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I. EXECUTIVE SUMMARY AND KEY FINDINGS 

Plasntodittnfa'liparumt infection in pregnant women leads to pilacental infection and h w birth 
weight (1.11W: <2500 grams) of the infant, particularly in the areas of high malaria transmission 
found in sub-Salaran Africa. Low birth weight is widely known to hc an important risk factor 

for early infant mortalitv. To reduce the risk that matcrnal malaria infection poscs to child 
survival, many antcnata clinic prograns provide and rcommend antimalarial chcmoprophylxxis, 
often with chhoro()luine ((Q), as a rccomnicndcd clement for prcnatal care. Prior to the 1980s, 
despite widcspread advocacy for this intcrvention, little was known abo0)ut the cffcct of this inter
vention strategy. 

l)uring the 1980s, (:Q resistanco spiead rapidly across the African continent, and mialaria con
trol programs wcrc increasingly flccd with the concern that clcmoprophvlaxis wvitli C.Q was 
bccoming less clcctivet . In addition, other concerns regarding prenatal malaria picvcntion pro
gram effcctivcncss loomcd. Could the malaria intcrvcntion be targctcd to "high-risk" pregnan
cics on the basis of parity, scason, or other criteria, anld could such targeting allo)\ for 
improved covcragc? Ilow much I.B\' and w\'hich types of' I.BV (due to preniaturit\ or intrauter
ine growth retardation II(;R I) wcrc attributable to malaria and could he prcvc(cd, and what 
impact would this have onl m)ort.iity rcduction in infancy? What alternative re imns or drugs 
could he used to enhance the elicacy and effectivencss of malaria control programs? What were 
the best strategies to ;Idldrcss other infectious dlisCasCs such Is s:'philiS and hman1 iniunt
dcficiency viru., -type I (IIWI) in pregilnnt \\'o)men and the interactit 1nOf the' dis'ase's with caL:ii 
other? I lcalth planners recognized the imp)rtance )f d'lining lhow malaria control in pregnancy 
could best he linked with )ther services in a ratio)nal and afa irdable pro)gram. 

I1ndcr the United States Agency for International l)cvelopncnt (A.I.). ) Africa Child Survival Ini
tiativc - Combatting (Childl.,)(d Conmunuicable I)iscascs ( ACSI-C(CI) ) Project, the Malaria Branch 
and the International I lcalth Program Office of the Centers for l)isease (ontrol and Preven
tion collaborated with the Malawi Ministry of, Ilcalth to address these regionally important issues. 

Four major questions were addressed by the Mangochi Malaria Rcscarch Project (MMRI) investi
gation of malaria treatment and pre'ention in pregnant womcn: 

I ) I low much I.11W and infant mortality could be reversed by a highly efficaci)us intcrven
tion in pregnancy against Plasiodium i 'irpattn iinfecti)n? 
2) Could target groups f)r intervention he delincd by identifying characteristics of preglan
cics at highest risk of P. filciparum infection and I.B\X? 
3) What are the characteristics of an cficacious drug regimen in terms of timing of dcliv
cry and impact (om parasitmia and pllacental malaria infection? 
-i) What are the optimai methods to implemcni an efficacious intervention program? 

hellMMIRP was dCvclo)pCd Is a longitudinal project to examine the first three questions with 
the expectation that the answcrs to the questions, coupled with project experience and work 
by other investigators, would help answer the fourth q(cstion. 

Several issues were critical to the establishment of the MMRI ). The site of the study, Mangochi 
District, with its four antenatal clinics and dlcliveryn' units, provided aIsetting of high P..illiiarutm 
transmission -with sonic Seasonal variation; the area was rural with a local economv based on 
family farming and some fishing. Thus, the setting was rcl)rcscntativc of mun parts of rural sub-
Saharat Africa. llihc sample size of the study needed to he large enough to examine I ) malaria 
infection in the mother and her infant and 2 ) hirth weight as the outco)me of interest among 
wonivn on different regimens ()f antimalarial treatme-nt and chcioprophylaxis. The study 
needed to he conducted long enough to follow infants thru)gh their first y'ear of life to deter
mine the effect off hirth weight on infant survival. A sufficient sample size was cstablishcd 
4,22() pregnant women and their children; the study lasted nearly 3 years, from Scptcnhcr 1987 



tl'r1lL1gh .lure l Tl L. site had to'hestudx lt'hSCI be one where high rate, f l'ollosw-up of 1oth 
lrc'I1'"2. ,ueil Alld thcir inlflantSmIld hCe :IchieCVedl. ,1ndl lc'al info:rmatioi sutggestcd that Inigra
t1011 inllAnd m t ()I\ilgaocli l)iSttict \\its limitediil. l itSpirit oftcollalboratiol hal to exist 

I h i c , t<>)llllllttlilt liona~l dctlt'ct'l. Thtcl< 'll ito Ld 'It'c off andl ntl irnlwot'n-lt'lt M\intitry o>ff 

1)1t'\ dc\'lopecd 

II'eIltlh t. itltiliilg tIrAtliti ila il -th ItteIktcit illthe di:,tric'.
 

licalth illd thc \l;hlax\,.'m i'm }l.lI-itt i-Shad ioiS cClhent t'lCitiI>Is With local 
fl 


Principal Findings 

Gravidiy-speific risk /'orinalaria infection inpregnanlv: Plrgtlaucy nlliuthr was an ilportant
 
det'rmillt off llltlaf'iai WvMn~in, htr placenflta, and the umbilical cord blhod of
ifl'ttioll in (ieC 


on ,+,'I11llIclt. all
thL' . A!cxv11m I.'" of \omillell \\'tercpilratsitt.nIliC (',, of1 primnigravidas werc 
liIrI'sitnllIic..\t dclive'li ,pla(TL ttil 1ma1laria s ilt'iitilie'd ill19.9",( )fall woen l and ill29.9",cV \aV 
ofllvrinligrlf-itlas.
 

Gra 'iditv-xpecific amt \.asonaffl as.%ociated efi'cts of P. 1hlciparuim on birth weight: Ille neall
 
birth \\t i le Ilibrs himl)) to WIMi 
 in SthIId \xaS 290-i gfills:'nill I0.0',. hild 
LI\V. Birth irltil \\., .tt1ialllI<tiit pceticto>r oL(fI.1\ : firstbornl, 'r)'. I-i d ( 28", ) mlorte 
lik'ly I htu 113Ml1itInbc 'e ithlIJ\\ infans tf'SLISt'(lItfIlt bilth od r ( I I",).) reSptcvtiV'l.
 
p )I 'H iICid'eIce (If .1\\ illcali parity' grptll \\a, ,hiVl 
 lToWkhic ,h i'llto rMI1RI i 
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Iti\V\ti'lI placet' al . iirLt 


With pliLc tal iiii .t tioll thiII h ltll( S" \\'itl>Ilt l icciital 0 3l0IrThe asSociatiio 
-L'ilfetl a d l.I\\ illlirstlhoins \WW s i)lscr\t'tl lpartict rl-l ;1ff)nlg
 

W\0i11(t1 \\il Wt' Ilhi'l
Il'iflIlt )II) rcgll,nlcv' \x'as Xpib, tol high filii; u I nsision duringtra IIi 

tilt'fIfaill\ iAiti tiffk[ ii l I.
 S(%sfioIl 


(on.genital malaria infiction: iitlhilic.l cORd 1b1l iliria illfctioll vIs idi'ltii't ill 1 '1 
nc\vholiIS alit \is highl Cll'relatedwith tt ltflsitv of il ei't'flt:il l;llari;iillfec'tioll. I nlhilicil 
COtlRIl
llh fujilll \\ri t, wasi ssociatd wiil l.II\\. and(t particuflarly with prettrn-I.\V. 

Atiributable risk of mialaria inhj,ction and low birth weihl: Til stutftv l.no nstrates that unilbili
ial CORd blod illllrif,i \\ithdprttcrnil-lII\ il that place'ntal ialirial'infcction isct)ti;tl 


;ass ciatl'd \\itlhII (IR-II\\ :111 p sihlv prttrli -I.I1kV ill fifTtIorn1 ,)\'311, ilaria ill preg
03iM'N'I11aI\ 3fi) 11tfnlr a Imucih s
I t 2''. ol)1'II\V babies bolil t( \\'1,1Wit flill lhiS art'a (If high 
ilalaria Itrailsillis it il. 

(ompari.son of the iff'ect of (' and mefloquine 0(10) on placenital iinfection attd oil birth wecj,'ht: 
N1teloulfin w'as Ill than (Q tol clear placcilt;lilLt mie like' inf'ction. ( ) the priligravidas 
ln(CQ., had pl;c(ttal alalCria ifectioln cfll pareItl l 9". priIlligra\idals oil(W tl 0IIQ. 
M 'le f ti li\e ;tlll)nig I1 lltigI.rVidlaS as we 'll:15',, n ( IQ; ''"1dn .,IQ hadoqull wias 1 

tfA
pl',cet'il mlaLri; inftictionl. IllL';fch paffity gf'l.up, tle ii id CtiCC Il I.I\\r w; Iow r fbr woI'lefiC'n 
W1h had pIlatlilaria r d tlrt'o drh'tg tused to kcp the pliict'ta parasitt-Ire. 
\Viten illhiS 'IdtIlw\'T illh h l If iig 3 110111Sioills. ( learM t ofIplafccnfit na '0agiofot 
till ifelfctiio ill the last trilleter( pregnfat ippt'ir'l adeatet;he' bir If .ffet in*proed 
birth \fiight aim uig pr)oL'lte'd mien. 

Birth w'eiit ax a determitant of neottatal adin! i.ift survival: ThC'iiL')Illat;l nortality rate illthe 
study was 18. ptr l100) livet birlth. (Coillpardw\ith babies of I1131 birth we.ight, babics 

l I5(0)0-I 9)9) 
grams wrt 2. f. I 1I5. aid 2.1 

bli illtie hl\er \wight glo(ifps If 2t0(0-2 ito) grfams. gr;infls, and below 1510 
tites lll!'t' likcly to die in the neta:l lpLTriod. N1oraLlity ill 

th' po)sllt'<ii ii l pet'id was ilk() isscLiail l Wvilhl lipa'e'dl \itlh illfiltls (Ibilh weight. ( 
fln)iilal birlhil \it'Ill x\h1lsurfvive'il'dIltieoiIAl ipTiod, iifaits (ll LIMI\ stfvivted IL'(ntle 
ilat.il ptril d had i I . i-lrIdL higher risk (Ifdk iltg illthe pIrlslt'e ilital pt'iod. 



Eine gig impact (f 1111 on 1). talciplrum in' ction, birth w'eihtt,iuld survival: ( Amlnlpan.d with 
IllIV- I-SLt(t Incg.Ii\ t.( IIlV'-- ) \V 11lllt1l,IIlIV- I-St't'tIl0Sili\ t'( III I )w\()lltii \\ca-t.Il(tt lik 'h +it)> hat\'t 

a higli r prv'altcii' ;tIlt[ Jttsity ofI' I lariai jlrasilt.nlliJ ;t.11 1 r11 Itlltlll t)I1 \- -\ 11 ( t'htltlo

propliNlaxis. mild at tduli\ 'r\. Inur.l'uud rut's ani dnSit (4)I la it a i tcliia \tlt. th. rvt.d 
in I IV I )tilht'rls (4 l lu f t'd \\ith IIIV - 110 t rT. ThIc dillt'rt't't' w'is grtattsi t ii I;ltr plarilit's: 

O1t t'xpi):nIIltio l IS that I IlY ad\ rt .ltttt rt'SIoIs t thlt is tstlhIiSftdHl' thu itnahtria-inliiilttiit 

l1h()11w\\'ing 111,;llril ilft'ttitii in tlt' Carh lpr'gnailtit's. IlY inltittioll 0' h " tLniothu'r \waS ,also aIsso

ci.td With at2.3-lold iIIcrtStcd risk ()1 I\ . I 1V\ was associatcd With high lomrtality amiong 
\tOM tl' ItIring tIt' Sttth Ill IiMN1 i,tdlt' - th' \\'lli t1tLCoIltriI Itd VI dahs of t 12 wilin 


itd'l alti thL' 1 )ONpartIl int.'r a1.
 

The tI'ect o" otwher infictiiWs agents iii pregnant women and theiri nemwborns: Vlph iliS duIriig 

prcgnlicy had a signititali t lfct on ILiltl. nto[iit;ital, and o(stItOIItal iiortalit\'. \omtn with 
actiut' SNvplii \\t'rt' il10rC liktlh to havc t stillhrn infatnt Or 104dt'li\t'r , hlh\ with I.H\. 1,hbiCs 

htuil 1(4WI 1i11 \itlh activt stphilis \t'rtW -t likLh to Lilt' ill tIt 1Itlatal i)t0Stnc<n;IItalan11d 
All M 1 I (l.tl~ \vt~rt' CMIttLnt I"It Iusing tht' C..tSt, tlt'l11lil6t1lJiod'i ,tS. tcStitllit'td 1)", , 10I luth h\W1 NY. 

t'"thu" \\Orld IIt'tIl ( )rganizatioIl ( I()). lii rtltitlh Small hut prvtxt'itahltI frti'tion mna\ rty

1t'ct thI' liillitati()1 t) lt' iil).4 t oftOlt ant iatal.h t'tailtis iIliIi i i lprogralil.ati 

The (ehlicirv ofiatinualarialiiilerv ntlimin within the' aiteiiaitl care s)'tcfiln ill .1ItIhili: Al1li4st all 
pl't'gtl:IIll W\(Ml-lt'l Ill N AMtl\ i ;alt t l lt'tIICII. ' 1 l d llic Ml IL';l[Sl t1LVtt, Midt 85 ",, 11ld'fl x(O Or1 

illtt tiImts' during thC tprt'gniclV. 1 It'ad \\OInllt to av\oid hiltrtr Sui)Sttiwu:slAlAl htlit'f that 

stuCh aIS( llring Il'gnailcyaridl tht' ilijtity rtMnitn to takt \'tu'tkly prophylaxis atOtWing 
hot0t ltd toh Iti t'\l 1 4t1r1lAl t' nlpliltt With w\t'tkh (Q Ipr)plhxIaxis. Tlt Itrt.\uvailing 

practict' at th"liitti 01 th' stULy O)t pro(\'itlinig It!,ltl uCuation and aI i-wctck supply of ((Q pro

phylaxis was Iinktd to an ocrall tclpliantt ratc of' approxilnatclh 35',, of attending \()Imllmn 

taking rtgul ar CIt' 10110 l Il axis.) 

