely 

5) percent ii neonraal telil rlalitv (prohabilil .)5:rlli less than Becker et 
al., 1993). TIis decrease \kts irohiably the result of' ani iicerease in tire 
proportion of' ollthers who had received txxo teltanis toxoid inijeclions from 
very low levels to more than 3( percent (Vernon et il..1993). The CCCD 
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surveys in Zaire did not inelude verbal autopsies. However, there was no 
evidence of a decline in ilfant mortality. This apparent lack of elfect is 
consistent with ihe absence of' neonatal tetInus cas reported by the local 
hospital and health centers bef'ore tne program <Vernon ci a'. 1993). 

Because case-vitality rates are so hi, h andifew cases receive modern 
iiiedical care, wve can saly'C\' use data on disease l+cidelice to nionitor pro
gramns. \ StUds' Of' neontatil tctatlusi , ill NMaput(I MozailbitluC. Stle1Csts that 
a Vaccill.lioll l)rol'aill aloeMcan ha a significant effcct ill tlrb1.an areas. 
('ntls et al. ( 990h) reported that f'rom 1970 to 1978. there %serc between 
173 and 25-4 cases of neonatallietans reported annually in Maputo. After 
the s art of' the vaccinatin campaign., ile prio iion of iiotlhers reporting at 
least Itso injection, o telallus toxoid increased to 42 fperclnl in 1982, 91 
percent ill 1983, and X87percent in 1986. This increase ill vaccination 
coveracge coincided itlli a rapid decline in the nonl1iber of' reported cases to i 
range of' oil\ , 3 ito 1 cases per ycar between 1982 and 1987. Although it is 
not possible oi' this prorl-111 am on theseit calculatc tie mortality Cfect based 
slvcillance dala. tile programll must have beil associalcd with a dramatic 
drop~ in+ neonatall~l teta;+nus mtaitiy. 

Ili Malawi. iinnmunization of pregnanl woilim with telanls toxoid becan 
in 1984. (overace increased frmll aboul 27 percent in I985 to more than 60 

' percent ill 1988 Fxpillded PlIrolraMlineC oi liitinuniiatioll, I989). Althotghj 
the numlber ofl nConatal ICanus iIcss reported il hospitals dropped in 1986 
anl 1987, the cnli.g wa lot significant. 

l:iliallky Sokal et al. (t98) tl8ute1Cd aistudy by Yada i al. ( 198 1 ) from 
Burkina Faso. Inl one area of' the couitry, coveritle with two injections of 

tltnus Itoxoid reached 5( percent and hospital admissions for tetanus de
creased by tso-thirds. 

PROGRAM COVERAGE 

Figure 3-7 presents national estimates for 198 1 and 199 1 of the propor
tion of recent deliveries in which the woinan had at least two injections of 
tetantis toxoid during pregnalncy (International Science and Technology Ili
sliltite, 199): United Nations Children's Fund, 1991; Expanded Programme 
ol inuni.atiii. 1992: Nigcerian Federal Olfice of Statistics and Institute 
I'r Resource l)evelopment, 1992 . In 1991. about 41 percent itof deliveries 
wee. protcted t ret.l te.tanus toxoid inctions. 'his coveral e is much 
laremr hin hc valic for 1981, which was less than 15 percent. E+stimiles 
I'l West Africa, hlere neonatal ttls mye more coimmonl indicate that 

7 "tw'e figur-es were read from lit graph in ite arlicle. 

http:tlrb1.an


70 EFFECTS OF III+AI/I 'ROGRAMS ON ('IlILD)MORTALIT' 

coverage increased from about 12 to 44 percent. These estimates are sub
ject to numerous types of sampling and reporting error because they are 
often based on women's retrospective reporting and oil sample surveys. In 
addition, children born to women who received several tetauus tox oid injec
tions during previous pregnancies are partially protected against tetanus. 
Despite these weaknesses, the data suggest substantial ilmlprovemelnts in 
coverage, although most pregnancies are still not protected. 

PROGRAMS T() REI)UCE
 
NONNEONATAL T'ETANUS MORTALITY
 

The standard EI program in most African countries includes tetanus 
imiunization of' young children as part of the )PT series. With the high 
coverage rates achieved in many areas, there have likely been reductionS ill 
lolnleolatal and pediatric tetanus. lowever, to our knowledge there have 
not been any studies of' the effect of' this aspect of' EPI programs. Similarly, 
anteniatal imi unizatiol ilaV have reduced tetanus mortality amlong adult 
WOmnCl, but we are not aware of' any studies of tie effecl of' these prograns 
on adult mortality. 

SUMMARY 

Tetanus is a leading cause of' neonatal death in sub-Saharan Africa, 
with a tange of I0 to 20 deaths per 1.000 live births in mnch of*the region 
prior to control e florts. Lower rates ill southern and eastern Africa suggest 
that regional differentials exist in neonatal mortality, but this result could 
be lue to biases arising from unlerreporting of neonatal deaths. Programs 

de.,iened to reduce mlor'tllity' from neonatal tetanus generally focus ol iml
proving delivery conditions (such as training TBAs to incorporate sanitary 
practices) and immunizations of' preglant wotnen or women of reproductive 
age. 

,\ number of' studies Cenaltcted in Liberia. Mozambique. and Burkina 
Faso indicate that Is tie proportion of pregnant women wto are immunized 
incre:-ses. mortaliy froi neonatal letants decreases. For a. woman to be 
covered adequately against tetanus, she needs w have received at least two 
injections of' tetanus toxoid at least one month apart as early as possible 
during the pregnancy (the first time she receives the inuunization with a 
sitgle booster inje01ti1 (Up to three)given during subsequent pregnancies 
for the mother and for the child during the neonatal period. Results from 
the Demographic and Ilealth Survey indicate that a relatively large propor
tion of' mothers of children born during the five years prior to the survey in 
most countries were adequately immunized against tetanus. Similarly, an 
association is observed between women being immunized against tetanus 
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P== 10 to 19 

M 20 to 29 
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FIGURE 3-7 Proportions of births preceded by at least two prenatal injections of 
tetanus toxoid, countries of sub-Saharan Africa. 1981 and 1991. SOURCES: 1981 
data from United Nations Chilren's Fund (1991); 1991 data from International 
Science and Technology Institute (1990) and Expanded Programme on hm1lluniza
tion (1992). 
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and those having hospital-based deliveries. Thus, tilewonien wit lithe greatest 
likelihood of having unsanitary conditions at delivery are also those who 
have not received adequate inlin.ization agaillSt lleOnllal te1.tlS. 

CONCLUSION 

The hLxpanded Programme on Immunization has had a large impact on 
increasing, vaccination coveragc. As noted earlier, vaccination coveragce for 
the preventable uiscascs iicludted in the FI increased substanmtially between 
the 19 81)s and I t9) 0s. as illusliated by the increase in B13G coverage from 
28 to 79 percent and measles vaccination covcragce Irom IX to 54 percent. 
Despite the increase in coverage. the qtanltil and Itlallity o1' rsCCarch on the 
Cffccts, of variou s COl)Oncnts of standard [FI ililniunization programs on 
child mnorlalit, arc unlleven. 

Measlc', ha, been sludied widely in Africa Irom lepideniological and 
Progratiiniatic perspectives. Programs uing the stanlard aCe schcdul,. for 
vaccination with the standard vaccine can bc effective in preventing measles 
and rducing child 1iortality in Africa b large proport ions. Althotlh Ihe 
vaccine is 1highly Cficaciou1ts, .LudiCs ildictei that ill soe l rgC-.sCaIc Iro
grams,cold chain failure,, havC greatly ICltIcCl prog'aill CfrcCtiVCll.ss. In 
soe slt,,areas, program elfectiveness IMS varied tlhstanltiallv over tine. 
\lhou,,h vaccinatiom coveragc is increasin., nieasles is not likclv to be 

eliminatd ftrolll tihea Thus, in addilion to the liccd forAfrica il I'uturC. 
continued research o hel dis,.,sc's el)idenmiolog- . we need to know more 
about trCamntl strat'C1iCs for children Who Conltracl tie discase. 

The vaccinalionl coverage, for pertussis his not achieved the EI-t pro
grain goal If 75 percenlt; clrrent ll'. it is Ctiliiated to be about 57 percent. 
PCItussis is difTicull to diaculose bcaus;e it has no uniquCV (lisilstliShin 
sylmpllls illits early stacs. A wide irie of estimates of the cflicacy of 
the pertu,,,is comnpoicil if the DPT series has been reported. The vaccine, 
h,,wever, has reducned the incidence of the disease and may lfwer the sever
ity of inlection arliong those who are vaccinated and becole ill. We do not 
have aniy estiialtes of the cflect of l)l1- (il mortality. 

TublerculoSis is ail important cause of morlalitv and i1orbidity a.l1nont 
both c'hildrl lliid aduls in At\riC.m, With an C.tiimated prevalence of 34 
percenit. Its eflfc allnion childre, iay be und'restilii<led because it is 
often :1contributiilt' cause., ralhCr WaI iltIhprinlnarv causC of death. The 
BC( vaccination is of' questi(oable cficacy illprCvllilltg css of1' tlbectl

losis-estimatcs range froi 0 to 80( percenit-bult may ne more effective in 
preventing tlheimore ,criOLIS forms of' the disease. It has also been showni to 
he effective ill )rvcvting leprosy. 

TetatIus is a leading ,LtSe of neonatal mortality illsome areas of sub

http:CfrcCtiVCll.ss
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Sahalmn A'rica. It is pren, HtaWltie mther has heen adequately vacciil" 

Iated. Other oplio)s for redliein11 the disease are the tl'ainil g of tl'aditional 
hirth attendants in hyieic delivery pir ctices and the administration of 
tetanus antitoxin ito the child shortly alter delivery. 

Befor e the initiation of the lFxpailded lProgramiec on iilnhitni/ation, as 
recetly as the earll- I )Xl s,\accillatioll iIll was the lowestncverage Africa 
illthe world (Rodriiucs. I99l ). lo augmunt itl onal prourails, accelera

,tion "taiteieIs, ased oi outll.ich Coil] )oonesli Such a- itohile units and 

imprv'd Cold chains "er imrplenenmed in the mid-lI0v(k. (Weater alien
liol tolthese prv entable deaei,,s tlhrOuelh inc'reased inluni/atioh ha. pr1-oW 
ahl had a large effect on reduCine2 notllalit', but lhe full poteIntial oflthesC 
pro"gramns ha ote bCen achieved. Increased Coverage with the standard 1,1I 
iuintniatiOiu,, and maintnance+, of high cOVe'ae Should Continue to h>etop 

priorilies for reduil. child mortality. 
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Other Interventions Targeted 
at Single Diseases 

In addition to the diseases that can be prevented through immunization, 
there are other diseases that are responsible for large proportions of mortal
ity in Africa. In this chapter, we examine diarrheal diseases, malaria, and 
acute respiratory infections. 

Currently, programs aimed at controlling diarrheal diseases focus on a 
case-management strategy that promotes the use of oral rehydration therapy, 
which includes oral rehydration solutions, recommended home fluids such 
as rice water or gruels, and feeding with extra fluid. In addition, diarrheal 
disease control programs promote breastfeeding and safe weaning practices, 
use of potable water, and personal and domestic hygiene. Programs that 
combine these different strategies are in operation in almost all sub-Saharan 
African countries. 

Malaria is a major cause of morbidity among children and adults, but is 
particularly serious among infants and children. Strategies for controlling 
malaria include eliminating breeding places for mosquitoes that transmit the 
disease, direct killing of mosquitoes with insecticide, preventing mosquito 
bites by means of barriers such as bed nets, drug prevention, and treating 
fevers that may be due to malaria. 

Acute respiratory infections (ARIs) are also discussed in this chapter. 
Pneumonia is the principal cause of death among these diseases, although 
bronchitis, asthma, and influenza are also responsible for some infant and 
child deaths. The strategy promoted by the World Health Organization 
emphasizes early detection of these infections and appropriate antibiotic 
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treatment made available through primary health care programs. Although 
these diseases are a major cause of infant and child ]leaths in the region, 
relatively few sub-Saharan African countries yet have national ARI control 
programs. 

DIARRHEAL DISEASE CONTROL PROGRAMS 

The term diarrheal diseases refers to a heterogeneous group of illnesses 
characterized by frequent loose or liqu id stools and caused by) a wide vari
ety of viral and bacterial pathogens, as well as a few parasites. These 
conditions can also be classified as acute watery, dysenteric, or persistent 
diarrhea, accoiding to their clinical presentation. Acute watery diarrhea can 
be associated with substantial losses of water and electrolytes, resulting in 
life-threatening d,hydration. Although not tl c most important cause of 
acute dehydrating diarrhea in African children, cholera can also lead to high 
mortality in sonie settings. Cholera epidemics in the 1970ls and 198)s had 
high case-t'ltaily a'tCs ill ImxI' Countries ill sub-Saharan Africa (Glass and 
Black, 1992). Dysentery (generally defined as loose or liiquid stools with 
blood) does not commonly result in dehydration and ths.ref ore is less often 
life ttlrca!ening . It may require specific antimicrobial therapy. Persistent 
diarrhea. usually defined as any diarrheal episodC that continues for 14 days 
or more, is olten 'ouind in children who have malnutrition and a high imci
dence of prior diarrhea. Therapy is focused predominantly on nutritional 
management during and after the illness. 

There is limited information on the frequency of occurrence of the 
various clinical syndromes of diarrhea or the frequency of dehydration. In 
The Gambia, it was found thai 17 percent of children had at least one 
episode of clinically dehydrating diarrhea in the first two years of life (Goh-
Rowland et al., 1985). 

EPIDEMIOLOGY 

Diarrheal diseases are recognize(] as an important public health problem 
in the countries of sub-Saharan Africa. A recent review by Kirkwood (1991) 
of more than 1(0 surveys or longitudinal stlies of' diarrheal disease in 33 
sub-Saharan African countries l'ound that the overall median incidence of* 
diarrhea was 4.9 episodes per yvar for a child less than 5 years old, and that 
tie median prevalence was nearly I0 percent. Where information was available 
by age. the peak rates of incidence and prevalence appeared to occur in 
childrcin 6- In months old, as in other developing countries. In su-Saharan 
Alfica, diarrhea is generally the niost commiion cause of' death during the 
postneionatal period and the second most common among children aged 1-4 
years. 
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Globally, diarrheal diseases are considered ol he one of the Ito leading
 
causes of deat IIainolg (Ahi Idren. Again, as sunlari/e(I by Kirkwood ( 1991 ),

a large number of studies using various nietlidologies to ascertain the ealises 

of death indicatled that :I median of 38 percent of' all deatlis in chihlren aged
 
0-4 years were associatcd with diarrhea, hot within a wide range l'tom 4 to
 
70 percent. Studies of 'he diarrheal hoorialit rate aintii chidren uinder
 
age 5 aire infreqiueiit, and many of the studies that exist are of questionable
 
validity. It is very difficult to ohtlain reliable estimates of, incidence rates
 
even with 'requent surveillance. For exanple. reliability tests iin Kenya
 
suggest thaltmothers were overreplirting diarrhea among children by 15 to
 
40 percent ClIeeu'seuburt9. Among the studies using better
et I)78). 

imethodologies, estimates rancinl- from 3.4 to 18.) dialirrheal deaths annually
 
per 1000 children llUnder 5 years old were fouild for small areas of" Kenya, 
Malawi. Senegal. and Tanzaiia. 

It hals ,cnerilly been believed Illat Inany if not most of the childhood 
dealhs associated With diarrhea ill developling countries are the resuhl of 
acute dellydrati m. lndtobtedlV aciute deh vdritiing diarrhea represents a substantial 
proportion of the diaIrheal deaths. but it may ie less a predominant cause
 
thanl inilially believed. Recent intionation I'ront lour countries (India. Bangladeshlt,
 
Brazil, and Senegal) indicates thai iacLtie watery diirilhlca accounted for iabout
 
35 percent (25-46 percent) of all dialrrhea-associated deaths (Progriammne for
 
Control ol' )iarrhoeal )iseases, 199 a). In Bangladesh. 40 lercent ol liar
rhea-assoiated deaths in the age group I -I I mo1nths aid ol' 9 i-Celtit in 
the age group 1-4 years had actie wilery diarrha'ii 1lauveiiu et al.. I991 ). 
The remiainder olf the dialihea-associated deaths inl these settings were asso
ciated v~tlh either acutie or persistent d'sentery or persistent nondysenteric 
diarrhea. In 311 villages inl Senegal, 46 percent o1" the diarrhea-associaled 
deaths in children under 5 years ol' age were with actile diarrhea, -17 percent 
with persistent diarrhea, and 8 percent wilh dysentery. In addition to the 
role of diairheaitas a primary catise 01' dealh, it m1ay' also cotntributie indi
rect ly to hih limoriality throlugh iMalnutrilioll and tlicrOnUlltientl del'icienc', 
which are impor01itant umderlyilg facltors for a high proportion of child inor
tal ity' in su;tb-Saharan Aflrica. 

Infformiation on the epideliology of* diarrhea in Africa indicates great 
similarity with other impoverished ptilulalioits in developing cotuntries thiat 
have crowded conditions, inadeuat"e saiitation. liitited quanlity aid qtlial
ity of' water, and poor pers'al and dtomtestic hgieie (Kirkwood, 1991). 
Onei major source of infecliot is wcaniine f'oods,, which are oten stored aMid 
fed to the child thirotightiLt tilhe day (Rowland et al., 1978: vain Steenhergen 
et al.. 1983). As in the other selings, malnutrition is Common. anni some 
inflectiow, diseases such as iimsles and malaria may also inc'. nse the inci
dence or adverse consequences of diarrhea. 



77 OTIER INTER EN7ONS ,;ITEI) Al SINGLE OISl:ASI:S 

TR EATM ENT 

Diarrheial disease control pTograms in developing countries, including 
those in sub-Saharan Africa. have hocused primarily on the management of 
aicute dehydrating diarrhea (Claeson and NMerson. 1990). Studies beogu in 
the I 9 70s demonstrated that diarrheall dchydralion Could be treated with 
oral Isopposed ito intravenous fluid and elcCIrolytC reI-lcceIIIent. potCntially 
making this thcrapy much imore widely accessible (Parker ct al., 1985). 
SLbeue.liCIr studies havC bonC out the applicability of oral rchydlalion therapy 
(OR]), alone1 with continued feeding in tlheImanagcement of diarrhea. This 
approach, with the seleclive use of intravenous Hll,ids for severely dehy
drated cases, has formed the mainstay of' diarrheal disease control pro
grails. nortunatl. not much a otilllas beell paid to dlate to prot( "ols 
for thle correct lse of, ailibiolics for the treatment of dysentery or to tlhe 
dictiry managiement ofI persiscill diarrhea, and these two probleis llay 
account for i lajoril of'the diarrlhca-asso'iared deaths. 

The efficacy of ()RT in coiparisoll with illtraVCnous therapy has been 
amply d olinsrllat'd in controlled research sett'lis throignout tlhe last two 
(ecides. [utler'llnol0re, tileCfecliveness of' ()RT in hospitals (based oin 
inpatients) has alsi beell piOVei. Studies 01'Children under age 5 in liospi
tals in Angola, Malawi. and Nigeria have docuenLed dcclines of'39 to 95 
percent illcise-fatalily rates aiong illdiarrhcal patints (World IHealth 
OrganliZtOlln, 1988). StuIeis in Angola. Nigcria. and Zaire further doci
ielnte1iCd reductions in under-S inpient diarrheal caIi .- Nitalii\ rates ranging 
from 7 to -16 percent (World IHeIalth ()rganization, 988). In only one sudy 
in Malawi did Ilieiipalietil case-latality rate increasc this result was linked 
to an increase iii he severiiv of cases lhat vr idimitted to the hospital, 
with more palienth; being mnaged as ouqtpatcuts. Inaddition lo reducing 
case-fitality rites. ORT programs in these major hospitals reduced inpatient 
adiissions by 1()-',5 percent. and il severil cases. lhe average number of 
day, children were kept in the hospital declined hy more t1hat a day. 

Altltiogh there has not been ipopiulatioi-based stud\v thi demonstrates 
ireduction in mortality 'rom the introduction of OT in hospitls inAfrica, 
there has been one illi rural area of' Iagladesh. This stldv indi.ctel thil 
in an area with high acev, to a diarrhial treatment center, facility-based 
care ilia' reduced ililtit iorlalil by 1-8 percent and I- to 4-year-oldhave 
nmorality h 4-14 perueit (Obrle ci 1l.. 1990). Another s tudy in the same 
area of' rural Hairgladeisl lso suggesied that the d(iarrheal trem ent center 
resulted in art 8 percent reductio(n in infint mortality arid a 12 percent 
reduction in I- to 4-year-old nortaility ((Clel il., 1983). 

It hlis beel hpollhesi/ed that tire uIse of' oral rell.dratlln therapy begun 
carly iii anlepisodc of diarrhea Could prevent tiledevelopment of dehlydra
lion and reduice related mcrtal ity. A number of coil muir ity-based research 
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studies were conducted to evaluate the effect of home management of diar
rhea on total and diarrhea-associated mortality. These studies are reviewed 
here briefly because they provide the only available evidence of the effi
cacy or effectiveness of diarrheal disease control programs in relation to 
mortality at a population level. 

A study conducted between 1977 and 1979 in a remote area of Bangladesh 
compared mortality in a village in which oral rehydration solution was 
provided for episodes of diarrhea, with iortality in another village where 
persons had no home provision of treatment but were closer to a diarrheal 
treatment center than the treatment group (Rahaman et al., 1979). The 
study reported that the vilage with home ORT (78 percent of' diarrheal 
episodes being treated) had a diarrheal mortality rate among infants of 1.6 
per 1,000 compared to 17.4 per 1 000 population in the comparison area. 
The diarrheal mortality rate in children I-4 yeatr, .as 1.9 per 1,000 in the 
intervention area and 5.7 per 1,000 in the comparison area. Raliaman et al. 
1982) compared the comparison group and other nonintervention areas and 

reported that the attendance rate at the diarrheal treatment center for per
sons living further away was lower. Also cliildren living more than 2 miles 
away 'rom the treatment center lad higher diarrhea-associated mortality 
than those living closer to the center. 

A number of studies have been conducted in Egypt, first as large-scale 
coinniuniity-hased intervention trials and later as evaluations ol an extensive 
National Control of Diarrheal Diseases Program. A study begun in 1980 in 
the Nile Delta (Dakahlaia govcrnorate) to compare varioi deiivery strate
gies for oral rehydration Iherapy (Kiehlmann et al., 1985) described a de
crease of 40 perccnt in total childhood mortality alter the introduction of 
ORT through home visiting. A different intervention, also in the Nile Delta 
(Menou fia governorate), in the same time period did not succeed in substan
tially altering the diarrheal treatment practices in -treatment villages" corn
pared with "control villages," and reported no change in childhood mortal
ity rates tTekc, 1982).

The National Control of' Diarrheal Diseases Progran (NCDDP) ii Egypt 

later achieved wide use of ORT Ior diarrhea of 50 percent and higher. After 
the prograi had been in operation for four years, tile intervention and 
control areas involved inl ihe previous Dakahaia governorate study were 
evaluated for trends in mortality (National Control of Diarrheal Diseases 
Project, 1988). In 1986 the use of ORT was cquivalent in what had previ
ously been intervention arid control areas as a result of nat ional program 
efforts. By this time, there was no longer a difference inrmortality rates, 
which in both instances were about halt of those at the oni:;et of the inter
vention study in 1980. Most of tlie mortality reduction was reported to be 
related to a drop in diarrhea-ass:nciated mortality. Further evaluation of the 
NCDDP has indicated substantial declines in infant mortality of approxi
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mately 8 per 1,000 and diarrhea-associated infant mortality of approximately 
7 per 1,000 on a national basis (Rashad, 1989, 1992: El-Rafie et al., 1990). 
The temporal concordance of the sharp drops in mortality with the increas
ing rates of treatment with ORT, along with the apparent decrease in diar
rhea-associated but not other mortality in this period, has led to the conclu
sion that the program efforts resulted in the mortality reduction. lowever, 
because there were other changes during this time period, such as improve
ient in inlllunization coverage, changes ili nutritional Status, and enhance
ment of' other health services, the direct contribution of the diarrheal disease 
control program or of' other health programs cannot be quantified with cer
tainty. 

Unforttnately, few studies of the mortality impact of ORT programs 
have been done in other areas, and none have been done in sub-Saharan 
Africa. A study in India provided oral rehydration solution at a community 
level for episodes of diarrhea and reached levels of usage of tip to 68 
percent in study areas (Kumar et al., 1987). This study reported a substan
tial decrease ill case-fatality rates and about a 60 percent reduction in diar
rhea-associated deaths. Hlowever, tile total childhood mortality rate in the 
areas differed by less than 10 percent from the rate in control areas. 

The available studies suggest that childhood mortality can be reduced 
by diarrheal case-management programs that achieve a level of coverage of 
approximately 50-60 percent and effective use of oral rehydration therapy 
for diarrheal episodes. Ilowever, national diarrhea! disease control pro
grams have been variable in their success in tchieving high coverage and 
effective use of ORT. Globally. it is estimated that 36 percent of diarrheal 
episodes are treated with ORT and the rate of use ini sub-Saharan Africa is 
estimated by WIO to be similar (Programme for Control of Diarrhoeal 
Diseases, 191)lb. However, it is recognized that ORT is not always uti
lized correctly (Touchette et al., 1990). Figure 4-1 illustrates the use of 
ORT during recent episodes of diarrhea, based on data from eight Demo
graphic arid Health Surveys ()IS) conducted in sub-Saharan Africa. A 
wide range of 3 to 72 percent is observed. In sonic countries, such as 
Botswana, Burundi, and Ghana, commercially prepared oral rehydration salts 
(ORS) are used more frequently. In Kenya and Nigeria, home-prepared 
solulions arc used more often. (Zimbabwe did n, report data on ORS.) 
Although appro\imi:tely 70 percent of' recent childhood diarrheal episodes 
received ORT according to the 1)IS in Botsvana and Kenya. only 19 and 
29 percent, respectively, of these cases were said to have received more 
fluids, as they should have (Boerma et al.. 1991). Furthermore. although 
the recoilmendation is to continte the use of solid foods as before the 
illness, approximately half of the children in both of these settings were 
said to have been given less solid food during their illness. Also, the use of 
drugs, most of them unnecessary and sonie hazardous, remainis quite high. 
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FIGLURE 4-1 U,,e ooral rchydrat ion tlhrapy anliong children under 5 years o age., 
selected Countries oflstih-Saharllo Africa. NOTE.: (ases ol diarrhea reported in the 
two weeks prior 10 sur\c. IW,, -tltswa, liD - BHurundi, (l.IA--Ghana, KEN-

Kenya.LIR--L.iheria. MI - Mali. N(GA -Nigeria. TiGO--l'og. LIA--glanda,
 
ZWE--zimhah\ e SO)URCE: )emoLgraphlic and IHealih Survey reports (ce Appen
dix B).
 

In eight )1IS that collected infoniatiot ointhe use ol'druils during recent 
episodes of diarh.i, 'ie iedian value was approximately 31) perct. ot" 
episodes having received drugs, with a range of' 1) to 44 percent ( lBoertiaet
 

al.. 1990). 
Demtographic and Ilallh Surveys Call also he tsed to examuitte difteretn

tials in the o (RT trcatnillt lilrrheai. children in thetse I'll ot Althottlh 
first six totlihs olflife mav have a hielt risk 01 dCh\'dratlfffn and subsqCuetCI 
ntortality whetl tle\ have diarrhlea, ei,,l 1)1 I itl sub-Sallaral Atrica (olswalla., 
Burtitldi, (ihana, Kenya., Liheria. Mali. Togo, and Uganda) consistently lotlnd 
that this age ,routp had the lowest tate of usetf,ORT tor diarrheia. In tlhese 
surveys. there is evidence thlat tise (ft ORS packets was tilier inlurban than 
itl rural areas. %%ith the exception o' Keli a. It all cAflttriI,,s except Uganda. 

o
there were hiiler rales f'tIse ()f ORS af1o11t mothlers with inolc,ettducatini. 
(RS Lts saslso highter ill1ll cfLftltrlies itt ho0usCholds, \ 1ith rldio. This. 
appropriate case ttitagetenl of' diarrhea inlldCatlti¢itaV still be in rcic'h
ing the stcially and ecotntoftlically disadvantaged piplltiat iotfs offl Illtese lttin
tries. pffpt oft'M lffnlins that are likely tof have higher rates childoltod tiorlalitw. 

With the severe litmitatiorns ol data tilfoll it is alslb-Sallarail Alrica., 
tmst imol) ihssibleto tmake calculalions ot curret o1 fIultur'e idutionS ill 
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child mnorrtality because of diarrWal disease cointrol pirogran efforts. I Io. 

ever, even simplistic calculations Call pl', it a perspecti,,e ol tile relative 
iragnitude oi the mrortality impact that Inight be C\esected. lor illustrative 
pl'loCS, \wC 1s"sUI [hill ( I) 5) IpCe1t Of diarlhlCil-aNsOciKUL-i luiotalilv 
Cal he rIeVeCnLt ( )RT if it is used Oplilllall., lrd (2) Cirenill .35 
Ie'cI II 01' ditrrheal .I episo, at. treatedi ill lilt. Ctiun tries of slr-Sa lll"all 
Africa. hilt (3) ontlv 501 percen these Ct aled Cl fccti\ ci -\. ( i iLI theei't lar 
atssllptinis,. \\C Call ilt I aXillill) effeti ilt li aSSOc'iltedLIICUIIC l tire l ,A 
miiorta.litv h\ iulitipl,.ing these, f'ratotis to.CIlII . Hlls, t se 'rll tit s 
\,ulM sLqi',.C',l that lnreSIt I.5 ls 01'll lrrhLall disease ciIItI J)iiO)Zirii ef
(ints ill slh-Silalran \fric'a rila\ he rec lL'il. dimrrlr ;-a,nt eti nr,,l Il:li 
ill ChildreIV under 5 ,ears tof age h,, alplrOsilualCl., t) lrCIC II 4) percLnt 
of deaths udfer a .e 5 arc associltet ., ilt diarrlea.lt en these iUrarltls 
riricl he reduCiri2 mortalitv under ag2e 5 h, aibti 3 Or 4 lperceir. Addi
titoal reduction I diarrhrca-asciri child 1110ililis t.itLc, hee clhiCd h\ 
increasing fhe rtIuiiher of episoides treated v, itih ()R'. ilprtimr the (Jialit 
of, dialrheal llii .etic ul.aird v,,deullel ) O1i'ria i It*tl*S ti address oiire 
full\ tile prb lelis l\dysenrtery arnd persistnt diarrhea. 