Conclusions 

This Sttidy dt.tt'rnint. thilat ust' OI an efficacious antimnalarial drug will reduct malaria infcction 
in tihc prug9,nant W()nian, licr placuinta, and flit unbilical co rd hlm)1 , and that this will Icad to 
improVcd hirth wtighlt in th"i p)oplatiorn. lhtst"data from th' N1 RP clu'arl' 'stahlislh that il
tcrvtentic)ns art rctlircd a rid slh Muld b' pril4 tc1 ti) rcdtiut tliht t't'tct (d I'. .[Ib ipartun iniftuctio 

in prcgnancy )In LIM,' and its att'idint risk Ir nr'otnlatal and inliant mortality. 

'hIt antimalarial drug ltl ussuItitil' climinalt' llatccntal parasitulnlia ;tdlhc adiinist'red 
.pr:sUliipt ivl Althout4gh clt'attnc" 4) n alaria ii :cti n thrmugh>ut prcgnancy is idual, it appuars 

that administration ()I' antinialarials oiilx during the third trin.stcr will still havc 1 bnlicial 

cittct ol rt.ducing thc incid'nct )' 111W. 

Thi" intcrvcntio n t',n ld sli )ttldht targutd to) "high-risk prtgnancits"' on tlte hasis 1"gravidity 

aid st'alSO4. Inl stttilIgs ofI high ut'duti'iitv and pucru'nnia tltransmiission,.woni'n in thir first and 

stcontld ipruCglalciCs sh Itilil rCt'iVt It inItCl1'tntio4n,1.articularly \omIIICt1 w\hoS SUcoid half of 
prcgllan y ()ccturs during tilt- high transmission stason. 

Control 01 p)arasiit" durnisitV may hav'u an i important uitut Onoilhur htalth Conlitiol s ( t.g., 

aritmia ), which may' also plact a wo man 0)r lir inltait at risk of illntuss or dcatih. 

flit increasing incidulict and pre"'altincu o' I I IV inlo.'cin may incrt"ast th impact ()If P. fidd'i

parion in prcgiiancy. HItcy)nd 1IIVs politniatioi of.fid'ciParim inl'ttion i prcgn c Iy'. /iifhparum 

ill collination with IlilV may markedly increase the risk of' infl't mortality. Aliloltgh thtst 

m
~l 



interactions require firther exploration, they have implications for expanding the range of
 
"high-risk pregnancies" requiring malaria prevention 
to include %vomenwith IIIV infection. 

An antimalarial intervention strategy for "high-risk pregnancies" should bc incorporated in a 
malaria control program or antcnatal care program. 

Several drugs are a ailable that share the characteristics demonstrated by MQ in this study.
The idc:', is a safe drug that provides complete clearance of parasites fronm the placental
blood and has pharmnacokinctic properties that allow intermittent treatment or cliemo
prophylaxis. In ;ircas where the drug is known to bc highlN efficacious in clearing malaria 
parasites. (CQ (in settings like Ilaiti ), sulfi-lyrimcthaminc comlbinations (e.g., sulfadoxinc
pyriicthaminc, sulfalnlc-pvrimcthauine ) in sub-Sahalran Africa, and .\IQ all have these 
propertii-s. Recent studies conducted at the Manlgochi study site havc dCmonstrated that aregimen of sulfa'doxinc-pvrinecthnli nc given as a treatment dose at the first antcnatal clinic 
visit and again at the beginning of the third trimester was highly effective in reducing
malaria infection in mothers and their placentas. l'his identification of an effective, afford
able, and deliverable intervention has been pivotal in oflering health workers a practical tool 
f)r the prevention of malaria and IMBI'in African sL ttings. Major challenges to increased 
program effectiveness include the rCqlircmcnts for complctc coverage of the "high-risk
pregnancies" and ful aCCeptanCeand Colllplialcc allOng these O1111. In Some settings
(e.g., rural Kenya ), the primigravidas at highest risk of' the effcots of I'. fh'diparum infection 
are the least likely to attend altCnatal clinics for preventive services. Thus, strategies to 
increase access for these women must he a high priority in the program. 

Finally, in our efforts to improvc child survival in stub-Saharan Africa, w.c must take a broad 
perspective. T[he mother's health both during pregnancy and postpartum lllay determine asmuch or more than 30"o of the risk for child mortality, in suh-Saharan Africa. Although treat
mcrit and prevention of P. f./'cilmrum infection in prcgnancy was the hcLIS of the MMRP, the 
studies hLvC identified a series of interrelated nutritional, infectious, socioeconomic, and cduca
tional factors that must he addressed. Antcnatal care programis iust pay special attcnion to 
women in their first prcgnancicS and, particularly, young wvomen in their first pregnancies. The 
recognition and management of Ill\Iand syphilis infection must be strengthened. Although some
timcs based outside antenatal care programlS, tCt.iliS prevention efforts must continue to be pro
grammed using vaccine and clean delivery methods as prevention. Improving micronutricrt dcli
ciency (e.g.. iron and flilatc ). improving general nutrition, and reducing caloric cxpenditur,, in 
pregnant women who often wvork in the fields must remain a priority. Finally, access to antcna
tal care and to delie'ry attended by trained health care workers will bc a critical featurc of 
identifying and managing high-risk pregnancies. These factors must be addressed as a package
of services and not ill a fragmented fashiorn if antenatal clinic services are to be cff-ectivc in pro
moting maternal health care and improved newborn, infant, and child survival. 



II. THE PROBLEM OF MALARIA AND MALARIA CONTROL IN 

PREGNANCY
 

A. THE EPIDEMIOLOGY OF MALARIA IN PREGNANCY 

ie clinical effects of malariai on a conmmnilit ;ire determined by the degree of the residents' 
exposure to nlaria and thi ag-specific levels of immnity. Compa-;red with nonprcgntnt 
women, pregnant women are at increalsed risk of nmalaria infection and its disea.se consequences 
illsettings of both low and high trnsmission of malaria (I -i ). Ilowe\'er, tliactua manifesta
lions of malria may differ bctw,een settings wvith low and high transmission and consequent low 

and high levels ()f antimalaria iinitinitv. 

In settings -with low\'levels of mallaria trinsmission, ,N'hcre women of reproductive age have 
relatively low levels of a.cquired immunity, ill pregnant wvo,(metn arc compaaibly suiscel)tible to 
mlairia. Re'ports o(fadverse ottcones of 'regnincy associited with P. 6:Icipl1aru1n infection have 
included an increaise in iiternil illness (3-6) (e.g., fever or severe malariai with cenitral ner
vous sv'stenl co.oplica1tio)ns), fetal loss ( 3-5,7,8) (albortions Jgestational age <28 weeks lor still
birth [gestational age -28 evceksj), and congenital infection possibly lea:ding to symptomatic 
malatria in carlv infiin cv (8, 1()). 

In lucth of sulb-Sahir;n Africa, where stahle trinsmission of 'P..tilciparum Iliri; is the rule, 
women of child-bc;ring age have acquired a relatively high degie of' ininiunitv to the part
site through repeated exp)osure. l)uring prcg~mcy, through mechanisms that are not fully 
understood, women demrlonstrate ai increased susceptibility to P. /ilciaruin and experience a 
higher frequency and density of parasitenia (9,,I I12 ), particularly in the first "malaria-exposed" 

pregiancy ( 13). In subsequent pregnancies, nitltigravidais generally to not have a higher risk of 
nmlairial, isIme;Isured by pretvailence or density of pirasitelli;, thiln d(o iollpregnlllt oelllll of 
similar age in the same setting (1,2,9). )espite the acquirecd immunity in thcse wvomen, the 
utero-plicental visctu!ar slpalce ipptrcntly pro'ides iprotected site for parasite scquestration 
and development ( I 1 -I ). It is this parasitc replication in the placeita, the potential loc;: effects 
on altered nutrient transport across the placenta, and the pssage of parasitized red hlood cells 
to the fetus which, although causing no symptoms n,the mother, nay seriously compromise 

fetal growth and the survival of tie newborn inflint. 

The following discussion addresses the effects of malaria on pregnant women, theirfetuses, 
newborns, and infants in a setting of high malaria transmission. The setting chosen for this 
study, ruralMalawi, is a high transmission area and is representativeof large areas of sub-
SaharanAfrica, where P. falciparum infects pregnant women. 

http:disea.se


Complications of malaria in pregnancy: maternal effects 

Maternal malaria infection: Numerous studies have showi that the frequency ani density of 
malaria inifect ior illpregnanit )Vmniiis higher thanl illninpregint w innlliilthe Same sctting 
2,9 ). -arly iillv\tigatioils) tincluded that all pregillit woltil ar ic esust'tlIlible to malaria 

ilfction, indt. iinitrilliationi iithat this sus'cptihility is most 1recet has sh srikitig in womncn 
illtheir first pr'gnancies. and to a. leCsse'r deiree. in sconL pregiacies. InI later pircgnincies, 
the p)rc\alce anid dcisity )f" is lot iilai)ihlv increascd ( 1 ). Assumiig that pregmalaria illtectill 

ilant v hlave CXl)crielCed tile S:ite relative" lcvcl malaria over their lifceIIIln I'exposure to 
times, this flliig (Wdiflereilt risk b' pr',gnancy ilulnhr Slggests that expl)surc toimialaria dur
ing mii ll re"ig cy may ci infer ,()file protttiollin I a stubselient pl glimac. and after sc\'cral 
pregnaincies have heen iexposed to malaria, pregiicy-specific iniuitV is wcll established. 

The mchanism oI'increased susceptihilit ) - during )rignulni.y has Il(it beenl elucidated. I lormnllial 
cthalnges during pregnancy may affect imillulltiologic IespliS' ( 10 ). I lowvvr, this exl)lanation 

actulnl dilcrences ohstrvt(l ill 

should CXlCricncc the same type of horioiitial chlngcs. Thus, diininished inmne rCSpoIsivc-

l'SS die to rgircgn:lllt') eXlal~iin lillfcrcilcs ill.lSCCptihilitN '
 

does l't or lile SUCCCSsi'c Ir'cgllallcies IS ah l)'It'glialtcy 

will lot filll' tile gra-iitVit-s)cCific 

to malaria.
 

Maternalitlu'!s: Few inVest'igoars have repirtcd otil clinical malaria in l)ri'ill l )omilninl 

highly Iveldemnlic iiaIal'iotus aa, )ribahl I)ecaitiSt, slspilt int'reased tatis of*lpiras itten i a and
 
higher parasite dec'nsity, pi-eglint Wv0nltel exhibit malked clinica:l siglS Of (e.g.,
do Inot llalrll'ia 
high f'ver, chilis ) with hi gh fi-ltle'e . tliese \\ iMlim ii av experientce clinical malaria:; hltwcver, 
it is not a1POIilinellt fea:ltUIe of the ilnfection. 

Maternal (Ultemia: en't'r11t are likely Ihall inpi-gant w(itn\V0I'IeII more Ilthan to bc anenmic frir
 
a varict\ of" reasri . The ililutiinal effect of' incrciscd iplasma,'i vt ule, is well kiowni and Icalas
 
to a normal decr-asC illhimoglobiin mil lcimatocrit, approximately I)(,t Io15",, below the nor
mal valtes hir aiionprgtilcii wo(man ( I - ). In wlen wit Iitpooi ir'nni stortes, the increased 
dellallds of, tile Itlus illay IaIl to relative decielcies of il-on, which will lead to alnllnia. 
Similarly, tile iilcrs';iS'l need lirfifoli acid illpregnatli-v reluires that dictary sou ri''s h 
in:reaseid or siIlltl itsgiveS tiV l rntt i te-tlef iCllt'V-aiciated alntillia ( I8 ). Ill tile Col
text of su-salila-an Africa. linol1ghlbinlopathitCS (eC.g., sickle-tcll trait ) niargiial ilutrilioi wvith 
prot'in-cni-gv expndiltuirt gre'ater thllllintake, nd infections with ialaria, hookworm, and 
other v'iral. bacterial, 0I1- parasiti" pathogtns may also contribut to anemia in pregn1alt \woellnt, 

19 ). inallv', aiut I(lccliig plistls deife to coimpl icat tiis of prigincy (e.g., placcnia prcvia, 
abruptioi CCl:iilti ) niav lead I iacti, seVire :anemlia with Serious colseleiics to tile mother 
and ttis. 