SIMMARY 

Diarrhealldisease,, are a maia r cortrihulirIc cause Of itilart and child 
inortality v ol]idwide. The incdiall I ber of episode anu1 chihdhCn oni
dier 5 ill SltidiCs ill stih-Saharali Allica was 4.9 per \car. with peak ates 
occurriig hetcen ages 6 and IS loilllhs. IFlilliales of' ilortalivt(lile to 
diarrhea vary \i(iclv acrtoss sltudi s arnd across populiltions. Ilever. diarrheal 
di'seases are otien alion g tIle op three Cauiscs of dh~nlh. 

Most ililcrvcullils directed ilt diarrhe'all disease ItCus ol tIle lllara2c
nicil of acule deirdraling diarrhea b LuSirli olral reirsdrlitiol lheial ) arnd 
coIItiulild Iee'dirr,. l.ileC Cllliasis hIasiheen placed on antibiotic thierapy 

l

for treatiric dsentieri Or Oil dielar\ IlalaClellrri for IpCrsislerl diarrhea. 
Oral reh'dratiollnllcrapy is corriol\ iscd, arrd both hospital-based and 
collill ily-based stisic shio ( ihal it is Cflicacious inl redicine ritlitl 
fromrtl dch~drairlc acmte 55,arcrs diarrica. but Illay be of' lilliled urse Ilo Ireall
il! d\senitcry aid pesis ei diarrhica. No csaluatioris of the rrortality ri

(OlT \c eel tridtlctIiC stih-Saliral virtuually 
researCh conducted in tlre legion has I cCi hospital haCd. .\llhouh it is rll 

fect of Rl e ill ,.\fricur. alld all 

effective trc rlllrent, it is o)ltler use] iltcolrlcti or iot ,i\C to ir1i11rits under 
6 liorit ill c. 

There is a niced for irore iescarch on iri lto iripiro:l ite cera!'C anid 
tie qtialit\ of holriC-hisd treatmrrernt arrd oi the lrotollality iill ollopro
graris that etcourace the use of (ORT. Research olr edicatioial arid other 

pi"Tilatis coldh] co trihui to a rednCCL incidence oI1 tire infections that 
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cause diarrhea. Because the effect might be a reduction in mortality under 
age 5 of less than 5 percent, it would be very difTiCUlt to design studies that 
could document the effect of the programs on mortality rates. 

MALARIA CONTROL PROGRAMS 

Malaria is one of the major causes of death in Africa. and it is almost 
certainly responsible for the largest niumber of healthy days of life lost to 
disease in the entire population of certain countries (Ghana Health Assess
ment Tcam, 19X ). Itaccounts for 20 to 60 percent of all illness seen in 
health facilities in the region. een thoulgh a lafge proportion of cases are 
treated only at home (Campbell, 19I). The World Health Organi ation has 
estimated that there are I to 2 million dcaths worldwide from malaria each 
year (World IIcalth Oroani.,ition Scientific Group on the Chemotherapy of 
Malaria, 19t) : most of' the.,e are in sub-Saharan Africa. Malaria mortality 
and ruorbidit\ lrrayl actuall\ be increasing (6rcenberg et al.. 1949; Brinkmann 
and Brinkinann. I991l) as malaria nimoes into areas where it was previously 
absent or Under control (e.g., [rape, 1987: Gascon et al., 1988. quoted by 
Brinkmann and Brinkmann. 1991 ).

The treatment (f malaria is increasingly complicated by resistance to 

chloroquineC. Brinklmnan and Brinkmann 1991) concluded that in most 
countries of Africa. chloroquine resistance is found in fromn 25 to more Owtln 
61) percent of children. Recent studies have documented chloroluine resis
tance in all areas of tile continent including nost recently Senegal (Trape et 
al.,19,). Liberia (Bjirkman et al., 19 91 ). and other parts of' West Africa 
(Moran and Bernaid, 1989). Somalia (Warsame et ill.,1991), and South 
Africa t1ieee et al .,1991). However, treatment with chloroquine remains 
effective in the majority of cases. 

EPI)EMIOLOGY 

Malaria is a parasitic disease that is spread by mosquitoes. Various 
stages of the parasite's life cycle must take place inside mosquitoes, so 
direct Iransmiission between individuals is not possible except through blood 
transfusion. Therefore. the sludy of malaria transmission and of potential 
control measures inclIdeS studies of the biology of the parasite. the life 
cycle (f moSqtlUiltoes, aid the natural history of the disease in mane. 

There ire several species, of malaria. The most dangerous species is 
PhIsmolim .i/iilwri.m, %hich is very common in Africa. Other types 
include P. viva. I.oyaC. and P.maluriav. The clinical maniestati'us of, 
malaria otlen include a cycle of shaking chills, intense fevers, and drench
ing sweats. However, the symptomns vary greatly, especially among indi
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viduals who have acquired some iimmunity 1o th1e disease. Severe cases, 
generally from P. Iah'iparum. can lead rapidly to death, often from cerebral 
malaria-a type of malaria in which the parasites clog capillaries in tihe 
brain. ()ther sevCre complicalions include renal failure. hIpoglycenia. se
vere anemia. pulmonary edenia, and shock. The wide range Of svmlptoilms 
can make diagnosis difticult. A detinitive (liaenosis of lalariai infection is 
basd onl uicroscopic verification of' the presence of parasites in the blood. 

The cpidemiology of malari. depends On tihe envirolllment alld its effect 
on the lll(),LILItItO pOlpulatioln. Malarious areas has e been .haracterized by 
the level and seasonalilv ol transmission as holoeldelic (it' translission is 
year-routdh hyperendernic (seasonal transmission). mesoendernic (a low 
level of transmission sitlh occasional severe epidemics), or hvpoendenic 
(limited transmission). 

Individuals who have had repealed cases of malaria can develop partial 
inimunity to it. I lo\cver. repealed exposure is required to maintain this 
imiltunity. Thus, adults in holoendetnic areas often have high levels of 
inmtnity. Il mesoeridemic regions, transmission is not trc(lllenl enough to 

mainltaiil high ,'vels of imullitlrlity. Thus. the severity of' malarial infections 
is related to the level of transmission. Because children mtLSl have malaria 
before tile)can develop effective levels of iiutiilit'. malaria mtortality is 
especially high in children in holoedemic and hypereldemic areas. 

The t111itute of Nedicine Cotumittee oil Malaria Prevention and Con
trol (Makes et al.,199 )I recently colmpleted a report that covered a wide 
range o!' issues, including the current state Of knows ledge about the disease, 
the efficacy of current drugs, tht:economics of malaria, aMl priorities Ior 
research on new drugs and vaccines. The reporlt presented eight parad gills 
thal describe tlhe range of ecologies in which malaria persists. These part
dignis are not a complete classification syslem: Ihey merely suggest the 
variety of" ircumsiances in which mialaria preselts a serious health prob
lem. 

The paradigm that characterizes most of the areas in Africa where rita
laria is a serious health problem is the African savanna. The report Oakes 
et al.. 19. l:217-218) states that 

eighi\ perclt of [lie worldS malaria ard 9)t)percent outiilo rtilitv due to the 
disease occur illAfrica Nothl of ihe Salhla, iiosts i]ilie a\ nna\ili r,:gions 
.... Malaria irauisnisso o is sasolu a ald cOrrelates ss tli rclalielv pre
diciblae palrteriis I0 rainfall. although trasoissioiiioa contiue at lo er 
levels dtring the dr, ,eason. Bccausc ti the clscmnel\ high ruoculalion 
railes.vilualts all of1those Iloiuc ingIthew areas heconic irtecld earts iii 
lIfe.For children. treamen . .. irai\ prc\cn i dealh Ion enough Ior 
acquired irmuruuoi\ to establish itself. d Ich callprvide protecLhon frort 
malaria-related dealh ourillness toter ir lite. Young chihldren who do not 
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I e. tu l a ri skd tjcclion, arc not l"c acli re his protil alL . h it. i ' le d at 
Lutlaly 1 1t1'111)11 at Jloll HI thi.epll+,, allrlicillar I k+kof tl.', dis,.a,+. 

Si.\ of the other seven paradigmns arc also represented in parls of Africa: 

1. forest malalria,. hicl dcrilbCs parts Ol cLIturla ial and central Af
rica: 

2. malaria ass ciaihtd \,ith irricatCd agrictiltIIMeC. inltldil tihe coininer
cial cottOil larlils OftIhe (clita il the Suldal:
 

3. hihllnd trillue malaria, inparts ot lEthiopia aid the imountail slopes
 
of Kcnya:
 

4. deert ftinge .inl oasis malaria. tound i areas Nuch as the Sahel, on 
the 	frintees ol the Kalahlri descet. and illparts of iluihpia:
 

. urbllan IIalia: and
 
i lia.0. mslnhii'Il~l 

lleas., the lhe 
comination (1Ihus. pheseadieLIs. ,such as ri,erine malaria. which "-is ulstlally 
an ilntensifica.tumo of either plaiis malaria or .\lrican savaiiiah malaria. and 
associati.-d \%ilh ,rca Icr pttcmial for vector breeding" t( )akes el al.. l :22! ). 

The discrsits 0l malaria ill sul,-Sllaran Africa is so greatl that tlere is 
IocOllsensl's i tiebet \. to alil)r4)acli the disease. 

In s( ll r ltIallrs Of ell\ iroiilitll and the disease sugget a 

,ays 	 Ticre is agIreeilie' i 
that no sinle approach makes ensc for all types of areas )akes cl al.. 
199 1. I lo"ver, national hacllh prol ams have Ver. limiCd rcoUr-'es fOr 
e"altlatilge the sitlatill illchll locll arCa. 

MALARIA MIOR'AILITIIY IN SIB-SAItARAN AFRICA 

sinliutels of iiortil\ and nllorbidil, ltwinimalaria are llcerlainl een in 
the best of circmtncesI,.. l-or ,\alplh.. illanl e.cllclt stnd\ of malaria 
11ortalit' in The (;amlbi. 23 (t 25 childeh \,,(I\ li ttdmalaria died at(ll 
home. 2 died ililatisl'ul,, ad nll dllll.ill Imspital. si1\ had., on died the ()nly 
:ieccivec( all Inillicli t tinal illness other thal tIladitiouual inedicinleI l lit, 

it treatment itl lhomie ((iclcit -44d ci ail.. 11)871 Ill.relole. lte\ o1 these 
cases werC \L'rSC'l t)\1Il0deri licalil, ssurkers iildost () le deatlls ,\ e 
ascribCd t tsieL' ,Crlb;autlii0alaria 1pics. 

,It(dic,'. sms a 	 cd OilIllillaill\ lilc-ni Oft 'iic 41 d allI is , illlOltllatiOll 

cihlcCted ill eillill aittllpsic's. aillIouhl dil.'llosi, is ntcertai ' sC\ll illa 
). SIllli{c 


lhiiatl910sis. Ih1l C \C ic'rlollued corrccll, thi, ipproi:-Jh is ploib

cliical setline (B isC i cl il.. It)')l C .1111LlOI)lic tests cill im lp t0 e 

I 41,4 St'iitti 1t%."i4h g ,M %t 	 Ill,,l, ;11,4 ,\Iidi plall, I 1Ii 1,101., 
k+tlllllol tiIt South , jtll anld ('t'lll l AllICl .Al 
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+li6L11J) 't.;...5111hR I#h LRI /l-ll.;%l'//O. I 1" I NG 01,LAA.S r 

niponis .cani aris e w 

para silillli; (i. .. paa.,it" il th blood ). \\hich ia' Ib.c. llicapparent on1ly 

allr ipeatld lMood tilI1is. 1oreover, \,11n parasils alc (ict.ccd. there is 

Io \\ av Ito estblish Ihilt h imialaria illcclioll is tcslpon,,ibl fIoir [lie mbsc,cd 
,.\ iii)loiil. [hi , lack of clarity ik especiailly collmoi lor inidividuals \k ili 
partial itn.lllli , t 11 s ,a1c Ilia\' he aSvii,1111t111 iIc,,'tCd 

le.latic. I iilnllitli ] hlils. s liHIii t ll 'ry' i1ai iii 

Mlw il. C it hlcii 
lakes e t al.. It)9 1). 

' ,
Goo~td esnli111lai' tc" IIe contrlibutionI o1 tnll a. ia Ito child IIHH'I:alitV I'ate, InI 

..\hlit.' are'C'tll-1.0lll] 11011a, .;ihle . "'1he sltldi,-, ofl .' ('of'.dead).'ll I-u"\ i,..\k-.t. 

itn ('hapti lioIII al',1ia is oftenii 1he third or lih lcadinc cauiise2 s,,iLI. tat i'to 

oIi inirtalit iiiidcr age 5. Iho\;v'cr. ihe sciliti',i and speciicihicsi f the 
unsial crhtcria fior doIicimi bi , alciniala h\ autil,,"ic, itl v'cry hiigl. 

a froi lsclil onlV'llcrcfolC , Cstillias I \ i arlti)l "icsii,are probablv ill Ia c 
" glrounp" or "casoi \%hirc Inalai;i ii, ic,,miil-ur 10 25 percent of' 

ulcatli,,. 

iXi) ,,ral f Iof (' allibia, 

the Ic alalria iimrtalil\ raitc .\ ,,s k1 infants atld 

ic mo'.t1"tot ct al. ( I ,iiiatlcd 1ti![ in a II aca i 
3 0 amonmii gI)),n I). 7 amliit 

chihllren aged I -l \cai,,. 'Iicc rtc,es ai Ulid Ito -1 percenlt tf illlait dcattll 
anidl 25 ltccili itf child dc;atli,,. lh .kc\mi. it is likcl\ iliat ilialalria iim mil+it. 
ratcs iill hi,s aria var lim iii ca l lo t c li. .\ i hildreni,bsaitll'I\ 0ilu1i' 

cs',, ihaii ., , its t age ini a t. w;ital ar;ca ' Bciiin cs iniacule thiat tlic death 
rat i 1 I 1 a,b )Ll X (lci ll', pCi l(I( ( iliLIU iiMlaiia \\,iS I L ctih (95 
pir'ci cmiden1ce' iii. al ((.I.) .7-14 . dcatlis )CI 1.0)1)0 Liilulicii) VClCIa 
Ct a.. 1991 1. Thc rate \\ ,ashii-hicst iI thi Sc oniild scalr ii ti'C ( -1.1 pci )1).00) 

+ pe huu) ,,lshd-alm,,lCh ihhuiV: ld 1. ecenl ('.U. I 1+ . &6 U 1I(A) 0l6 W.,wln V A 

sttIdh iln !<iisls,, .aire. csti11in Cd ItII tile 111011 lit' raeI Ito iialaia Was at 
leat 4 pci 1,0)) itl intants an .6 li. 1.0 I 0 al at 1-4 years ( ce 1hrg 
et al., I ,989). 

PROGRAM ()ITI()NS 

In I050. thi 1ighh World H1e alth1 \s,,iiil\ andlo-d the otal of cradi
cating iialaria. lmmwc'.ci. sub-Sall[11 Africa \\a',a 'xcltdcd tuiii iliitnedi

' alc plaslii m cradicatio bhm [)l l d I (it ihc 1 ala iacali" thi cic 1ill 

pl itiib r1 and th,. laCk of" t.CChiical aniid i li/a ital taplihilit in the re

cinm. '['hcre \,tcr UcTc, Sti;nc dnriiic [hc Ie1,)951and I0(m. spccia1I. i 

Cilit., and at hihUi :a1iitd,,lls cc.. T hiatiibi. I)S). llo\'ever."la1hloi and 
t1ic coal cOafic.iMtii procd io he Chi'I, . Ill Ii ((). thc World IllCallhgof 
.. \ il, t'\iScl it,, cl';obal iialai a c 10tIiiciilphaSiic Control 0I InIa
lria i1nairea 'F,W .u di .alioll \ka-, 1](11 u ih ' 

iC ilplc'\ C imiuhi(Icii)i "C'cial ,,tpics ai'I e 11 u oln Iiialai prim'. idcs %%hich 

il11 c' .c liln, Call Icd' cc thic trll' "lmik",i o mr Sc'\ ci i t of ' aws. :a'tyil1g 
\\ith ins,,ecticide aInd e'liminating m1osquilto bree ding grounds ireduce. [Ile 

http:lmmwc'.ci
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population of mosquitoes. If t'le number of mosquitoes is reduced enough, 
malaria incidence rates will fall. Bed nets and mosquito coils can reduce 
the incidence of mosquito)i bies and thereby reduce transmission from mos
quitoes to humans. Chemoprophylaxis is the use of antimalarial drugs (of
teni chloroq nine Or mel loqLI ne) to protect against malarial infections. Treatment 
of cases (or presumed cases) of mal ariza reduces tile severity and duration of' 
the disease. 

)uring the i50s, most an imalarial programs were based on spraying 
With insecticides. This approach requires regular coverage to all areas for 
extended periods ut time. It also requires careful monitoring of the levels 
of insecticide resistance among MosquiIOs or the itrodttction of progres
sively more expensive insecticides, In most parts of Africa, these malarial 
control program, have not been sUstainable because of' tIle high degree of 
organizationlrequited lld tile increasine costs associated with insecticide 
resistance. IHowever, somic of the best evidence oin the potential effects of 
malaria control onimortalitv comes from research on tile effect of spraying 
programs. 

The followinl section reviev the evidence of the effect of malaria 
eradication on mortality and the effectiveness of three types of antimalarial 
programs. The first is presUlpti ye tireatineit of suspected cases with a tilialarial 
drugs, which includes both a rev~ew of' the effect of programs designed to 
increase the proportion of cases treated with chloroquline aud a review of 
studies of tihe itportance )f self-treatett. The secodt is chemoprophylaxis 
for pregnant women. which is designed to reduce the incidence of' coipli
cations of' pregnlncy, low, birlhweight. and ineiaiii am1ontg children. Fi
nally. we briefly,, examline the potential of bed nets treated wilh insecticide. 

Today tile outlook for Qlobal cradication of malaria is very dim. The 
spread of drug-resistant malaria and insecticide-resistant mosquitoes has 
made control even more difficult than it was 2(1 years ago. One promising 
change is tile development of malaria vaccines. Thete is evidence that 
imnllliz.tiil wilh various atntigens can both reduce ofthe consequences 
malaria infections and help to disrupt transmission of' the disease. How
ever, efficacious vaccines \vill not be avaiilable for large-scale use for sev
eral years Oakes et al.. 1991 ). 

STUDIES OF TIlE EFFECT OF MALARIA
 
ERAI)iCATION ON MORTALITY
 

There have been three studies attempting to eradicate malaria from 
small areas of Africa. These studies suggest the importance of malaria, but 
do not offer practical sohltions for reducing its effect. 
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Pare-Taveta Malaria Scheme (1954-1959) 

Conducted in northeastern Tanzania, the Pare-Taveta project reduced 
malaria transmission to very low levels through residual spraying of houses 
with dieldrin. The crude death rate dropped from about 24 per 1,000 to 
between 12 and 16 per 1,000 of all ages following spraying, and the infant 
mortality rate dropped from a range of 165-260 per 1,000 live births to 
between 78 and 132 deaths per 1,000 live births (Draper, 1962; Bradley, 
1991 a).. 

A second study, the Pare-Taveta Vital Statistics Survey (Pringle and 
Matola, 1967), covered the period 1962 to 1966 after the spraying program 
ended. It was designed to determine whether mortality returned to previous 
high levels. Although mortality at ages 1-4 returned to the earlier levels, 
mortality at other ages remained at the new lower lev~ls. There were exten
sive investigations into the entomological and pi.rasite biology and ecology 
to try to explain this result. The researchers concluded that the lower 
mortality rates were sustained in most age groups by a substantial, though 
undocumented, increase in the use of antimalarial drugs for presumptive 
treatment of fevers (Draper et al., 1972, Bradley, 1991a). 

Kisumu Project 

The Kisumu project tested the effect of residual spraying with fenitrothion 
on mortality in a district of Kenya (Payne et al., 1976). The daily malaria 
incidence rate dropped by about 96 percent in the program area. The crude 
death rate in the treated area declined from 24 deaths per 1.000 in the year 
preceding the spraying to 16 and 13.5 during the two subsequent years. The 
death rate in the control area actually increased slightly from 23 to 26 and 
24, respectively, in the two subsequent years. The infant mortality rate 
dropped from 157 deaths per 1,000 in unprotected infants to 93-a 41 per
cent reduction. The drop in infant mortality affected only infants over 3 
months of age. 

Garki Project 

The Garki project tested the effects of house spraying and prophylactic 
drug use on malaria in the northern part of Nigeria (Molineaux and Gramiccia, 
1980). This area is part of the Sudan savanna that runs across Africa from 
Senegal to the Sudan. In the Garki area, transmission of malaria was more 
intense and more seasonil than in Kisumu (Molineaux, 1985). The project 
tested residual spraying with propoxur, both with and without periodic mass 
drug administration. In one area there was distribution of'":'"alene-pyrimethanmine 
every 10 weeks; in a second area, the frequency of distribution was in
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creased to every 2 weeks during the wet seasons when mllalar'ia was llost 
prevalent. 

Before tile Stiat Of* the progra.mll, abtout 47 percent of the population 
tested positive for P/,snmodi /ll (lie dr anud ai.l,Im.iti/rumo durine season 
6(0 percent during the ,Ct ,season (Molincatx and (rainiccia. 1980). Spra,,
ing alone lbroUttglt abllut little chllane in the prevalence of' infeclion. )Iurin1.' 
tile first wvet ,Casol. pre\alence in tile spratitla area ssas olfy 15 percent 
below tile rate inl the ctrMiol re., l)utiii tile second ditV -eason it \%ats 26 
percenit below tile rate ill the coMtrol area. Ilouse spraying wils not as 
successful ii Giarki it it was in Kistit because a large prqOpOrtiOl of tile 
mosquitoes il (arki reniltiIiC(l oltside_" tile houses and were not affected by 
spra ving. [)Uring the dry( ,easonl. the addition of mass druttg administration 
every 10fkeeks dropped the prexalcnce to 98 percent below tile rate inl tie 
control arleai,but did 11o1 iliiterupt trfillsllissioll. Il the second wel seasoll. 
the prevalence \was onl \ 72 percent Iblo\ the rate in1tile control area. More 
f'requent drug distribultioiln reducd tile pWealence by itt least 95 percent. blut 
still did not interrupIt traitsniissin.

The dlemographic data collected by the arki fro.ect ere extensive. 

lhowever, the allalvsis ifl tfile data ,as \eak and the sample sie \:Is small. 
leaving a nLimbIer 0I'f' estiins ttnans\\ered. The nmortalit,, data for tile 
baseline year suCested thial it \'its Imot typical. The infant nmortalitv rate 
(IMR) during the baseline was 246 Lcaths per 1.000fI five births. )uring tile 
following two years the INMR il tie control area \\as only 155.' [his 
difference is si nificant ill the 5 percent level.' Durirln ile hfist intlerveltion 
year. the IMR \\ as 135 in tile control area and only 55 ill tie treatmtnenltarea 
(all treatments conined). lFor the wvhole intervention perioid the rates wvere 
155 and 73. which are sipnificantlv different at the 5 percent level, I low
ever, we do not know how Luch of this difference bet fleen areathe control 
and time intervention areas nightl be due to0 differentces that existed before 
the start of tile pogcant. Although .Moineamix and Gramniccia ( 1980f) me 
ported that tile IMRs in the interventiom and control areas w.\ere not signifi
cantly differen it the baseline, they, di 1nt relort tie actual values. They 
also did not present the IMRs separately for the spraying area and tile lrela 
that received both spr'aying and mass drug a+tdministration. The data in the 
figures showinig seasonal fluctuationIs suggest that the decline in the IMR 
was larger ill both types of intervention areas than in tile control area (Molihjeaux 

This es'l;h;i ion conithines ine deatihs in tie first inervetii ycar \,ih lite seven deaths 
o,.currinig during tile period through tie v,%i ,eason tuMIimicauix and (O ani,..'cia. I1(:237t 
allIIOlg iln fasts. 

.; The signilficance tesi comfpared tile estimates of tie age-speific Inortalitv rate i aLe lCm 
(i.e.. M tor tie sample si/e, %%e1 ). M,tich %%ere used Io estimate tte IMR. used ftie number of 
person-years oflbservation. 
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and Graniiccia, 1980:237-239, Figures 68-70). IIowever. \.ithout Iaseline 
data for the various areas, we dio not klo\\ if the differences Ictween the 
declines were statistically sinificant. 

The link betwcen malaria control and differences inl the IMR in the 
intervention anid control areas was strengtheiled Iby the relationship bet ween 
the infainl death rates and tie inflant paratsithologil comersions rate 1ICR), 
which Ileasured the rate it which iltaltlts beca".mec ilfcctcd. Dturim ilte 
baseline year and in tile control arca data, there ,.a a close relationship 
between tile seasonal pat rns of the IMR andil h I(R. With tile start of tile 
pruooram. the seatsonal pattCi'll disappleatr'd atd the IMR dropped inl the inter
vClliolIareas. 

The lortality rate at 1-4 y'ears also appears to ha\e dropped in both tile 
Contorl and the intervention areas cluriig the first year of initer'vention. l lowever, 
the dcurease inl the ilIIs 1111 rCeived both insclicide and Olass drhtu ild
ministration (70 percent) was niuch larger tha tlie drop in tile control area 
and the area thit rcceivcd. oilly insecticide (both abon 25-3(1 perceit ). There 
was also a sharp chatgC il Ile seasonal pattern of mlortality ill the ilterveil
tiOll ie. Md (I n all analysis of,Nolinaux (;ir;miccia ()) did 11i presCti 
chan,,es ill mortality over age 5. 

The (ai !lilll that s ie iilki project .strated ill cnvironlllents Africa it 
is not feasible to interrupt trallsllissioll ofil mlaria. ,ven1 witlh extensive 
spray)illg ani11dreCLlnelt distribution of prophylactic drugs. the (arki project 
iever iiterrupted tra.illSl1lissiOl Ceell I, ilglile dry' seasons. The highl cost 
of this iltelnsive approach and t;ie coiI icalionls iilltlOduced 1v insecticide 
and (lrtL resista- 'eiIlforce this conclusion. 

PRESUMPTIVE TRE.' ".'vlENT OF FEVEIRS WITH
 
ANTIMALARIAL i)RUGS
 

Each of' the Ihlrce projects reviewed .bove demonstrated Ihll mortality 
under age 5 woll decliie if we could greatly reduce or eliinaillillalari. 
However, there is currently no feasible tlilhod for acconlplishing tllese 
tasks inl most of Africa. The Iligl costs and tile heavy logistical require
tllents of control pr) lliJ are ao gll tile reasolls for this coilsiion. Also 
stpportillg tllis Collclusioln are tile exceediilglv high Irailsinissioil rates of' 
malaria in milch of Africa. In Oill e areas, rates arc so high that i progral 
would have to redtice tralsmission by a factor of as mulluch is i thousand to 
bring tla.riai under con'ol (Bradley., 199b). Theretfore, is Campbell 

1991:1.208) has lioted "tile challenge for colntrol of iialaria in African 
children is to develop operational strategies tlIat will iniinlize tihe risks of 
illness withoutt elimillittihlg ile coillilltlied explosuIe to infection necessary 
for iniitaining clinical i mlltnunity." 

Aggressive programs to provide chemotlherapy are often advocated to 
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achieve this balance. In most cases these programs take thc form of pre
sumptive treatment with chloroquine of all ch*ldhood fevers in malarious 
areas during malaria seasons. The practic ii reia o for presumlptive treat
ment of all fevers is that iii areas where malaria is a serious problem, it is 
not feasible to identify those fevers that are due to malaria, even when 
microscopy is availablC and performed correctly (Bradley, 1991 b; Oakes et 
al., 1991). Moreover, in most of Africa, microscopic verification is not 
available. 

The potential efficacy of presumptive treatment depends in part on the 
proportion of fever cases that are attributable to malaria. Greenwood et al. 
(1987) estimated that in a rural area of The Gambia, only 4(1 percent of 
cases of fever in children under age 7 were attributable to malaria. In a 
monthly household survey in Benin, only about 33 percent of fever cases in 
children under 3 years of age were attributed to malaria (Velema et al., 
I 9V I). 

Even if the fever is not caused by malaria, treating a preexisting case of 
malaria may reduce the overall infectious load enough to increase the child's 
chance of surviving. For example, Greenwood et al. (1987) found that 64 
percent of fever cases had malaria parasites in their blood. The proportion 
of fever attributable to malaria, and therefore the potential of presumptive 
treatment, vary across areas and often by season. At a health clinic in 
Niamey, Niger, 54 percent of children with fever in the rainy season had 
malaria. However, in the dry season, only 3.6 percent had malaria (Olivar 
et al., 1991). Thus, these proportions may understate the potential for 
presumptive treatment. 

There are many questions about the long-term efficacy of presumptive 
therapy in reducing mortality in Africa. In some cases, presumptive treat
ment may simply delay the onset of a massive attack. For example, such a 
delay has been suggested as an explanation for the appearance of cerebral 
malaria in teenagers in Banjul, The Gambia (Bradley, 1991b). 

Chloroquine is still the most commonly used drug for presumptive treatment 
because of its safety and low cost. However, the efficacy of chloroquine is 
reduced in much of the continent by chloroquine resistance. As chloroquine 
resistance increases, many cases still show clinical improvement iminedi
ately following treatment (e.g., reduced fever). H-owever, fever and other 
symptoms can return very quickly because of a failure to completely clear 
all parasites. When treatment fails within a few weeks, the child may not 
be able to recover fully from the attack. A study in Malawi (Centers for 
Disease Control, 1991) demonstrated that anemic children with malaria did 
not recover from the anemia after treatment with chloroquine. However, 
those treated with Fansidar showed increased hemoglobin levels within three 
weeks. Chloroquine resistance may be the cause of the reported increasing 
severity of pediatric anemia (Greenberg et al., 1989). 
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Studies of the Effect of Programs Designed to Increase
 
Presumptive i'reatment of Fevers with Chloroquine
 

Three basic strategies can he used to increase the proportion of fever 
cases treated with antimalarial drugs. The first is to encourage parents to 
take children to a hcal th center whenever they have fever. A secoitl is to 
train village health workers to treat fevers with antimalarials and to refer 
serious cases to a health center. The third strategy is to encourage homie 
use of antimalarials for treatment of simple cases of fever. There are two 
studies conducted inl Kenya and The Gambia that examine the efficacy of 
p.'o..grams that rely on village health workers to treat cases of fever with 
chioroquine, as well as one study of an education program to increase home 
Ilse. 