(Wiaust pregniantcy, 

Illialhas beCn difiCutlt itoas'crtain. Stilics illInIspi tal Scttings have letd the inCstiga irs to he 
alarmel at tihe severity of the prohlciu of nialaria-.;sociated :ltnliia illpre'graii ( 20,2 I ). 
I lowever, other Studies have demninstiratcd relatively mitior chagiics in mn in ioglohini lv

(ii\en these imultilc if aniiia in tlie tiohributlitn if inmalaria to Illlaterlal aile

cls duc to nialaria inficti m ( 19,22 );the tffect has bccil greatest in woncnii ofllo\'r gravidity 
the wontnii who are iori susceptible to malaria infection aid higher iltnsitv parasiten ia. 

In malari oits areas, tie effeit of in ateitriaI aIilli ia init ilei In if pr is also1iitottiil ' agiliic fiily\ 
uniderstood. ( :ertainly, the acute hleedintg episolies described above have dire c nisequcnets 
for the survi'al of, both the mother aind fetus. I lowever, most studies of" the effect of" mild-to
noderate regimi -v-assui-,iatd alneillia have heel c)iict d iiinni ilariolS areas. The effects 
on the 0tlont" 0i tite prgianc' ild the sitirvivll of the ftIS niaV he diffictIlt to initcrprct inl 
Africa. \vhem- Morethan i ftile f \V0ltimld be tosidelli1111 otihaioi llmil0Vl l't'ill:iil urt anle

b\ \orld I Ilcallh ( )rgliiiiliC titill ( \V I( ) ) staillartls ( litiglihhiii - I .0 g1ll.). 



Maleriial mortality: Illgcnural, scvu'r malaria illness hlms 11o t.en sI(A\'ll to hC incraSutd dur

ing preg. ancy illsttings of high Ialaria translission, and in1turitl nltl itv.to I) ulalaria 

is ullolllnlo. I"C' '\'l utx' diruct CHIlct I1;llristudies il Stlhl-SAIl ACticatliaVu aituhi('id L'ithu'r 1h' )f 

oin maternal m1ortalitv Sc o)lldar\ o)l( ;111.111il 11Iit'll; J in rtalitv. 

chiCIth' hcause, dsp'it. irChtiWl' high lu'\vlIof tatu'rtal no)rtalitv. ilaria-'l'tud uiortalit\ dur

ing pr'gnancv in area.ts with stablh: tralslmissioll ;lppll.rs inlrqulCtlt'l. 0olt'1l occrs.' Otlsid' th1e 

hlealth carc stting, and is assciatud With oJl(r cailsus 11n1d sepsis. 

or th ,lci all]f.ll';I-XSo'ialtuLd 

icl uding 	hcniig rrlha.It-1_g" 

Complications of malaria in pregnancy for li fettis and niewl)orti 

Low irth weight: 1.()\v 	 risk tact(r lor ncinatalhirth wight ( I.B\\' ) rcTriItts thL' gr';ut'1t silg1 

aLnd e.'ill' t mlortlity ( 23 ). "ltis, lICt.hbI'irl-wh v ightldistribution t Iplallli h;ve'titllila in ;',,'ill I 

great +f''clon carly int irt;llit' in thlt populal;tion. ligiu(" I shoWS thu in':1n lbirtlh \.iglts 

I)w birth order ( prglnancy 111:InlT)l.r ) o twO I.S. l)p)upltltiols (black an1d \w<hit' ) and flour African 

o)Olil:ations. TIiu grlt.'st difle-ruiicu in nluln hirth wigihts Airicauflt infants and hkck infailts 

born in tle t'nlit'd Status is I'uild in lirst- an1d SucCol)ILd-) rt ChidruLn. hl'"'Xlahnation fhr thu." 

obsrv.d difturnces in hirth-Wvui., ht distrilbutiotns in th' )op1ulation isi ultil:,ctolriatl; howevte;'<t'r, 

the maru'&Cd discrea)ncV ill first alnd sucond births rt;\'bIW litl ruClt'd to 1'. bllcr 'rdtn 

inlf'ctioi, which has its*grutust Uf1ect on thl's1.e p)re.gllal cis. 

Figuru. I 	 \Ic;ti hiirth weight of dil.',rnt l)(1'7t.lktiol.', ill thuI_ ilitu.'d StaItus and ill suLb-Saharan 
Africain coulltri's. 
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"Ille i)iologic nm.chanisni by whicl placental m:laria inf'ection leads to 1,11W is not fully cstab

lishcd. "lle presence.• of the parasite ill the llac.ilta causes thickening of tile baseme.nt mcni
brane of the piacntal trophoblast cells (cells at the ute_.ro-f'tal intc.rfac. ) with the potential con

SC(uence..of' reduced nutrient transfer to the f'etus ( I i,2.i). Ti. placental ini'cction is also ire

que.'ntlv acconlpanied by ; molncytic and nacropthiAage inliltrate ( I-i,2-i ); howc\'.r, ncchanisms
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lbv which the infiltrates light altcr nutricnt transport or stimulatc prmcuat urc delivery have not 
been describcd. 

Although cllangCs such aIs micrinfarcts could Occur, thcsc changes have noit hccn reported. 
Finally, passage of' parasitc-infcct cd r d 1) I <Ce'tlls ' ill ultcrus I)I tL'.Is dC )cs COcctir. This fctal
 
infcCtionl l ha1' consCqtclcclcs for nutrient usc in th fitus, or tit inhfcction may stinulate
 
carly' dclivcry - again, n10 n1cclhtnisnms to cxplain this ha\', bccn dcscrihcd.
 

Several invcstigations havctdc linstratcd all association htcwtccnllplaccntal inlfccti(m and LIM,' of 
thc infant, particularly inl firsthrns ( 2.9 ). 'lTe la.rgcst investigation oI this problem occurred in 

he (Gaubia. wlclrc til cll cct of placcintal malaria ol 1.I1\\ was grcatest and significant o)ill\ in 
firstborn a ies ( I I ). Although prcgnant women in sittings of high malaria transmission gcncr
all' remain asynptoniatic iltspit • their parasitcnia and plaClctt;l malaria inifction, their lew
horns arc at risk of IM.\V anl its attendant link to carly mo rtality. 

Birth-vcight-spccific mortality rates are not unif'orm anId ilcpcnil dirccthl' on the CauSc o tihe 
1.1\\' - Oither prcematurity (delivery at less than 3- wicks gestation ) or intrautcrinc growth 
retardation (II '(,R 1l.I\\ r tor gestarionlal agc I) ( 25 ). Few data have lhccn available 'romll sub-
Saharan Africa on hirth-weight-sIp1ciic alld prtIn;itrity- Or It'GIt-spccific nlortality ratcs; LIt 
fronl dcvclopcd c(cntrics suggcst that Car'I' infnlit mortalit" rates aIssociated with prilniturity 
are much highcr than mortality rates ill It ( lR inflits ( 25 ). 

Prematurity: Literattur citations pior to 19-6 stttci that malaria ill p'regincy c;tiscdi prc
maturity, and no ) distinctini \\'.Isw Lal t ctci tVpcS of 1.11V - Iprcnmalturity or II '( R (20-30). 
I lowcvr, mocre rcent studiis ha<VC IlOt htctn alhi to demonstrate .Ill t'fcct of placental malaria 
oil pretcriu iClivCry. Studics in c (:unl-Gia lounid som cmcviilcnce to suggcst that malaria inl prcg
ilatlc' wis alsscciltcil with ircnicatuiitv ( difl-Crlcs in ltal-placcntal weight ratios)( I I ) but 
coulid not lcllonst ratc this dcfinitiV'clv because of imprecise gcstational ag" dctermuination dtilc 
to ilifticultiCs in obtaining alhistory' of the last nenstruMl pcrioil or recognition of the first l'tal 
moveiment. 

IUGR: Rccent stuidics ( 2,1 1,3132 ) have: suggested that malaria ICaILs to It GR ;ild not prc
maturity. Ihowcvcr, the ilistinction Ictwccn Ii :GIl and prematurity IUay 1 flbrIhaeheeniifficult 
tile same reason as in the study ill lie (anbia. ()ic explanation otf the nclcallisill of' placcll
tal ilfcctioll leading to I.1\ prcstncs an altered niaternal-fctal nutricnt transport inlduccd by 
the parasite. This explanation supports nalaria iil'cction's link to !I 11 raltlcr than: to pre
maturitv. 

Btscd On lintitcd Sulp>porting data, thi' consensus is that placecntal infcction with P..'l'lcipanmleads 
to ItlR. but whether placcntal malaria infectiol contributes to premcaturity in areas of high 
malaria transmlissioin is uinclear. 

Congenital infection: The iicidence of congelital malaria inf'ection ( malaria infection inl early 
infan1cy dlc to ipalssage of pa:rtrasites frou nmothcer to I'ctus) iin higlV-c ileic nliualarioutS areas has 
been thought to be low. Nuicerous studies, sonc of which have hcon summarized by Kortmann 
(9), deconstrated that among womlcn with deconstratcd placental malaria int'ction, approxi
matcly 12','(, of their babies had uinmbilical cord blood parasitnclia and fewer than I1"o of new
b~orns haid peripheral parasitcia. lBccaulse. of these findings and hecauns: of the patncity of 
neonates with clinical malaria in African pildiatric wards, congenital Imalaria was assUnlcd to bc 
of little clinical iimlportance ill areas of high ncalaria ccilicicity. 



The biologic explanation for this observed lack of congenital malaria hais bccn that mothers pa.,ss 

high levels of antimalarial antibodies to their infants and that this pa.ssivcly acquircd protcction 

keeps the inlItnt parasitc-frec ( 33-35). 

The effect of malaria in pregnancy on fetal and infant survival 

Abortions: There are limited data about the effect of malaria on fetal survival in highly endemic 

areas ( 1,2,13,32,30 ). \hile this lack may"reflect limitations on the part of the health infra

structure to report fctal loss in association with malaria in prcgnilnc., in popuiltions with rela

tively hligh ICcls Of illllUnity to malaria, imalaria is not bcliccd to be ailimportai t contribu

tor to fetal loss ( 1,9 ). Ilowe\c'er, there is inot hitll agreement nl this issue ( 2). 

Perinatal deaths: The periiuital period ()vcrlalplring birth (from -28 weeks gcst;ition to "-dayNs 

after birth ) is often examiiCd ;is;iunit bccaullsC the caulscs of morbidity anLt n ort;litv' for still

births and carlN' niontal dc;aths are frcqucintly the samc or closcly, rclaitcd. In addition, the 

idcntificationr of istillbirth N'crs\is ;alive birth w\ho dies som(>1 aftcr cli%'crNv is frequiIntl cultur

ally dcincd, ant1d staindard dcfinitions ;tre oftCn difficult to arply. Thc.clfcct of tml;arii oin p)Cri

nat;al dcaIth in hlighl.' cndemic ateas s bcen cxamincd inl scvcril studics, and io clcar cotitri

butil hs helcn ol)scr\ved. I Ic)owcc'r, fcNv studics h1;t'c examined simtitalnct uslv additiolal 

flictors that m)lltriht it I)crinlt;ll mc)rt;llitv' such ;assy'hilis or humnll illclIclodficicncv 

virus-ty)C f (IIIV ) inlfectioll. ( OilIscqIcttlV. bcC;tusc mnlai-ia is t tlL()ight to conltributc grcatly 

to stillbirth. ialar-ia's '(ontribution to crinatal dc;itll niav be (oily in the carlNs icomil i)crioLI 

through I.11\-ssociitcd mortailty. 

Neonatal and in/ait deaths: Although the contributiol of malariai to iConatal aid postlconatal 

dcatl is thought to he largcly dic to malaria's conltribution to .11W, the effect of imaflaria

associatcd [BW olon;illint dcathl haits .11Wlot hccn qnllitificd. Ilecausc of the important effect of 

oin inlfantt mortality, one %voulIdcxpct tllat tl effect of ilaltrii ill)rgrinc' n infatit mortal

itv heuldmediated on [IMIW alld wVould he sulbstaltial.ec through its effect 

Other conditions contribmling to fetal or early infait mortality: Several infcctious diseases (e.g., 

IIIV. sypIhilis ) that are rclaiti\cl\' cl lmmoln in Africa south of' the Sahara ma, contributc to pcri

nlatail mortait'. Thus, in examniig the role of mal;arii antid its contributi n to peri~iutl mortal

ity in the African context, the cointribution of other diseases must he cxtincd itthe samC 

tieit; few studies have exaimincd diffcrctt infcctious diseases simultancously. 

The effect of malaria in pregnancy on malaria protection in infancy 

Numerous reports suggest thit mothers iss to their ncwborns icertain dcgrcc of protection 

that iia, be rel.ated to the amn,\tint Of ()Lcquircdimmulity the mother his gatincd with rcpc;tcd 

exposure to mal;iria (33,3--.() ). The degree ofo r(tection and the Icilgth of i)rotcctioll from 

malari; infection and illness havc hcc less clctr ( 33,-10 ) and mm'vary with the transmission set

tinlg (-1()). In genieral, ifints in arc;s vithl stlable ild init(-nse trinsmissioi apar to hlavc a I

to 3-moiltlh intcrval, which roughlyN corrclilcs with the half-life of matCrnaliv derived immuntio

globulin 6 levels. before tie,"CXlcricncc their first aikria I sritilcnli:. Incrcising ipairasitcnmlia 

lcvcls and i+;irIitcmi; :issoc iitcl with cliniiical sy1iptoi dcvelCopl, ilgecil, after I to 6 months, 

whei maitralilv dcrived iimmmciglclithhIin l is inc;irly :ihscit. hl'iriitioni dcics not exist to 

describe wvhiich of these coliticins is opraiting and \\hcthlcr placentil Imlairi: hias an effect on 

the protecti >i agaiist malarii illthe inc\vcI)()rn. 



TransI) Iacc i a I passage I' pa rasitc anlti gcn and its printin o f*II c d ~liilUluric respt )liC ha vc 
h)CCn SlIo.tCstud hut11t)[ ul cXplainicd ( I I ). Mlaria inf'cction dulring pro.gianlcy imly ipy1( 
to tiC miotlicr'S L.Xplrcll( And stillnitimiofl of* antimialarial ;ilt ih~diCS. 'Ihlc illf(CctioI iiiav cmll. 
Aldlitiolnal protcctj('Ioll to ilic-licwhornl. AlteriiativCIN., 1iitCriial illICCtjoll Ill;[%' C0I SlitLtC Mn aIliti
gnI loAd ti[ cnIgalgcs CXI~tilg .1 liho(Iic5 and polcol alix' to~iltInc111:1llillIlt of, anltilmdv 
availahlc Ifor paiSsivo. tranlsfCr to thll1cwlori. A third poSSihilith is tllaI ill CASCS \VhCr-C tll 
miother aIs CXIpCriCI1CCd hIIInId-CdS 1 t llo)I;Li.Sd of' iiialaiia ilnk CtiollS d1Ir'iIug IICr- lijCtilliC, thc 
stinliilus inl aiitihoodv prodiiCtioti has littlC CffCCt MI IC amlount of' transplaccntal anltibody 
pa.SSaIgC h)CCaSC I" I I Crlt~ i~IfW ilft-tciol(IInsll1(1~hiCr cxpcriCn1CCS dun1rng pregnancy. 

B. MALARIA CONTROL IN PREGNANCY 

Aninalarialdrugs fin list, il pregnan,,cy: A limiited ntiiiihcr of altcrnative drugs f I(Iusc 1w pCg
nantl W0lliC1i arc ]))11ill11 It0CCOiVC. F:orSViploiliatic mialaria ( notahlv Luncommnon inl areas 

aC(1LlirCd il111111111itV
With hig~h ICVcl-S illCXpI(l' :111d ), IrCittlIClt is C(\CIlCh~' important. and(conl
cerns a1hour lo\icilv of tllw dt-ig. r oIIl\VCigIIC( h1 illic ItlIliAl daIIgcr that ilialaria CALISCS to) 
1t1C nio(tlicr- 3111 ftt:s. ( 1 CIll k. ill tilt' SCttiiL ofIII CIItC iIlIICSS, (1llillilIC. 111Cl1T(fIIilIC ( M\Q )
 
stiIl'a(II)\ ilC-pyrill13il1ililc (orw11r StllII.-ililltll 
 llili- ISI', C 111h1ill111 ls). 31111()diA(Ll.01C. or
 
0111cr int-djcatiiins I mid hL IISC(I, dCSpiti. Ilcir 10IlitiAl I adVCrsc CI-ICCIS ( 122.i~Y 
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Table I. (oin 1IlI itv-based survevs fImalaria ctI )ltrol pr(ogramls in regions of .ICotntries 
participa ting in the ((C) I)roje(ct, 198.1- 198. 

LIBERIA 1785 876 449) 590 (674 134 415) 
TOGO 2998 796 t82) 2217 474) 2035 468) 507 117)
 
CAR-BANGUI - - 75 (55) 24 (181 
CAR-BAMBARI - - - 34) - (9 

ZAIRE 1791 1576 (88) - 609 (341
 
ZAIRE 4172 3546 (85) 
 - 1192 143) 130 15 
ZAIRE 5685 4775 (844 - 908 (364 18 414
 

' I'mcrcssLgv 4d44%mu%l hcl. gpr1 ~r,t l(l1l1Jl" ()1A %4MIRll. nd a (i 

Thus, despite widespread aCCeptance of' malaria as a problem in prcgnancy, the adninistrative 
rcquirements of dcvchoping an affordable program with wide coverage and acceptance by )rcg
nant wonmcn presented a pllblic health challenge of substantial magnitude. lhis programmatic 
challenge, coUlehd with i a lack of inf()rmation demonstrating that the proposcd intervention 
(antimalarial chemloproplhyaxis ) would Stlbstantially alter the effect of malaria in pregnancy, led 
to the current study. 

C. KEY OUTSTANDING ISSUES 

Major doubts existed that CQ wias "workilg' as chenloprophylaxis in pregnant women. Few 
alternativc drugs had bccn identified as alternatives to CQ, and the efficacy of' antinalarial chc
mloprophylxxis inpregnant women had never been demonstrated, either with CQ or any other 
drug. 

The low coverage oi" pregniant wonicil by hcalthcarc programs was discouraging, and the wv'omen 
most attrisk ( primigravidas) often had the least access to prophylaxis. 

SlilV infection and disease were emerging in populations of \vomen of rcproductivc age, and 
adverse effects ol womntt and itlants through vertical transmission wvere becoming increas
ingly important in an environment with limited rcsoLtirccs for most public health programs. 

Conse(.ucntlv. f(or pulblic health investment in inlalaria Prcvcntion progranlis for prcgnant women 
to he justified, the at-risk population of pregnant women nccdc(I to he further defined, treat
ment options needed to be cxplored, and tile efficacy of the trcatlcnt or chemoprophyl:xis 
intcrventions needed to I)c (Icmonstrated. 

i 



III. THE MANGOCHI MALARIA RESEARCH PROJECT (MMRP) 

INVESTIGATION AND STUDY OBJECTIVES 

l)espitc thc rccognizcd association hctwicin malaria infection in prcgiant w()menland achcrsc 
birth outconics, no prior study had dcmonstratcd the cffectivcness of ;In antimalarial program 
in reducing both placental infcction and the frequency of IJ.W. 

'lhc role of nialaria trc.ltl1,nt atnld piMevuntion witlh antimalarial drugs in prcgnancy nceded to 
be defincd in a setting with the follow\'ing characteristics: I ) malaria wvLS u+-ndCmlic, 2 ) rcsistancc 
to (:Q was present. 3 ) I.M\\' was a ( )mmon event aiid thought to) he ;an imupo)rtant contributor 
to) infant mortality. I ) pregnant women xcrc accessiblc and W'e likCh' to) par+ticipatc in a study, 
, ) local practiccs w're1 not likely to intcrferc with thc scientific aspucts of tile study (e.g., anti
malarial drugs were avaihtablC anod under tile contro l of the health systelm ). 0) loc.al health ()i
cials and clinc sta' werc iutCrested in tile piohlci and in c(llabo ration, and -) the results of' 
the study were likcl\ r to he xamineC'd in the co mtcx t of national po licy on malaria prevention 
in prcgnancy. )n thc haisis of these criteria and cxtcnsive disciissi. ns with officials lromln the 
Malawi Min istrv )f licalth ( M() I), the t'llitCd Status ;\gcvCy foir Iinternational I)velopment 
(A.I.I).) and tt.c A( Sl-(:( (:) I)roiLjuct, thu rural district if 'Mangochci in Malawi was choscn as a 
study situ. 

In Malkawi in I98t tie nati)ia i malaria control po)licy recomnended wckly (X) prolphylaxis for 
pregnant wo men attending an ti-natal cliiiics: high levels of I'..101iparmn rcsistance to ('.Q wcre 
known to exist ( -19 ). aid scnsitivitv to MQ was documentcd (scc below ). Ini this setting, wc 

uaminuid the cticacv )f (() and \IQ treatment and prevention in prigiiait woincii. 

oirugn'aint wonien wioi 
alitcnatal clinic visit anid followcd thtem thr(ugh iregnancy, at ithlivcry, anId fIr the first ,year 

postpartuiii. The stuity Cxaminitttie effct of malaria (pcriliheral parasiteillia and placcntal 
infueCtio i ) On fI.tal surv'ival, gestationral age, tirth weight, aiid nuonatal and inflnt survival. Thu 

kffct of (Q and MQ oin clearing or )rcenting peripheral and ilacental malaria inlfcction was 
examnlilud, and IA' UXtlsiOn., thu clfckcts of thcs drugs oii .\W and infant survival. 

Wc conducted a loIgitudinll inviestigation of \-crc unrollud at their first 

lI.caus. of thu inipo)rtAncC )f (othermatiernal characteristics poteintially aflccliiig iirth outcomes 
and infalt survival. xvi- also Cxan1,inid additiolal charactcristics anid lutc()nls: IlilY infection, 
syphilis inlfcti)n, iio)nlatl tUtants infCCtiol, multiplC prCglnc', aid maternal mortality. 

A. PRELIMINARY STUDIES 

Prior to thu start of the stui', a serie-s of lirclimiai' iilvstiga:i()ns was coMiduut<d inl Maiigolli 
District to examinc important facto irs related to aitinialaria1 d-rug utfiuaeC' i\l woii11c's charac
teristics aid practices that might aff-ct the stuly design and outuomes. lrciliniary findings 
included tie f)lhlowing: 

Chloroquineefficac: II 198-. ticralutiC doscs of 25 mg/kg (Q in div'idCd (loscs faii.d to clear 
peripheral parasitcmia vithin -7 days il 2"-,, of 33 pregnnt women, with p,)orcst uclarance 
rates observed iin primigravidas. 

ilefloquine and st fadoxine-lpvrintethainue jicacv: Mcifloquinlc givel inl a singli ilose of 7(0 mg 
was highly uffective- in clearing peripheral parasitcmia inl pregnant women ( ">95. clearance 
within 7 days ).This suggested that the Cl'ltCNc Of *Q would he substantially better than that 
of ((Q ili this iopulation anid that MQ could he used as a highly clfcctix'c agent to clear periph
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IV. MMRP STUDY METHODS 

A. COUNTRY BACKGROUND 
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B. ENROLLMENT METHODS 

\Women \crc e'nrolled at four ainlcnatail clinics thait arc locatcd in the central portion ol MIianlgodli 
)istrict and serve aijproxinltcyl 120) Vili lgcs. ( A)nsCCLiti\'C aittc'ndleCCS Ittheir irst alnltenaltal clinic 

visit \\'cr' Cnrt tiCL ;atthre siteS ( lv() Ilissi(ii clinicS With attached delivery Ullits I,\1pondla1,s Clinic 
alnd KoCh c l Siltnc hos)itail With atllnatan;il illd l'li\'cr\' ulit ,St. Mar(ltic j and mll mission an 
tins IhOljoitl-.\lailidi). At thC l'ourth sit', thC go\'rncntll lisltric't hotspital illict tow'n of 
.\lag~lchi. C()lSCt tlliVte Iirst a teiidtts in Ilhci r first or sct'(ttlld ig nn;ilcics \VT" cnllcdL11; \wom(len 
With t\\')0tr trl''\'ioIlS trtIntolll'lt'tL h ;llSt' li largc ilnibers of't \Vrticis'c 01 te 
patictils ittl[ctd igtlc cliiit c;i1 day tId thlililit'l st ltdtcatin stlf. At this site, primi;avi
dats ;lld stCC1uidigraidst wre clse.tSI1 bcaIIus. pret'vioui.s rcports stlggested th these \'om\llen 
wetre at higher risk liornil;rial I1;il;rii-;ISSoci;ited cOil)liCti(iS tlh;lmultigravidas. 

inlfrtncd ctnStl 
(:lcltrs h tr I)iseast ()ntr()] (n iw the ( t'iltcrs Ior l)isas' (;olll ti]ld lPrtet'nltio)n ), iStldv te;il 

silng a Standard pro.t, • IedureIt)r- apilpovd b1 it .\l( )I I in ,\lalWi Ind b' 0t 
o 


llllber explained the Study objctCiVC and 1rcLcdulrcs po)tltial enr( lltcs. At enrollinit, i
;Ili to 

(Itluestililairt. \w;Is admilistered by ;istudy t';lll htainedm r, whoobt\\-ho inforimiin oilage, 
village" of residence, protu\itis obstectrical histlr, illne'ss ind tretm;llltldll rilhg the curtl 
prcgtlancy, kio\\-ldgt of malaria and nialari;i prt'\cmtiotl, eduication, and socioeconomic status 
(dtermined1 by t)e Of' iOLIsC ;aild n as coded indicators ). Wolncntonstruction leve'l of edu'tiutli 
\\were \\'ighcd n l stlidard ad1lult scale, andlitheir he'ight \,as meastured in cenltiiters; cal)illary 



blood was drawn for thick blood smears for malaria parasites, Iacnatccrit, and serun. I'rinc 

was collected and examined for protein, glucose, and i-aninotquin(litncs ((IQ heing the ()ni 

locally available it-amin oqtinc lile ). \\m ltn unt'erwcnt tile usual cliniC I' gistl;It(liil and x.1ani

nation. Women recei'ed iron and foate tlraly ant a iettlui, tc(xd)id iiniliuiiization l'romin the 

clinic and were treated Is ficr an1I' edical conditions not ass(ciated with maaria.necessa ' 

C. TREATMENT AND CHEMOPROPHYLAXiS GROUPS 

)uring this first visit, womien returned to tile stud' teail after their antnatal exam inld e'cer 
s'stemlaticallly assigled to receive one of '(cur regimens i antinalarial treatment and/)r 
ch.nl( rprcplhylaxis: 
Re'inu'n A. (Q tretatlllellt t()ct or 2i lg ()f h;s< kg gi\'tl IS a di'idCt ti)st over 2 days, fol

h)ot'd by 3)0f mg wecekly 
R'ginu,'' B. (CQ treatment t()st of' 25 mug o0 baste. kg given as aIdivithd dost over 2 tia'S and 

rcptatcd every wI ee\<ks 
R'ginwn C. ( Qt) In ast \'t+Wekl' ( \lalawi naticocnal policy 
Recgi'Imn 1)..M( tratilicnt dose c 5f illtI :IS :1single' d()st" lh)c l hw' 2_)2t) Ilg Wttkly 

Regimen A r-T)rtscntt the WIl) rtc()lllltldit iol low)r(A). Regimen If was C'h()sii to examine 
I monthly trttittent (tc)sc of (Q, where tihtl first dc)st"c culd be adilliinistered at each nc()nthl\' 

' Clitnic visit antitis tliminattt" \\'(v'eekh\' (hsC' It hc01e1 C, t. gilleln )r'ViotIlv idth.ntifid asI hiil
dirance tcc cccmplianC. Rgitit<n ( Iwas teC .\lalli n;tio1nal o)()lic • It till' stairt I til stttiv. Reg
innen !) rtpresenttd an ()timal trtatllltn antd prophhylattic d(se of tilt llccst tflectiv' available 
drug ( MQ ). witht a dosinlg sChtil bastd c)mi previus ihplrnialtcckincti stttudies ill pregnant 
w(miti ill Thailantid ( N.I White. ptsmIal cc'()nm licatio)n. I98- ). 