Saradidi Health I)evelopment Project 

The Sarad idi [lealth )evelopment Project was a coniunity health pro
gram in western Kenya based ol village-level organizations and "village 
health hellpers" (Vills) (Kase.je and Sempebwa. 1989). Th' program raised 
funds to build buildings for itnics. maternity services, and other facilities 
necesNary for providing community health services. The VIIIIs provided 
health education On topic, including environmental health, promotion of' 
maternal and child health services and inlnunizatios. fainilly planing. '11d 
nutrition education. In selected areas, they provided antinmlala l cheltno
proph\ kaxis (i.e.. use of drugs to prevent infection) for pleglant ,,votenand 
treatllent lotr malaria. A comlarl ison of Illorltlily rates before and during 
tilecOmmLunity-hased malaria control intervention showed a sieniflicant de
cline in child mortality (ages 1-4 years) intie intervention areas (trom 25.5 
to 18.2 per I.00(). I oxkever, this decline kkas apparently due to lower 
mcasles moIrtality and not to tileantimalarial acti'ities (Spencer el al.,1987). 
The research teani cocllded that "tie most likel, reason for the lack of a1ny 
detectable effect is 'hit there was already a high level of chhorOquiie use 
for illness presumed to be due to malaria before the program" (Spencer et 
'i., 1987:14). Thr main change inl treatmnent patterns was a change inl the 
source of chloroquine from shops and health clinics to the village health 
lielpers (Miburn et al.. 1987). 

Village Health Workers inThe Gambia 

A study in The Gambia (Greenwood ctal ..1988; Mlenon et all.,1990) 
compared mortality atd malaria morbidity rates in three areas. Two areas 
were iel tided ill the government's primary health care (P1-IC) program. In 
both areas, village health workers (VH-Ws) learned to treat malaria with 
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chloroqline. III One of thle areas tile VII\VS also distributed, ev'er' two 
weeks, malaria chenioprophx'laiS or it pllcebo to all children ateed .- 59 
moutns o "ae. (hildren Waore allcilled to the clemllopropl lla\is or placeho 
group ramndotl bywcompound. The third alrea x\as not covered b r the PIIC' 
pr'timt, bt trealment of malaria \%is tx tilable 1rolllm dispenslrs. 

The -authors ((;rcecxkood et a!l. I1 .125: ,uniimari/ed their rCsulis 
t ) to 21 '+ altler 01 the ro raC its lflhox :iiiotls1 the 'larl 

'rllllecit ()l wire ,tmt lklixe elinietlI ;IarKIVl l\', cll o h:d1n i bx ,..jil jloquillk 
ClhL il\ on .e lllleF10 sliliilici. l MI lolnIr anid IIItllbidjix Ioll l iii ill 

;ii1hiill LthieM x\011INl L ll)i1ljCd i p lil i itL.IilllCill xii i 11;iliii LhCllle)l 
ILMis, i.cil b,. \ 'I \' , redued iiii'liliii\ .iixl ili rldilx in hiildrcl agcd 1-4 
',CiIrI' .... 'lhcil,; ;(,ph sxlididx Inorl ietcc Iillllii ini ,ttll ml" 3

,
I I IIlolllhl,, hol . .. 1 I I clit zl .t .'O 111lll Ii l fl a1\houll 41; oI dclh.; ll ill illlalllS 

Tlx results ieminmed the ,inne in at ,ccond stud\ 33 I,, 45 iontlis ater the 
start of the proTrMi 'lione A l.. Itt(). 

Foi what r iasl, Oll, the progrilll plir~lal, l did not lead to a large 
tatentoll!lf IeClsinICr'eIase ill prelsnlti co x\xlh Chloroquile. Because the 

VIIW's x\ere oills olunltar xxorkers. the ila\ not hasc been able to pro
vide sulTicient c\C rm,-c li alte epi.,d. Illithe sillates \xith primlary 
health Care, childrC recci \cd an axeraue of (.52 recinmeims of cllo ItmI)ine 
pe year. which iiilmided an a\xcrlraC of (.34 regiieis distrituted b\ the 
VIIVs and 0).I8 regimenll,I m a dispensary. the on-'l l(" illaes. 
chiltren received an ax\erax.e of* (.42 recimens froil it dispensary. Both 
axerages are proabbly too-1 ,'.11 ill al CoImmimmnltv\ '%here children hil\e all 
average of ((.5 to 11.)clinical epi ode of inalria per e r. Therefore. ihe 
VIIWs failed to achix\C i mileal4ful increase the propoition C sin CSes 
Ireated xvil clIoroqUiiie. Ifoleer, tme study did not prtox ide ilOltormat ion 
on xwhether the use of VI I\Vs chlangcd the prolptimess,, of teatnut, amounlt 
of dirg taken, or luratiomn of, treatment. 

Conclusions About the Efl'eclikeness of Prougrams i Increase
 
Presumptive Treatment
 

Because the silllage wvorkers in both of1 hese prgranrs failed to increase 
treatment levels significartlv'. the studies do0 nlot irO',,e tests Of' the Clfi
cacy of presumptive treatment. Instead they test the uLse of x'illage health 
workers to increase presumlptix c treatment. 'I herefore, \e still do not knoss' 
what would Ihappenl if We could aChiex'e prestiiplixe treatment of all fexv.ers 
with chloroquine. 

It may not be possible to conduct i trial of presutuptixe treatillent with 
chloroquine because in most places where malaria is t significant problem. 
presumptive treatment of levers is already commotn. 'as-control studies 
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would be hindered by problems of retrospective reporting of-cnerljj treat-
I1etll as as specificalion errors resultihl from use of otherpractices weIl 
modern treatments for or111I diseases. studis cotld he basedIt n1av be 111,11 
on prospective survey's comparing faIiliCs 1hat rCItr relying on use Of 
choroquine with oither families. Ilowever. even this approach is not likely 
to provide a reliable eslimate of the eflficacy of presumptive treatment be
cause of the likelihood of'other diflerences between these two groups of' 
families. 

Studies oI'Self-Treat ment 

Self-trealment of' levers with antinmnalarials (generally cIlloroquine) is 
verV colt'lmon illnanyl palrts of sulb -Sahdlarran Afrhica. The termn1 self-treatment 
rcfers to treat nin lhat wa, not Iiven during or alter a visit to a health 
center. It Canl include, but is not limited to. use that was recommended by a 
pharmac,,, colmmlcrt+ial shop, o" trlitional haCler. In Ceneral, seff-treat
ume+_ntbased drugs acquired at a shop or fromt a health clinic during ais on 

visit for ;apre++vious diseatse episode. Tble --I stIunri,/eS the importance
 
of self--rcatimelt found inl studies illeight areas of* Africa. I~cteen 8 and
 
t)8 lk'ctiit of ChildhCei received self-Ireatmentlor fevers. 

I)ata from the l)enmographic and Ilealth Surlvs s-icesl that self-treat
ment is vr,, cominmio. Most of the )IIS in Africa inquired abuth recent
 
cases of, fevecur amngon children I-Si months of' a.c. Thcy uncralfv asked
 
,iciler the child was taken to a metlical 1'at ility anld what treatments were
 

receied. "'able 4-2 sh ws that antimalaial use was reported f'or 74
20 to 
lwcCmIt of' recent cases of fev'e among Chldren and thait in tist tdltime 
stlre\ev. blout half ()Ithle recent cases of, feve2r \%ee treated at a medical 
facility HI'urndi. Ghana. Senegal. Uanla all reported valuesKeiiva. ndtl,, 

betm, eci 48 antI 58 percenit). In liotlsv, am. 91 percent reported toillto 
a 
medical facility v. hereas 3 perceIl did in Mali aI 31 percent in "I'ooo. 

The I)IIS did not ask ,herC tie dr'ug,s \,ere acquired or whether they 
weyre pr:scribetl Y a datclor. herefore. \%Cedo nt kll(\ how mIllallVchil
dren received antihila-ias hCOre coim ito a clinic. Ihl,.vever. s,.can 
derive a minimuim estimatc hv lookingiat the proportion of children v,'ho 
reportedl, received antimalarials but did not atlend a heafth facility. 'able 
-4-2 sho.tmss that illthe five coutrics where the I)IIS provides tilrelevant 
infloimnation, t) it 35 per'ent oI receit Cases of feveir aiimng childrei were 
reportedly ivtreatetd h'1ati malarml hut not at a health f'acilitN. It is likely 
that nanMv clhid-Cr who did at.tld a clinic reccived alilimtlarials before 
guiniig to tihe clinic. This is Ces.pCciAlV tinel'or (ihana. Senegal. and Utganda, 
k%.shcV Zuhere of All chitlren were taken to a health clinic.L half \%ith fever 

The ilmost detailed study of' sel1'-tie;.lICnt if fever w'as carried out by 
l)eming et al. (1989) in tire Phlteaux Region of' Togo. They f'ound that 83 
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TABLE 4-1 1-ore-Based Presumptive Treatment of 
Fevers in Children with Antimalarial Drugs, Eight 
Areas of Sub-Saliaran Africa 

('ases of Fever Receiving 

Area Anfinialarials ;i Ilottn 'I 

Urbhan 

Ghana Accrio 56 

(iuinc 

Rutral 
onakry) 5 I 

Ghana (Ie rekuso) 
(Guille; ( )olletui rty ) 

Guinea iI)iihol) 
l l a It ltional ) 

"'Ogo (PilIte l 
Zaire I Kirtgeadu and It'ai-Kongilai 

98 
13 

21 
8 

83 
28 

NOTE: 'stimtles for (f;hanaia'suel thatl ihe distribtigioti of drugs 
used for treatic Ic\cr is the aie for hole treatment (which ac
counted toi s7 and 914 percent. lespectivel. of Irealments) as for Al 
trealment. 

SOURE(': Deoming (198)}, except lor dlat front Ghana, which is from 

Gardincr Ct ml.( 1)8-11. 

percent of children with a recent case of suspected fever were treated with 
antimalarial drugs (almost always chloroquine) at home before attending ot 
instead of attending v clinic. Mothers stated that virtually all (97 percent) 
children treated at home with antimnalarials began treatment on the first day 
of their fever. In contrast. only 17 percent of' children who were taken to a 
clinic were taken on the first day of fever. This difference is of conse
quence, given the importance of early treatment (World Health Organiza
tion, 1990). 

Dening el al. also cotmpared the dose- reported by mothers to that re
quired for the child's weight. This comparison led to an estimated mean 
dosage of' 8.9 milligrams of" chloroquite per kilogram of body weight dur
ing the first 24 hours of therapy. At the time of the survcy, the recotn
mended treatment with chloroquile was a single dose of I) milligrams per 
kilogram during lie first 24 hours. The mcan dosage did not differ signifi
cantly for children (-I and 2-4 \,ears. Only I percent of reported dosages 
during the first 24 hours were 2(imilligrams per kilogram or higher, a value 
taken to represent potentially serious toxicity. The meatn total dose per 
episode of malaria was 16.6 milligrams per kilogram. 

It appear.,, therefore, that in at least one area of Africa, self-treatment 
of presumed fever was very prompt and the reported dosages were very 
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TABLE 4-2 Treatment Patterns (percent) Among Children Aged 1-59 
Months Who Had a Fever. Nine Countries of Sub-Saharan Africa 

Ireated %NitIi 
Antimalarial, bul did 

Treated with Taken to Health not Attend Htealth 
Country Antinialarials Centel-r olDotor (enter 

Botswana n.a. 90.2 IIna. 
Burundi I9.8 49.9 8.8 
Ghana 24.9 56.4 12.3 
Kenya It.1. 55.5 II.a. 
Liberia 73.5 n.a. n.a. 
Ma; 35.5 2.9 34.6 
Senegal 26.7 57.6 17.9 
logo 56.5 30.8 n. 
Ueanda 57. t 48.3 28.0 

NOIT: n.a. not available. 

S()IUR('I-: Detnographic and Itealth Survey reports (we Appendix t1). 

close to the recommended levels." This result was obtained despite the tact 
that self-treatment was not promoted an a national policy or encouraged as 
aln alternative to treatment at health centers, although it was recommended 
in local health education lolject,. 

A study in The Gamllia (Mellon CI al., 9XX) tested an education pro
grai designed to improve sclf-tireatnci of malaria. Ill this area, they 
flnd that womcn knew little about the causes off malaria, and 1cv (2 per
cent) reported that they would use chloroquine first if they thought their 
child had malaria. Alter an education campaign, 91 percent knew the cor
rect treatment lor variotls hylpothetically ill children. In a prospective suir
vey, abot 710 percent of %tOltetl gavC chloroquine as ilStrlcted for treat
ienrt of fever. However, many also gave chloroquine f'or upper respiratory, 
_,aitriintestinal, and dernatological symptoms presumably not related to 
malaria. 

This study suggests the potential for education prtigranis aimed at proper 
treatment of levers. Ilowever. it demnonstrates that these education programs must be desioned to help mothers identify malaria and to reco iz

C.te id rnze 
sertous cases that require immediate medical attCnlti(l. This type of educa
lion prtgranl might be comhined V,.ith a program that uses village health 
workers who could periodically rein force the education messages. 

lie recrttnMentded dosage ill Togo were tater changed to 25 milligrams per kilogram given 
over three days. 

4 



As noted earlier, self-treatment is not illcollsistelnt with attendance at a 
health clinic. In a pilot study in ,\ccra. Ghana ((rofi-Adjci ctal.. 11)X4). 
nine children Irsenting ., fevMr and anemia \were t,,ted ftO ,l.rn tiimeith r SCatllc 
levels. Although only two cases admitted to using chlorm ilic prior to 
admission, seven of the childr,,.n hald chltIrtaitnel,, in thCir sernm. Prior 
medication can COmptlllicate¢ atll ',imico pIeclij n of' additreatment the clinic 
liontal chioroquine can lead to1overdosine (Wortld IlCallth ()rai,' i01, 1990). 
Also. continied treatment hh.ith nu, del.ia treattchlort1nLe timicesar',,i 

ment with other driu, in cases of clilorotlil, resistllIce. 

PROGRAMS B\SE) ON CIHEM IPROPIYLAXIS ANION(G
 
IREGNANT WOMEN
 

(.'hetopfl)Ihlaxis is the ase of antnimmalarial d,111's to prevent cases of 
Ilaltilai. The \VoMl I lealh ()relli/iliaOnl Scientific (;Irop on the ('heumo
therapy of, Malaria 1190)()) cornclnded that "chmeloproplI laxis is only recoill
mended at presetnit fkor spcial risk urouips, not abl,' avt,pw gliI oilll, lnollilllltille 

travellers. aiid nonimiinmli perlns living ill Closed Coimnmities in eideiiic 
areas lot fixed predeterinind periods c... labor forces ald police and 
arniy units)." For this reason, cliioprophylIlxis is rarely a comnponent of* 
heallh progranis ill Africa. Therefiore. ,\,ehave nit review ed the extensive 
literature On the efficacy of clinOIrolphylaxi, for yoniig clhiIren. We have 
review ed sltldiCs atbtout lSe (f chnopllhylaxis .nllong prelilit wiOllel, 
which is a part of ma lv health pro,'ravis. 

The recommiendation of chuimmioroihylaxis dariig prCilncy tests oin 
the fo,0llowii. chain of rcasoiti1: 

P,'olostijo l:Matlaalitr associated with anediui, pr giancy hls beeti 
inaliriscarriace. feltal duealh, initraNLrilC 1ro1'0%th retardation, low birtlweight. 
and preterm delivery..losl studies find that these elfects are concentrated 
in first pIegiancie, (i.e.. prinigravidae). See. f0r eXampllez. stnLdies of low 
birthweiuht anl malaria Iiihes, 196): McGireor. I,4). 

Plropt.sitioli 2: ('hmeiloproplvlaxis dliring, pregla cy Cdilllrevet o ef
fctCivClv treaCt milaria amd reCdM, the imidetlmce of lo, birthweiht and 
anemlllii mmul'i,., Figure 4-2 presenits the estimates of the effect oflp'rCenamc'y. 

prophylaxis oii birlmweilm ill first births froi six randlomized trials ill Af
rica (lBUrkina aso-('oCt el l.,I992: t.anmda-l lainilton et al.. 19-)72: The 
Gatnia--(Greemood et al., I 989: Inmcsi. Nieria----MNorley ct al.. 1964: Ibadan, 
Niveria--(iilles t al..I t)b9 and Zaria. Ni-eri:,-Flcmin ct al.,1986). 
The studies diffel'r sUbltamitiall iNi aiample sic, so the widti of the bar , in 
the lienre,. is I-01Lily proIpoIrtiomial to the iiiverse of the variance of the 
estimate ofelfect. The two Iar's stttaes I lainilton Ct al., ct al.,iC 1972: (ot 

1992) found diflerence illbirthweights ariong first births of about 810 grains 



97 O71t-R INIRVENTIONS IAR(;-T/II) AT SIV(;LE fl/Sl.,Sl:S 

Elfect on birthweoght (grams)
200 

Greenwood 
Morley Fleming 

100 - Gilles 
Hamilton 

50 

0 .... 

Study 

FIGURE 4-2 Eflect of' malaria prophylaxis on hirihweight. f'irst births in six ran
domizd trials in Africa. NOTE: Width ol bars proportional to the inverse of the 
variance of eslinialte. Sources: Morley c al. 1It6)64): (illes ct al. (1 )69): IHamilton el 
al. ( 1972): Flcnin ct at. ( 980): (Censwood 't ll. (1 99): (otl ci al. (It92). 

associated with proplhylaxis. alttoti'h this dificrence was not significant in 
either stutdy.) In the third lareest trial (Greenwood el al., 1989), tie esti
nated el'ect on first births was itIlch ertcatr and was silenil'icant at the 5 
percent level. The overall averagec ffect of* prophylaxis in all of' the studies 
was about 0( r."ttx. The siniilritv of the results i:, impressive, given the 
differences ill sttdy dCsigns, treatmient regimcls, ecological settings, and 
levels of treatment providled to the control grout1p. For CXalmplC, the pr1-o)or
tion of pediatric deaths in To-o a'cribed to tlatria ofr anelmia increased 
steadily between 1986 and I989 (Ceters for l)isease Control, 1991) and 
the nmLbe1cr of cases of ita1,laria repl-rted in llurttndi atWA iripled between 
1987 and 1992 (Repuibliqttc (hL LII-lIIdi, 1993). It addition, case-fatality 
rates of' nalaria have increased in Z.ire and fhe Central African Relulblic 
(Centers for Disease Control, 1991 ). 

tlie slut 
cthorotiiine miid ion mid%ollilcil \\to received oiiy roiln. 

Soille o tlie stuties h1;ive iinV more Woiili ill one group or tile other (test uortonlrol). 
Therefore. %%ehave averaged tie eslinmtes of' tie effect of trdoiphylsxis. weighting each study
by tile geometric menllof t il tber of ssomniiiill tie it. grolps. 

F51-or b\ Iaiii oi c t. it(72) tie coliparison is bet.Ceei %.omen.\ht received 
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Four of the studies (Cot et al., 1992: Ilamillon el al.. 1972; Greenwood 
et al., 1989; Morley ct al., 1964) give cstimates for the effccts in later 
pregiiancies. These estimates are more difficult to compare because tie 
studies grouped the parities difTer-mntlv and the largest study (Cot et al., 
1992) did not provide a separate estimate for higher parity women. 7 It 
appears that prophvlaxis has little or no effect on births of order 2 through 
4, but may be beneficial among higher parity women. 

Several of these studies also examined the effect of chenloprophylaxis 
on the incidence o1' alellia during pregnancy. Greenwood et al. (1989) 
found that prophylaxis affected hemoglobin levels only in the primigravidae. 
Gilles er al. (1969) and Fleming ct al. (1986) also demonstrated this effect 
in primigravidae. 

Proposition 3: Low birthweight is associated with increased risk of 
infant death. The literature ott this topic is reviewed in Chapter 5. 

Although the research supports each of these propositions, only two 
studies have been uncovered that present data oil the effect of chemoprophylaxis 
on child survival. Greenwood et al. (1989) show that the stillbirth and 
neonatal nortality rates were lower among first pregnancies for wolen who 
received Maloprim than for women who received aplacebo. llowcver, the 
rates were not significantly different. When neonatal mortality and still
births are combined, first pregnancies led to a bad outcome 8.1 percent of 
the time for those on prophylaxis and 15.4 percent of the time for those on 
placebo (relative risk of (.53 times: 95 percent C.I. 0,20-1.37 times). Among 
later pregnancies there was virtually no difflencce associated with prophy
laxis (4.4 percent compared to 6.0 percent for the control group). Morley et 
al. (1964) found no difference in the combined stillbirth and neonatal mor
tality rate associated with prophylaxi; for womeln of' all parities. 

There are several ways the logic that links these three propositions 
could prove misleadig. First, if the effect of chemoprophylaxis on birthweivht 
is very small, it might not lead to any noticeable difference in child sur
vival. Second, most of, the studies present data on ieant Iirthweights. 
However, the proportion wtilt low birthweight is probably a better measure 
of the potential effect on child survival. Cot et al. (1992) reported that the 
relative risk of low hirthweight anmong primigravldae was 0.88 for those on 
prophylaxis, compared to the controls, although this difference was not 

significant. Greenwood et al. (1989) reported that prophylaxis was associ-

Con
7 

ct al. (It92) showed that for women (f all parities, the group that received prophytaxis 
had a mean birthweight only 5.6 grams higher than the control group. Since the diterence for 
primigravidae was 82 grams. the multiparous in the prophylaxis group must have hiad a mean 
birthweight about 20 grams lower than the control group. 

http:0,20-1.37
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ated with a drop in the proportion with low hirthweight among primigravida 
from 22 to 5 percent (probability less than .05). 

Third, some studies show that the rate of malaria parasitemia may de
crease during the last trimester even without treatment (McGrefor. 1994). 
If the growth relardation associated with malaria occurs at a different stage 
of pregiancy than retardation caused by other Factors, the relalionship he
tween low birthweieht and child survival may difter as well. Similarly, it is 
not clear whether malarial infections lead to short -e',tation or to growth 
retardation (i.e., low weight for gestatiomal are). 

Fourth. the use of chlmoproplhvla\ :s in pregnant women is complicated 
by the increasing prevaieuce of" chhlortoqUine resistaIcC. Chloroqnine is in
expensive, relatively safe, and well-tolerated, and the general policy on 
chemoprophylaxis during pregriancy relis hea,,ily ol these features of the 
drug. A,,lthough chloroquiire may he more effective in aduks who have 
partial immuniity than in children, several studies have indicated high fail
ure rates (i.e., breakthrounh with a clinical attack of malaria during preg
nancy) of chloroqtliilel lol)hylaxis anmong pregnant women (McDermott et 
al., 1988; IuLatiabingwa e al.. 1991). The alternaliveS to ch1oroquile for 
chemotherapy arC quite limited. The Institute of Mc'diciule (Oakes et al., 
1991:67) concluded that "'the safety and efficacy of allernative prophylactic 
regiiens il pregnancy is an open qtieslion'' 

S tdy il 'l'ai aia sugested tht chloroltiiile is still a lsefll diu for 

pregnant woiell ill areas where chl(roquine resistance is comimon. Ilow
ever, chenoprophylaxis vitlh a wekly Close of chhloroquile was more apt to 
lead ito failire than daily do es of' proguanil (Mulabillwa et al., 1991). 

McDerillott e l. 1988) studied tile efficacy of choroquiine In11lalawi, 
which had had d(tlccliete(! Chloroquile r"esistln'e for several years. They 
'ouid that chloroquile was successfil in cleariig malaria parasileilia in 9 

of Ill pregnant women and my Itave reduced placental ill'ectlion rales.x 

IImwever, .25 perc,' n of women II of'731 exlperienced hreaklhrough parasilelmtia 
(4ring- p)rI'Cglnncy while IheV were takin eitlher c hlorOluieil or ainodiaquin, 
with no signilicanl differenCe I)etween the two drUgS. 

[inally. programs lesignel to deiiver proplhylaxis to prelrnant women 
would have to .(l(l'SS tlhe issue o1 coverace rals a1ld compliance. I-or 
examiIple, a sludy ill Saradidi, Kenya, showed that only 29 percent of preg
nant women attending maternal and child clinics were taking chenloprophylaxis, 
despite a program that used village health helpers to eicOulla.le its Use. 
Only 25 perl'en of pregiant wonen ageld 15-21' were taking cheloprophylaxis 

81|reaklhtiith oCCUrred in 2 of 36 %omen sing cLhie oprphyaxis andt in 7 oi* 36 conirols 

(probability less than .1t0). The conirols for this par of the study were wonl who had 
antended anrenaral clinics aind had access io unsupervised chloroquine chemoprophylaxis. 

http:eicOulla.le
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(Spencer et al., 1987). The WOld I Ilealh ()rganization Scientific (Irolip On 
the Chemotherapy ot Malaria (I '9():8() has noted that in "well supervised 
studies ... compliance Jill children or adultslj rarely exceeds 90(/( and 
generally ranges froin 3()4 to 0(.'" 

-leymann et al. (I 9()) addtese'd ihe issues of chlorotluire efficacy and 
Ctmpliance in i Study inMlawi. lie p-ogram provided women at a prena
tal clinic with a one-month stpjly of chioroqtine. They estimated that 
chi rlonIqiine redtic ed tle incidence of' Phsmodiumo ,/ilh*iliarm infection by 
only 23 percent among the 36 percent of* pregnant women who complied. 
Therefore. the program prI"'venicdil oniN about X'percent of cases of in fection 
along pregnant x'oltlel. 

It may be (filiCtilt to des in sttilieS that icastire the effect of 
chemoprophyh'la\iS on Child sirvival. Because it has been (leteillirled lalt 
cliOIiIrphyhxis increases biithiveight. it may not iepossible to withholdt 
it for rtes arch r-l)tCeS. ThCreforc, it night be necessxary to rely On nati
rally OCtiUrrile Lolltl areial"or Onvitl.,ence of changes illthe level or 
seasonal pittesn of infant mortality associaltd with increased prophylaxis. 

Oin the other hand, sttudiecs that directly address tiletuestion ofl child sur
vival wovld ha',e to ovr(IC tileprtIfblems of recording birth,weights and
 
gestational ages, both of which are very difficult t cdlect in Africa.
 

PRO;RAMS BASEI) ON VE(T)R (ON'I'ROI, 

Before the harmftil effects of ))T and other residual insecticides were
 
fully appre,..ci1ted, considCrahle progress was achieved in the reduCtitm of
 
malaria mortalitv and nmorbidit y thrl)ugh spraying. IllsOimle ares.C, ltostly' ill 
cities and tow,,s, these pograins coliIlintie and are still effective in Control
ling tilepopultifon Of ,,qtiitos and malaria. More recently. ereater stress 
has elen laid oii tileie tl" ,personal protection against mosquito hites, 

,xeafril 
tainig insecticide, and sleepin- ilii niosquito nets tRozendaal., 1989). None 
of the" prot)ec.ti\, llllslues are part of atnational striltey to contrt[ lla
iari. but mOe recentI\ the intro0dtictiti of bed nets aiid ctirtaliis dipped ill 
insecticide (perinelhrin is tle most CotninIO) has been adopted as a Coinmtu
nity-based intervention again malaria illboth adults anl childremi. The 
experimental ,xork on,%xhichthese statie,s are based took place in I988
1990 illcentral (;allbia, wherC Altiiso and Greenwood showed that mortal
ity in tiletest villla,, !lnm-i chidren aweS 1-4 was 37 percent below tile 
rate iii the control villages (Alonst et al., 1991 ). The trial also deolnl
stratd that nitich of tiledecrease in niiortlily wis dIe ItotileredLction Of 
deathIts idciitifiahle tot abria tle (see 

ing Cifl t CS, lIill.n quitO coils, using ointments con 

aSd I b verbal atittpsy process 
Alonso et al., 1991: (;reenwood and Pickering. 1993, for details). 

The large reductions in nialaIria morbidity and mortality reported from 

http:prot)ec.ti
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the G;.mbian trial are unlikely to be repeated in nationa. q.1rams for vari
oLLs reasons associated ,with the capricious nature of the disease iii relation 
to climatic and other ecological CO nitions, and to the difference between 
the effects anticipated in an experiment compared with those expected from 
a national program . Nonetheless, [he use of treated bed nets seems worthy 
of further studies in other cnvironmelts. One feature of the trial of impreg
nat,.'d bed nets is the larger than expected reduction ill overall niortality. 
There are Cuo1riiMus prOblcmIs in identifVing a death due o malaria, [)it 
those aside, ihei e seems to he some evidencc in the chaning cause-of-death 
distributions that othler causes of death have also declined as o result of the 
reduction of Imalaria morhidity and mor.ality (see Alonso et al .. I'M 1: Greenwood 
and PiCkcling, 1993, 0r a fullerIdi ,'ussiOll). 

Several larec trials of fhc ef'fIcts of1treatcd bed iet! oin malaria, child
hood mortality and morbidity, and the birthweights of* firstborn are ielprogress 
under the sunervi.,ion of' the W horldH ealth (rgatnization (WIIO). Apart 
from the problem otfintrodtcing bed nets into areas where they are tincom
moll,tile principal obstacle to further use of' the treated bed nelts is the high 
recirring cost of, the insecticide.. Nonetheless, the evilence Irom the first 
year of* the (Ganihian national intervention is very encouraging. There are 
neasurable effects oin the rnoslnitO poplation, on the incidence of malaria 
illnes, on childhood mortality, and on the birthwcight, of firslborn children 
('ham and l'Alessandro. personal communitatiom, 1992). Results from 

other national studies will soon be forthconing. 

StJ NI I A R Y 

Malaria is a major cause of death and morbidity ii Africa. There is 
substalltial variation in the itmiportance of' malaria among variotw; regions of 
sub-Saharan Africa, bnt illmany populations it is the third or fout'h most 
comonl .ILISC of death. StIdies in several areas have demonstrated that 
iil'ant and childIlortality coUld he reducCl subStaalliAlly if malaria were 
eliminated or greatly reduced. I ' design of antimahiriall~ever, the pro
grais is complicatel by the diversity of'ecologies, the spread of chhoroquine
resistant strains, and tile mlanagerial Complexity ofligh costs and llalny of 
the available technologies. 

Given time carefIl eXamlinaltion of' strategies for malaria control by tie 
World I hcallh ()rani.'ation ( 1984. 199f0), tileInslitute of Medicine Oakes 
et al.. 199t.) amid the Amercrican Association for the Advancement .;fScience 
(1991). this report has not attempted a coni-lee review of the evidence of 
the effectiveness of all approaches to redtcilg mortality to malaria. Rather, 
it has focused principally on three totpics: use of'village health workers to 
increase presuniptive treatment of* fevers, home-hased presumptive treat
menit of fevery', and chemoprophylaxis during pregnancy. 
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Neither of tile use of village health workers totwo major studies of the 
increase presumptive treatment documented a reduction illchild mortality. 
In both cases the prog~anis failed to achieve an adequate increaa, in the 
proportion of cases treated. Therefore. we cannot conclude that an increase 
in presumptive treatment Wotld not reduce child mortality. 

These studies raise serious questions about the use of village health 
workers to increase presumpt iVe trealnent of' le'vers. We have nlot attempted 
a complete review of stludies of coverage rates and compliance in programs 
of this sor. tlowever, giveo the existing higeh rates of home-based use in 
many areas, the problems of managing and supplying large numbers of 
village health workers, tileincreasing prevalence of chloroqtuine resistance, 
and tie lack of evidence of mortality reduction, it is not certain that pro
grams hased on village hLalih worker,, can reduce child mortality by en
couraging presumptive treatlenl. 