Th assigltnent of regiimnls was hasct ()n the ta oIf etnrolltnuett. All women making their 
first antenatal clinic visit on a given (t\Iv were assignd to the saet reginlin tit f()lh\\'ing dtay, 
enrolled wctnietn \crt' Issigncd tidiffercnt reginleti. \'me'n at cac+h of' the f()ur clinic sites had 
the opportunity t() he assigted to either a (IQ or in M(Q treattmlent gr)tl). Fnrcllnicnt cccntin
utd the I)nugCst at the gcovertnmetnt hospitail, whert (inh' wcotcn iti their first ocr second prtglan

cies \\ere enrolltd ( see a(o'e ). Because wcetln ill their first t\c pregnlatncites were thc)ught to 
he at highest risk. a'1ncflh()rt -was mal" toc altertIat hct\vcIn assigtcnt'tt to MI or ()(,) scc that ail 

Idt+uait prc c()I()tio(n cf prinligraidats ()r secttrligravidtas in tllc study r 'ivd Q. l)uring(cll 
the 2- mcinths of enrolltent, the systellatic, alternatting tnrcllhnlcnt was ncct expecttd to) introc
dtiC tIN' stiCticcn biIs ilt tile stUtd. Thew characteristics of w(lit ill iach grcup \'ere xm
ilcd to confirm that n) significatnt differcincs exist<d ittmntng wcnlcn cc i each cof the reginl ens. 
Where diffcrtnces ill chiaracttristics ()ctcurretl atuong the grcoups, results were adtitstetd by strati
lied cor nmltivariat analysis techniques. 

D. FOLLOW-UP EVALUATION 

latch (.hcse cof mdication was gi'en undter cobservation by a study tai tlenber cithtr at the 

clinic cor at hcome. At that tit., the wc)tian was qtuesticonetd tc dcttrminc a histccrv cof fever, ise 
c)f other tmedications, andt sidte tffects attributetd tc) the medicatiocn in the interval siilc tile pre

vious c(se. At .- week inter'als after enrollmntit. capillary blcod \was cclltcte.d for aIthick blood 
smeicar tc) dctctt nialaria parasites anid for a scrui samlple. A irin. specitlen \Is ccllCtttd It 

the first i-wcck visit and teste'd fo)r levels cf .- tllilcn()quiticlints to veril'y tile ingestion and absorp
tion of' (:Q. 



E. DELIVERY CARE 
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Figure -I. N M\R" unrolliucnt and fifllW-Uj) - tliming Of actiN'itiCS. 
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DeliveryPregnancyEnrollment follow-up 	 follow-up 
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Examination Questionnaire Exam, iatioir Mother. 

Mother, History 01lever. itru( 5e 

blood smear, hematocrit
Height Symptoms Weight 


or henoglobin

Weight Drug side effects Blood smnears 

penpheral bloed 	 Inlant.Blood smear 
placental blood Height. weight 

cord blood History of lever, itruCI ise 
Hematocrit Examnation 

Serum Monthly blood 

smears Hemaltocrt 
 Blood sirear, heirlal(crlf 

Urine for drug SeruM (syphilis. HIV) or teiroglrtin 

testing 	 Infant 
Birth weight It maternal or intant death 

Postmortem questionnaireGestational age 

Newborn exaln 

G. LABORATORY STUDIES 

httd. and umbilia'l cttrd blood \\'crcMalariaparasiteImia: I l)ripIcr:l ca';illay bl1od. pl, cntt; l 

oltbtainl'd and ;pliCd tt gl;tS, Slidc'x. "hNtc thick blood si'ar.S Wclrt' StliiICd with (1icmsa ;and 

cxaMninCd 1hr pI.,itt.S. P;r.,,iltcs and Ittikocvtcs \\crt"coUiitd in th' SanitC field', until 3001Itiko

a:uncll d IculkoC'\'tcsi ()E" ii1;itc \'lc Lp0llAaSitettiiic: dt'iitiC' wet' iIn;Itud LCiSitt an11 

C'tt coill t'1(10 lcItkf le, per t1r1 th1tod. h'h limit, tfil Crcdct(ctil 	 I ) rmIsittSnnll 

0t1 hh1O10d. Sct'ritig 	()Iitll.Ctitn ratc,,10r placitl in-t itt11 iS dcs'crihd hlh\'. 

i'thd and ItI rinc t t'st'dt(l 1(1' 1)'tt' 1 ;Illd glt(tICOt" Lisiig .1 dipstic tik Il" 
-t-:Mlin'10(tli0linl's using the"Saktr-,Stlmnott iiithod ( 501 ).Urin le.ls'itg: 


th, atologqy: Tlthcs co tntining. hcparitnizcd c.t1)illtry bhWItd \vcr ct 'trilttgCd ItI1),00(1 cps for 3 

packed Cull N(thtt]L" crit ).(111pilltat Ihl( td c(llec_td loarscrm spcciin innttus todctirn '3lin ( hCItati 

tM d;1 )uring illtllt Ilhllw-ttp vi-sits, capillary blNOdnII-ns was ,,Scpartd the S;Illlt ;and Iri'cn. 


SMilJlCs 'cr"cdlcctcd Ibr hi'mlgl hin dtcMtvmintiotn (I lumoCtc, M issiin \ito, (alilrnia ILSI)
 

in th" ild 3and ruct'td'L'd t tit ucarust ft. I , dl..
 

Ittdlilict'itHsol', th1w pt'l)t tMc-. ,c'urn ,sptcCinllC11. Wcr Iltr t stutd Ir 

cvidunu'c of, anlimlahrial antihodic, antitthur inlc'tioltis agcnts: 

I ) Scra \\rc ttud ltrwmactivitv t)alntih(di tt 5 S A opit()ptCs Lsilig tile Ialc n Assay 

Scrccn ing lTst-l hzyic l.inkcd IitltttmnASt'bcnt ,\ssaV ( FASI-EIISA ) with tilrcc SnutiLt-tic pcI)

Sel'ru: Indcr apIpr wtd 

-NV),( .!N\'l II)A ),, anod ( 1)1)111 VIII'A mr' dtliciiig rcpC'attd B cell Cpito)ptcs,ilcs ( 

.'tprdLtcing tile rcpcatCId cpit( tpc of tile circutispilrw/zoitc pin()and the pcptidc (PNAN 
tcin ( 51 ). 

2 ) Antih dics to I IV wetre dctcttd h\w u't/vi I ill t 1aSSa' ( hA ( ( )rgan()i 'l'chnika ), and 

Tcchnika )using standard prouc(ltilcs.plositi'csw\vccu t-onlirnicd h" \VeSt','n lIfht (()rganl(nIc 

3 ) Scra that had hi-un c tll'ct'd thri ng til Mtitalt;l i d and st(tl ' frcdI zun 'crc tcstcd 

in 199 I- 1992 lir Svphilis,. Lisiiig V' c'ru;l l)isc;sc c';irlth (V)RI. ) (r Rapid Plas-R I.;t101ttr' 

ma Ru'agin ( RPR )tests and mmicroh()ih niggltltitnattioi atsit\' Iitr amItilt()lics to Irn'plItcutt 

pallidnmi (,M lA-TP ).All VI)l{I,11 1 rcactiVc s th )gics wt'crc diltt'd to :intntdpoint titcr. 



SECTIONIV:|
 

H. PROTOCOL REVIEW AND INFORMED CONSENT 

Tile study protto)cl was dcvcl()lpc.d iii .1 cill l Iisli()ll hih()rttiVCe iI'xstig;:tcirs it ile(:1)(aIilec
Mlinistr'' f IIcAith ill.laliawi. Tle'p'otocol wa's also 'viewed by staff tileI 'SAIl) Mlawi N1is
sion a.nd in ISAII)-\\'Ishillgtin Olfici's. The'p'o()l()l Wa's il'o) rc''iecx'and;aI)prcied b1 tile
IIIstitutii)l;I tile I Il'iltl 

( otlllcil i \llalaw i.
 

R t.ViC\(tril at ('1)(' ;1d bW Itccrcl (()niL'tc. .nd Naii)llal st'arch 

)rcglllnlt ollicnIlccting eligibility criteria for tile studs' \\'ere considered f(ircnrollmnnt. Tie
utisual procedure lior inlotirmd consent in Malax'i was used: thc \alawi M()I I uses inf)rnlcd x'erbal
coinsenM l(r all investigatioils iiV()Iiving htniall stbjects. I()cit.tiltl cnr()lhccs \,ere read a statc-

Chilt dntlI.n scribcd tileiputrpc sc (f tile sttel'.n1d th study' pr)'ccdtircs ( use ('aninialarial drugs
and reqluired v isits. Ilaboiratto)ry imcstigationS aId i'cdcd hdood drawving, xL;intllion I

dcliverv, and p()stdclivcr- ft6ill)\xv-up ). \\'(m'ni "ve'rei then asked if 
 tClei\' LiiidcrstI0d lit' s ud'V aind
w'ere clC(litragcd(() ask qucstioins. ''hcy %,cre inln'Cd Ill;ittleir decision t(I participac or' i()
participate in tile studx would not acIt't their health icarc illany way and that th% xx'crc frcto Withdraw at any tille during tile stUd'. After questi(ns wcre answered totheir satisfactionCicy wcrc asked it'the'y agreed Co particip~ittc illtile stud\y. If tile,\'gavtc their VCrlIl ciOnsnt, thcy 
",'erc enrollcd. 

lxcept fim tile provisio() f ' aintim ill niatretiime'nt or clilrim lophvlaxis tii' usual antenlatal
clinic proccd.eLircs ere fi'()Ilhl\cd for all stuly' sulbjcCts. \\Voicn reccived a standard history and
.xaii litLi apprnati()l, tti'ta uS ili" /.-atn ait priattC inte'rvals, ael( irtil anit l()icacid in Cablc.iform
to i. taken at home . \V(iiin wvith a history or*atstillbirth ()ri-abortion "'cre tested lor s'philis
VI)II. ) and treated with penicillii, it' p)sitivc. Screcning of all w(I.'icii i syphilis was [lot avail

able locally. During I rwi'cvw (If tile project in 1988, ,I()I I officials request d that scruin collccti'd during tCe"sttuhi' e 
t'sted fir syphilis as syphilis may ' al i i)rtalntp contributor to

f'ctal and inla-t survival. Thei tecsting 'Ispcrf()rniC'd it(:l)('s S'xultllv' Transmitted I)iseasi's

I. l)()raC(ir. wv'ith Matahx ian Iabc i't( rv testing. Ri'sults \v'%rctec'i'hIicians participating in tilei pro
vided s()that tCeii with positivc scrciligic ri'sults coutldxclenii' i' located lind treated. 

l)uring til' stuly, two niolficati)ns in the pro(tocol occurred, both of x'hich xx''rc approvcd by
the (I)(" ait] Malawi .i() I research revicw comniitte'es. I'c irst re'vision addcd ;itcach of'the
four clinic sit's I c(mllparis(In group1 who rccciVCdit treatmcnt and cic)ioprOiphlaxis ri'gimei'n
(if .NQ at To img single d(os'e treatnent at first antcnatall clinic visit 1llo\'cd by 250 mg weckly.
''ii si'ccIndl i'evisi i arc as 'isult ()IC ItI()-(Ihibal c oil AItDS-fu'ud i'd pc)Irti(i i a i1a i(gralmmi • (Ii"
tile' study thit r'cqlu irCd blinld tcstiing fir I il'cn scrum colli'cted at til'time (If dcli vcrv. The' 
protoccol fikir Ill t'sting w\'as Als() rev'xvicd and approived by \\' I (). Li'[ItiliirS frc)m data Iascsand scruin spe'cime'ns "'creremoved,butIl inketd r'c(rds atlhI)\wing in i'xaiination (f 'charactrcis
tics of nothe'rs and inl'ants alnd tChcir si'r()logic status viw'ri' rctaiieid. Malaw-ian laboratork, tcit
nicialns participattd in the t'sting in \llalawvi and inlthe AIDS laborattoiry at (:)C. 



V. MMRP STUDY ANALYSIS
 

A. DEFINITIONS 

Malariainfection: A %vomanor baby was considered to have a malaria infcction if any asexual 
blood stage parasites were seen on a thick smear of capillary blo)d or umlbilical cord blood for 
newborns. Conmparisons of dlsity of parasitemia aiong di'Iert groups were done using geo
metric means of parasite density ((NMIl)). To examine the effect of antilarial regimens on 

)arasite clearance and the new dcverlopmnt of parasitemia while aiwonan w.'as taking an anti
milarial regimen, study team nebnhers took blood snears at mnl0thl' follow-ups after enroll
ment and initial treatnent or cheniproplhylaxis, and any minsitenia found was tategorized as 
..resistant" or "breakthrough.'' If a woiin was parasitemic at enrollment ind remained 

parasitemic while receiving her treatment andor cheoniprophylaxis, she was considered to have 
a resistanit infcction; if a womian was initially ap;arasitemic or became aparasitemic after an ini
tial treatnent and -I weeks of chemoprophylaxis but then dcvcloped parasitmi:a, she was consid
ered to have a breakthrough infcction. 

'lacental infection: Piaental and umbilical cord blood smears \ 'ere stained and exaumined ill 
the same way as peripheral bhlood smcars, with the microscopist unawar oif thc cnr( llee's study 
group status. Parasitc densitv and preillt'e or absence of malarial pignlelt wcrc reco)rded. 
Blood smears \vere coded alparasitcmic (orparasitemic and densities calcullted ill the samelwVs 
as fir peripheral snears. The 1 rcscocc )r alsencc of late stage pirasites (late tr(oph) ( )ites 

and schizonts) was recorded on a I --i f scale that reflected the 1X'rccit;igc' of late stage para
sites;ud used (lartil's:( 4- = '- 2 ' --+ + = 0-5(),;-. 4-- 51I,'5.+ :and + + = 76o,
I(00o ). Nalariai pigment max he f()rnled in the plaiental mcrophages folloving the killing of 
parnsites in placental bIlod; this linding (of inillriaIl pigment in paccital n acrt)ph ages indicates 
prior infection' with parasites. Pigment was also scored onl a I -.I -- scale that reflected the pro
portion of nmcro)phagcs with pigment ( + = ---I()"; ;i- + - 10' -25", ; -4- + = 26o -50';;.and 
+ + + + = ), ). \'o enn wvere categorized is infected (code 3, .i. or S ), not infected (code I ), 
or unknown (code 2 ) using the following codes f()r pilacentl infection status: 

I negative ph1lczcntal smear 
2 = no placcntal smear available, negativc peripheral smear 
3 = no plaeental smear available, positive periphcral slear 
-t =mtlarial pignent in placenttal niacrophlges, no asexual parasites 
5 = asexual Iarisites in the placenta 

Length of enrollnent in the study: For the purposes oftrlysis of nalari prevetition and infint 

()utce(il ( I.BW and survival ), we analyzed the group of women on| a CQ reginlci or the MQ 
regimen only if they w+''ere enrolled in the study f(or 6 or more weeks ( >-i2 days) prior to deliv
er' and had received the appropriate amount of medication during their participation. This 
group was subsequently coal);red with women who were enrolled but participated in the study 
for less than 6 weeks prior to delivery and to tie group of comparison women who delivered 
in the same fitcilities but were not enrolled in the study. 
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B. STUDY VARIABLES 

Characteristicso'women in the shludy: The studt. extined the following characteristics: prtg.
nanc\ number (granviditv): sctasn o)loclrollnlt'l and dtIliterv (rainy, p()strainv, and dr seas(n );
treatment regimen; length o)fp,rticipatioll in the stUtd\: nIaternal agc: CLticaitioi)l lt.Ic': s()Ci()Cc()
nonlic statis: maternal height and weight at eiir llr)cmtl; \vcight at d'l icrv anid \ciglllchange
during the study: h lattocrit at elr()llmnlt and delivetry': chiigC in hIICmat )tritdluring tile sttidy';
tlhrilc illness; use of tob:LCc() products; use of alcohol; tt nicit'; atid sCX of the" t.l) rn. ,Iatci
nal mlaria i' ct io()ns at cll r0)1elnt,at f()h1)W-t) visits, and at dicli'r (iprilhtera
ni bid)( )d placCn
tl bl)od, and newborn cord blood ) we'trc considered b)th outcome a11ndinldicator V'ariaIbles.
 
Birth weight and gt stational age Were eXamined alC
Is outco() t" ,riablcs anod \\ere includted isindi
cator variables in th analysis of pcrinatal, leollatal, anod ptn)oSnatal itlant sri\vtl. 

Comparison among treatment groups: (Characteristics )f wome'n il t hreet (C() treatment and
 
prophylaxis grn
us and the OIQtreat mtt-i)rolIlaxis gro)up \Tr' texani ntd fhor diIl'cri'cCs (seeSection \. ). Because the charactcristics of women on ( "Q were similar at 'nr )llictnt (e.g., same

prevalence of iprasitcilia ) aind bec.Cse th (,()regi niens had similar e'l'cts on their parasite

clearance ( Figure 9 ). womecn in the threc groulps rcceiving (Q \'cre considered as one group
 
for nanV of the analsts.
 

C. STATISTICAL PROCEDURES 

'lhcstatistical significance of catcgorical variables was assessed using the chi-square or Fisher's

e'xact test: tile statistical significance of continutous variables was 
assessed using StudCnt's t-test 
or Wilcoxon rank sums test: and analsis o)feColtinuious variables by categorical explanatory vari
ables was assessed using analysis of variance. Cox's proportional hazard method was used to comn
pare survival among children in different groupings of characteristics (e.g., children with heima
t)crit values Ibebh\\. 25",. compared with children with vltes (f 25'),, and higher). II INI(
software was used t() calculate relative risk ( RR ) or odds ratios ()R ) (using the method of
(reeland and tRhins ) and the 95'",, co)nfidence inter'als (95". (1) ( using the meth()d of (lornlifild).
Risk estimates ftor multiple strata \g Mantel 
malts of the ()R. 1) valutes less than 0.05 were 

wtere examined tisi nL Weighted I LIInsze'l (\1 I) esti
C)nllsidlcd significant. ()dds ratios, means, and 

rates wvere standardized by graviditV ()rparily where itldicattdl, with the mIt0rmal i()plilat iol dis
tributi()n (of V(o)n seeking care at antenatal clinics as the standard. 

llirth-order-adjuLsted univariatt analysis off facto)rs associated with I,\ was conducted using
conditional hgistic regression ( IIA )(1,()( ISTI( .,SAS ). \ulti variate models\were examined iii 
SAS, and variables included in the model were those that were significant in the univariate or
adjusted Liniariatc testing or those that were shown from previous studies to be p)otentialhy
biologically important, e\'en if the\, were not significant in Umnivariatc testing. Modcls e\'crc
dc\Cl
opcd using a combination of backward and forward elimination or inclLsion of 'ariables. Firstorder interaction terms were examined in the models for all sets of \'ariablcs that wt'erc consid
ered to havC i)lausile bio)logic interaction. Variables in the final nultivariatc models "verc those 
that remained significant when included in the model. Attributable risk cstimates w'ere made
using risk estimates from the multivariate models anid prevalence of the risk factor in the popu
lation using the method of Levin. 



VI. 	 MMRP STUDY RESULTS: MALARIA INFECTION, MALARIA 

PREVENTION, BIRTH WEIGHT, AND GESTATIONAL AGE 

A. ENROLLMENT 

A total o1t22) Voen vere enrolle'd in the study'; 33.( 0.8",, ) ere not pregnant, I2 (0.3",) 

retused folhow-up}. 129 (3. P ',) moveud from the studs area, and 3 died prior to deliver, leav

ing -'()-13 (9,.,",, \\'()1L'n Wh(o \wer' kno\wn to have delivered. l)f these. 1688 (11.8", ) dcli

ered at I nie,. 61 ( 1.0"o ) deli'er'd in l)ItsIIId\' dLlivL'r' units, anod 2291 (S).-o ) deli'lreCd in 

stud\' ara't deli.r units. Along tie Stud' arlea fi ilit' deli'.eries. 01 (2.'", ) W011t0n dehli'e'red 

t\wins, ;tnd an Alddition-col -3 ( 3.-" ) the singhtn hi'rtlS \\'ere hln Lead, leavin\g 220-i live 

sinlgleton i-teilitV d 'li.ris,:21 -5(9-" ) had knowvn hirth \\-'ight a1nd knovn malaria infc

tion ttuS at deli\ery, and 15- ( ) of tlhese were in the studv f*ormore than 0 \weeks and 
' Les>ot tlieir mintimalarial rginien (figure 6 ).reeeived all of thl required d(h.', 

at t)hw-Up anld del i\'e.'rFigure 	6. Stud\larticiants .rollment, v..1\dMM0 ) , I98- 1990. 

Enrolled Women: 4220 

33 not pregnant 
S 12 relused follow-up 

129 moved
 
Known 	Delivered Women: 4043 3 died 

61 delivered other hospitals 

Delivered at Home: 1688 2291 Delivered in Study Hospital 1 

Twins Sigletons Singletons Twins 
19 alive 37 atrorted 9 aborted 52 alive 

2 aborted 83 stillborn "4 64 stillborn 9 stillborn 

4 stillborn 1543 Live Singletons 2157 

53 taken tohospital 

F Known Birthweight: 2204 

Known Infection Status: 2145 

Instudy -6weeks 1 
Properly dosed for regimen: 1657 

. ii .	 mc i u is'Tll _c lti l Inu tn r id t'n [iii i 1 cm ii t rin gin iClt11 1 ,i% itt\ltitc l i n lihi ,r idhlc% ' .m nca tli ndm , hci Itirgicr 
-
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Women's characterislics 

Thi dL'rlJCt'ri',[iciIIs ()I Ir-llccciin g ( Q or IQ X\'vfliir LACCj)ll lor 1lh( L' ;lc'C(1Cd hV 
ilI.lc ;Iascd ilr )lllc.ill[ o)f ",v lll'll ill ll)l'i'" !l ill ]I~ :",t'C()l!(d III'{l I1Ill LU, . o()lIl)4, r \\V IlI1CI1 ) ill ill(. 

.\I() qrroup. J'lh'c 2 Jit' ,ll't 	 shl.rI.\\.'rir(tXDII 1 illg cihlltr (:( ) r .'(1)() ,t tlIhrdiz 'dv(ucr,, Nt 

h r numhcr t(o a "1 Ltljld.'d p ly tijali nil l iplrcgll till \\XIII I ill t 'i,disric.
 

"l'lc 2. 	 (Characteristics of wmtoen rccciving chl(hroquinc ({:Q) or 1cilh)qliif ( M ) )r malaria 
prcrlltivmn in pregnancy. .\II IR 198-- 199(). ' 

MEAN AGE IYEASI 5- 0 3 5 01 0. 03
 
MEAN GRAVID)ITY 3 ,1 2 " 3 2,i II
 
MEAN WEIGHf K6I5 51 , I H' 59 16..91 0.03
 

MEAN HEIGHT ICMS) 
 155 2 , 31 155.4 151, ) 0.57
 
MEAN DAYS IN SI.IDY 
 102 136) 102 1351 0.85
 

REi'opim i-EVERi 14 DAYS PRIOR TO 6.2 4.2 0. I
 
DELIVERY to,)
 

USED TOIIALCG 0o) 3.3 	 4.7 0. 16 

USED ALCOHOL (Onl 1.0 0.2 0. 1 1
 
NOT LITERATE 00ol 70.6 
 65.1 0.03 

SOCIOECONOMIC STATUS ICODE lIt 4.8 I 1.8) 5,1 12.21 0.005 
MEAN HEMArTOCRIT 10o1 ' 	 33.7 15.51 32.9 15.91 0.01
 
MALARIA INIECTION AT ENROLLMENT Iqo) 41.4 36.2 
 0.06
 
MALARIA INFECTION AT DEL IVERY l0.'' 25.0 
 4.8 10to
 

NEWNORN GE'NDER 100 MALE) 
 49.7 49. I 0.81
 
MEAN 31R1)) Wl ICHT C.N1I 
 2929 14541 3012 14791 0.001
 
LBW 1~o1 
 15.0 	 12.9 0.26 

I\ll I.1I II,l \1l l t jm-hh I III~.I l 11 t I llk J11ll~L l l .% I .h1,t.1II Nid ll p li bi l l \\ II il l ll.(I( 11; \1 pll'lljkst l~s ii'l .ld 
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" - +Ih'p l q lIt Illt 1 1 I,1 k 1 1 1tll[l i I Ii t I , lll tl. l~I , t I I l I. I ) 'llg, l \ l tI l g ~ ~ l~ 1 11 (l 2 I I I l ' l l ll 

T (hul~l 1p Iillm i ( dl~ltl.( w tllli ill l ii(. s\t i(lIi ii c l I I I I \11.1 \ A iIIl 1. tII cIlar i, c a1c 3I 

c.()ll s, i ' ltL Xv,i l 11I t lm lLtli( ) I - l \ l I Inc'l t l r t l Iu ti tI c' 'g" i l l 	 . +d wtrI' ,,t I)I d Cl() l ll t l' \ + 111d ( 'I ,SL
\\'hclrt' ill thl(' [r(. i( Il. Iirs,, Illc' n 1~(uj'1nC'nr<lh.d \\(r':()HtH, ( IllCMl ;lgt" 18.0) cars1") a1t)11(uH 
th e: i t',,t p r n n c\, 11d d p m-it \ \ k'r c h iwh l\ c mr ck i cd ( I H0 _. . ", ( 1 0) 82 . 0).8 1.ir 	 cg'Klt . w cg mn I ) 
%I~l l 4)f 	 Oh W.\\' R'tl \ \ CItVr' dl or l ( I i d r ' \ t,'i l ll hiw ih 1 , (0 I n s,) Mu c' l i \ ONhl i ,h t ( 2_. 8" ,, w\i t h) 

illt ) kg,, mIti ir i l t i-,il ktill \ I\ li(h1 \tiC" ll1)i inl III ull tu fid I('(l i l
 
lill l ( rI I ) N'\ llIt'\ IIIlIit'R rD IIl,, h
I ItIX'I'c ( I IttrHIIgt II 1 ' ) \ priXXr it) Ilw ir lirltI lll tatl clillic i,,it: atnd \1'\ .\\ 11 It"(Wt'd.l'Il-ig JIt01 (Whl )h;IL'( (11llilg 1)1'('g211lll A- higuh 1r11-

mhll 

po(ri(li (09', ) (l'V t'l LOHIId HlR d d (W1 \\ ['1 11. l[ I1l) | \\No)li|L' \\CrU I'( (l r h\v SouiO)L-. )1( )11 iC. 