It is still important for health clinics to provide presumptive treatment 
of fevers in area, and seasons during which malaria is a major cause of 
illness. The lnslilute of Medicine (IOM) identified this task as its first 
priority fIor malaria control (Oakes e ai.,1991:16). In some areas where 
village health workers provide other services, adding presumplive treatment 
to their pori'folios may be useful. The choice of appropriate drugs and 

treatment strategies must be worked out in each area based ol the preva
lence of chloroquine resistance, the availahility and affordability of alterna
tives, and the likelihood ih.1t patient, will retlrll to health clinics for fturther 
treatment if chloroquine tails. 

It is well known that home-based treatment of levers wiih chloroquine 
is \ery common in sub-Saharan Africa. Ilowever. there has been little 
research on self-treatment. Given the high frequency of this practice docu
mented in nulmierous areas, there is a need for more Sltudies of tiledrigs and 
dosaCes used, tilepromptness of self-treatment, and the ability ol mothers 
to determine when it is important to take their children to a health center. 

The paucity of data oil self-treatnent and the frequent emphasis on 
prevention rather than trealneni have led most researchers to understate the 
potential importance of health eLducation programs designed to encourage, 
discourage, or improve self-trcatmeni. Efforts to increase the proper treat
ment of' prestumed cases of lever usually have been limited to treatment at 
health centers or by village health workers. 

If self-treatment is fouind to be common and reasonably effective, then 
health education programs mightlocus on improving methods of' recogniz
ing symptoms of levers, increasing knowledge of sylptoms that require 
prompt modern treatment, and increasing awareness of the need for prompt 
treatment with appropriate dosages. If self-treatnent is found to involve 
improper (loses, to be used in inappropriate cases, or to delay or prevent 
seeking modern medical care in severe cases, then health education might 
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discourage self-treatment and encourage prompt treatment at modern medi
cal facilities. In either case, self-troatnent is so prevalent tlat it cannot be 
ignored either as a potential opportunity to improve prompt presumptive 
treatment or as a hindrance to coverage of superior sources of' treatient. In 
many pOpUlations, education programs designed to improve hoiie-based 
presulmptive treatment may be more cost-efetctive than programs based on 
vi~lage he:ith workers. The potential effectiveness of self-treatment will 
also depend on the efficacy of chdnroqo ine and tlie costs and perceived 
safety of alternative drugs that might be used f'or self-treatment. 

Research on tie effect of malaria control activities musI involve inoni
toring of self-treatment and treatment at dispensaries. It is not adequate to 
consider an area isa pure "control" xviittou, consideration of' existing treat
mient practices, I-or example, Saradidi project in Kenya found that thetile 
Main effect of tileuse of' village health workers for treating presumptive 
cases of',:ari was a change in the source of cliloroq ine. Similarly, the 
use of' village health workers in The Gambia led to 57 percent less use of 
drugs from tiledispensaries in the program area compared to control,tile 
and only a 24 percent higher overall rate of treatment. Few of' the large
scale studies of methods for preventing or treating malaria provide sulfi
cient information about the baseline or control levels of prophylaxis or 
treatment. 

The World Health Organiizationl Scientific Group on tie Chemotherapy 
of Malaria (1990) recommends chenmoprophylaxis for pregnant women. Iowever, 
the IOM committee and WI-1O Scientilie Group on tie Chemotherapy of 
Malaria both concluded that there is little evidence that prevention or reduc
tion of malaria in pregnant women improves the prognosis for infants (World 
Health Organization Scientific Group on the Chemotherapy of Malaria 1990:85, 
Oakes el al., 1991:64-54, 234). There is strong evidence that clemoprophIylaxis 
can increase mean birthxveights among fijst births, but it is not clear to what 
extent this increase translates into higher child survival rates. No studies 
have examined the effect of' chemoprophylaxis during pregrincy on the 
intant mortality rate, and there is little inl'ornation about the effect on 
perinatal or reonatal mortality. In addition, there is little evidence from 
large-scale health prograns. In these programs the effect (of chernoprophylaxis 
is probably quite small, gixen that compliance is often low. not all women 
seek prenatal care early in their pregnancy, and the efTicacy of chloroquine 
(tile is declining in many areas.most comimonly used drug) 
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ACUTE RESPIRATORY INFECTIONS 

Acute respiratory infections (ARIs) are a group of upper and lower 
respiratory tract illnesses caused by bacterial. viral, or fungal infect ions. Of 
these infections, acute lower res)iratory infections (ALRI). predominantly 
pneumna. are tlhe and ; major CaISCS of nortality in devel11JOust SeriOuS M 
oping countries atnong children under 5 years of a-e. 

Studies in a numhr of tlevelopilng countries, Jnclutding The Gamhia, 
Zaire, Nigeria, and Kenya, have illdicated that Serious anid potentally fatal 
cases of pnetUliiOlia are p'efonlniinnlly due to t\o bacterial orgallniS Sf'in,/i
/0'OCQ'.rUN p'llnlliW and tcllnphilts ill'/T e'n:ae. This recognitiotn and tlie 
success illindividual cases of treatment with anlihiotics have led to tile 
predominan of a case ianageent strategy f'or AR! cwtrlll. This strat
egy is based on inalgorithm that uses primarily respiratory rale andl recog
nition of clhest indrawing as a basis fOr diagiiosis 0f pnlumnollia in chidren 
with COlh.,a1nd on the .:ppropriale treatlclnlt of, such allillness with anlibi
otics (Prograeni for Control oif Acute Respiratory Infectlions. 1990). 

EIDEMIOLOGI(Y 

Trhe magnitude of the problen of acute respiratory infet'iOllS in sub-
Saharan A trica was reviewed recently by Kirk wood ( 1991 ),who summa
rized 42 stLudies froim 21 countries (approximately hallf of tilecountries in 
this subregion). Whereas a nuhCr of sludies reported Onl tihe high ratCS of 
all respiratory infections, few studiels provided illfOitllilton oin cilute lower 
respiratory intections or -nnia.i Kenya using both hoieA sltll ya 
and clinic suivCillce found an incidence rate for AI.Rls of 21 per 1(0)0 
child-years (Selwyn, 1990f). [his rale is consistent with those I'ound ill 
other developing counIlrv seltings, where the peak incidences appear to oc
cur in tile VOitlligetS cliildren (Kirk,\kood. 1991). 

In developing countlliesi.s, pnCunmonia is thought to ieone of the two 
most common causes of"death in childhood. As sulmmarized by Kirkwood 

1991 ),studies that Used a1alppropriale methodology to determine the cause
of-deallh structure along children under age 5 found that approxilmately 7.5 
percent of" these were dile to pneumnonia. Angola and Guinea-Bissau had 
age-specilic lortality mni iliation available (Kirkwood, 1991). In these 
countries. the proportionate mortality' froi pieiulionlia was highest in chil
dren 1-4 years of' age (15.2 percent in Angola and .9 p lCeilI in Guinea-
Bissau). IHlowever, a larger nulnber of dCalths due to ARI occurred anong 
ilfanlts hecause the infanl iortalitv rates were substantially higher than tihe 
rates of' children aged 1-4 years. Tie estimated mortality rates utie to ARI 
globally are It) to 30 deatihs per 1,000) live births illinfancy and 1.6 to 4.0 
deaths per 1,000 children 1-4 years old (Foster, 1985). 
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Thcc eare a l inluher of hist and environlinentnali risk factors for prieutmo
nia in children. These include low birthwcigh. protein-energy iMaln0 utri
lion. lack of"breastleeding in young children, and possihly vitamin A defi
ciency. Tley also include exposure to air pollution, especially thai cised 
by hiojoass fuCl combustiol in households. All of these factors would 
appear to he present in touch of [he suh-Saharan African population. Al-
Itlugh it is not known to he a risk faclor fr pieumonia per se. malaria may 
complical [ie diagnosis of pieumnionia and lie managcenent of sick chil
dren. 

A review of the sub-Salran African )1IIS indicates that the incidence 
of ARI svmptoms is greater amiono children living in rural areas than among 
tlose children living in urban areas. Little difference was observed in tie 
incidence of' ARI based on the mother's educational status. 

INTIFRVIKNTI()N S 

\ itiber of intervention trials have been initiated to test the ofl'c
livell s and fcasblilv eticinL pneumonia mortality Ih1'0tigh popltl

Iiol-based case-ll anagenlltcill pr rains.ii hich previously had not been at
tinplted on a laiec scale. Tlo (late. i'esults frioi seven inteiention studies 
from around the i ,ihild have beeCn lpuhlis hed and provide evidence for mor
talit' redluctiol (Nllant _, and Neu'iaS.i, 1986; )atta ei al.. I987: Pandey et 
al., 1989), 199l) : 3:1iu cIt al.. l)99(t; IKhan et al., 1990); ILiuveau et al.. 1992). 
A recent itla-anla Isi s of the piulislhed case-ialmiaelnl intervention tri
;ils provides a ce~lncr,,ative CSiinlatelof ill overall redLuction of ilfnt IOr
ialilv hi f5.) delatlls pcir I.001(1 births and a cumulative undcer-S moiality 
i'ate i'ectliolln of .1 deaths per I,(10ff children (Saiawal and Black, 1992). 

hliese eslimales \\oild be conisistent with i 2(1 pIc'nt reduction in inf'ant 
mortality andit 25 percent redctllion ill 111under 5 mortality for the studies 
anal Zed. 

TIhie only one of' these intervention trials inl stib-Saliaran Africa was iin 
[t Ilagaioo District of lan/ania ( Mtaigo and Nctivian,. 1986). In this 
slidy', episodes of' piCimnonJi wCiC sLuL h iousellid visitinC every' six 
to cihl weeks. In addition, wvomen were tauight ilout the need f'or seeking 
camlie if' time child hid cet'lail signs andi yiS)'mptOnlS. \ll dLtectCd cases of 

plicitlillmlli \,ele tireatd \sithm oral co-Iriimi.ille. and severe cases were 
referred to hi.her-levcel care. The dfifference in the iortality rate under age 

0 111was 7.7 deaths per 1,i00(0 children (32.5 diths per 1.0(( Children in 
the inteivention area compared to 40. I in the control area: 95 percenlt C.i. 
for difference was 2.0-I3.5 dealhs per I(00 children). Thus. the probabil
it) of' dying by age 5. u was lower by 38.5 per 1(0(0 births. consistent 
with tile inta-analysis of' Nie oilier studies. The pieumonia-specieic mortal
ity rates declined by 30 percent over tile two-year intervention period. 
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National effot's to inplement the ARI case-management strategy have 
begun only in the last several years. As an indicator otf)"erloriance, these 
programs use the phoportion of pneumonia episodes needing antibiotics that 
actually receive them. In surveys, this indicator may be approximated by 
the proportion of recent cases of cough with rapid or difficult breathing that 
received antibiotics. )ata 1rom a few surveys conducted in sub-Saharan 
Africa arc available on the current status of programs. 

The data suggest a fairly consistent level of respiratory difficulties. In 
the Zimbabwe DIIS, 7.0 percent of children 1-59 months of age had an 
episode of cough with rapid or difl'icUl t breathing in the four weeks preced
ing the survey (Boermia et al., 1991). In the Nigeria )IIS, 6.7 percent 
reported to have had these symnptoms sometime (luring the previous two 
weeks ,Nigerian Federal Office of Statistics anld Institute for Resource De
velopnient, 1992). In Mali arid Togo, a question was aked about breathing 
problems of the children in the preceding two weeks (lBoernia et al., !991). 
The percentages of children with such a problem were 6.5 and 9.3, respec
tivcly. 

In ,pite of these high levels, only a relatively small proportion receive 
medical attention in many countries. Of the children with respiratory diffi
culties in Mali, only 5.9 percent were taken to a medical falcilitv. whereas in 
Togo, 33.2 percent were. On the other hand, in Kenya. 65 percent of 
children with respiratory complaints were taken to a iedical facility. The 
proportion of children in these three countries treawd appropriately with 
antibiotics could not be determined reliably from the:se surveys. 

in Nigeria, mothers reported that 35 percent of these children with 
cough and rapid breathing were taken to a health facility or provider, 23 
percent were given an antibiotic pill or syrup, and 23 percent received an 
unidentified injection (Nigerian Federal Office of Statistics and Institute for 
Resource l)evelopment. 1992). However, certain groups, such as children 
in rural areas and in fainilies with lower levels of maternal education, were 
less likely to be taken to a medical facility. Thus, it is likely that the 
reduction in mortality w,.ill be proportionately lower inl these groups than in 
other groups. 

Even without an intensive ARI control program, existing medical ser
vices may be having some effect on reducing mortality from pneumonia in 
children. Because the prportion of cases of ARI receiving medical atten
tion varies so widely among sub-Saharan African countries (6 to 65 percent 
of such episodes in the four countries mentioned above), it is impossible to 
estimate the mortality effect of such care-seeking. It is also likely that the 
diagnosis and treatment of' pieumonia by health providers is suboptimal 
because of limitations in the availability of trained personnel and antibiot
ics. Given the successf'ul demonstration of the ARI case-managenient strat
egy, which emphasizes early detection of pneumonia cases and appropriate 
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antibiotic treatment, it is likely that such prograros could have a much 
greater effect on child mortality than they do now. However, most sub-
Saharan African countries have not yet developed ARI control programs, 
and those countries with programs have just begu~a their implementation. 

SUMMARY 

Acute respiratory infections, especially pneumonlia, are among the lead
ing causes of death of children in sub-Saharan A frica. The incidence rate in 
Africa is about 21 per 10) child-years. with the highest incidence observed 
among the youngest children in h1oLseholds. Most cases of ARI are attribut
able to two bacteria and the reconmended case nanaement is based on 

antibiotic therapy. Malnv countries have bepin national stralegies for con
bating ARI in recent years. I lowever, there have been few large-scale 
studies of this approach. A rimta-a|alsis ot case-nmalaLnient intervention 
trials estimaled a reduction of infant nortality rate of I5.9 per 1,((00 and an 
under-5 mortality rate reduIction of 36 per 1,000. The proportion of chil
drel displaying SYmptonis of' ARI \ho receive medical attention varies by 
coutntry (from 0 to 05 percent in four 1)IIS in sub-Sahalran Africa). and we 
halve little inf¢rriilatioi on current levels of treatment with antibiotics even 
among those treated al a health clinic. IHowever, given what is known 
about current levels of' antibiotic treatment for ARI, health programs in sub-
Saharan Africa probably are not having much effect on overall mortality 
raes. 
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Nutrition and Nutrition Programs 

INTRODUCTION 

The synergistic interactions between nutritional st:'us and infectious 
diseases are an important part of the ecology of disease in Africa. These 
interactions complicate the evaluation of' the effects of health prograns 
because individual disease episodes cannot he treated as independent events. 
Preventing or treating a disease episode might reduce its nutritional elfecl, 
which in turn could reduce the severity of the next disease episode. Be
cause the later episode might involve a different disease than the earlier 
one, i programi to pJrevent or treat one disease could have implications for 
mortality due to other diseases. Therefore, health programs might be able 
to reduce mortality by employing two complementary approaches: prevent
ing or treating infections. and preventing or treating malnutrition. 

The term malnutrition often implies one particular nutritional deliciency: 
protein-energy malnutrition. lTNM, which results from iladequate cOnsulmp
tion of calories or protein. I lowever, deficienicies of numerous vitamins and 
other nutrients can he equally serious. It is often difficult to determine 
which is the Illajor cIlSe of maltlrition: inadequate COnISulmption of spe
cific nutrienls (e.g., protein, vitaimin A. or iron) or COilSlStllpion of iliad
equate quaItities of food (usually measured in calories). 

This section examines prograns designed to reduce the prevalence of' 
protein-energy in ahl n trition. low hirthweight,litand vitamin A deficiency. AIt hOLgh 
other nutritional deficiencies light be equally important,these are tie problems 
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Mnost lrcquently alddressed by c urrent pro)gram options. We have limited 
this review to studies that examine whether these interventions reduce mor
tality inl children. 

PRO'EIN-ENER(;Y MALNUTRITION (PEMI) 
PENI can result 'um iladeqtate o- inappropriate intake of energy. pro

tein, ofr one or more essential alino acids. It lsO may he (Itie to tempo
rarily decreased dietary intake resolting from anorexia or malahsorp tion of 
nutrients. Many infcClious (iseases, CspCcialy liarrhaC, threaten a child's 
ntMitional status by lecreasing appetite or reducing the ability to absorb 
nutrients. In addition, ihe iuntmnological respmonses to inlection increase 
tlLritional rCltfirnlmII s. 

Severc PLM'tcan impair a child's reponse to inlectio s assaulis. For 
an itfectiol to occur. :Ipathogcn Iis to overcomeieh host's ilnmlle Sys
til. NMhaliiitrition cM wCaken these lfC'CnsC nIechliinms. For Cxamplle, 
children with scv,.rc clinical malnutrilion (kwashiorkor. characterized by 
lethliarv cdella, and dermalitis: and marasmus. clharacteri/ed bv severe 
wkasting IY'Ociated with depIletion of' fat and muscle reserves) are more 
susCtiblC to gastroiltCstinal infections because ofla redllction in gastric 
acid (Gracey et al.. It\77). PEM also call slow the speed with which an 
ittuinnologic al CspouSC occurs anld can rCducC tileNIe 0f C)ithelial replica
tion andtiisuC rel;,ijl. children ma1,)' longer,Illcrc'Orc.,malnoirished have 
iMlti severe caes. 01 whal might otherwise he Simple childhood inf'ections. 
In addition, deficiencies intissue repair inly be especially problematic with 
mtII'Icosal surfla:ces. as in the lnasl tract and tIe inteslile. This limcincnon 
can increase the child's risk of' new inl'ections. 

Mild to moderate PIIM is marked by growth rCtardation and reduced 
mottor activity. Ihlo ever. most research on PFM now, relies on standardized 
ratios alic1ag wcight, height, and age. The most commonly used alithio otcric 
indices are height-flr-age (I I/Age). weight-f'or-height (WI/I It), and weight
for-agC (I\Vt/,c. I addition, indices sutch as tllplpl arm circunderclce
for-ac and -for-heicll are usCd to assess nt1tlrilioIal status. There are 
Several way's of1comparing Ihese ratios to international slandards. The 
(hmnlc, classification (((iomi/ c al.. 1956) comnparcs a child's weight to a 
N1nlamhird schCdulC of"expected weight for a given age. The Waterlow (1972) 
c.assification diff'ercntiZttes between stutming (low I lt/Age) and wasting (low 
Wt/l I). S1llntiu resLults from long-tCrmi nu1tritio(nal inlt. \Vwastimc, on the 
other hand, is IImeasure o1 acte Uidc'nutrition. Low Wt/Age can result 
fr-om either stunting or- wasting. A child who is two standard devialiotis 
(s.d.) helow the reference population median for any of' tie three indexes is 
classified as tndernourished (Ilamill el al., 1977: Administrative Commit
tee on Coordination-Subcommittee on Nutrition, United Nations, 1987). 
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Most early anthropometric studies used the Harvard reference population 
for comparison (as given in Jelliffe, 1966). More recent studies use th. 

National Center for Health Statistics (NCHS) reference population for com

parison (Hamill et al., 1977). 
National surveys of nutritional status in sub-Saharan Africa show wide 

variation in the prevalence of malnutrition, based on the three commonly 

used indices. Figure 5-I present estimates of the proportions with low Wt/ 

Age from the Demographic and I-lea.tth Surveys (DHS) ill eight African 

countries. Malnutrition tends to be lower during the first year of life, when 
breasifeeding is more common, than in latcr years. In fact, in most studies 

in A frica, children less than 3 months of age are on average heavier than the 
standard. This finding prohably results from excessive mortality rates among 

low-birthweight infants. From 6 to 23 months of age, malnutrition becomes 

more common as children experience repeated bouts of' diarrhea and other 

childhood diseases. 
Figures 5-2 and 5-3 present age patterns of sttunting and wasting. The 

prevalence of wasting (acute malnutrition) peaks during the second year of 
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FIGURE 5-1 Prevalence of children malnourished (low weight-for-age) by age of 
child, sub-Saharan African countries. NOTE: Intervals during first year of life vary 
by country: Burundi, Ghana, Mali. and Zimbabwe: 3-11 nionIs; logo and Ugan

da: 0-11itnonths; Sencgal: 6-11 n nths: Nigeria: (-5 and 6-11 months. Intervals 
after first year of life ail 12-23 mnonths (shown as 18 months), 24-35 months 
(shown as 3(1 months), 36-47 months (shown its 42 nonths), and 48-01 months 

(shown as 54 months). SOURCE: Demographic and Health Survey reports (see 

Appendix B). 
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FIGURE 5-2 Prevalence of stunting (low height-for-age) by age of child, sub-
Saharan African countries. NOTE: Intervals during first year of life vary by coun
try: Burundi, Ghana. Mali, and Zimhahwe- 3-11 months; Togo and Uganda: 0-11 
months: Senegal: 6-11 months: Nigeria: 0-5 and 0-Il ionllths. Intervals after 
first year of life are: 12-23 months (shown as I months), 24-35 months (shown as 
30 months). 3-47 months (shown as 42 months), and 48-60 months (shown as 54 
months). SOURCE: )emographic and Health Survey reports (see Appendix B). 

life, with national levels for this age group ranging from about 2 to 16 
percent. The accumulation of these deficits in growth leads to high levels 
of stunting among children over age Is months. The proportions stunted at 
ages 24-35 months (shown as 30 tnonths on the figure) varies from 28 
percent in Senegal to 60 percent in Burttndi. 

National estimates of the prevalence of malnutrition hide large varia
tions in the prevalence among regions or among social. cultural, and eco
nomic groups. F'igure 5-4 shows regional estimates of the prevalence of 
stunting at ages 6-35 tmonthis from the DIIS in West Africa. Estimates for 
Togo range from 27 pc.cent sttniCd in the southert Maritime Region to 48 
percent in the northcrn Savanes Region. Ghana and Nigeria show a similar 
pattern of higher levels of stunting in the north. In western Mali, the 
proportion stunted is very similar to neighboring Senegal. The eastern and 
northern parts of Mali have hig her levels of stunting. These regional pat
terns reflect ecological zones that transcend national boundaries. 

The prevalence of Malnutrition can vary substantially over quite short 
distances and among social and ethnic groups. For example, a survey in 
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FIGURE 5-3 Prevalence of wasting (low weight-for-heighi) hy aeg of child, sub-
Saharan African conniries. N(tE-: lntcrvals during firsi yea, ofllilevary bV coun
try: hurundi. (flinia. Midi. and Zinh:,lv.WC: .,-I I 1ironItlS: log Mid I ganda: (-I 
nionths: Scncoal: 6-11 montlhs: Nicriai: (-5 and 0r- I mnths. Intervals after 
first ycai tlifemre: 12-23 mnlths (shmr\ llas IX ] rlltl,.2-4-35 Ioth , (sIhowI as 

tl 36r--7 mionth., i4and3)0 I ihs), ,llra, -42 iirilhn). -48-() IiIrllh, (sho% niis 54 
111011t11,). So'R('I;: l)rCr irlhrlrc and Illll Snr,Cv repOFIl (,,ee Appendix It). 

northeastern l TiiiiLiku !eg.ion of'Mialli in 1985 alfter IWo coiseCLtive crop 
faliures l'oulnd 43 percent ofi' children under age 5 were stunted,hat ttna(1dic 

compared to onlv 2(1percent oI' children in sedentary families (Cartiell atid 
Guiyun. 1991). A study 1y Mbilhi aId Wisner (ujnoted illKenya Bureau of 
Statistics, 1979) examined variations inlthe prevalence otfmihanutritioni aimiong 
childcn living rut the eastern side of' Nit. Kenva. In areas ,,ith the best 
agricultural land at higher altitudes, only 1 percell rt'chilIdren urtder age 3 
years were less hiat 71) percent of*the slandard WI/Age. At lower alltitudes, 
38 percent o"children livingi in an area with poorer quality agriculturall land 
were below 7(0 percent of the standard. 

Causes ol'Nialnutriltion 

Malnutrition may arise Iruinl a number of conditions, such as lack of 
food, cessation oifbreastfeeding, and infection. These I'actors are often 
interrelated, making it difficult to determine exactlv how a child becomes 
malnourished. 

Food production has not kep, pace with population growth in sub-Sa

http:Zinh:,lv.WC
http:MORfTAl.lT
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FIGURE 5-4 Proportions of childrenm Stiutcd in regiois of Sc iegal, Mali, Giana, 
Too. and Nigeria. NOTE: i)ait for Semegal. Mali HIitimako shovni in parcnthe

,), (lallia (Accra shown illparelllltheses), ogo, aid Ouho Stte. Nigeria (in paren-

thC'-Css) stalLlardiyut., with 42 percmtl months and 58 pcrceit agedre a.C aged (i0- 17 
IS-30 1114oimil1s. The otier data for Ni.cria a e cs 1t51) nmoniths. SO(tIR('i: )emno

m'rtnhic ;id I caltih Survey rupert'-,(,,ccAppentdi I). 

harmm Africa. To,achieve time LCded levC el0' food security, food prodtlCion 

ii sumb-Saharami Alrica must r-row at about 4 percent iyear, but has grown 

onl'y 2 perceet per year since the 1950s (World lank. 1989),1)311rought 

conditions. lack of itfratruCturC, and FpoliiCall itlstatbiilv further exacerbate 

tie SitlatiOll. It is estimnateld ihat ahout 25 percent of the POptIltlimnoll of' sub-

Salharan Africa consumnes less titan 8( percent of' the cailoric intake recom
itemeided b\ the F(ood alld AlricLuitumal 0Or-a11iatim aMid tihe World Ilealtli 

Orualii/atlioi (\VIHO) (World Bank. 1989). Beecauise studies of caloric il

take telld timbe of lillited valuC duc to tie dilfficutltyv in dcteruminilmg the 

ttILll\' a1nd LIutritiOial Cltel t of foods thalt are eate.l thev are iot rc
viewed here. 

Among iilills, pmoomrbreastfeedinig patterns iiay lead ti imalnutrition. 

Breastfcedine is cry picv'aeiit for ]olg periods illsub-Sahaan Africa. Table 
5-1 presents dala 1rontilelIS illsulb-Sah,irai AflriCla O il1mean1dulrltion ol 

breasifeeding and the proportion still breastfeeding during the first two 
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TABLE 5-1 Breastfeeding Patterns illS ub-Saharan Africa 

li-eastfed Child IrClslfed 

Counlry 
Mean Duration 
( jn ths ) 

Dt.',ingFirst T'o 
Monthi of l.i1C 

(hild Beyond 
First Year 
(r,) 

Boriwaua 
Burundi 

18.8 

2.1.8 
90.8 
97.0) 

73.0 
91.3 

Ghana 
Kenya 

liberia 
Malawi 
Nigeria 
Senegal 
logo 
Uganda 
Zimhab e 

20.4 
19.4 

I7.10 
21.6 
211.1 
I8.8 
22.6 
18.6 

19.3 

92.7 
96.0 
93.4 
90.4 
96.9 
89.0 
95 4 
90.9 
95 .0 

87.2 
81.7 

60.9 
81.5 
88.4 
86.0 
84.2 
94.7 

87.6 

SO[R 'I: I)CiTmorap hic and Health Survey reports (see Appendix ). 

months of life and beyon0d tie first year of life. Me an duration is among the1o igest in the world. with t range of 17.0 to 23.8 months. Although
duration is long, il dot- no ttlai that all children are breastfed. The tableshows Ihat i: all the cotlitriCs oIfstiuh-Saharan Africai included in the D-IS(with the C\cep: ioiof Seieeal)l. more than 9(0 purcent of the children arebreastl'd durilig tlhe ir t'o niilhs of life. Aft'er the first birthdav, theproportion still brealfeedig iangd tIn 01 Ito 91 pc'Cenlt. )espite ihecommon practice of lI)rcastllidii+I_. it i,,nlot UIC0neolno1n for mothers to stopwhen Iheir childrecr becomie ill. Thus. the cC.,,ation of breastfeeding mayenhance the posihility (hatin alrelady-sick child will become malnour
ished, thercbv increasing the probability of' death. 

Illcction ik one of the Conmmon underlying CitSses of maIntinltrition. Measles,for example, puts nalnly children belov, the local standardl for WI/Age andWt/tIt in tile Kiisor'oo Project (196). Rowland e al. (1977) lfound thatgastroeilleritis contributed si.nificantly to growth tallering among Gambian
children ages 6 to 35 nionihs, redutCine height giiin at a rate of 4.2 millimeters per month and weight gain bY 746 granis per month, compared to thegrowth that, occurred alniortg unaffecled children. Malaria, allthoglih nuch
less presalenl thIan gatlroenterilis inl the sttdy, reduced weivhtl gailn by
1,072 grais per motIlt. 

b
Another sttidy conductl in The Gambia by Rowland el il.. (1988) examined WI/Age amomg children to assess the relationship between growthand morbidity during the first two years of life. During their first six

months, the children exceeded the NCIIS reference (see Hamill et al., 1977). 
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However, during the second six nmonths of life, they had an average deficit 
of 1.2 kilograms. Rowland el a!. attributed the weight faltering principally 
to diarrhea and acute lower respiratory infections (AIRIs). )iarrhea was 
responsible for one-half of' the deficit (14.4 grains per day anlong weaning 
infants) and ALRI for on-fourtlh (14.7 orais per day ofI infectionu. 

In a s1tidy of growth faltering among Sudanese children, diarrhea was 
an initiating factor in about 50 percl of cases of faltering (Zumrawi et al., 
1987). Among children ages 3 to 0 months, one day of diarrhea reduced the 
average weight gain of I8 grams to an average loss of' 13 granins, a net loss 
of 31 grarns compared to the normal ,keighi change. (olds and cough were 
associated with a loss of 16 grams per day compared to the normal weight 
change. 

These studies suggest that many Cto1o childhood infectious diseases 
can contribute to growth falterinll and mnalnuttrition. 

Studies of' Malnutrition an( Mortality in Other Regions 

Several studies have demonstrated that malnourished children are at 
increased risk of' death. For example, Schroeder ard Brown (personal corn-
Inunication, 1992) reviewed arithropoilmctri,. -studies in india. Bangladesh, 
and Papua New Guinei lhey examined the relative risk of mortality of 
children identified as malnourished during Ile 0- to 24-rmonth period after 
diagnosis. They concluded thai mildly or r11odleratlel ma lnoUrished chil
dren aged 0 to 60 months had a rik ot death 2,1 times that of Well-tnour
ished children. Severelv malnourished children had a risk of dying 6.5 
limes that of well-nourished children. 

The amount of excess risk associated with a iven level of' malnutrition 
varies across ecological and social environments. After reviewving a nttn
her of studies. Pelletier (1991 ) concluded that tie response of' mortality to 
malnutrition is a function of tile baseline level of iortalily, with malnutri
tion Lavinli a exacerblatine effect on child iortality for any level and type 
of' morbidity that exists in atpopulation. 