;ISSC'NIl llcill c.T itcrlia. \h;llil'iI. .11ll 'l . , t I'MIN,\ \ tr 'L( III tI ';I III. il Il"I ) l]l i) 



CId csigii mLid rtvw 0161 t L100() Icqiz nunhcrs ( \I HIAI;t hai~1Csl riskBo.-atsc (A*[ietudy 11tc 

1(r uaia~~, in 111C NIQ gt*)Llp. \\vomncnl inl OIL' I glV01I) mWcIic I t) Iu)',' il l )rL'g

1n3a0c ;IIL CiiilIS(fIIIl v ( ii IWCc.Iii(II l ()I i tIClICCuCSLt~~I,' 41Cd I) Vddcsip)Im.(ii-

1'f1i11NNCL\V'td;RjII4'dCI hN' IV IU tIIIV lIiliIiIhLrI ( gr;I\iditv ). Altur I:1tin~i.i kw pi-cgl~Ihcf)y 

Mialaria parasitcfllia 

Alnimitg thuC 112 Will" tnroiiniCIit blood1 Silai1 ruCtlI 1836 1 1.5"'. ) \\Cro. j);u'Xitu.iC\\()III ~~(ii 
1) 11-3SitC Li4.il1iI iCs~ 'i-C!atCf t1I~lI 10.00 ))p:I~itCS I)Cxr OfuoltrICtIhIc 3~yi IL'\\ \Vt)ItlIl LKIit 

idbiC: Pairx~sitttIli~i :01CtnroIIllII.tlt ill NVOIlICII CIlI'iitLId ill Mt11Ld\. 

WOMEN TESTED: 4127 18:S6 (44.5 

PARASITE DENSITY
 

IPARASITES'rMM-' OF BLOOD)
 

1-999 967 123.4)1 

1000-9999 768 (18.6) 

-'10,000 101 (2.5) 

http:j);u'Xitu.iC


Sixt -iVC'.pc'rcCIlt Of priniigravidas had dtIcctIhlc pa'-ii;,tc'mi tCtnrollnwnt;r this r;t(. dc'crC';IseCd 
\'ith SuccCssiXVc prCgn.mnciC-, ( Iigure "'). The proportio I(N dci'sity paLu'sito'ciiii 
in all prcgnanciCs (approxiniatclv 25",. ith p;rstnsitn -(f)() pirasitLs mm Iflood ):th 
CXCCs p;IrI-SitCl'niI SCCII ill first Mid SCUOJUI pr nCiai cos I 

()J"1 N''s similau' 

isl'd riuL (ilvf iighh.lr d'Cisi\t"
 
pairaisi tcmia.
 

Figurc -. IrCullCIcc .1nd c.nsitv t ;ll'sitclhli illpllgnitnt V(mlcn at cnillncnt, by graividitv, 
,\I .II
, 198- 19)0. 

% Parasitemic (N 41181 

70 Parasite Density 

6parasites mm 1 

High 
10.000 f

50 j' Medium 

1Jlo-999, 
40 - Low 
23 

20 

10 

0
1st pregnancy 2nd pregnancy 3rd or greater 

pregnancy 

Pregnancy Number 

Tht'finding of higlhcr prevalencc and dcnsit of iparasitcmia in primigravidas is consistcnt wvith 
findings fronm many lihtls thother studiCs anod hig increas.d risk from malaria in primigravidals,
and. to I Ilsser extent. in secu ndigra'idals. 

MI!I'
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"hc prcvalcincc of ptsitclniia at cnrollmcint 'aricd hy sci)son within gra\vidity g-(ruipS ( l;iLrc•8 ). 

lnroll.ncnt l+>ardsitc'mia ratcs \v'crc highcst ill thc postrainv scLts)In and hlwcst ill the dr' scLason. 

11CC l Iardgllnt at lO0 l SC'SOId. 
.\I.\ll~l. I J9 -+ I )'l. 

FigIllr'C8. lIrCN;i Au ill rc' Ax'i)lInC1n l lI CIlt . '"[;i\idil..1t1 

% Parasitemic (N 1694) 

80
 

* Rainy season J] Postrainy season D Dry season 

60
 

40
 

20
 

0 _____ _,_...__ ,___ 

Number: 254 135 191 161 90 117 260 205 281
 

1st pregnancy 2nd pregnancy 3rd or greater 
pregnancy 

Pregnancy Number 

U"!
 



l-rt\,ACLT't ()Ij)l%01tit,,.'ni',il \\tm,' ;Mi
lH i't.911 h ) 1llr';tntl At ' r~ lm ' t lhV gr~t\ idity MtLd ti't'it-

Parasitemic (N 1694) 

80 
* Gravidity I r7 Gravidity 2 [J Gravidity 3 4 

60
 

40
 

20
 

Number: 120 78 147 
 141 91 334 105 60 153 214 139 112
 

Regimen A (CO) Regimen B (CO) 
 Regimen C (CO) Regimen D (MO)
 

Treatment Regimen
 

The won' in the st t/i, .eleetetdfli'o Inc u)olation of /renItI ollell in rrl .lalawi, Wirc 
1ne'rlly vunr. intal',arl pre,,alit.v (hY stat s-desIgn), poor, ttnd fre('qtlly not litrate. Shot 
statture, llw $l'ht, anellia, anid ma/al-ia wl-' eoniton i tdhe' populattion. RIeport ,d 'ihrih,illness 
atil iste of alcohol or tobacco w e',untommion H1omen ithth/Iin these ioin(,n. du.'lf1,rat
mf,ng'rolllpA, .or i/ic miost Piart. hti-t('l simiar charactetir.ics. 

Paraseil, ' t'iat 'r'oluhnt 'wa.Isii'h; oi'erall, 45(1 woew parasitemic, and 67(1 q1rp'imqirari
&Ia.and 44' ('f ra'idas wcndt/para.silunic. Th/i'nding of highest pairsitt pi-revalene in'l'c 
priiii4t-aI'it. antd svceilttl'rI'tridas is coilsistlnt with all earlier tudies. nit recon./irnsthat these' 
woiiem r'epr sentt the most imrpiltant taget gr'oup. 

rasit Ira tit cl'nee wa.nttnrolln s simiat- inl cah o/ the tr'atinel groups; womnlt appeared 
Io be sinlar tt the time / 'en,dhnent .with re'ardto e.psUreto italariaPar'alsite,.

U
 



B. FOLLOW-UP 

lionl ()ft I!I. a iiii~i~l dru-tg. ;11141 hI~IAIblOMd~I IL'.LIt' 

Ilarasiteiiiia (resis'tant mid( IbreuktI1roigh) 

IRcSi~t 'ilt iftC00INn ( 1) (.%td.Ict. (I p.Ifl-aik. ccruIRTcc) NVCIC jdClItil"icd ill 2- (8.8", ) W0o11cI-1 W~ith 

lI;Ir;i(Iimi Al C1iirotl11CII. HlTrakihiro~uth intick-iiton" \ ob~ cd ivrll I -( I (vS', ) ()twczc i 
3080t \\~u' wvlit \\crc tntilm\ Cd ill Mid inl i I ( 18.8'.. ) ()I I0(0 () I- \\n'110i\VCiT alpara'SitCnuliC 
at conirtiiiciit. 

inl J)1illligi-[ i(1;11, ;1nti ,CutuiAIiglrliditlS at pur.ISt1 hC (tudi WciIa1 intcc.'CiuIn ( I~iguic( 10u (). 

0t1~ l)Jrl'iIullli.t ill l)lrCgllldI fI(Iigturt 1(V I1uC\AICC wmOlia hi(o\v-tIpji by giraviudily. MuIMhI4I 

I ')8- I 

0Parasiternic 

byra FIt:Breakthrough * Resistant

20 

10 I 

0107/589 65/371 111/751 

1st pregnancy 2nd pregnancy 3rd or greater 
pregnancy 

Pregnancy Number 



vC 
in t'A\'CT than 5",, of \'M' l olnMO.\tQ.. 

Rc,,istant and Ireakthough inlii.' mWt C0)n111111(n in Ccli Of 111C thrL' (, r.gin, c1. hut sCCln 
Thc Malw'i national policv fir prophvl;axis ill fr[)I'glxltv;hI 

M lilt S :i of t c ivltti \ ( W Ck h (() :lon. (1'01,1(1 ) ",h \ d teWlligl I l'ft(.Itt'LtIL'V Of if6h) '-up 
inlf tio S., ;1111 lilt tAt., C()lllartd \\ ith 1 lCIR ('.Q -gilllCI w, Cxt. .tI Ih\ riistan ll infi>
tiofl ( Iil lrC I I ). "hiS, fiding StigCcts th;t an Ir Mo1 , "ofL I), . \C+n in J Settin withinitiatl tlltt C 
high hIC\ CI S (A ( A( -rt-'iSt1tln P. /lh il)',I, i;lari., iS r iort: OtCti'Vc in cltA';iring Iparasitunlia1 Ih n 
rcgincnS us.ing iOn\\'ctkl\' pi-ophy lai, d(Iscs. 

iguur"I I. 	 RcSistalnt and hircakthroughI parasitcnia hI, tcltlnnt regiien Mld ,rIX idity . .\,'{IP. 

I98-- I9)(). 

0 Parasiternic I Breakthrough* Resistant" 

60 
50 I Primigravidas 

40 
30 
20 
10
0 

120... 147 103 
r-

219 
i 

50 ' Secundigravidas 
40 
30 
20 
10 7 	 92 140 
0 

20 - Multigravidas 
10 41 1511 109 

Regimen A (C0) Regimen B (C) Regimen C (C0) Regimen D (MO) 

Treatment 	Regimen 

I I rv',k I r 	 t ll l.11 ,% l',lra, t,llI I r,l~ l'l It I In i 1 .11 , I I k w 1h, Nk ill) 

I mlwl~fl ,111 Ilsl'rlll , 1111,llmlfll I14' ii" 111111 M .11 1 qM hdh'1, I 11 

""lol I I ll kIl It h r1 ll 

Stuiuiia1,rfiinlgs: 

wome lIo 
mn in prininravidas n ('0nCand least coimmon in igiram'ida.son JQ. This, prc'gnancv mum
her and the e//icav , 0f/he antimalarialdratg were the tilto mat importait determi llimts /p l'.swis

..1r.- began i'eccive their d,('Xnaltd (nilntalarial ret'iJnens, pjaiasitl eia wtns most con

lent malaria infi'clio, iii the population q/pr-egnanl wanuen. 



C. DELIVERY 

Matlaria inf1cc tit)n wt cxti llillcd att tile ti"i of, d'li\'inrv ill iiaternilI i pil r o)od (capiliarN 

blood Iroim a Inger-prick ),placental blood. aid Uhilical coid blood. A total o, II-9) Volltill 

dcli vcrccd in lie hospit Ital rece i'C di antiaIri al regihiin, and hadad ed prt pcr dtsing (n their ti 


tleir bloId ex;illnCed.
 

Matcrnal peripheral jiarasitemlnia 

At tic tiie Ifdclivcrv', 283 ( I5.8", ) of I -9() woninc had pcriplehral parasitcniia detectd oin 

blood snilc;r: thc (N.\111) was mi1 had thC hliSt rlitS.dld dnlsi-159 parasitcs nll.Prinlmigr;i%'ilvid 


tics (If parasitcinia; the seaso)l (If delivcry ald tltllail;rial trcatlent regimen \cwere important
 

dtlrllinllnt (I tiC prcseu'c an1d dtcnSit)'v 1 rIasirtiilia.
 