Studies of' the Relationship Among PEM, Morbidity, and 
Mortality in Africa 

The relationship heween nutritional status and niortality might be dif
fererit in Africa than in Asia and Latin America. First, the attributable risk 
associated with Malnutrition (i.e., the etenl to which mortality would de
cline if all children had the mortality rates of well-nourished children) de
pends on both the percentage Malnourished and the degree of malnutrition. 
If the distribution of children by nutritional status is different in Africa than 
elsewhere, the attributable risk associated with malnutrition could be differ
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ent as well. This variation could be Irue even if the risks associated with 
various levels of' malnutrition are the same in Africa as elsewhere. 

Second, ill some surveys, nutritional status mal11yserve its i marker for 
social class. If studiCs do not control adcquately f'or other risk factors 
associatedI xkith social class, such its u(hLcation or residence, the estiiels of' 
tile illportalice o" mallilnltitiol might he exaggerated. It is possible that tile 
link between nutritional status and Social cass is less important il Africa 
than in Asia MIltiraui el al.. 1985). Third, malaria is a more signiI'icant 
factor in lorbhiditv and mortality ill Arica than in most other regions. The 
interactions eweell malarial infection 11nd malnLItrition are complex ;lld 
have lot been investig.ated adequately. 

PIEM and Xorbidity 

A Iew studies have examined tile link between malutrition and nlor
bidity in sub-Saharal Africa. A ,.udy of children in The Gambia (Tomkins 
et dl., 1989) who were heiwekwn 6 and 35 rtonths of age ill tile baselinle 
sur'ev f'ound that short and underweight children experienced an excess 
risk of illness o'rondiairlrea or ev'r. The dilterlences persisted aftler con
trolling for social, economic. and environnlacll conditions that1l might con
fhtnd it, assoCiarion betlwen thi1C:mntlhrop1onrerrie index and the excess risk 
of mriorbidity. 

In the Malunitahi,,t'V il Niveria. however, Ttmikiis and colleagues 
(Tornkins. 1981: Tomkins Ci al.. I 1) I'ound thal mahluritiotn had rela
tively little imlipaCi Oil the incidelc of diarrhea. butl did ilcrease its pre.'a-
Ienc nld lMW IV't1rac i,less.trninibly the (dIationof 

Il the Sudan. +l Saallilli et Ial. (I 988) studied the association between 
mnalnutrition ilnd dihrrhTl disCse hv wei,.lline and melasuria1 grotil 0f 
children undeIr ac every t.o months. They' reported that children who 
had experiened an episode , diarrhcl ill the preceding two onlllths and 
who were less thln 9) percent of tile \Vti,'\ee based oi tie NCI IS standard 
were more likely to have a ,LsubsL.lIuir diarrheal attarck. Amiong those cllil
drenl who had nol had an attack of diarrhea in tie preceding two months. the 
incidence of1dirrlirt in tire Sulbsequelnt iIltr'al wats higher amng children 
with Ilt/\gc less than 95 peicrnt of the standard . '\fter controllirie for it 
nuim|ber of, potentially confounding flachor,. F. Saliani et it]. found that chil

drenl with \Vt/,,\ge less than 75 percent of' the standard were twice its likel, 
to llav,, diarrhea in the subsequent interval, regardless of' whether they had 
had diarlea ill the preceding interval. 

Biritwunr et al. (i1980) ftrrid that children in Glaiia with WtlAlge less 
than 8(0 percent of' tie WIHO standard had a mean of 2.6 episodes of' diar
rhea per year compared to only 1.7 for other chidren. This dilference was 
significant ilt the 95 percent level. 
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Lang et al. (1986) examined ile association between ALRI and nlutri
tional Stratus in Burkina Faso. They found that children with a stall arm 
circumference had aihigher incidence and a longer duration ot ALRI. 

The relationship hetween nutritional status and iorbidity is complex 
and not well donunented in Africa. IHowever, it does appear that malnutri
tion probably increases the ipropi'tioll of time a child suflers from diarrhea 
and may also complicate acute rcspiratory infections (ARls). 

PEt and Mortality 

Lindskog Ct al. ( 1988) CXmllined Survival rates during tie year follow
img an anthropomnetric survey of childrell unader age 5 in a rural area of 
Malawi. After adjusting for , there was a consistent. significant rela
tionship between mortality and nutritional stalus as measured by height-for
age, \eight-for-height, or we ighl-for-age. For example, as shown in Table 
5-2, children who \%crc between I and 2 standard deviations below the 
standard I t/\ hadt a relative risk of death 1.46 times that of children with 
t higher IIt/Age. Those \\lo weie r1,' Iian four sMtndard dcV:ations lC
low the standard had a relative risk (if 3.3. 

The tKasonmo Poiccl (I1983) in Zairet obser, cd that lhe risk of nortalily 
was 1.8 tiles greatfr amllong children with Wt/Age indices less than 8( 
percent of Ile IHarvard standard median (see JellifTe, 1966) than anong 
other Children. Those less thaln 60 percent of the iledian were 3.3 times 
more likely to lie thaltn bCtter-nouriCshcd children. (They did rot present 
confidence intervals or" sigmificaince tests for these differences.) These risk 
ratios were lower than the values the atlhors reported hIbsed ol the tlta for 
Indii provided by Kilnann and MCord ( 19781. 

TABLE 5-2 Effect on Relative Risk Estimates of Controlling for Age and 
Period on the Relationship Between Ileight-lor-Age and Child Mortality, 
Malawi, 1983-1985 

i/Age ,"caCre Ra Relative Adiutn cd 
lq,,h tia"lrd dcviatiot0PS iroll nldtiatd ) Rtisks Relative Risks 

C atcr than -I S,,. t.00 tOt) 
-2 to - I s.d. 0t.88 1.46 

-3 tn-2 s.d. 0.76 1.71 
-4 to -3 ,.d. 1.15 2.79 
t.cs tha, -4 s.d. 1.17 3.301 

NOTE: Adjustments are mtade b\ introducing age (0)-5. 6-1I, 12-17, 18-23. 24-35. 36-39 

mtonths) andtaperiod into the log-littear regression analysis. 

SOURCE: Lindskog ci at. (108)1. 
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A study by Smedman et all. (1987) of children aged 6 to 59 monlhs in 
Guinea-Bissau examined survival during the 8 to 12 months following weighing 
and measuring. They reported that ll/Age was correlated with child stir
vival after controlling for the age of the child. lowever. Wt/lIt was not 
significantly related to survival. They also noted that their findings showed 
less effect of nutritional statuls than, studies in Asia. 

Briend et al. (1989) e\amilincd survival rates for children in rural Senegal 
during tile six intths fOllowing seliannual weighings. They concluded 
that survival is related to nutritional status, and tihe risk is most closely 
related to muscle Itas:, rather than o the sltldard nutritional indices. 

These studies show that poor ntutritional statls is associated with higher 
mortality, although tile relationship appears to be weaker than that found in 
sitnilar studies in Asia. These studies do not prove that the relationship 
between nutritional status and mortality is causal. Although poor nutri
tional status mav Compromise the liulne systeml, it is also possible that 
poor nutrilional status and elevated risk of death are jointly affected by 
some other unmeasured characteristic of childen such as child care prac
tices. access to heaIlth care, or diflerences in socioeconomic class or houts
ing. or by some other aspect of nutritional status such as vitanin A defi
ciency. 

PEM and Measles Mortality 

There is solid evidence that children with measles of ten develop nanu
trition (Kasongo Pi(fleet Team. 1986: Reddy el al.. 1986). However, Aaby 
et il. (I 9 84a-c. 1986) questioned whether malnutrition is associated with 
higher case-fala litv rates for measles. 

Many studies (such as Ki mati and Lyarutl, 1976) have examined the 
relationship eMween nutritional statls and case fatality due to measles in 
hospitals. Generally. ho\ ever, hospital-based stldies Cannot provide evi
dence of tihe temporal relationship among malnutrition, tile onset of nmeasles, 
and subsequenit mortilily. [or ?,::Impl., many of he severe cases in hospi
tills are atnong children who were sick for several days be fore coming to tihe 
liopital. Among these cases, there inmight be an increased prevalence of' low 
Wt/Age as atresult of' several days of illness. 

There have also been several st adics based on long-term monitoring of 
anthropometry, measles cases, and mortality. For example, a study in Bangladesh 
(Koster el al., 198 1) weighed and measured each child every two months. 
Children who died of measles had weighlts and heights comparable to those 
of contl'ols matched for age, sex. and neighborhood. Fhere was no evidence 
in the study that preexisting malnutrition increased the risk of* death fron 
measles. 

Aaby (1992) presented data from a measles epilemnic in Bandim, Guinea
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Bissau, in 1979 that showed no difference in case fatality by Wt/Age before 
the case. The case-fatality rate for children less than X0 percent of the 
standard Wt/Agc was not noticeably difterent from that of children with 
Wt/Age 80-99 percent of the standard or inore than 100 percent of the 
standard. There were still no differences alter controlling Ir age and whether 
the case was the only case in the household (Smedman et al., 1987). 

Aaby et al. (I 984a) presented data on nutritional status for 44 cases of 
measles in Qt inhamel, Guinea-Bissau, in 1979-1982. The children who 
died had a mean WI/Age slightly less than those who survived (86.7 percent 
of the WHO standard compared to 89.8). However. the difference again 
was not significant. This approach is not a good way to test the relative risk 
of death associated with undernutrition. Rather, the approach is more closely 
related to the issue of the sensitivity of nutritional status for identifying 
those at risk. 

The Machakos study (Muller et al., 1977) compared the upper-arit cir
cumferences (UAC) of those who died of measles with controls Matched for 
age, residence, and measles diagnostic score. The UAC tor the deceased 
was significantly lower than the values for the survivors (81.0 compared to 
84.8; probability less than or equal to .05). However, a later analysis dem
onstratcd that this difterence disappeared if controls were selected from 
aniong the survivors of the same epilemic. Because both nutritional status 
and case fatality differed between epidemics, the relationship hetween UAC 
and case fatality was apparently spuriou:; (Leeuwenburg et al., 1984, as 
described by Aaby, 1988). 

Lamb (1988) did not find a significant effcct Of nutritional status on 
either the incidence or the severity of measles infections in an epidenic in 
The Gambia. However, the sample size was quite small (54 cases), and it is 
not clear how many children were weighed in the weeks preceding their 
case of measles. 

'[he Kasongo Project Tean (1983) showed that the distribution of measles 
cases by nutritional statis was not very different from that of all deaths. 
Therefore, they did not present a separate analysis of measles deaths. 

The relationship between nutritional status and the case-fatality rate for 
measles remains uncertain in Africa. All of the studies are hindered by 
several differences between Africa and Asia. First, the levels of inalnutri
tion are relatively low in many parts of A frica compared to Asia. Any 
effect of nuiritional status is apt to be most pronoutced at the most severe 
levels of malnutrition. Therefore, the relationship between nutritional sta
tus and case fatality may be smaller in Alfrican than in Asia. Second, arty 
analysis must control for the difference in case fatality between primary and 
secondary cases of measles because compound households, where a larger 
proportion of cases are likely to be secondary, are very common in much of 
Africa. 
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Finally, it is not clear what constitutes the most iulporlanl aspect of 
nutritional StuLIs illdetermining mortality risks. If vitamin A deficiency is 
tilellost implorlant mechanism, the standard nlthropomnetric indices may 
show a strong relationship to survival only if the occurrence Of FM is a 
good marker for vilamin ,\ deliciency. IAis possible thai the rehtionship 
between HFM and vitaumil A status is diftlerent in ,flrica thaln in other 
regions. 

All of these factors suggest that it would reqtLire a large samle site to 
delernine the effect of nutritional 'atus oil measles case falality illAfrica. 
For exaplllde, by using a case-latality rate of I percent ainllne well-nour
ished cases (slightly less than tile 20 percent alrnong all cases in 13andilm) 
and a relative risk of 2 for the worst ) percent of the population, a sample 
sie of 540 would be required to have a l+t\'er of 80) percent. This number 
is twice the sanple si/c available l'r the largest analysis in lBandill. Con
trolling for differences bet\een single cases il a household arnd secondary 
cases, as well as for age. would increase the required sample site. 

Studies of' the Elect of'Nutrition Progirams on Mortality inAfrica 

TFhe existence of' excess rtlortal il'alnOlg Malnorurished children does 
not proe that pm'gr'agmis addressing mwLrilan status ill reduce child nior
tillily. If the relationship+bel\\een mluliLtrition and morltality is not causal 
(direct or indirect ),then ulerely cluiarging nutritional status iay nt change 
rimorttality.
 

IntervenitLi's desiied t iilpri'L\'C LititritiOrial status tL"Iliothei's and children 
are typically based on ile or lore of the flowing: stilrlerneritary Ied
ing, growtl ronitoring, breastfeediing and wearing education. 

\0though a [IllrliberIIo rl0utritioni irnterventions have beern imiplemented ill 
sub-Saharan Africa. I'm. have bee evaltuLted scieitificaillv. One study. the 
Iringa Nutrition lrogrammie. wits conducted in168 villes of rural AaTiza
llia bet\eeli 1983 arid 19,,, anrd evaluated betwe,+n June and Octoberw\'as 

1988 ((horlton, It9X9K. The Irikra Nntr'ition l~ri rmlnne "vas a cornitlity'
development priraln that included subproiects related to maternal aind child 
health. wiler aind environiental salitalion. household food security., and 
incole-gereratin activilies. Over the course 0i the study, tIe l)ercentage 
if children aged I to 6) nornth.s 1tat were tulder\veight (i.e., I'SS than S(O 
percent o, the I larvard staIlldard for Wt/Age) decreased from iiout 48 to 37 
percent. The percuitage of children seriously underweilil (less thmn (1 
percent of' the stalmndarid Wt/\ge) declined fromiri about 5 to le,,sthiln 2 per
cent. A comlparisor of' the liercenltage of children seriously iulernourished 
who lived invillages itoincluded in tile proigram indicated a prevalence oLf 
5.6 perceilt during ,Augusl-October 1987. which was close to the 6.3 percent 
prevalence i r tile area t.stuLdy when the study begins 

http:MO)RTA.IT
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The mortality data 'rom the Iringa Nutrition Pro,1gra1mle include the 
number anl propot'l ion of deaths due to speci fic causes. Over the course of 
the study', deaths f'rm respiratory inl'ectios anld diarrhea were reported to 
have decreased, measles deaths weie fairly cOnlSlt.ant and deaths r'l'omlfever" 
(presumably malaria) increased. ll.owvcvCr, it is not possible to estimate 
death rate", based on the data provided, because the authors did not supply 
adequate information on exposure to death. \Verete it possible to eStimale 
age-specilic rates from the data, the stud ' would be more helpful ill decr
mining the effect of IRRIitional statLs onl llortalil\. 

The team that evaluated the Irinca Nutrition Prograiume concluded that 
these data ptovidte a strnng, ildh';l' ,,I k;" ,!I: phrk.l.aoo ':, ch'oct. l owvcv'r. 
the lack of a control alea made it dilfictlt to reach such a conclusion. 
Noreover. the evaluatioll did not classil' children as stunted or wasted, nor 
did it provide data hy age. 

Perhap, hundreds of small- and large-scale nutrition programs have 
been undertaken in different parts of Africa. Inl a qualilative review of the 
factors ct'ibutimito successful nu,trition pirgMait1s in the region, Kemined 

99t)l) discussed seven key elements: community participation. proglail 
Ilcxibility, institutional structure, recovery of recurrent costs, muhil'aceted 
progriai activ ties, well-trained nd qualified staff. tand the presetnce of il
frastructure. Ilowever. because i11st nUtrition prOgramlls do 11o ga.tlher moor1
talit\' data, it is not possible to conclude much ab1ouI the effect of' these 
prol'g ll s on stu-vivWl. 

Supplementary Feeding Programs 

Bealon and G(hassemni (I 982) reviewed the effect of" supplemenmy feeding 
programs on nutritional status aMid reported that such lrogranis should im
prove nutritional status of children, but often do not because of low cover
age, low levels of supplementtiOln, food shatring, a1nd food subsliltllioll. 

Few programis collect data oji the morbidity (other than relief' of' maln
trilion itself') and mortality colseqelices of l'ood suppleimentation programs. 
Studies ill Gatemala, India. and Peru flound a significant reduction ill il
fant alnd/or child ilortality due to SUllleiientary If'eding al:one (Ascoli et 
al.. 1967: Scrimshaw el al.. 1968: Baertl et al., 1970: IKielmann and McCord, 
1978) IHowever, no evidence of such cflects (l programs implemented in 
A frica was uncovered. 

Growth Monitoring 

Moniloriiing the grovth of inf'ants and children may increase the effect 
of progr;atis that provide nutrition tehabilitation or other services that can 
be largeted to tmalnourished children. In Jamaica, a reduction in mortality 
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was observed following increased access to primary health care in associa
tion with growth monitoring and targeted provision of' food (Alderman et 
al., 1978). However, this program was tested in an area with mortality rates 
comparable to the lowest rates in Africa-mortality at ages 1-48 months of 
14.5 	deaths per 1000 before the start of the program. 

In Malawi (Cole-King, 1975), there was a decline in the proportion 
malnourished followi ng the expansion of the national systeni of under-5 
clinics. The percentage of* undernourished children (based on tlhe Wt/Age 
index) dropped from 37 in the first year to 29 percent in the second and 
third years. However, the clinics offered a wide range of' services in addi
tion to growth monitoring. so it is not possible to determine what part of' the 
change in nutritional statis might have been caused by nutrition activities. 

The potential effect of growth mionitoling programs is limited by the 
sensitivity and specificity of' nutritional status as a screening tool for identi
fyiig those with the highest risk of death. For examiple, the Kasongo Project 
Team (1983) eiipliasized that tile sensitivities of the variou; anthropoimetric 
measures are very how. Their data suggest that if i progran in Kasongo 
targeted children below tile tenth ipercentile in Wt/Age using a local stlan
dard and reduced their mortality rate to the average for otlier children, 
mortality would drop by only about 10 percent. 

These calculations sugest that even if' a program succeeded in elinii
nating all the excess mortality associated with malnutrition, the effect on 
mortality would be so small that it would be hard to Measure. Although 
some other areas of Africa have athigher prevalence of low Wt/Age than 
Kasongo, it would still be difficlnt to iii:ISure the effects of the nlost suc
cessful programs. 

Studies that have exanined the effect of growth monitoring have found 
little benefit. At a recent UNICEF rieeting, it was suggested that growth 
Monitoring not be adopted as atglobal strategy, but that growth proiiolion 
should be. Weighing or iieasuring all children is i difficult undertaking 
and the iilfforiation is often used inappropriately by individuals, house
holds, or comniunities. Thus, UNICEF has developed a three-step program 
for growth proiotion strategies, which includes activities such as nutrition 
education, surveillance, and paying special attention to children identified 
as high risk in community-based nutrition surveillance (United Nations Children's 

Fund, 1992). 

Programs Designed to Change Breastfeeding and Weaning 

Weaning education can niodify behavior, but it nust address the cul
tural norns and social and econonic conditions of the groups to which it is 
directed. Several strategies have been shown to result in improved nutri
tional status in sub-Saharan Africa. These include rehabilitation centers for 
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malnourished children in Zaire (Brown and Brown, 1979): hmle-based training 
of mothers in various aspects of food production and preparation, food 
hygiene, and basic health care in Uganda (iloorveg and Mcl)owell, 1979); 
and conimunity-based activities such as demonstrations and group lessons 
on low-cost, homemade, weaning 'oods carried out by village-based voltn
leer nonitors in Bhurkina [aso (Zeillin. 1981I). These stuldiCs slhowcd illl
provemelnts in nutritional status of' children, but did iiot assess the effects on 
mortality. Weaiing education may also contribute to it reluction in mortal
ity from other causes in which malnutrition is a complicating f'aclor. 

The promotion of breastfecding is another type o1 nutrition interventioln 
that is related to improved probaility of child survival. Breastfceding 
ensures thlt t child receives adequate nultrition ill early infancy. Moreover, 
it protects the child from diarrhea. ARI. and other diseases (Feachem and 
Koblinsky, 1984: Ituflmnan et al., 1991). 

Stratecies for increasiine the initiation and duration of exclusive brcastl'ceding 
include training lld education of health prof'essionals (Potter el al.. 1987), 
changes in hospital practices that f'aciiiatc immediate initiation (Klaus and 
Kennel. 1976). keeping mother and child in the same roomi (Mata, 1983), 
and restriction of infant f'ornLuhl samples (Bergevin et al.. 1983). Although 
a number of SLudies have examined tile eflect of breasfeeding oil nutritional 
status and (Iisu-ase prevention, they generally do not measure its effect on 
mortality. 

IA)W BIRl'tWEI1tlT 

Low bi rthweight (I BW ). typicalfy dlfined as weighing less than 2,500 
grams at birth, has been reported to be tile strongest predictor of' iniant 
mortality, especially in tihe neonatal period (Susser et Al., 1972). 113W 
appears to affect mortality through direct and indirect mechallnis. Chil
dren with tile condition are more likely to have impaired cellular immunity. 
which nmav increase their risk of early cases of diarrhea, respiratory infec
tion, and other infections. 

Studies of' the Relationship Between Low Birthweight and Mortality 

The increased risk ol mortality aniong 1,13W inifants has I-,cen demon
strated in t numbllcr of' stuldiCs in other regions (Shapiro. 1968, Pufler and 
Scrrano, 1973: I)e Vaquera et al.. 1983: Victora ct al., 1988). There are lew 
similar studies in Atfrica. 

Mba+ k and Vln ic Walle ( 1992) examined the role of birthweight on 
survival u::itg t cohlorl study of' all births in maternity hospitals in the town 
of* 3obo-Dioulasso. Burkin a [aso, between April 1981 and March 1984. 
They reported neonatal, postneonatal, and second-year death rates by birthweight 
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for 6,091 births who either survived to age 2 years or died before that age. 
More than 13 percent of these children had hirthweights less than 2,50() 
grams. The infant mortality rate for these low-birthweight infants was 3.88 
tinies (95 percent confidence interval (C.I.) 3.32-4.54) [he rate aiong births 
with weights greater than 2,500M graln (25() and 64.4 per I,()! live hirtlhs)i 
Extending the analysis thronuh the second sear of Iife rduces the relative 
risk solewhat. The risk of dying before age 2 years \%as 2.84 tiies (95 
pIerct C1. 2.4H-124) as hih l for low-birtihweilt children as for other 
children. (The prohabilily of dying by age 2,_, were 285 and 101 per 
I,t000 live hirths.)

hNIack and van de \Valle also icsted whether the difference in pstneo
natal and second-year mortality rates renliaiiled after comtrolling f i socio
econtOiilic tactors ('alther's income, inother education, tylpe ot hole., etc.) 
and other risk factors Isex. wiins, nonih o hirth, hirth order, housing den-
Sity. nillh.r and liming of' prelilal visils, and use of' ineasnres against 
iMalaria). Thev' fo1un1d that those children with \weighl greater than 3,00( 
gralls still had a po)slilel/ilatal ililrtalily rate sienificantlv lower than low
birtlicighit children (odds ratio of 0.53: probabilil l s", that Or eqnal to 
.M1v an( those scighiiig 2,500-2.,599) ra Ststill had a l\\' IlOIFteielaalCl 
ilnlrtality rate than l-bii hi children (odds ratio ofl0,4: not siinilfi
canl). .,\f'er conlll ollinge for olher factors, there was no si-i,,ificaiti differ
ence hi hirthwseighl in the seconmd-yar mortality rate. 

L.ow hirhheight is a reaively oinion condition. It i, estilmlated that 
apllrllxiinatcl\ 17 percnt of all birh s in developing counries are 1.13W 
(World Ilealth ()rganizalion, 11)81). The condiliolln varie a lot hy r''Ion, 
wilh higher revalenice observed in As\i;i IoV\;Cr prevalence inand Latii 
America and f\rica (\Vorld I lealth ()rani/alion. I 9 80a). The nnderl iI 
cause of 13W is also different ,hli less and mire devel ed countries are 
compared. Itraeulrine grosilh relrdation is esiimlatd to accollnt for imore 
than hall' of LB\W infants in developing cnlitries, whreTas pwreter delivery 
is the Major cause Of LIBW in dCChlCoeld couniries I lKraier, 1987). 

The prevalelce o1' L.W illlllaly' Snb-Salaral ,\frican counries is Uin
known because of' unattended hirths and poor recistlralion systerss. In the 
Machakos stindy, in Kena, 7.0 percent of (he hirths vsere .13W (Muller and 
van Ginneken, 1991). In a Stdy (If't(he effect of' malaria prophylaxis oil 
hirthweight in lBurkina 'aso. the incidence of I.I\V was 16.4 pert Ar 
bothh the test and the control groups W(ot et al.. 1992). There are several 
stludies of bir ainllig birlhs in African hospitals.Iiwe ighlt I lowever, hospital 

11011 an allbirths imay lOViLiCe 11nb;.iased sample of' births. /\llhllh tihe 

Itt'llse tsiiinales are I1l~t'd iwnithe.Itala preseiited fy Mha k land van ie Walle (1992:132). 

http:3.32-4.54
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prevalence of LBW in sub-Saharan AIfrica exceeds thit of"developed cormi
tries, it may be lower than Ihat observed in Asia (Krainer. I987). 

Risk Flvtors lor Low Birthweight 

A number of fto'llrs, sLICh Is illaelqte prentll cilre, ilnidequalte imi
ternal weight gain. physically thrtanding , 'k. short birth interva.s, and 
lobacco or alcohol consulStmp tilon have bLell associale with I.11W. These 
conditions cant be modil'ied throu,, iIterventions prior to or during, pre
naicy. These ty es of f_'actors tend to be correlated with IIV,. hut fmy not 
CaiSe it. hBW and 'ictlors SUCh its ila.vd,.equteMI prenilatil care ,and short birlh 
itlcr'vals lvay he jointly inI'lunliced by unobserved chlaracterislics such its 

-acces to health Care ald so iOconoic Slttl. ()ther flalors., suh Is 
illtiple births, mlaternal height. and birth order also atffct Irlhweight but 

ale not as easil, aWdUressed thronuh interventils. 

PhYsically )emanding Work 

T\\o sludics in Africa stuttest that a seasonal increase itl the elergy 
expelditure of pregnant womni mV affect hirthweihft more ihan a sita
sonal decrease in caloric intake. The Keneba Study\ il The Gambia noted a 
lecrease in blliih t preceding the decrease in seasonal intake and paral

le~hng the increase in plhysical work (lRobeits et al.. l1982). Similarly a 
study in 'lnania did not s.,ee any seasonal decrease in birthweight when 
rains dlaved the Ie-.uhin ol field work (lIlilje. I ,'3). 

Shorl Blirth Intervals 

Oine of the motives I'r family planuting prograins hts been the pronlo.
lion of lolloer bhith intervals to reduce [he prevalence of .13\V. The Demno
g rapltic an1d li lclth Sur,.Veys con+unctd ill sob-Saharian Alrica reinforce the 
streitl otf tile association l etween short hirth intrhals and il'ant morltal
ity. Figure 5-5 illustrate,, that as birth interval becollic lolger, perhaps 
through tile use of contrace..ptive:s, the ilf'ant ntorItlity rt decreases, al
though the anal vsis does not control for an1\ potential c1nlo1Undin.e t r:. 

'his nicativc association bets, ecu short birth intervals and survival has 
beell widelv studied (c.,. IlobrafutCt al.. I9X5. but the bhioLical MechIM
nism is not swell tnderstood. Tlie relationship be,,,een sochboconolrnh sta
tus and birth intervals might explain part of the apparent effect of intervals 

I ii , .et+Ii lIcIi" na,l reuti tint lirtlll.lii (lti Cl'IC, (t rLcnd I Lil' o birth iltcrv;als (i 
lIrmth,'ight it m riope'r u .,Ltr,', ;ire u,". See Ro.,n., cig ant Schultz (19X3 and Sclhulti 
I I Ifor futher disc ,,,ion of tias bias and pircedtres for mininh i/ing it. 
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FIGURE 5-5 Infant mortily rate by length of preceding birth interval. NOTE: 
BWA-Botswana. B1Dl-lurundi, GIIA--(ana, KEN-Kenya., LBR-Liberia, MLI-
Mali, NGA-Nigeria. SEN---Sen,Al. TI(O-Togo, JUGA---Ugala, ZWE-Zimba
bwe. SOURCE: l)emographic ald lcalli Survey reports (see Appendix B) 

on mortality. We do not hav a,y e,,idCncC of how much infant mortality 
might he reduced by charges ilIbreastfeeding and contraceptive use [hat 
increase birth intcrvals. 

Prenatal Care 

Studies in Nigeria (()ruamiabo and John. 1980:; Wright, I990) report 
that prenatal care is associated with a lower risk of LBW because some of 
the biologic:l factors ihat contribute to the condition can be controlled or 
monitored through regular medical attention. 

Ottyemunwa (lt X) reported that in a study of Nigerian onmen, the 
majority (9)2 percet) Of the wotnen received at least otre pretnatal ,,isit. 
However, the signiflicant association with infant imortality was the timing of 
initiating pretiatal care. Wotmen ,ho bean receiving care durimw the sixth 
month of pregtancy or later wore 48 percent more likely to experience the 
death off the child than those woneti who began prenatal care during tile 
first through fifth n1o1thsI,loweveI'. it tnay be that sortie umneasured vari
able was responsible for both the use Of prenatal care atd child death. 

Results frot the )IIS in sub-Saharan Africa indicate that the use of 
prenatal care varies across countries. Figure 5-6 shows that in most coun
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FIGURE 5-6 Prenatal care received in prcgnencies over previous five years, select
ed countries of suh-Saharan Africa. NOTE: MW/\--liotswana, GIIA -Ghana, KEN-
Kenya, lBR---liberia, NGA--Nigeria, UGA --Ugauda, ZWE--Zihahc. SOURCE: 
)emographic and Ilealth Survey reports (see Appendix B). 

tries, the mlaiority of woment report some preniatal care 'rom either a Joctor 
or a nurse. It Nigcria and Mall, however, 35 and 62 percent, respectively, 
did not receive any prenatal care.' We do nlt know ,hether the 11nmber or 
timing of the visits or the type of advice given or heeded was sulTicient to 
have any impact on the outcome of pregnancies or child survival. 

Malaria 

As discussed earlier, malarial infections in pregnant women are associ
ated with increased risk ot low birthweight (McGregor, 119$4: Greenwood et 
al.. 1989; Cot et al.. 1992). This problem is most common among first 
births (McGrecor, 19,4; Greenwood et al., 1981)). It is not clear what 
proportion of LBW in Africa is attributable to milaria. I lowever, it may be 
the cause that can he addressed most successfully by health programs. Pro
grams to address malaria during pregnancy are reviewed in Chapter 4. 

31n most countries, a f'ew percentage of wnmen rep)rted receiving prenatal care frpm a 
traditional birth attendant or soneone else. In Liberia, 17.1 percent reported another source. 
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Effects of' Programs on the Incidence of' Low I1irth, ,eight 

There are a iLumllbeCr or studie,,s thait examllinC tile Cffec of vriIJOLIS inter
ventions oil the incidence of low hirthwe cit. Since these .udics rarely 
exailine the resulting efTect on infant mortality and most are small-scale 
suidies, vwC have not made a complete survey ftll of them. I lowever, it is 
useful to menCtion a fC , to indicate the type) of' programs that have heen 
tested and tie Coimclusions reached. 

Sliuall-,c(hale studi',, of' pregnan1t woiiiCn have reported signiificant iii
prvellient's in ,irthv,.cielits from itllitioli suppleimcntation. A study in 
Guatelmala (l.echti 't al.. I1 75a.h) examined the effect o1 two sipi:,lemeits 

ilh protein anld hther(one_ w% hili caloric value, the with a Ira,vt caloric 
value alnd no proitinl). Tlhe inlflns of the heICtteSr-,uliClultCd group' hatd a 

'n1caml hirliv,cihit that ,,ts I I I cramls liier thanlh e p)oorly,, sUpplemlented 
group. The revalence of I.BW , as 17 l'rcent in the poorl supplemented 
groulp and 8 perceit in the htter-supplellneted group. The study also 
demonstrated that caloric intake ratlhcr than proteili appears to he tile princi
pal factor limiting letal dvjlolm,.nt. It AlSo s:,ugg.estCd til the total addi
tionmal calories consumied dlr'illg pregmianlcy.II' appeal. to have len llore in

porlant than the calories comsumed during the ttimCster ' ,hen sU)plemCntationl 
was helmimi. 

In the villace of Keneha in The Gimhia, a food suppleClnCttation pro
gram for pregnant woniei l oduIcUC a ,i, ni liciit increase in lirthweight 
(Prentice. I1983: Prentice et 1]l.. 1987). Wome'n wereC. iVCn biscuits and(1 
fortified tea six days it wee.k, providing 9)50 calor-ics per dayt during the dry 
seasoim antI I'I) Calories per day durine the wCt scason whenr food was less 
plelititill. Moreover, the supplellment tasted good and w"s offered early in 
the llllll e of the woteIm \voll lot nlorllv have eten atwhell most 
hole. AmlongI the inad(lute.lCv ntourishCd mothers, the Sulpplemeittation 
increased the mcn hirtiweight by 225 grams and detreased the prevalence 
of' IBW from 28 to 5 percent--a 'duclion (l' 82 percent. Among all 
women, the increase in hirtliweight was 1201 grams, and aI68 percent reduc
lion inl the percentage of I'MI imfants it, observed. 

VITAMIN A I)I'IICIIPNCY 

,idespread 
especially Africa and Asia. The coldition results in a number of health 
disorders and is often manifested in problems with the eye and vision. 
Vitamin A has important lunctions in the human hody. One of its physi-

Vitamin A deficiency is w ini developing regions of the world, 

olouical funclions is ill the formation and llaintenlance of' epithclial tissue, 
which contriulCs to time hody's illlllllr system. Vitatin A is essential to 
growth of the skin as well as the imtcous membranes linilng tile ocular and 

http:pregmianlcy.II
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oral cavities, and tile respiratory, genitourinary, and gastrointestinal tracts. 
When vitamin A is deficient, tile epithelial cells become dry and flat, hard
ening so Itlat absorption of 1tltrients is redLced. Moreover, vitamin A 
detficiency may increase the risk of bacteria! colonitlation or delay recovery. 

It is estimated that each year, approximately 1) million cases of child
hood xerophthalmia (dryness of the conjunctiva and cornea) occur world
wide, with more than 500,(0)00 resulting in blindness (Feachem, 1987). Vi
tamin A def'iciency is often associated with specific regions of the world, 
such as Africa and Asia. where diet,; often lack carotene-containing foods. 

Studies of* Vitamin A l)eficiency, Niorbidity, and Mortality 

The lack of data makes it difficult to assess the prevalence of vitamin A 
deficiency for sub-Saharan Africa or for inldividual countries. Ilowever, a 
few studies in sub-Saharan Africa provide some eslimates. Ill the Lower 
Shire River Valley of Malawi, for example, 5.4 percent of children less than 
6 years of age experienced night blindness and 3.9 percent of children 
suffered active corneal disease (Tielsch et al., I986). Ill southern Ethiopia, 
De Sole et al. (1987) reported an average prevalence of vitamin A defi
ciency of 5.4 percent in boys aged 6 months to 6 years, and 5.5 percent in 
,irls of the sami,. age. 

A\few studies in sub-Saharan Africa support the association between 
vitamin A deficiency and more severe cases of diarrhea, measles, and respi
ratory infections. In southern Ethiopia, De Sole et al. ( 1987) reported that 
tile prevalence of severe cases of diarrhea in the previous year was twice as 
higl along children with vitamin A del'iciency as among children without 
the defiit. 

A number of' studies have indicated that children with severe \'itamin A 
deficiency and xerophthalmia experience elevated rates of mortality. Death 
rates among children hospitalized with these conditions range oIn average 
from 15 to 25 peicent (Kuming and Politzer, 1967: Somnner et al., 1975; 
Brown el al., 1979: Somnmer, 1982). Most studies do not attribute tile 
deaths to the deficiency of vitamin A hi,: rather t concurrent illnesses and 
cond itions that are exacerbated by reduced levels of vitamin A, such its 
PEM, diarrhea, and respiratory in fect ions. 

Studies of Vitamin A Supplementation and Mortality Reduction 

A i umber (If vitamin A SUp1plemnrtation stutdies have been conducted, 
principally in Asia. that demonstrate a piositive effect on reducing infant 
and child mortality. In a meta-analysis o' vitamin A supplementation stud
ies conducted in Asia, Tonascia et al. (personal communication, 1992) esti
mated the weighted reduction in mortality attributable to vitamin A defti
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ciency for children 6 nionths ol older (up toapproximately 83 nionlrs at 
follow-up) to he 34 percent. Ihey noltel that1 the magnitude of, the elfect 
may depend on the extent and severity of nutritional deficiCncies, the cause
of-death structure of' infant and child mortalily, cultural and environmential 
facturs, and the studLy' designi anI implementalion. 

Sommer el al. (1986) conducted a randoried controlled community 
trial of' periodic large-dose \'ilanil A sup)lemenlalion in] northern SUmatra, 
Indonesia. Durinu the follow-up+period, aIlmost all deaths in pl'oc,rnli1 vil
lages were aniortg children who ha1d iot received the supplement. Preschool 
children in the Ireainlent group experienced a 34 percent rcduction in the 
nominlani morlality rates compared to the comparison group. In a reanaly
sis of, the samc d1,1a, Talrvojo et al. (1987) reported that aimon- children 
between ages 3 and I I months, mortality rates were (.9 per I.()0( in the 
treatment group, compared to 12.0 inl the irontr,'atmCnt gI'oup1 and 6.(1 inl the 
control areas. percentThey concluded that the .1-1 reduction reported in the 
previous article may he an underestimatc hecause the carly analysis \w'Is 
based on intent to treat (i.e.. restlts for all children allocated to one regimen 
are comparCd with those allocated to the other, regardless of whether they 
received the reginmen ,assiined)at the community level, rather than on those 
actually receiving the intervention at the individual level. In southern In
dia. RahIlmithllhh etl reported that vitamin A stpplmennts CtlUivaIal. ( 199)) 
lent to time level recommended by internatioll groups, when gi yen On I 
weekly basis, reduced the relative risk of mortalit, in children under 5 years 
of age by 54 percent. Mortality rites ii the control groul) were 10.5 per 
1.00(0 compared to 4.8 per in tile Cmrent We.t etI,(()( 1i_ gr1p111. al. (1991) 
conductCd a6trial(of tihe elficacy of vtiiiin A supplementation in reducing 
childhood mortlality in Nepal. In a randomized, doubl-blinld cormmmuitv 
trial of almost 29,0))))0 children agced 6-72 months supll)lemented childrell 
received 6011001 retinol eqtlivalents every l'outrlonths and the placebo
treated grtoup received 300 retinol equivalents. After 12 months. the rela
tive risk of death among the Sul)plementCd group Was 70 percent that of the 
control group, sLppll'ting tie hypothesis that viiamin A sulplementation 
can contribute to lower overall child mortality. l)aiulre Ct a l. (1992) fotnd 
that the risk of' death for Nepali chiddren aged I to 59 months in sCpple
menited communities was 26 perct'nt lower than in urisuplleItted co1mmtu
nitics, Viti the larcest reduction of' 49 percent amlong children 6 to II 
llonthils of age. 

Altholgh most studies find inassociation between vitamin A stipple
mentation and a redUct iOnin mortallitVy, a prospective double-blind placeho
controlled study ConlduclCd in Ilyderabad. India. reported no siculificant dif
terence whenrUiipplnieItaltiol occUrred. The sttiVdy, coMIdIct y Vijlva'righavanhte 
et al. (1990), i rdicated that mortality rates were similar in the grou1ps re
ceiving the supplement and the placebo. 
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Herrera et al. ( 1992) also foulnd no mortality effect illa controlled, 
masked randomized trial of 29,615 children illnorthern Sudan where there 
was a clear association between dietary vitamin A and mortality, based on a 
nonsignificant differellCe illthe numlber of deaths between the comparison 
and treatment groups. In that study, some children were assigned to a group 
that received 20(0,0(0 international units IU) of' italnin A and -10 ILJof' 
vitalin F every six molnths. The control group received only 40 ILIof 
vitamin E. Over tie 18 study, there no apparent effect of,months of tile was 
large-dose vitamin A supplementation oilIlortality. It is not understood 
why tilefindings of this study in northern SudanldifTer 'rom those con
ducted in other parts ot the world. I'ehapS political and social conditions 
wCee ilnipelilCnts o study'. tilenonsignificant eftecttile On the other hand. 
of, vitanlin A supplcnlelltation mnay be based On differing disease epideniologies 
due to ecological differences. 

For Africa, tilemost recent evidence on the effect of vitamin A supple
inentation, morbidity. and mortality comes f'rom illexperiment illnorthern 
Ghana. There, iinan intervention trial aniong mildly vitamin A-deficient 
children conducted by Ross et al. (Beaton et al., 1992) a reduction of' 20 
percent in mortality is reported amnlg tilesuppI emlented group conpared to 
the control group (probability less than .0(f3). 

SUMMARY 

A variety of nutrition-related conditions exacerbate the mortality effect 
of several diseases. Protein-encrgy nmlnutrition. although rare during the 
Iirst six imonths of life. is common among children between 6 and 23 months 
of ace, and is associated with increases illdiarrheal and other diseases. 
Wide variations in the prevalence of' malnutrition are observed in sub-Sa
haran f'rica, and a number of' studies stggest that the effect Of inltlritional 
status is less ilportantl illAfrica than in Asia. Many programs that address 
talnutritiol do not necessarily' reduce mnortality. Most iiUtrition interven
tions do not gather inlformation on mortalit. Supplentll Icediig pro
"rals oflenl do not reach the target l)OpllaltiollS: growth monitoring may 

make mothers aware of how thei children are developing. but it has little 
direct effect oilreducing mlortality. 

Mild and severe vitamin A deficiency seems to be associatd.t with ex
cess iortality. Studies conducted plrincipally in Asia report higher overall 
and cause-Spec iftic Again,mortality anong children with this deficiency. 
little evidence exists to make conclusions about the effect of vitamin A 
supplementation in sub-Saharan Africa. 



6
 

Integrated and General Health Programs
 

INTRODUCTION 

The previous chapters reviewed sludies of disease-specific interven
tions. In practice, few health programs are limited to a single intervention 
against a single disease. Imnmunization programs include vaccinations against 
several diseases (usually tberculosis, diphtheria, pertu:Ssis, teltn s, polio, 
and measles). Itealth centers often offer vaccinations, itswell as treatment 
for fever, diarrhea, and tuberculosis, and many piovide growth monitoring 
and heahih education. Ilospitals often include a health center that provides 
all these services as well as curative service,; for a wide range of diseases 
and conditions, including pregnancy. 

Integrated services are expected to have an effect o n mortality because 
they generally include some interventions that have demonstrated effects 
when delivered alone. For example,because most health centers and hospi
tals provide measles vaccinations, at a minillluml these programs have in 
impact through this one service. IHowever, we would like to know whether 
the effects of these integrated services are larger than the effects of much 
simpler (and presumably cheaper) programs based on a few selected inter
ventions. 

Integrated health programs, health centers, and hoSpitals should not be 
evaluated solely on the basis of tbcir effect on mortality. In the first place, 
they provide services that reduce morbidity, and they often serve as training 
centers for doctors and other health personnel. Second, hospitals also have 

132
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the potCntial to serve ats centers for research into locil health problems. 
Third, the development of elTicient health centers and hospitals is a neces
sarv precondition for the conltinuino improvement of health services ii At
rica (Mosley', 19XX: Newell, 19X8). Although mnan)' o1 the individual inter
veittions can be delivered elTiciently , ithout extensive investment in health 
centers and hospital, that may not he true of the intcrvlntions thatl will be 
the l',cus of ftlure efTorts to improve health services ill Africa (lwbank and 
Zitnicki. lt8),. For example, a.tlouch vaccinations canl be provided through 
periodic visits of mobile tcatns, treCatilent for acute illnesses such is malaria 
and respiratory inffections ltist be available almost continuously. In addi
lion. as ile number of services provided increases, lie relative cost-elec
tiveness f'"fixe.l clinics may inctCase becalse the f'ixed costs of1the clinic 
are distributcd over it lIrge._r number of' effective interventions. Thcrel'ore, 
health Centers and hmspiltals should be evaluatd inl the conte1Xt o1 tile con
ilnuing development of general health services. 

E'valuation of tile efficacy of integrated health pr-ogr'aml1S is mIch more 
problematic thatn evaluation of single interventions. [irst, it is difficult to 
asstmC tlltt the results of a study of one prograt apply to other programs 
because thCC is substatntial variatioti atliong ilitcgrated prooer:tls. [or cx
apl')le. Some vaccination )rograms include locall) irl)potant Vacciles such 
as nleningococcal vaccine. Similarly, heallh Centers dilTer in the number of 
drugs '11nd atit1111 o1 eaquilnt'l a\,ailable. the stafTing patterns. anid tile skill 
level of personnel. Evet' if the same services are offered, there might be 
suhtantial variation in the mix of' setvices actually delivered. For example, 
healthcliltters llav encourage mothers to relturtn mntoihly f'or tIle series of 
diphtheria-Ipertuissis-tetatas (l)P'i and polio illjectiotis, but may find it dil'
fiClI to have them return 'or a measles injeltin after the child is 9 tnonths 
old. ()I the other hand, mobile clinics may achieve higher coverage of 
measles (a single injection) thaul)lF'IT. which reluires three injections each 
separated by at least one month. 

A second problem in tile evaluation of' ilitcgrated progratlis is that it is 
oftell dilTicult to identil'y and tintainait control areas. When national pro
grais begin, there is often an attempt to inlroduce t.hl inill larts 0if the 
coLtntry is quickly as possible. [or example, the _'evaluaitin of the Combat
titi Childhood C1onmmuinicable l)iscascs Project ini Zaire began with it pro
gram area andit control area. Ilowever, aflt'r the baseline suirTy, the 
program tiwnaers decided to combie thme thwo areas into omie health zone 
(Chahrazrian l a...9).I 

Even when scientists can del'iie control areas, it is oltCn difficult to 
limnit the use i" sCrvices to those liviing in tile intervenltion areas. For 
example. it is rarely possible to restrict access to t health cemnter to a+del'ined 
populition. Therefore, evalntioluions of' such programs are prone to contianli
niatlon of1'the Lontrol area. 

http:IA;:,\I.II
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Finally, the more complex the program. tile less likely are all of its 
aspects to be successfully introduced simultaneously. Therefore, there is no 
exact date for tile start (,I the program. Training of personnel often contin
ues after the start of services, the range of services may increase slowly, 
and problems in management and staling may delay tile effective operaltiOll 
of tle program. In manV cases, tile program will he phased in over so mally 
years that it is not feasible to separate its effects froml long-term trends. 

Given these difficulties, it is not surprising that few studies have pro
duced reliable estimates of the effect of hospitals, health centers, or inte
grated programs. 

CASE S'I'UI)IES OF ION(-TI'ERMI MORTALITY TRENDS 

The best evidence for the effect of health programs oil mortality in 
Africa comes from a e\V studies of long-term trends ill mortality ill West 
Africa. Although these studies do not offer the kind Of I rigorous proof 
provided 1y randomized trials or even natural expelimenls with control 
areas, tile)' do0 suggest that the expansion of health services has had all 
impact on survival rates. 

Mlnlp, S' zegal 

Pison et al. ( 1993) have examined mortality trends in Mloip. a rul+:.Il 
area in southern Senegal. Maternity histories collecled in 1984-1985 \\ere 
compared with registers from maternity clinics, civil registers, and records 
from religious missions and health dispensaries. These data provide esti
mates of infant and child mortality for the period 193(-1984. Although the 
quality of these estimtes cannot match that of a continuous recistration 
system, they provide a reasonable outline of mortality trends. It appears 
that the proportion of childrn dying by age 5 was quite stable at about 351
370 per 1,0() from 19.30 toI 960f. After 19t( mortality began to decline 
rapidly and tell to nlly 81 per 1,0)(0(0 for 1985-l98t). 

Pisol et al. provilC a convincing case Ifor tile conclusion that this rapid 
decline in mortality and tie verv 1o% levels todav are due largely to the 
itrodution of health services dturiug tile 19 60s .ntd 19701s. These services 
include the opening of a dispensary in 1961 and a lalternity clinic in 1968. 
Vaccination p)ig'l-aIS starLed in 1971. but were itree'ular until tile lale I9 70s. 
By 198(0 most children were correctly vaccinated. Ninety-nile percent of' 
the childrei borl in Nloinp inl 1988 and still Iivilg in tile a-ea had received 
lneasles, yellow\ fever. BC(I, MIT. and polio vacciics. A growth illlnitor
ing pr g,;in began ill I969 and SUlpplenCliilta ry fomod s were provided to ,mothers 
and children. In 1975. an antimalarial programi began promoting regular 
(loses of chloroquine during the rainy season. Cliloroqu ine is provided free 
to pregnant women and young children. 

http:rul+:.Il
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The effect of these programs can he seen in data on cause of death and 
in epidemiologic data. In 1963 a survey showed a malaria parasite rate of' 
50 percent in children. In 1989 the prevalence of malaria parasitem ia was 
only 3 percent among children aged 0-6 years at the end of the rainy season. 
During 1985-198) the data on cause of death suggest that the probability of 
dying ol malaria between ages I month and 5 years was only 2 per 1,000. 
The last epidemics of measles occurred in 1972 and 1974. During 1985
1989 there were no measles deaths and only one death from whooping 
cough. 

There have been socioeconomic changes in Mlomp, but they were prob
ably not responsible for most of the declines in infant and child mortality 
rates. ICducation levels of wocIun have only increased recently, and in 
1985-1989 only 26 percent of tile birthis were to mothers who had com
pleted at least one year of' schooling. Transportation iniproved. but not 
until after the imlortality decline was well established. Finally, there was no 
suLbstantial improvement in the economic sitLution ill the area. 

The Mlonp example suggests that tile prvision of basic healti services 
can bring abotll Substantial declines in infaiil and child mortality. 

Keneha, The Gambia, 1950-1984 

Four villages (Keneba, Manduar. Jali. Kanton-Kunda) located in the 
West-Kiang district in The Gambia, totaling about 2,000 persons, have been 
followed by i team if British researchers since 1949 (Billewicz and McGregor, 
1982: Lamb el al., 1984). During the f'irst 25 years, there was no evidence 
of mortality decline in Keneba. If anything there was a small rise in mortal
ity' from 1950 until 1970. Mortality was extremely high during this period, 
wilh a peak probability of dying bef'ore age 5, qr of 488 per 1000 live 
births and an infanl mortality rate of 220) in 1966-1970. 

Massive interventions were introduced between 1975 and 1983 in three 
villages. A physician or qualified iiursewif'e was available in the area 24 
hours per day. General clinics, as well as prenatal and well-child clinics 
were held weekly. Wolen were provided regular gynecological and con
traceptive services. To facilitate use of tile health services, transportation to 
and from the clinic was free. Should ctommunily members require hospital 
admission, they were Iransported to tle government hospital. Moreover, 
traditional Ilidwives were trained to use more hygienic delivery practices. 
Mortality dropped rapidly. Mortalily under age 5 dropped by 75 percent to 
110 datlis per 1000 children in 1982-198.3. Inf.iant mortality dr(1pped by 89 
percent to onl 25 deaths per 1000 live birlhs. This dranmatic decline was 
achieved by having a physician or a qualified nurse constanily on call. 
"They had a.i iiinimal list of essential drugs and means off transportatioin for 
referral when necessary. 
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Tis case suggests that relatively simple and efficient interventions can 
bring about a major reduction in mortality ill a very short period of time, 
despite tie poor socioeconomic conditiois and tie low level of education 
that prevailed throughout tile period. It is probably tile most striking ex
ample of what carl be achieved with simple and appropriate inlerveltions. 

Niakhar, Senegal, 1962-1989 

A rural area o' Senegal (Niakhal') has beell Unlfder demographic surveil
lance since I1962. During the first period, 1962-1972, mortality was ex
tremely high with al average rate by ;ige 5 of 50(0 deaths per 1,0((1( children 
(Garenne, 198 ). There was cvidencc of' mortality decline for all ages and 
especially for children under 5 years of aoe since 1902. The decline was 
not regular. The first inajor drop ini under-S nmortalit\ occurre(l between 
1970f and 1979. l)espite the declining Ircnd, anuual flulctuations have been 
considerable, with rates of!en doubling fron one year to tile next. most of 
them be ing beyond tile 95 percent confidence intervals. Al atteilpt to 
reconstruct the earlier trends ill birth aid death rates indicated that mortality 
has declined since at least 1954 and that fertility begain to rise at approxi
mixately lie saiine lime. 

A nunber of interventions were carried out ini Niakhir ill the late 19 70s 
and tlough the I1980s. A food suppleientation program, which included a 
growth monitoring component, was carried out between 1972 and 1989. In 
1986, a large-scia!e prinary health care program, which included FP[ vac
ciies, orai rehydrat ion therapy, treatment for acute respiratory infections, 
availability of' essential (thugs, and medical services, was introduced. Vac
ci nation coverage inIcreased substantially. Measles vaccination coverage 
increased froni 8 percent ill 1986 to 80 percent in 1989. The percentage of 
children receiving the third dose of the MI'T vaccine increased from (I to 56 
percent over the saiie period. 

Mortality declined dramnalically witlin three years. Child mortality 
dropped by 52 percent bet,'.een 1984-1986 and 1989. )uring the sarie 
periol, the iiintnl mortaliy rate dropped by 41 percent. By 1989, the uinder
5 mortality rate was 159 deaths per I,(10) children and the ifanit mortality 
rate (IMR) was only 69 deatlhs per I(000 live births. The neonalal mortality 
rate A.as less affected by the projeci, dropping only 26 percenl. 

Most of tile mnortality decline could be ttributed to four causes of' death 
that were the tirget of' tire interventions: measles, pertussis. diarrhea, and 
acute respiriitory infections. This case study shows thna'rt naJor annual fluc
tua.1tions are a norrmial coniponent of orality in Africa, thatchild local 
treils in iliortality are far from linear, and above all, that simple selective 
public health interventions can have atmajor impact oi cause-specific mor
tality of children in a very short period of time. 
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lOSP'ITA LS AND HtiEAII'H CENTERS 

Table 6-1 presents estimates from tle )emographic and Ilealth Surveys 
(I)IIS) of tile proportion of children with diarrhea, fever, or respiratory 
problems who received treatment at a medical facility. Basic medical ser
vices reach a large proportion of the popultion of IllanyV cotintries. As a 
result, [he potential effecl of these programs is substantial. l)espite the 
Iace investments il hospitals and hcalth centers. Iherc are very 'ev il-
Stance1s ill which the ll1or'talily imllpa.ICt of1these'facilities has been estimated. 

little or no association between child mortality trends in the late 1970s 
and the availability ol health ser\ ices was reported for Kenya by Blacker et 
al. ( ) %iththe exception of a fcw di,,trict,,. as discussed in ('apter 7 of 
the report of the Working (h'ou)p otl KemrI\a ( 1993). 

The recent D IS in Liberia and Zimlbve provide an oppotutnity for a 
crude test of the effect of health centers. ]n tihe Liberia )1IS, women 
reported how, long it took tlhem it travel to the nearest clinic. In Zimbabwe, 
a separate survey Was ConldIctcd to record the nearest clilic for some of tile 
clusters. Katende (I 992) analyed these data for evidence that proximity to 

TABLE 6-1 Proportion of Reported Recent Cases of' Diarrhea, Fever, and 
Couch or )i fficulty BIre athing Among Children 1-59 Months of' Age 
Taken to a Medical Facility. Selected (ountries of' Sulb-Saharan Africa, 
I980- 1989 

Cougt or )ifficultly 

Breathillg'' 
)iarrhea 

('oill[Ir, Diarrhea'" Fever h and Fever Fever No Fever 

Btswana 45.9 90.2 (9. t 92.4 81.2 
Burundi 38. t 49.9 45.7 45.1 34.8 
(ihanta 43.1 56.4 48.9 51.5 46.3 
Kenya 46.K 55.5 49.7 70.7 56.7 
Mali 2.8 2.9 3.3 7.31 3 .l0c 
SenegIal 19.4 5n . a. .. 

I og 25.4 30.811 28.9 36.2" 23.9' 
Vganda 14.8 48.3 18.3 57.6 46.8 
ZiiIa ) 32.) na. 34.6 58.9 53.5 

N()': na. = not availahle. 

"k VCek, precttdihg Surv.y. 
/otour \,eelk preceding surve\ unless otherwise noied. 
'Rapid breahing \%ith or \kithout fever. 
"Malaria during the last cold season. 

SOUIRI-: Boerma et al. (1991 :'ables 3.14, 4.2. and 5.2). 
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a health center is associated with lower infant or child (i.e.. ages I-4 years)
mortality. His analysis, which controlled for age, education, socioeconomic 
stat us, ethnicity, child imimun ization status, and water source, (lid not pro
vide any support for the hypotliesis that proxi'n ity of health clinics reduce 
child mortality. The only Signil'icant result Was for inf'anl mortality in 
Liberia. Liberian children who live within 30 olinutes of' a health clinic (lid 
appear to have signif'icantly lower inf'ant mortality rates than those who (lid 
not. However, this relationship became nonsignifficant when several control 
variables, in particular ethnicity, were included. 

We do not consider the results of these analyses to be conclusive. First, 
cross-sectional data are not suitable for rigorous tests of causality. For 
example, in areas where a new health clinic opened shortly before the sur
vey, some children may have died before the clinic opened. More signifi
cantly, it' the government placed clinics in areas where mortality was high
est, the cross-sectional results would be biased against finding that clinics 
reduce mortality. Therelfore, it is i iportant to compare the timing of changes
in health services to tiletiming of changes in mortality. 

Second, tlhere may not be sUIficielt variation in accessibility to a cliinic 
to discern a signilficant effect. In Zimbabwe, particularly, most women 
included in the survey were within one hour of' a clinic. Although the 
difference between 30 minutes and 60 Minutes of travel lime inight be 
significant for minor health problems, it might no affect use of the clinic 
for life-threatening conditions. Because of these problems. it is necessary 
to rely on studies that examine changing access to health services rather 
than those providing information at only one point in time. 

PRIMARY HEALTH CARE PROGRAMS 

Village Health Workers 

Greenwood et a!. (1990) have measured tie effect offthe primary health 
care (PHC) program that began in The Gambia in 198 1.The program relied 
on the work of village health workers (V I]Ws) and traditional birth atten
dants (TBAs). The responsibilities of the VHWs included treatment of 
malaria. diarrhea, and ac-te respiratory infet tions, and proimtion of im
proved nutrition and iniizatiOin. The VlIWs received an initial supply 
of basic drugs including aspirin, chloroquinC, oral penicillin, an antacid, 
and an anithel intic. They were to buy replacements with funds obtained 
through the sale (if drugs to their patienis. In 1983 the PIllC program began 
in mo1st of the villages inhFarafenni district having a population of at least 
400. The "non-PIHIC" villages served as controls. All villages had access to 
a health center inFarafeiini town. 

Data on program activities suggest it is unlikely that the VHWs had a 
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large effect on mortality. For example, tlie V HWs made an average of only 
one or two visits per child per year. This nunber was probably too small 
to have brought about a large mortality decline, especially because there 
apparently was a perception that the VIIWs were not responsible for clira
ie services. Vaccination coverau was alreadv high hefore the program 

begati (e.g.. measles coverage rales of )2 percent in the PlI(C and 84 percent 
in the non-PlIC villages). Therefore, there \i as little room for the VIIWs to 
increase vaccination coverage. Ill addition. tile VIIWs had only a small 
impact on the proportion of deceased children who were seen by a doctor 
before their death. This proportim increased frotm -48 to 57 percent. 

A comparison of tihe intant aLd child mortality rates ICMRs) in 'Fle 
Gambia for the vear before the start of* the program w.ith tile rates l'or the 
three years after tile start show modest. nonsignificant chances. A compari
soii of the baseline year \ iti the third vear after tile start ol' the program 
does sho\ a significant decline in the IMR. liloe\ver., the decline in the 
CMR is still not significant. In addition. there were similar declines ill 
mortality in the non-PlIC villages. 

The results of tile stud\ Of IllIC' in Thie Gambia are disappointing. 
However. the satnple sizes involved are such thll it would he surprising if 
the differences hetweei PlIC and non-PItIC villages were significant. If 
mortality in tile 1PIC villages was actually 20 percent lower than mortality 
in the not-PlIC villages. there would be oil[\, a 26 percent chance of finding 
a difference in iil'ant mortality that \\is signilicant at tile 5 percent level. 
There woulld be onlyla 3f per llt chaiice of finding such a dilference ill 
lnlLeir-5 mortality. A 20 percent reduction in mortality would he a large 
rC(LuctiOl. cisen the differences ill level of coverage described above. Therefore, 
it is not surprising that resulls fail to show significant differences in mortal
it V. 

In addition to the small sample size. it appears that children in mnn-
P1IC areas received treatment front VI IWs fil PIlC villages, which would 
bias the resltI Itoward finding no difference inlmortality betweeilPlC and 
noii-PHC village;. 

Pahol Primary Ilealth Care Project 

The Paho, PIIC project (Velema et al.. 199 1) was a field test of' an 
approach to primary health care in Benin. The project covered 16 coastal 
villages with a populationi of 13,0((0 about 30 kilometers from tine national 
capital, Cotono. The plogram involved 17 VHlWs and vacciltioin teams 
that visited each village. The VIIWs were trained to visit fatnilies with 
young children and to provide malaria chemoprophylaxis (pyrilnethanmine)
and ORT packets when needed. They were also trained to proide curative 

services including chloroquine for malnria, sulfadimidine for respiratory 
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inf'ections, mehendazole for parasitic infest:tions, ORT for diarrhea, and 
topical aitreotlc ili I'oreye infections. They also 'elfelrued paticlns to [Ile 
commllunal heallh center. 

The qualitv of' a,1la,. improved o\ver tiue, and it is inot possihlecollIceoit 
to calculate reliale, masiCs Of procrlni ipacIt. In atddition, tihe project 
did not include t,cotrol alCl. I lowever. VelIna ,tlA. (1991) carried otl a1 

+case-control studv to eslimate tilet'licac' of' \arioUs inere\'ltions. The
 
study involved 74 cthildrn \\ho died hetv.n ies 4 months and 3 years.
 
The decased childre._,n w,.ere matched with 23(1 Controls 1v month of, birth,
 
sex. and of ,illa nAl\ itervCtions received by, tle controls
v rCsidelnce .. 

\\r excluded from te 
Tie intcrvCntiiot associ!ted witli the lairee'sl reduction of, Ilortalitv wais 

measles vaccination blefre ol "lhe relative risk for childreii 

after tlhe death ol the Case child ,c nalysis. 

12 louths ac. 

vaccinated eairlv \\;., M5 plrcent confidence 16-0).X
I.3 inter\l (('.I.) 1. 

compared to tn'acciuiatcd children. Measles vaccitttiot amtcr 12 months of'
 
age w'as nt ssciatd \\ilh ;lia reduction ii risk,. This curious 'indinc
 
sugcests there ay, be other clt'lors associated with tIleige at vaccinalion
 
that coltributC 1t these ICsulls. Ih0\\ r, lle. ietuthors state thit lheir results 
did not chanc \\hen Astudsva\r'iales tlteiC. appartle" included aII IatiIll 
eitly,.measures ol sOCoItlIiiC stituls) ini sincl,"e hcistic rcre,,.sSioll. 

The other ill-l vacciitions---I)H'. polio. andIacille (.lmtmtte-Gilrint 
(BC( )-wCrC not associitCd with any reductiot ill mortllily.I It\oevcr, the 
length of' the stud was o short 134 months) t1111 pets'rlLIsis.di(phthria.l atid 
polio w1r not presCaint duriti tele study period (Veleilla et ll.. 1991). /A 
longer period of observatiotitmight have ftoutd a creater effect of these 
vaccinations. Children who teceived otmlv a itile I)Hl' immunization DPi' I I 
had an elevated risk of1death,I lowe\', this prolhably resulted frotn I)l'I 
shots civeIn to childht \,Ito cine to tilehellth center '01- CLraiti\T Sel'Vces. 
These sic'k children \\ere at itcreised risk i1r deatIth .ttd Were less likely to 
receive a secotnd l)PT. 

lstiniltes of th, efficacy of VIIW visits applied llv to those ,illcs 
where there was i VIIW. thts eISeX'ldime the two largest villages, which 
were close to the communta 1health centers. More thain 70 percent of' cases 
and controls were seen by tVIIMW. Although cases were ;ess likely to have 
seen a VIIW. this difference was not sitnilficanit. Sitilarly. the risk of 
death decreased with the iumber of conitacts with VIIWs, but this difter
ence was not signil'icait. IHowever., sipilif'icainlly more comtrols than Caises 
had been seen by a VIIW iii the six imonths preceding the daCth of tIme case. 
Those who had scen a VIIW iinth: past six tml; had a relative risk of 
death of 0.33 (95 percent ('.1. . 10-0.69 ) compared to those who never had 
contact with a VIIW. The numbIer of' visits in the most recent six itths 
was also signiificimt. 

Unortunately, the authors do not provide a simple comiparisom of those 
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TABLE 6-2 Relative Risk of Death Associated with 
Timing of VIINW Visits ill Months Preceding Dealh, 
Pahou Primary I lcalth Care Project, Benin, 1986-1 987 

Relative Risk 951; C. 

No visit <-6 montis 1.00 

Visits only <6 miontlls 0.39 0.16-197 

56 and 7-12 months 0.45 0.16-1.28 

<_6. 7-12. and > 12 nionthls 0.30 0.09-0.97 

2. 3 df 8.71 

SOlR( : ,'clci a Ct it. (1991). 1l\ permission of Oxhitrd
 
I niversity i'rcs.
 

who had a visit ill the past six 11onths wi thost who did not. In onie test, 
they examined fhe reiionship hlween mlorlality and tile number of visits. 
Inl another test. they compared those who did not have i visit ill the most 
recent six mollnths witl those wh had aI recent visit, but had 1ot hlad a visit 
more thain six llonths agio. The restulls of the atlae lttalsis are summarized 
iii Table 6-2. The authors concluded that there is evidence of' "a linear 
trenld Of increasing prolectiol with inlcl'CaSine rc"ulariy of contact with tile 
VI\V (' 'or linear Ircld: 7.83 oil I dl idcicc ol f'recdom! )'" (Velema et 
al., I9)1:477). lO vecr. a reanalysis of tile datii sueg c,,ts that the relevant 
difference is between those who had it recent contact with the VIIW (withil 
si." tllolithis of, the ia e at of, the Case) and Ilose lo did not. 

The l'ahOl study is ani irMovatiC at1CMi)t to demonstrate program im
pat using itac'asC-'olntrol icsign. This approach has tile additional advan
tage til providil, some informatlion on the impact of' individual interven
tiojis. IhowvCr, the rCsts ilutlst be cotnsidCrCd tCnlative hccatusC of+ the 
likelihood that there ar-C tunnteasured differlnces hetween f'amilies that night 
affect both motlality and contatcl with the VIIWs. Social class and altitudes 
toward modern health services are two important sources of' variation in 
holh tnorltlity and use of'tModerni services. These factors might be inlpor
lll sources of Conflllludillig. 

CHIlL) SURVIVAL AND EXPANDI)E PRO(;RAMS ON
 
ININIMUNIZATI()N
 

Colnbatting Childhood Communicable Diseases (CCCD) is a program 
funded by the U.S. Agency for International Development to provide sup

http:0.09-0.97
http:0.16-1.28
http:IIIEAI.I1
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port to child survival programs in Africa. The programi provides assistance 
for increasing vaccilation coverace, ihoile-Iaedl use of oral rehvdration 
therapy for diarrhea, and prestlll~tive Ireatieiit of 'cvers \\ith ctllooIluine 
in malarious areas. Several of*tile stldiies quoted in thi re port \were catried 
out by researchers and piograrn staff associated with ('('C) programs (e.g.. 
Cutts, I)X8: Tayl ret al., 19X : Dulniing, I9X9: (Utits et al.. 199t01-b. 9 I). 
inl additio. ('('('I) fuided two stulhdie"s of the etfect Of child SUlvisi lactivi
ties in areas of two ('('('1) countries. ()ne \as a sudy of the elcCt of the 
national ('('(I) prOtrattilOi tl health services aid Mortalitv in Bolmi and 
Grand Cape Montil cotties in Iiheria. The other exainitd tileeffect of 
tile7C(.') piograll illZXic illtile Kingandi arca. These studies hilave the 
advantage oufreporting ointhe cffectivelless of' two national prograis ratlter 
than special demonstration projects. 

EIvaluation of' C('I) in ILiberia 

Between 1984 and 1988,. the CCID prograin in L.iberia increased cov
erage with three shots of I)P' from I to 15 percent and coverage mifmeasles 
vaccine from 13 to 33 percent an -tg 12 to 23 months.children aged The 
proportion of pregnancies protected by tmo injections of tetanus to.oid 
increased f'otl very lo\ levels to more than 3(1percent (Foster el ;ii.,19931. 

Becker ,cial. (1)93) reported Otlthe rCSults 0f t\\ 0 surveys carried out 
in 19X4 and I9X8, which recorded illortltalitv rates before and aftet the start 
of' the program. ,\ Comparisoni of the twio years preceding the start of the 
program with the stibscqueIt IWO years shows that itfant iomrtality declined 
by ain estimated 2-1.5 percent (from 240 to dearth per I,0011t live biths).I,,Il 

Mortality attages I-4 yeats declined by 28 percenit from 46 to 3.3deaths per 
1,)00). Both chalinge,' \%ere significant at tile5 perrmit level. The study did 

a area .\iwsnot include 0ontrol sitice the prograi iltriduied liatiotall'. 
llowever, it is mnlikely that declies of this mIlagnilude \would have occuried 
in tileabsence of the pri0grain. 

,A;,hututglh it aplClras that the programl reduced mortality ove"ll, the 
studies did 1ot privide ctivitncing evidence oIn which Component,, of, tile 
program were rCspumtisible f't tildeclintes. Lstliiites of tilecause of death 
suggested Ihal nmortality due to neonatal telants declined by mote tItan 51 
percent. (Coveraoc with tetattis toxoid most likely' did not increase this 
much so tie decline in tetaniis Iiortality was probalbly tlot quite as large. 
The other of thai sll\ed I d,,ine Witws Iho\ever,cause d,...alh *'fever." 
reported used of antinmalarials did not change over tile period (Foster el al., 
1993). There \%as ilk) decline in t reportiing of measles deaths, nor wais 
there any relationship hketweeri the increase inlmeasles coverage by survey 
cluster and the change in mortality atages 1-4 years. 

The failure of tile CCCD study in Liberia to demonstrate declines in 
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causes of' dealth tha0t '.verc talrgeted by tileprogram is disappointing, but 

perhaps not surprising. '1be verbal autopsies elmploled in the stludy were 

takcn front qucstionaire', us ed in the Philippines. It isno1 clear to what 

extent thevwere valid in Liberia. In addition, the Liberia study used slightly 

different criteria for diagnosis. [or example, in the Philippines, the criteria 

for diagnosis of nonfatal measles were "age greater than 120 days, rash and 

fever for niore 11:111 days. criteria had oftllree 'hese a sensitiviltV 98 

percent ard a speciticily of 90 percent IKaller et al.. 199(1. Becker et al. 

(1993) listed their criteria for diagnosis of measles as "'presence of skill rash 

and child over 2 illolnlrs of' age." By dropping fever and not limiting the 

rash to those lasting alleast three days, the specificity of' the crileria was 

probably lower than it \was ill the Philippines. In addition, dropping tile age 

limit from 4 to 2 monis prhlalbl', led to an exaggeration of meaisles dealhs 

tiages I-5 llOniths.
 
If tile sCnsitivity and specificily of tile criteria used in the CCCI) study
 

in Liberia \erCe lhesame istlhose estimated by Kaller in tie Philippines,
 

Only 'abLout 59 perceni, of tIle reported measles dealls in tile 1984 were in 

fact leasles. '[his iproportion is lermedthe "positive predCivtie value' of 

the criteria. If tile specificity' was only 85 percent (becalse of Ile less 
reportedstringent Lriteria used illLiberiah, then only 34 percent (A' tile 


meiasles dealhs weore acttallv due to this catuse.
 

With such los positivC predictive valnes, oCrll)driso'IIS of repotrled measles
 

the siar1t of, tile ('('CI) progrin do [lot
tllortalitv rate, bclorc and a'fter 
provide a poasserfn test of tile IlypolIcsis tllaltile progralil reduced measles 

rlrortalit'. BCcausC IlCeaslCS inllullrni,,tiOln coverage iIcaeCISCd from 13 to 

onlIy 33 petrcet, \c might h.ave ex pectedL true measles deathlsIo delirle by 

10ughl\ 2(0 percent. Witli a positise prediVie valIe of 59) percent. the 

expected decli ne il reported nicasles deaths would be only 59 percent of 20 

percent, or approxilnlatcl. 12 percent, or a1dCj.line ''om11 about I to 16 

deaths per I,00(1. 
There are similar prolblems with their other reports of causes of death, 

such as acute respirator, intections. For example. Kalter et ll. (1990) 

estimlated that the sensiti\it\ aIld specificity of "cough for itleast 4 days 

aInd dVspnoea for at least I day" are 59 and 77 percent, respectively. Becker 

et al. (11993 used tie criteria of "cough aLnd truluble breathing for more than 

2 ( ays.- The lpositiVe predictivc value for these criteria is problably not 

highi elough to be useful for studying Cllanges in tle mortality rate due to 

respiratlory infections. 

) r 

, iere/' isthe reprted phrportio n due tomeasles, a1 isthe senlsitivity, and P isthe specificity. 
IThe true piportint o iildt.lIsdue to measles can le estimated is (I+ 13- 1)/m + -1 I) 
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Evluation of' CCCD in Zaire 
Tile CCCD program in Zaire succeeded in ilcreasing vaccination cov

erage in the Kingandu area. Measles iinm tii/ation coverage increased 
from 22 to 74 percent, and coverage with three doses of DPT increased 
from 15 to 62 percent (Vernon et al., 1993). Reported use of oral rehvdration
increased from less than 6 percent to greater than 55 percent per episode.
The proportion of pregnancies protected by two injections of tetanus toxoid 
increased from 14 to 43 percent. 

There was an evaluation of the effect of' the CCCI) program in Zaire inKingandu (Chahnazarian el al., 1993). The mortality rale amllong children 
aged ( to 5 declined from 41 per 1.010 during the five years preceding the
start of the program to 33 dluring the next five years. wkasThis decline 
concentrated at ages I to 4 years. vherc morlality declined by 33 percent
(95 percent C.l. 22-45 percent). A regression analysis suggested thatdecline is iore consistent with a program effect than with 

this 
a steady down

ward trend. although it is not possible to disentangle the two possibilities 
statistically. 

One approach to delermining whether tie decline in mortality was utie 
to tie program is to examine changes in the reported uLmber" of measles 
cases (Chlahnazarian et al., 1993). There was a sharp drop in the annual
number of' measles cases reported at tile local hospital ftollowing the start of 
the program and the increase in vaccination coverage. During 1978-1984,
there was an average of 1(h8 cases atmeasles the hospital each year. After
the start of the CC(CD program (1985-1989). there an average ofl 36was 
cases per year. Most of these cases occurred during an outhreak in the
hospital in 1988. A regression of the mortality rate at ages 6 to 35 months 
on tile reported measles cases for tire years 1978-1987 and 1989 shows that
variations in the number of reported measles cases explained 67 percent of

the variance in mortalilv. Therefore, the decline in 
 the avCrage annual 
number of' measles cases in the hospital between the preprograim period

(1978-1984) and the postprograin period (1985-1989) 
 was associated with 
an 18 percent decrease in mcrtality at 6 to 35 months. This estimale prob
ably included sone effect from the other program interventions. IHlowever,

it is likely that the largest share of the effect is 
 attributable to measles 
inmuniziation. 

SUMMARY 
It is difficult to believe that the increasing availability of modern health

services provided at hospitals, at health centers, and thrn)ugh integrated
health programs has not played some role in the long-term decline in infarnt
and child mortality in sub-Saharan Africa. However, there is very little 
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evidence to help us determine whether their contributins have been trivial 
or substa.intiail. These progranms and services ire difficult to evaluate be-
Cluse lite)' are based oil i set of' ,ervices rather than a single intervention 
and are isu:.illy introduced slhwly ovei a period of time. 

Case histories fronl Selegal provide some evidence that tile declines in 
mortality crc associated wilh intcreases in health seivices. The data from 
Keneba in The (Giambia are more convincing because tile health prograllns 

eie iittlrOduced over a perioLof a fw years a;nd were associaled with a 
very i apid decline ill mortalily. 

The evaltlitons of [lie C'(iC) programs 'ire vaiflable because they are 
tile illost recent studies ' tilt effCtls of' national inlegraled healill progranis 
in Africa. Both studies sufer from lack of control areas. In Liberia there 
were ioi opportunities for controls,. and il Zaire tile control area was admin
istrativelkv incorporalted into ie pegriill arca after the Star' of tile study. 
I lowever, botlh tudies Stlgeestd lrZe declii. in Illorality that were teil
poraly associaled wilh lie slarl of' lie program. 

There is little evidence about the eflect of village health workers ol 
mortality. We have not lttelnptell to1review all of tile litertlUre on the 
eflct of, VI _W of servicesschelies ol vaccina,1t-ionl coveage, tile provisioi 
by VlIWs, .nid the frequclLCI\ and(1 Ilowever,timlelin-'.s of referrals to clinic. 
the studies reviewed here is well as others (e.g. Notigtara t al., 1989) 
suggcSt that VIIWs io ilOt nCcessairily increase ultilizatioln of health ser
vices. 

Many more sludies of the effect of primary health care oil mortality are 
needed. Because there is probably great variability in the performaicc of 
general heallh programs, we nteed More smail-scale studies (such as that in 
The Gambia). Planning small studies will itiprove the feasibility of corn
pleting thri. Increasing the numher of' studies will reveal whether there 
are any gtmeraIlizatioils lat can be illade about this type of pl'ogini. When
ever possible, Ihlese studies should CXam iine the longer-terl effect of pro
grains bct.ause it may take several years for thein to achieve at level of 
operation that shows an effect. 
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Conclusions and Recommendations
 

Health programs in Africa encompass a wide range of medical and 
public health efforts. Ministries of health often oversee services, such is 
vaccilnaiiotn prorails. nlalernitv services, Ireatllnnt of,"chronic psychialric 
illnesses, and suricaIl v,aids. Givcn [he extremely limited Ilbudgets for 
gove'rnei clexl'diitires and tile pressures f'or coilrolling public spending, 
fitfh sector plann,ers and bilateral or multilateral fiiding agencies need 
evidence aboill whlhcr the prograis they support are having the desired 
effects and guidanuce on which of Iliese pro{granis and should he expanded. 

The circullstaniial evidence is clear: Tihe coverae and ranc of hcalth 
uo'gr1raiuis has increasCd substantialky ill \lrica during tihe past 2( years, and 

iil'allt and child mortality ra es have declined. However, we fouid only J 
f'ew studies that actually illeasired the effect of ally conmlponent of . national 
health prograll on child nutalitv in Africa. The vast najority of research 
com1ies f'rmll studiCs of dCl'iluCd interventions (e.l.. leasles vaccination or 
antilalarial spraying", irusmll areas. Most of' these studies examine tlhe 

a sillle itieetIl and lmanly 
clinical trials than11 thev are to Cvailutilions Of' largC-scale po)riamlIs. There
l'ore, \%e clllot illuke Strolustatements about tihe overall effecliveness (if 
health programlls in Africa. IIow'vcr, we call Concludet1hattIlIosI national 
heallh )ro0gramiIS inchhLI(e inlterveIlioius that have been shown to reduce nor
tality inlsmall test prograilli. 

Our first and most important l'indingz is that miany of' the central ele
incnts of' m(ost national health prograns ill Africa have never been evaluated 

Cflects ol on1,1. rlC closer to carefull)' c0ntrolled 
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in terms of' their likely impact oil mortality. In some cases. the nature of tie 
programs and of' tile interventions precludes direct measurelment of' etfec
tiveness in red ucinrig mortalitv. HIowever. there are man v types of programs 
that could Ie evaluated but have not been studied or ha, e been studied only 
il small-scale trials. In particular. there are ver t'e\% StudiCS of' the effects 
of' health centers and integrated programs on mortalit\,. and no sltudies that 
attempt to estiniate tie effectiVeness of hospital, ill reducing populttion 
levels of' nlortalit v. 

(ive Ihis conclusionl,most of the review of the evidcnce--and, tlere
fore, mosI of the conclusioris belo\.-concern interverit ins ilie(l at inidi
vidual diseases. We w,,ill surniar'ize here our findings abl1out th1e fotur most 
coiir11ori causes of' dcath almong children iil Africa: mheasles, diarrhea. ia
ar'ia, and acuIte respiratory in fectioris. 

DISEASE- AND INTER VE'NTION-SIPE(IFIC CONCLUSIONS 

Measles 

Vaccination programs Currently provide measles vaccinalion to about 
half of' all children in the region. The protective effects of' measles v'accina
tioni are well dOCUlliented ill several stuieS ill coastal areas of' West Af'rica 
at1d one study in Zaire. In these locales, vaccinatiorn was responsible for 
substantial declines in riiortality. [here is evidence fron several other areas 
ihlt vaccination has reduced the incidence ol' measles. Ilowever. wide 
variations in \accine efficacy (oftell associated ,. ith cold chain failurest arid 
substantial differences in the epidemiology of the disease (e.g.. frequency 
of' epidemics, proportion secondary cases) make it difficult to estimate tlhe 
impact of measles vaccination in Af'rica. 

Vaccination is not likely to eliminate measles cases in Af'rica in tile 
near lture. Therefore, cxparided case rmranagerment should be considered as 
a sutIIflenleltal strategy to lower the case-fatality rates in serious cases. 

Diarrheal )iseases 

Diarrheal diseases are among tile leadinig causes of death of' inffarnts and 
children ilr sub-Saharan Alf'rica. as they are throughout the developing world. 
They also reduce the health of Chidren by imposirng a higli burden of ior
bidity and by contributing substantially to; iialnutrilion. The primary inter
ventionl f'or control of' diarrheal disease lortalit\, in tile past decade has 
been rmanagement of' acute dehydrating diarrhea by using oral rehyd'ation 
therapy (ORT) aid continued feeding. This approach to case management 
has proven efficacious ill clinical settings outside of' Arica ard is likely to 
prevent mortality in community-wide programs, but the effects in commu
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nity-based programs have not been well docuniented in Africa. To achieve 
the maxinmum benefil 'rom this intervention in sub-Saharan Africa, it would 
be necessary to increase covenge beyond the currently estimated 36 percent 
of episodes treated, and to improve both the targeting of treatment and the 
quality of the treatment given. Furthermore, because acle dehydrating 
illnesses may be responsible for half or less of diarrhea-associated mortal
ity, a more comprehensive approach to case management will also be needed 
to reducelilthe morlaliYv due to dysentery and persistent diarrhea, ol'ten asso
ciated with malnutrit i, . 

Malaria 

Presumptive treatment of lever with chlorquine is standard practice in 
many parts of Alfrica. It is not only the practice iin health centers; presutlip
tive treatment is practiced in many homes before or instead of attending a 
health center. There are no studies demonstrating Ilat presunlptive treat
mnIllt aCtIually' reduces childhood mortality. Although studies demonstrate 
the effect of treatment of malaria with chloroquint, on the progression oflthe 
disease, there are no stludies that test the basic assupLIItioni that reducing 
case severity will in the long run reduce mortality. 

It may rnot be possible to design studies to compare the effecliveness of 
presumptive treatmeiit with uio treatnient of' !evcis. It would be unethical to 
remove this ireatmen fr)rm a c0111t Ihupiilh ilat already relies on chloroqluinte, 
atnd it might not be possible to find endemic or holoendemic areas where 
presun)tive trcatmient is not already practiced. Ilowever, it would lie pos
sible to test the elect of increasing the proportion of cases treated presiu
tively or the effect of inproving dosages or promptness ol treatment. The 
two studies designed to 1o sO failed to bring about sizable changes in the 
frequency of treatiet. 

The effectiveness 0f i~rte uinptite trealment with chloroquirre is also 
uncertain because of increases in the prevalence of chloroluine resistance. 
Although the mere presence of resistanl strains doesiOnot mean tha.t chloroqlille 
is totally useless, it does reduce the level of effectiveness. As long as 
chloroquine was ellective, the a1rgtuments for presumptive treatment were 
persuasive. Ilowever, the reduced efTicacy' of chhor)Oquinle and the lack of 
equally safe, low-cost allernative drugs introduce additional uncertainty into 
the estimalion of etffectiveness. 

Ithome-based use of chloroquine and oilher drugs for presuimptive treat
ineit o'o 'evers presents problems l'or research on the effectiveness of other 
strategies for reducing mortality dtue to malaria. Researchers carinnot assume 
that the level of treatment or chenmoprophyhaxis is minimal in designated 
control areas or at the lime of baseline surveys ill intervention areas. It is 
necessary to document the frequency and adequacy of treatment (home based 
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and at clhnics, presumpive and diagnoscd). Wihout documentation ot the 
level of treatment ill control areas or baseline comparisons t' program and 
control arCas, study resulhs cannot be exlr'apolaled to areas in which the 
baseline conditions nax hc q ite different. 

The evidence snbstantiatiing Ie use of clnerloprophylaxis among preg
nant wo,,men is not ,cr\ stronrn. Although there alre numerous studies demo
onstratineg bIeneficial effecl', of prophv-laxis Oil inlCtrlledial outcornes such 
as hirthwcight. there is little direct evidence thai proplrvlaxis actually in
creases child Strvival. 

The use of inseeticided-inlrpcenatcd bed nets ha; been demonstrated to 
ICdLICC I1Ior'ta.lil ill one areai t'f sub-Saharan Africa with high levels of 
seasonal malaria. 'here is a need for studies of' aCCeptability and efficacy 

aS 0rleasill Iomlation:S with other patterns, such aS at high endelcity and 
areas of iltrequent epidemics. 

Acute Respiratory Infections 

Acute respiratory infections (ARIs). particularly pneumonia. are also a 
major cause of' childhood mortality in sub-Sah.ran Africa. Although their 
importance has been rco.plized for Some Illle, it is only recently that a 
control prol';'arn strategy has been shown to be effective. This strategy uses 
a drstri'r\'e of' pneumonia resdiagnostic algorithm based principally onl 
piratory rate and recogrnitior of' chest indrawing: treatment is given with 
antibiotics. In commlunity-based intervenlion trials in a variety of' settings, 
this strategy has been shown tin reduce under-5 mortality by approximately 
25 percent. In tIe only trial in sub-Slaharai Africa. the probability of dyintu 
by age 5 was reduced hy 39 per I A111(. ('Clearlv. some antibiotic treatment 
at sunspecled lncumt0lia is currently occurring in Africa. but s'sterlfatic 

programs to improve diagnosis and provide correct therapy are just hgin
ning. Although it is too soon to deter'mine an effct on child mortality of 
ARI treatinment prograns, there would seem to be the poteintial for substan
tial mortality reduction if' the case-management strategy can be fully irople
mrtueted. 

GENERAL OBSIRVATIONS ABOUT TlE EVAIAUATI()N OF 
HEAlTI-1I PROGRAMS IN AFRICA 

Given the wide range of disease environntns in Africa, a worrying 
1Lnmber (f the best studies at' the efficacy of basic inlerventions have been 
carried ont in t vcry narrow raIrge a'f ecological and cultural settings. Inl 
particular, a substantial proportion 0f the studies have been carried out ill 
small areas of Senegal and The Gambia. The area of' Senegal that has been 
studied hy researchers from the Institin Franais de Recherche Scient ifique 
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pour le D,veloppement en Coop ration (ORSTOM), and the area of The 
Gambia that has been studied by researchers from the Medical Research 
Council of the United Kingdom. are within approxiinately 60 miles of each 
other in very similar ecological and Cnt u ral environments. Good research 
is being done in other areas of Africa. IlowevCer, there is a desperate need 
for more research on the cfl'ectiveness of integrated programs and indi
vidual interventions in a wider range of environments. The high volume of 
excellent research 'romSenegal and Tle Gambia is evidence that long-term 
studies in defined pOp1ultions are an1 effective mrieans of study ing health 

interventions. 
In addition to disease- and intervention-specific cOlnc'usiOtns and recorn

inendations, there are a number of general observations related to the state 
of health programs and research in sub-Saharail Af'rica. 

Delines inf'anl ratesI e. in and child mortality should remain tle 
primary indiicator of' tlie el'f'ectiveness of' child health interventions in 
Af'rica. There are Other USefl'l] illdicatOrs ' tlhe Success of' some specific 
health intcrventions, such as illprOVeCd n1utritional ',SatUSl and lower prev'a
lence ol chronic norhiditv. I lowever, the primary goal of most health 

prograns in Africa ust be the redtuction of' mortality. In addition, many of' 
the inteiventions aimed at reducing mortality are also associated with re
ductions in morhiditv. 

That having beei said, it is not necessary to mleasure the change in 
mortality associated with every program. Once we have shown that in 
intervenlion reduces mortality when implemented properly, we can evaluate 

piograIs tsing coverage and prImptness of services aLd compliance with 
program protcols. 

2. The goals sIated 'or man .vprograims suggestI hat program plan
ner.s of'ten have unrealistic expectations aloit lhe 'easil)ilitv of nieasur
ing mortality changes associated with some kinds of interventions. There 
is large variation in the rapiditN with which interventions can reduce nlor
talitV. It is fe-'asihle to me.'aSurle tie effects only ol those interventions that 
can achieve larec reductions in mortality quickly. E'aluation Of* inltervCn
tions that reduce lortality h\ ollyv a modest alount (e.g.. less thall l( 

percent requires v ery large san ilelCsi/es to achieve precise mileasurements 
of* mortality. I lo\,ever, the larger the sample siu., the more difficult it is to 
ensure plrecise measurements. For national programs, it may not he pos
sible to imteasure the el''ect of programls that reduce mortality in an aice 

1oup1 by less than 2( per I.0001). 
Similarly, it iay not be possible to demonstrate that a prograln reduced 

iortalitv if the mortality decline occurred over several years. The slower 
the decline, the longer must dala collection Continue and the greater is the 
expeise. A long, slow decline also makes it difficult to demionstrate that 
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the change was caused by the program rather than by other changes in the 

population. 
It is tisClll to consider three types of programs: 

Programs that are relatively easy to study because they have a dra

matic effcct oil mortal ity: Included here are programs that can cause a 

quick, dramatic reduction in mortality, perhaps limited to one age group. In 

some cases, it is possible to document the electiveness of these programs 

in large populttiols. Examples are programs that inclodell measles vaccia

tion and mass inmtnization of woieii of childbearing age with tetanus 

toxoid. Regular distribution of' vitamin A may also belong in this group. 

Although evalnations of these programs can demonstrate short-term effects 

*i! mo0rtality, .tudlie. o long-term, sustained effectiveness generally will 

have to rely oil intermediate measures such as vaccine efficacy and surveil

lance studies of incidence. 
Programs whose effectiveness in reducing mortality can be measured 

only in small-scale sttdies: Th.s group includes programs that have a more 

modest potential for reducing mortality or that reduce mortality at a slower 

rate. We can strengthen these studies by comparing survival rates for those 
who received the intervention and those who did not. Examples include 

programs for treatment of ARI and immunization of pregnant women with 

tetanus toxoid. Once the effectiveness of these programs has been diemon

strated in small-scale studies. larger programs can be evalmted by using 
intermediate measures such as coverage rates, efficacy, and incidence rates. 

* Programs for which direct measurement of effecl on mortality is not 

feasible: This group includes programs that require an expansion of in fra

structure, establishing a referral structure, a large change ini staff tltuties, or 

changes in health-seeking behavior or treatment of disease by the popula

tion. These programs can take so long to be implemented filily that it is 
very difficult, if not impossible, to document their effects in populations. 

in addition, it is often difficult to docuntll a single starting point for these 

prograns or to measure changes in the level of program activity. This 

category includes programs to retduce the incidence of low birthweight and 

prematurity. In general. we can only estimate the effectiveness of these 
programs by using studies of intermediate output measures (e.g., coverage 

rates and changes in tile incidence of low birthweight) combined with stud

ies that demonstrate the association of these intermediate variables with 

excess mortality. 

Misunderstandings about the natu re of program fleel can lead to unre

alistic expectations for measurable impact. For example, many disctissions 
of tile potential of home-based ORT prtgranis imply that they can achieve 

quick, dramatic reductions in mortality. Il fact, such programs belong in 

the second or even third group because of the time required to implement 
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then] all to behaviors.change Similarly. pro.rallis tht pro ide tellslltls 
toxoid call achieve large reductions inllsome poulahtions ir' cverale ill
creases rapidly. lHowever, ro rans that provide in.icliolis lhrou,..ch aintenliaal 
care may not achievse a quick increas ill coverage ill poplatioils where 
prelnatal Cale is low. The forecoil tu N. not lieall Illit \' sl dh.inv\est 
only ill proirallis Illil have quick elfeeis. Ihwsvver. s Nhould ensure llt 
the measuren used to e'alluitte these prograims are firiilv linked to real 
ClTects. 

3. The trend llvard staling program galls inl lerills oI' re(clctioln ill 
caulse-specific nlllrtaliy*itily Ile selting tnrealistic exlpectations for eualtiation. 
Measuring cause-specific ioilutlitV tale[,s is ser\ dilTiCit ill AriCa. Ivencarefully performed evrhal altopsiesusing locall vdated melhods can 

only provide eNtilateN of the distrihution of deatlhs h\ the 111ost collo 
illlediate CttiSC. A\Si1llill2 ils,'ciateld Or LMdCrfyiju catuses e\ceeds tlie 
capabilities of* larce studieN and national s,+,,tesi . Inl 'encral. it is not 
possile to nidsaure CLliC of death prci ,lY eiiotiuh Ioi [he evaluation of'
large-scale prog.rals. lowever. it is important 1t Iuduce heltler nitiional 

,iilld Nt"lilitiol~il eNtililteN if tIle relalive ilupltrtance of niijOr c (f0tsi,
deth:, a tor e Nte , I'mmnl itoring loniii-lerii Irends ill the caulse
ol-death slrlucture. lhe \erlha;l atutopsy Comiponenlts of the Demooraplhic and 
llealth Stlrie.s and otheur stirv'evN should heil to ,ive somic ideas of the 
miortalilv proliiles of illailN, ald chihlreu ill the ceuClffiral ll t1(111. 

4. More eimphasis sldont11 Ile giv n lo age-specific mortality rates in
 
stating progran goals. 
 It iNIar eaNier to nulasire achievement of oals for
 
re(tlCtiol of n1 seColld-yelrluInortaily, tor example.
leNatal.l, p)Slieillillil], Or 

thal oals fior redncing disease Ieci'ic Inortalily. It is oiten possible to
 
identit' ige¢ (or age -Ne' thiat
.roun)N should henefit iost'rol a proirgim. 

5. There is a need l'or more evaluations of' various packages oI'
 
interentiolls. For example., there mav soon a lnced to evalluale
he the
 
coihinationl of vaccination 
 programs and vilaninn A tlistrihutiO. The pur-
Pose uit these evluatiol, should be 1t0 tcilasure the total impact of' the 
package. It is rarely possihIe to determine which elements of' a package are 
responsible fr tie largest share ol fhe efrect. Th1 hetweensynergies dis
eases make it is difficult to estimate the joint effect of two interventions 
from separale evaluations as it is to disentangle their separate eflTects wsshet 
they are sltudied ill combination. Because tile inpact of various packages 
can difTer creatll across disease environilents. we shoufd evaluate these 
packages in several types of' populations.

6. More empirical evalualion of' program effects are needed in 
order to test predictions trom nodels. Although we have datal oin many 
components of' these models, there no tests ofare direct the eftecls of' the 
recommended iracltices. F:xamp lcs include the training ot traditional birth 
attendants and several of tie common recommendations oinmalaria. We re 
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not sLggestillg that programsn stop training traditional h;rthl attendants or' 
change their recolllilenditioiis o malaa. Whelever iossible, the conclu
sions froml sizuplilied biological models should he tested ill studies that 
actually ieisure tilhefTeCti%'enSS o1 ihe prop)sed inierIVelntiO in teducing
mortality. 

7. There is a need for more long-term studies that inmclude regular 
collection of, vital statistics and routine sor%tn s o)I' serviceitt iIizat ion 
and quality. of' care. These studies require Jlig-ieril comihlitinenlis of, 
kinds and personnel. lHowever , their potenhial is a.ppar111lelt til the nltiU1mer 
(f ilporiant studies carried out in Sene"al aMd The (Mtmlia. \Vilmul these 
stdy areas, v,.. \would klo\% ILcII less lhotli such diseaSeS as measles id 
malaria, and tile poicttial etect otf iteircntions to combat thel. \Ve need 
similar types of study areas it) other paort"f Atrica. 

Simiarly. oil-.woll dat collection gal'milllS, such is the l)euograihic 
and Ilealh Sulrv'ey pril. should cotiiiuthterin illlorll;atiol o n health 
services and conditions. Thlese Sur\e\'s Cnll] contriblte to time kuoMled.e 
base of' louc-tCm health and iopuhltion chamges ill stub-Sahmaran /\lrica. 

X. l aition studies should include detailed measurement otIth 
the coVerage and the promptness of' services, as \iell as com pliance with 
programlproticolls. We cat.tl ade(Iuatelyv ev'alut\ e etsulremetltS tf mlor'
tality change associated with prog;amns unless we also have data on the 
program activities. 

During tile last 1i0 years there has been a ureat deal of, attention paid to 
tihe health needs of"Af'rica. Many programs hilve been started or expanded, 
and many new approaches have been tested ill clinical trials Md small study 

a, elffort. er little abot the ef'lects ofreaeased \\e kl\\ 
sig epiteetis increedsaei 

single in~terv'entions ill larc-s le inatimnal programs or' the o.,erall effec
ti'ceiess of, integrated health programs. There are also malny parts of' time 
cottinent w\here we knokw very little about the elect if' programs or even 
the efficacy of, Ireatmients. The lieed for progrim evaluations \ill increase 
as time recommended cmlillilations (f interventions become more elahorate. 
In particuhlr, if w\e hein to consider adding large-scale intervention against 
icLte respiratory infections or vitamin A supplementation to the existing 
vaccination and diarrhea Control programs, it will be increasiugly difTicult 
to evaluatie prgra'1sIIll v\ itholit dileI msLIremeIs of* their effect. As tile 
size aMd the c0mplexity of programs increase, so will the need for more 
elaborate systems to evaluate and monitor their effectiveness, and to set 
new priorities. 



Appendix A
 

Case Studies of Child Mortality
 

Data from national systems of vital statistics are incomplete and usually 

unptublished. Therefore, we have to rely on specific population-I*ased sur

veys. a special anal) sis of vital registration data for small areas, or hospital 

recordk to estimate the structure of the causes of death anllelllinfants and 

children in sUb-Sahara ,Africa. 
This al)1)enli.X inclurdCs suO'aries of Q)case studies that provide some 

tdata ol the causets. of death a1or2 infants and children. These stLndiCs are 

of VelV uneven quality and differ ill the amulnt of details they rltovide. The 

data are dirawv1 lroml lltee types of sources: vital statistics, hospital records. 

and population sur, eillance systems. Lach of these sources has its limita

liolls. Vital reisratiotl sytellls lla\ record a larCe numbllher of (lethlS, but if 

deaths are unattended or rot certified M a phy'siCiar,. the repotledCIu se Of 

death may \%ell he incorrect. lhospilal data i+a be llore accurate in deter

muining the cause, htll they are sUbject to a selection bias. Pop)ulation Stlr'

veillarce systemN' +s have excellent aid consistent diaunoLr+erallv coverac 

sis of ca+uNe of' death, burt the are based orr simall polpulations arid generally 

limited to a few years. Their results may therefore produrce a good l)idttil'e 

of a fairly small area and p)op)Ulati~. but it mav be difficult to make geller

alizatiois based lpon their filldilngs. Where it is possible. these results also 

include the percentages of death attributed to other aid unldetermined causes. 
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SIERRA LEONE (WESTERN AREA) 

hfanit and child mortality in Sierra Lolne is aiollie tle hilhe'st inl tlhe 
world, with the inf'at mortality rate (NIR) between 1)X) Md I985 esli
mated at 166 peiu 1,0)) livo births (United Nations. 1991 ). Kaiidch (I1986)
Conducted allanalysis of, the causes of, illfatll childhood dealis hbcand in 

Western Area of 
 lte couitrv wlere the maill hospitals for Ittliers and 
childr ,._relocated. 

Of'the 3.783 inlkiit deths rc'ordLd in the Viltl reeistratio l system of 
the \Vestern Area between I 969 and 197I. only 1.772 (47 percent) \Were 
m,edically certii'ied. Of' lhese dcaths, 33 percent (582) occurrulhring the 
l'irsi week ofllife. 27 percent l483) l)et\\eein the second and fIuth weeks, 
and the tnmainin1 40 percent (717) duriti tle second lirotluch cleve\nth 
months. As showi) inl Table A-I. neonatal mortalitv wa, domiillted h\ 
tetant, 41 Ipercent), \w hich \kas also the leading cusC Of d1ath in infatncy.

This cause \kas lolh)owe1ld h., "a',,iL" and1vpoxic coilditiois," which ac-

COUllted for p neonatal ilaths.
I8 o 1'rcntl Both Conlitions are closely

associated wilth poor care.' oftihe cclive'r, 
 alnd of' the me\l)brn c.Child. O(thler
 
ioll)ri'tnt calLISeS of 
 pulCtlmllia and Other a..LllC 

tory inl'ections (ARIs) (6 percent), hirth inl'ction (5 percent), 


atl death we,._'re r'e:sp.,il
ncoiieniltl 

atitiialy (3 percent. aid ,epticenia (I perceut). lositneo tal mortality
Wis cIlic primarily to plictliiolia (30 percent) and other ARls (5 pcrcent). 
diarrhea (21 percemI),mhasls (9 percent1). aldI imahlrit(6 prcent ).Manlint
trition )C-Se nt0a Codled. hut 
 iMav be inltiCled allon( avitatmiiiiosi (3
 
percent) and anemnia (4 percent. although1 this last catCory probably , re-

Ilects malaria m1ortalityr as e,ll.
 

Medically ccrtified dctlis of children bet,\eelt 
 ages I and 4 years \\cre 
altribLted to measles (22 percent), pntuionia (22 percent). diarrha (13 
percent), avitamiltosis (1) pcrcent), aneimia (li p.rccit), lmalaria (4 pr-
Clit), tubercuLohsis. (0,pclnt). tuCnitIgitis (2 iercutn ), accidents (Iptr!tit . 
dysentery (I percent). and other causes (I(1 percent). 

This sludy covered a large population and included both an urbana and a 
rural area. '[le res+,ults Ore simih to Otlher Itldies (See Till 2-3 l't cori

features 
ies: Seve-e ralinutrition was not code d, it cause 

parisoi). Ilowever,. I le'e, limit [te Comparability with othlet sUtld
of IeaIth: l)ertiLSis \waIs 

either negtlected or included in tie "'other ARI' cate ory; malaria played it 
smaller role than elsewhere, which may he cue to reportitn hiases or to tile 
local environment: (iarrhea seemed to have hcen underestimated: and some 
categories were uncomnvenltional (SlI, as anoxic and hypoxic conditions). 



TABLE A-I Ranking of Major Underlying Causes of Death in Sierra Leone (western area) by Age Group. 1969-1979 

Neonatal Postneonatal Children. ALed I-4
 
(N = l.t5i. l169-1171 IN = 732). 1969-1971 iN 
= 924). 1974-1976 

Rank Cause of D- .h 1"ercentace Cause of Death Percentage Cause of Death Percentage 

I Telanus -4 .1 Pneumonia 30.4 M\easle, 22.3 
2 Anoxic/hypoxic ,8.3 Diarrhea 21.2 Pneumonia 22.2 
3 Pneumonia 5.1 Nea, les 9.1 Diarrhea 13.1 
4 Birth infection 4.6 Malaria 6.0 .Avitaminosis 10.3 
5 Conenital anomalies 3.3 Other ARI 4.0 Anemnia 9.7 
6 Diarrhea 1.6 Anemia 4.2 Malaria 4.6 
7 Septicemia 1.4 Avitaminosis 2.9 Tuberculosis 3.1 
8 Tetanus 2.4 Metiniiis 2.2 
9 Septicemia 1.6 Accidents 1.3 
10 Congenital anomalies 0.9 Dysenterv 0.8 

SOURCE: Kan:,!h (1986). 
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MACIIAK()S, KENYA 

The Machakos area of K..nyi 11975-1978) had a much lower mortality 
rate than other areas of Africa. which ma,' imply a diflerent CaLSe-of-death 
structure. Diata were cohfC. td in this rlral ire.a between 1975 andi 1978. 
Omondi-Odhiamho el al. ( PuI) report that in the neonatll period, after 
asphyxia and prelaturity, s,,hich accounted lor almost half of' the deaths, 
(lie leadill, caulc of death was ARI. which V.as associated with IX purcent. 
The cause of 15 perceit of the eCotMatl death, wa;ks unknowii. During tile 
postuconatal period, llt leadine cause .S.ereintestinal infections and pueut
monia -(ft and 28 perent. respectivel, ), followed by measles (14 percent). 
Only 7 wicnt \sere rcported as unknos, n cause. Anong children ages I to 
4 ycars. icaslc,, was responsible or 2 percent of all deaths. Nutritional 
deficiencie, were the cause of 17 percent ol all child deaths. Pneumonia 
and diarrhea were listed as causin-g 13 and 14 percent of' deaths, respec
lively.. lnculonia and diarrl.ca were more important among infants than 
amonu children aCed 1-4 years, whereas measles and malnutrition were 
more olten fie caIses of' death of children: 4 percent were of tlinknown 
c.ltise. 

NATIONAL ESTIMEIITS FOR KENYA 

E vhank et al. (I 986) used data from 1976 to I9 7 on hospital inpatient 
deaths. registered deaths hy district, and results of' available epidemiologic 
data (including the Machakos study) It estimate the cause-of-death struc
lure for Kenya. They attempted 1t ldjust for the selectivity of hospital 
deaths and for the f'act that hoth the coverage of registered deaths and the 
distribution of deaths hy cause (iffer i1101n districts. 

Their estimates of the numnber of deaths by cause for childrei under age 
five are given in Tabhl A-2. In addition. they estimated that there were 
about I1),900 deaths at all aces duc to malari. Because a large proportion 

TABLE A-2 Under-5 Cause-of-Death Structure of' Kenya 

F>,inialed 

Catpi of Deaith NLInf..'r of Death, Percent 

Respiratory 26,6100 50.0
 
Measles 1-1.600 27.5
 
)iarrhea 9.300 17.5 

Neonatal itanus 2,2110 4.2
 
Peritssis 41)1) 0.8
 

total 53,100 1000
 

SOURCE: Ewbank etial. (1986). 
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I"c would rank 
fourtlh on this list. 
of' malaria deathis OCCUr to children LII aIe 5, t!arij about 

I)AKAR AND SAINT-LOUIS, SENE(;AL 

d f'rolllCantrelle et al. (I 986) studied vital recistratitl lta [Ile cities of' 
l)akar and Saint-Louis. between 1973 and I980. The ltuality Otfthe datl oi 
calSCS Of' dseath wis to t large extent determined h, the place of deth.11t. 

When the deIth oCclrrcd inl a hactlih unit. ar,\wastlh case for 68 percent of' 

the deaths in l)akar and 58 percent in Saint-Louis. tie cause ol death vis 
ollre itwas gencaillv estahlished I1w,,J When theprecise because a physic.ian. 

death occurred at hoime, a puIhlic ofl'icial \\as left to1determine the Cause. 
It Diakar. congenital disorders and periatal (diseases were the Cause of' 

25 -- rcent of' all int'ant deaths: ill Saint-Louis. these causes ,ere responr
sible I.r 33 percent of' all in'ant deaths. The percentiages va+ried over the 
eight-year period. \,.itha range of It)to 30 pertent lhserved ii,Dakar and 
23 to 48 percent in Saint-Louis. In l)akr, the seuond h.dine casI of 
inflaIntmortal itv wls diarrhea,. accounting tor 11.6 percent of' deaths. Inl 
Saint-louis. nalnuttrilion and dehvdation (combined into one ctry)were 

listed as tilesecond leading cause of) iniant death, with 17 percent. Measles 
Was the third leadine causC inlboth cit,, iescoImliitIng l'or10 percent in 

il)akalrand 7 percent inlSaint-Ltounis. ()f iil'tIdealths il )akar. 6 percent 

were alttributed Ito follMCd b, lrtI tnrynalutritium and thh\draltil. ichopuhI 

disorders (6perceit I.D)iarrhi, the fourth tline cuseil, of infatnt mortality 

in Sainl-Louis. was responsileh for 5 ICCnt of thle deaths, llolhwed by 
bronchoptlivionary disorders (5 pcitemi. The remain- deathis were atltib
tllable to other cautses Or could no0t (I,2t'lliletble ied. 

For children, the leading cause offdeaths imhoth cities wais leasles. Itl 
D;akar. measles was listed Is the cauIse of' 28 perCent of the deaths, whereas 
inSaint-Louis. it wa:ls respolnsile Ifor 21 percent. [)iar-'rhcal and intestinal 
diseases were the second Icadine cause of death in l)akar (12 percenl). and 

tile tillrd imajoitr csILIe inSailnt-louis (10 percent). Mliutlriliom and delty
dratioll were the second ijor caise of' child dc;tlh ill Saint-Louis. imcCOLtlnt

ing for i8 percent. \l:lria was also t lli1or cause of1deat';,h ilSiiit-LOuis. 
with 9 percent. ,hcuerter, touch less importat.in )akar. it wasi with unly 2 

peteni' t. ()ith t llicr hand, hroiulihin)lollhOtlilA, disorders iccoLunted fOr Q 

percent of1the child deaths in l)akir. hut ml\,-1percclt in Saint-Louis. 
('antrellIc Ct al. ( 1)86) p it ht cCological i.'tuditions shoould beild Out 

considered when examinin, Ircnls. A Ima (1rdrought inSain-Louis iill 1972 
and 1973 proably reduced food produiction. thus contribfming io the high 
percenUtagc 01' ai1d deh dtitiOi. Moreovet. heavyofdC:ths from malnutrition 
rainlall inSitit-l ouis during 19)75 corresponided to al increase ildeaths 
from malaria, a caue thatl was rclativl unirmportnti inlDakar. With re
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spect to infant mortality, they indicated that with tihe exception of' measles, 
other major causes of death were oftei associted With tlhe coIiseqLicices of 
low rainfiall and drought, such as low crop production and reduced purchas
ing power. 

NIAKIIAR, SENEGAL 

Garenne and [onitaine ( 1990) analyed 808 verbal autopsies recorded 
by a demographic surveillance s'stell in Niakhar, a rural area of Senegal. 
All deaths of' all ages occurring in 30 villages were studied by using a 
comprehensive ClLCStionnlairC. RCsults for children below age 5 I'or the 
years 1983-1989 are shown in Table A-3 (M. (;arenne. personal conimuni
calion, 1992). 

TWO CISeS IccOLIIted '01r More tall half of all neonatal dealhs: lleona-
Ital letanls and low birtiheight. The few cases of malnutrition involved 
ne\w born s who were imprope rly 11011rishbed becauLisetlheir moiliers died shortly 
after delivery. For poslollatial mortality, diarrhea and acule respiratory 
inel'ctions accounlCd f'o1 half of all deaths. lPertussis accounted fOr more 
deaths than measles, becausC th.s (liscase strikes soon after birth, whercas 
cases of' measles are exlremely rare ef'ore 4 monIs of' age. 

For children aged 1-4 years, diarrhea was still the Illost Common Cause 
of deall. Malaria and ICLt llntlriition were more importalit than ARI. 
MeaslCs irecCedCd perlussis and cholera, which was very rare among inifants. 
lepatitis and tulberculsis were prolbably underestimated, because of' the 

less typical symptois that are harder to idCnitify by Using verbal autopsies. 
Deaths due to Iyphoid and congCnital sypliilis N\cre never diainosCd, bul toO 
exist ill thC study area. 

In this Slld, naluLritiin included acute malnutrition (kwasiiorkor 
and niarasis ) and three cases of' anemia, which may have been CaiSd by 
malaria. Al indeopCndeiilt study of" risk f'actors showed that two-thirds of the 
dealtihs outside the neonlatal period were attributable to poor niutritional sta
tUs. The diarrhea categoryI'or postconaes included acute watery diarrhea 
(16 percent), persistent diarrhea (12 percent), and dysentery (2 percent) 
and for child.2n 1-4, actite watery diarrhea (9 percent), persistent diarrhea 

16 percent), and dysenitery (3 percent). 

BAMAKO, MALI 

A study of the vimal statistics collected between 1974 and 1985 in Bamako, 
Mali, provides int'ormation on caLuse-of'-deatith sructure ( iargues and Nassour, 
1988). Registrat ion of' deatIs is virtually complete in Banlako because a 
death certificate f'rom the government is needed f'or burial. If death occurs 
in a hospital. the cause of death is noted by the attending physician or 

http:child.2n


TABLE A-3 Ranking of Major Underlying Causes of Death in Niakhar, Senegal, 1983-1989. by Age Group 

Neonatal (N =407) Postneonatal (N =461) Children Aged 1-4 (N = 1.015) 

Rank Cause of Death Percentage Cause of Death Percentage Cause of Death Percentage 

I 
2 
3 

Tetanus 
Low birth weight 
Pneumonia 

39.1 
28.0 

4.9 

Diarrhea 
ARI 
Malaria 

29.9 
19.5 
6.9 

Diarrhea 
Malaria 
Malnutrition 

27.4 
12.0 
8.5 

4 
5 
6 
7 
8 
9 

Birth trauma 
Birth defect 
Diarrhea 
Malnutrition 

2.2 
1.7 
1.0 
0.5 

Pertussis 
Malnutrition 
Measles 
Meningitis 
Septicemia 
Varicella 

6.1 
5.4 
3.7 
2.7 
1.3 
1.0 

ARI 
Measles 
Pertussis 
Cholera 
Meningitis 
Varicella 

8 3 
8.0 
4.2 
3.7 
2.0 
0.5 

10 
II 

12 
13 

Septicemia 
Epilepsy 

Hepatitis 
Tuberculosis 

0.4 
0.4 

0.3 
0.3 

SOURCE: M. Garenne. personal communication (1992). 
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nurse. However, for a death that occurs at home, the cerlificale may not 
accurately reflect the true cause of death. Some causes of' death such as 
measles are easily recognizable to individuals reporting the death, but other 
causes such as dehydration may be reported incorrectly as diarrhea. Sicii
larly, many people are aware of fever as a symtnlomtl of nalaria and report 
deaths as being caused by malaria when a high fever is present. 

'file leading causes of infant mortality were conditions related to the 
perinatal period (prematurity), which a.ccolinled for 24 percent of' tiledeaths. 
Following that. 12 percent were attribuled to malaria, whereas measles was 
responsible for I1lpercent. The fourth leading cause was intestinal infec
tion. accounting for 9 percent. The other major causes of dealh were men
ingitis (4 percent), mnalnutrition (4 percent). dehydration (4 percent), and 
pneunonlia (3 percent). The remaining causes of death either accounted for 
less than I percent of the total, and approximately 28 percent were classi
fied as "other." 

Among children of ages I to 5, measles was reported as the cause of 34 
percent of deaths, followed by malaria with 16 percent. In this group, 12 
percent was attributed to malnutrition, whereas intestinal infection accounted 
for 8 percent. Pneumonia and dehydration each accounted for 3 percent of 
the deaths; anemia and meningitis. I percent each. Approximately 20 per
cent of deaths to children ages I to 5 years were attributed to other causes. 

MALUMIFASHI, NIGERIA 

Data collected by Tonikins el al. (1991 ) between 1977 and 1978 in tie 
Malumfashi area of Nigeria yielded basic cause of death information. Dur
ing this period, Ill infants died, resulting in an infant mortality rate of 88 
deaths per 1,000 live births. Anong these infants, 12 percent were reported 
to have died of measles, 23 percent of pyrexia, and 13 percent of diarrhea. 
Among children ages I to 4, a similar pattern was observed. With a child 
mortality rate of 34 deaths per 1,000 (137 deaths), 12 percent of the deaths 
were ascribed to measles, 24 percent to pyrexia, and 17 percent to diarrhea. 

FOUR PROVINCES OF SUDAN 

Verbal autopsies provide information on the deaths of infants and chil
dren in a study inGreater Khartoum and the Blue Nile, Kassala, and Kordofan 
provinces of the Sudan between 1974 and 1976 (Sudanese Ministry of Health 
and World I lealth Organization. 198!). It appears that infant mortality was 
probably underreported. Among infants, 48 percent of the deaths were 
attributed to diarrhea and 12 percent to fevers. Measles was responsible for 
II percent of infant deaths. followed by pneumonia (9 percent), malaria (5 
percent), and asphyxia (4 percent). The remaining II percent of deaths 
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were attributed to other and undetermined causes. The leading causes of 
death among children were diarrhea (46 percent), measles (18 percent), 
malaria (7 percent). pneumonia (6 percent), and fever (6 percent): 18 per
cent were attributed to other a11d Undetermined causes. 

KASONGO, ZAIRE 

"The Kasongo study was conducted in Zaire between 1974 and 1977 
(van Lerberghe. 19Xw ). The survey gathered inftori ation oil 229 deaths of 
children under agce 5. and deaths werc classiftied into five groups: rash. 
respiratory di;ease, diarrheai disease, other disea es, and unknown. Those 
classified as rashes were attributed to measlCS if tilechild had a rash that 
started less than 30 days beftore the dea,l. Respiratory deaths included 
those in which tile mother a,1ttributed tie death to a respiratory illness (cough, 
dyspnea, or whooping cough), dyspnea or cotigih were reported at death, or 
respiratory illness was reported between the preceding visit and death. l)eaths 
were ascribed to diarrhea when they Vwere attributed to diarrhea by the 

lother or whell there was mention of diarrhea at death if there was no 
association with rash, respiratory illness, or any other specific caLuse of 
death. 

Among tie deaths of illfantsIInder 5 months of age, 40) percent were of 
Unknown origin and 30 percen, were ci assiftied as "'other" causes. Respira
tory illnesses were the leading identifiable cause, representing about 20 
percent 01' all deaths. Diarrhea was reported aIstile caLise of about 7 per
celt, and rash ab1)oul 3 percent. 

Among ol ier children, rash (meIsles) was tile leadillg cause of deatil: 
approximately 45 percent of tile deatis among children 6 to I I months, and 
75 percent Ilnong childrel 12 to 17 months. In tlhe grolups aged 18 to 59 
months, rashes were tile largest single cause, ranging t'rolabout 60 to 35 
percent, respectively. Respiratory illnesses and diarrhea each caised about 
21) percent of tile deaths .lltilg inlants between 6 and I I nlonths, and only 
about 5 percent each inthe age group 12 to 17 months. Diarrheal diseases 
accoullted for abo0ut 10 pelCelt of tile deaths between ages IS and 47 months. 
but were not citd as tile cause of death ill tile group aged 48 to 59 ionths. 
Respiralory illnesses were reported to be the cause of ahout 2) percent of 
the deaths anlogle children 24-35 imonths and 48-59 iontlhs. Ilowever, 
respiratory illnesses were not listed as tile calise of ally deaths aniongil hl
dren 36-47 months. A nong Children 6 to 59 months. unknown causes of 
dceai ranged approximately 2 t(o15 total of registeredIfroni percent of tile 
deaths. 
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The Ifollowing references are included in cilations of' DIFIS reports: 

AgountiW, A.. Ni. .\ soigh. and K. Anipah 
19891) u~ Ihn',,iu 1 1i 1,- S,11( an I ONS/. Liiin&. Togo: I nil de 

Recherche I)emiographiique. i.ireciiin de hi SIMISIRIiUC. iDircion (.hn&~iii de la 
Sarii&: ( umbwii, Mid. InIIkIiiie loi Reuiiirce ik'.cupmi/,iacu icOi% Inc:. 

Chich-Jihnwnig. D.. A.R. (ros. .. \%\;t\ ii JI! Suli~iaii 
S198 /.hb'il~m 't:Q,11, ,111d l,uith/ Swic M-SeI)T.Niri~a. I iheia: Butreau o 

(IMIIN~iIII SURarIti, SirIL idijii iintic for Reitmre IDevtlIpmieiii 
if 5 1) ~~ ' 1 ~p'~,,,,i,1~ ~ 11'. 6uriSwlt, 'M Accra. G hanai: Gihana Statisticaln O.NI 

leme". (ou!,tiii. Nil.: iritiitjkt for Re'itrc iDvcloprwii/Naciii Systems,~ 

Kailtika. i&NI.. FY A. Ka,i, A R ( ro'. and! F. Iumi~a 
1989' 1 gui/t I and cu~ I 'iS / ).YJ. F~ilehhe. va:'; Niin'i r\OItmig jul III 

of I[u.,i1l1i: ( ,UiiTOiii,. Ni&! 11111i1111Vtl Rt".iUIri ihOii pr eiictMaCri S\ liiis. 

Kci~aii Nationail (iCiml fm ipl.riui andl !)c".cluiuiici ind Insitute foruRenrce IDcieiui

199i 	 Ant-u, /)uu'.'u'/uim i alt/i ., i - I'). \,air,iii Kein.a Natiounal Cuimicil 
for P'tlitin!,iui midi iDtu.IiloinICIII (uliuiha. Nit!: Iii 1iliifL lii Resouirce Develoup
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(Minkitry if Ilcih); Colunmbia, Md.: Institute forResource )evclopmient/ Macro 
Systeti,. Inc. 

Ndiavc. S., I. Sari, ant M. Ayad 
198X El:Ptitct e .anfitt I9NS',.Dikar, Senegal: ,Miislt&eI)inhwplphift/i' cel ot Si u;iifl 
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Nigerian F
1tt2 
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I,99. I 
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sie,.Nii 

icnt 
ier:I leai()fficcof" 
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Iloi l l o [ ,.
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I)88 I' wlequ,'I)'cccpqun1' 1Ct dciSaiP;tt Itun,,i,. (igi.lritiuntli:Ninkire tie
 
1I1nterltntr Iistitiicr Resouice D¢\ltiient/Wct iitesc.
(oiuthia. %Idf.; 


,
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111%fil,'])989
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tille Rtsoett \'/ctcilohtles.
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lititut tir iR ,iirce I)eclijueMiciNt r Ienritcruuutiiilna.
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ziiiflcahce C Stitiliceil clt listituite Resotct lOC1(e¢11;11 Mid't Il eliilIIiieit 
]I /t)li) " IilchI'itql h ulN . /iu.ibllsuC:/iiull aici IId'ull/1 I.% I l.Harire. (Ctnlral 
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