Materal periph'ral parasi'elmia andgravidily: I'i lligi ra'id \Vi011n were lit Ire likcl\' ti;n wt )nicul 

ill s.ubLelqUeilt prtCgIan!i lS to he." )araSitCllNia aid to) h;vc highcr dcnsity parasitellia (able"- ). 

it ir 98 99t).l;bic i. +\ilcrnial lu Aarait h) 'avidit), *\1,1111 , IJ I--I 

"'arpLOW -ir..m s l . .. ill tEile 'tii, n .. rTi Il-H nd 

d ME (6k) . IbeM ER iMBE aUMtBER,e . NU, BER M-.Y 

I 612 143 23.4 85 13.9 37 16.1 21 3.41
 

2 382 60 115.71 33 18.61 24 16.31 3 (0.81
 

3 79 2o 160.1) 62 17 81 17 2.1) 1 0.41
 

TOTAL 1790 283 115.81 180 (10.11 78 14.41 25 11.41
 

,Mhlernalp Il.a l'miLIII 'ilI'I I ' : l.'n illth "raiy aindIran lhIrS .i i n ,I',I'iLs'o II'I)eason dcli\'crL'il.L 
ipo+sli-iny• scasi.onl \vtrt'llioc likcl\' than \Vonictil dltli\'cring4 inlic dry ,,ctilOl to)haveC Ipai'ai.itc'lmia 

3nti tithai\vtItightr (dcn.ity'parii;liliai ('al'il 5 ). 

), - -
,\IM 1990l.
"l',iblt'5. Nhlicrnhil jI;i lcnia aitdcliv'tr\y hiy stcalso), 198l'
 

PA'--ITMIG:'- - PA.R..SIE:-1 "--rASTE=-C 

RAINY 577 120 (20.8) 63 110.91 41 (7.1) 16 12.81
 

POSTRAINY 768 136 (17.7) 97 112.6 1 32 (4.21 7 10.91
 

DRY 445 27 1(6 I1i 20 14.5) 5 1 1.11 2 10.41
 

TOTAL 1790 283 (15.8) 180 110. 1i 78 (4.4) 25 (1.41
 



Maternal peripheralparasiteilli and tr'atment reginien: \Woiu.n om a () rcginicn N\'crc morc 
likc'\' th;an) \x'mi.n l thc .\I() rCgirnllC1 t I;1'L' pr;l Sizl'nlil ;1nd to h.et\', ityhighe.'r deln 
~trii~i~etti (Tthhe ().
 

l'ahl' 0. .lt riiai paraisitn ia a dmli'.,r' tlI'CgillLn, ,\IlI P,198--1990.
h tr',tm 

CQ 129)7 263 +203' 167 12 .9i 74 22q5 7 1.7,
MQ 493 20 4 I, 13 ,26 4 08t 31 0.6 

TOTAL 1790 
 283 1 15 81 180 110.11 78 14.4 25 11.4i 

Sunmary findings: mternal periplchral :ra..itev iia at dclivery 

Parasile('tia(it(I'liverl' was 23. 4% inprimi.qramvidas, 15.71i in sei 'unifrav'idas,and /O.I'!'7 in
 
ialliravidls. "Theperipheral parasi.iniarale in women on ('Q was 
more t/an 5 limes the rale in 

'men on .IIQ. This confirms fhe marked/v di,/'i'rent /f/'cava//f two drc/.'" and f/ic reli'ey 
poor efticacy o ('Q in area o Ialawi.,i of ur 

Placental parasiten ia 

Malaria intl-.Lc'iou> oI the plcenta1 was idertifled in 316 ( 19.9",, ) ()fI I-.13Vmieil \Vho re civd
 
I'gtll;lr dosing oIn their r.gintle .111; h1ad 1 placelntal .'xaminattionl at the tim- of delivery.
 

Placentalparasiemia and pari':Pl'illlig ray'id ')min 'twere k'l\' than w(mm( r"li )illn in ,lbsu ,
qt!e.I'| an ciC.,s h[') t)lV,Aea pa rasitc,|-iia have Ilight.r
ir1g'glit ( ntI and to( tnsit i-;jl sitc mi;t (' ble'hl7 ). 

TAbl -. ICht-'Anta parasitehi; at d1liver, by graVidity, ,\IIRP,I98 - - 1990. 

PARASITEMIC:l. -[R T l -ARA'S'ITM,

1 599 1717 ,29.51 97 +16.2, 48 I8.0, 32 
 15.3,

2 377 75 39(19.9 ,10.3 29 7.7 7 1 .9, 

"3 767 94 112.2, 50 16 51 37 
 14 81 7 10.9, 
TOTAL 1743 346 19.9, 186 1 10 71 114 16.5o 46 12.61 

,
[)ilt-rc'lmts li x +r.lm tlllm.IFr, (. IIII . F%q II. 11ll 11tgll'l.. th n'sil% I h p' 1i))'.IthI ) paIrolslt' '+dtillllct 




lahcental parasitenmia and it-illsiltissio1 season: \\ mil' dch 'i'rilg ill (ht ilt~inV aInd j))SlZ-:linIV 

SC.IoInS WLIcr morc likcl\V 1h;11 dCtliV -linlg in 111C dr\.itcam (l I() hawc placctlal mallaria 
inll'2CC iOll and 1I h highc 'idcn it\ Iai l',1iL-IIia ( l';I Ic 8 ).N;l'v' 

, 
"lahlc'8. IPlacCitll palsitClIlia at dclhivc'r\' hV sCIaSoi1, ,\INIR I )8 - I99). 

RAINY 559 154 127.51 113 6 181 2915 2i 

POSTRAINY 760O tllO21 1I 91 120h 56 741 13 I.7t 

DRY 424 :32 1751 9 4415 9 2.1 410.90 

TOTAL 1743 346 i199i 186 i10 7 114 q6.5i 46 12.61 

l'laceiiuilpara%Uemita and 1ra',ai ,'i'm',: \Vi icn aincd a (:. I"rcgi ii'n \\'crc' n ncr likcl\v 

tli;tn vtinllt.'l a,,nigii.'da 1Q, r(I.gil11'cii " pI'acc.'it'ld iniilctioxan h.iav, toi nalaria ; tn. I l\'" igllcr 

9. win i. dclivcrry nunt gi)cn,."lc.'q'lh.Iiacc.intal : N.lica rc(% ML P. 198-1 99M). 

) " 
aIt',lll I tllr. il 1 I ' I)lll(,l ('litt, h N ll Itgillllkll I l l CI)i{ II l t,1 t l'lll~ lll I ((| tl' (tl, M~tU1 II 

CQ 1262 316 12501 169 113.41 105 18.31 42 13.31
 

MQ 481 30 1621 17 13 5) 9 ;2.91 4 10.81
 

TOTAL 1743 346 1 19.91 186 1 10 71 114 16.51 46 12.61
 



Place'ntal1. /aIciparI1f11 intection ratcs, like leripheirl prasi~nli~i ralcs, .Ncrc associatcd witlh 
grav'iditv scas on.and the antiiMILarial dru'g r'giinn. Primigray.idas anid W(MCn (I)(CQ had 
highcr ratcs of plaeental inl'cction. ()n aerage, i0." ()I ( o eof primigra'idas on Illc( I(
rcgimnens sh Wvcd placentl deliver\yinl ction at par'd wilh I 1".. (A iltiltigra idas ( 3rd 
prcgnancv ) oil (Q. Fcwecr than I I".oI priiigravidas on \IQ had lidence i plaentl* infeI'c
tion and f~cew,.r than 31, (WinultigravidsL, 0on .IQ hald placntatl inle+'CtiozI ( Figure• I2 ). llacental 
inectiot was mo1).t I)Illlll)l inl rit il :-iIi , woW e( )Il11( deAli) e'ring illthe' rainy eaiIso S0( II li 

inf'ctcd. ) least in rnultipartis wroen (H]IQ deliVCrin'g il tIltnd c.llioi i dr' SaSoilI ( IoMe 
inllctced ) 

Figur" 12. Placcntal ilalaria inltction by glraviditv and 111itinll 'ri.dru. giei 'n.\IMMI. 
198-- 1990. 
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Findings consistently suggest that NIQ wvas highly effective in keeping the placenta clear of malaria 
parasites and that MQ was superior, rcgardlcss of gravidity or season. 

The dcterminants of placental malaria infection were further examined. Tlic prcscncc of para

sitemia at cnrollment -wasa predictor of the likclihood of placental malaria at delivery'. Women 
on a CQ regimcn wil\h wcrc parasitcmic at enrollment wcrc more likely to havc placental inlfec

tion at dclivery than w\omen oin a (Q rcgimcn who we't'reaparasitcmic at clrollmcnt. Similarly, 
a highler densitv of enrollmCnt parasitcmia was associatcd with ain incrcascd likclihood of pla

cental infection ait dlcli\'trN' in these (Q-treatcd women (Figure 13 ). 

Figure I 	 Placntal mnalarial. infection h eroll nt parasitcmi i.amongchloroqtuit-t rtated wonen 
MM RI, 198--199(). 
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)ollow-up 	parasitcnlia whilc on one of thc rcgimens was also Ipredictor of placcnital infcc

tion at thc time of dclivcry. Wonmcn who had cither resistant or brcakthrough parasitcmia on 
follow-up visits morcelorclikcly to havc placcntal infcction, regardlcss of the rcgimcn used, 

although, as notcd ah)o%.C, many' fewer women showed resistant or brcakthrough infcction on 

the MQ regimen ( Figure I-i ). 



FiguCI I0. PIacnd !, inft'CCion ,ta iai 1f0Ilo1W-tIp parasitcmia, MMI 1987-1990.
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Summary findings: placental malaria infection 

Placetmalparasite infction was most common in primigravidason ne of the ('Q regimens: 46% 
of primigravidas i,:: ('0 had placental malaria infection compared with 9% f primigravidason 
AIQ, amid 15% of inultigravidason CQ and/fewer lhan 3lc4 (#*multigravidas on AIQ hadplacental 
malaria in/ection. 

In addition to grmi'idi'v and drug regimen, the presence of enrolhment andfollow-up parasitemiawere 
imporlant predictorsof placentalmalaria inftection. 



Umbilical cord parasitenmia 

Nltlaria iI.'ctHIIof thItI IIhili al cor('d Ilh)oodI va,S i.Lduztilficd in 123 (.I ) oI 32 \vmwn Ihm 

rICC i'.d rutIlr d()illg onl] I'ir rL' 1)rd tiIIL' Of d.'li\V.r'V.uilnl;ltd I;d I]ood uxanin(d A th' 

la tor'S ;ls.S('itICd with lflihilia';tl Cotd paratsitL'itli;I wu'ru f'x;aIir.'Id.
 

Umbilical cord parasit'ntia and biull order: l'rshon l;hbis WCv.r n(o0'1 likely than hahi.s (If sub

S(Inut birth o)rdu'r t hlIV. u lhilicl cord l rasitu.mia and to) h, _ hi4h'r du.'n,',itV p;rasitulni; 
(lahl 10), 

'l'ahIc It). crd r itL'IIi;I h\ hirth (ord.r..MMIlN , 198 - -1990.1 0)ihilici) 

. .. '.W." LO. MEIM.ESIY..HDEDESIY 

1 585 72 ,123 1 58 19 91 8 (1.41 6 1I.0) 

2 375 18 14.81 16 14.31 0 - 2 10.5) 

"3 772 33 i4.3i 29 13 8) 4 10.51 0 -

TOTAL 1732 123 17 I 1 103 (5.91 12 10.7) 8 (0.51 

Umbilical cord parasilemiaand transmissionl s'asonl: \\oW,1mn dclivcring in th" rainy and ipostrainy 

suasons wcrc mnir Iikc'v than W\ lCIn duli\'Vuring in thu (fr\' sua soin to I:IaV hahius With Lmbil i

cal cord i,'laria infection and to havu higher dlunsitv cord piarasil'mia ( lab ic I I ). 

"lalcII. Inihilical cord pa:asitu' i:a by sc'asioCili *8,,I\iIt, 198--1990. 

__ -- ---------

19.1, 4275 4 0.7RAP5 0.9'
 

74NIT 62IU 8.3,IT LOTWIN 


KPARASIYT563C51

53G 7DEN7S.9I2Y.3
 

DRY 421 10 1,41 b 1.91 1 10.21 1 

TOTAL 1732 123 17.11 103 5.9 12 10.7) 8 1O.51 

Dfl1 Y L 0I 12-1 i a1.9i I . I 5 I 0.2 



Umbilical cordparasiteniaatul treatment reginten: W\omen on a CQ regimen wcrc more likely 
thain w'onien on an \1(. rcgimcn to have nmhiilical cord malaria inlection and to have higher dci
sity parasitenlia (Tablc 12 ). 

rEahlc 12. 	 1 1ihilical cord parxsitcnlia by Irt'tatcllnt rcgimcn. .\I\IRlP I98- - I990. 

MQ 480-- 53. . i 2.3, 2 4MI2 OAR . 

.. 	 l .a.e , malara" of?*-

CQ 1252 108 18.6) 92 17.3i 10 i0.8) 6 1O 51 

MQ-olriineci Inrts480 ' 15 o 1 1 12.3) _ 2 10.41
 
,REAToNThi ofA9maternal/MM3peihrlplcnaa~ cod 


I .' 13. 1) maternal inti-,- 2 t0.4)99 tow placental infection and 
nliiARAITSM3 parASItefESMA3TOTAL 1732 123 (7.1I) 103 (5.9 1 12 (0.7 18 (0.5 1 

IDillc'ri'll c, IN, lrt-mmln l grmiip art' M infl it~ mi t.it h gnltlpill O pliralmlt- dull,il i ac pilie OiInh 11 

Relationship of maternal peripheral, placental, and umbilical cord lparasitemia 

Mallaria inifcmioln ratts \\crc 15.8",, for"natcrilal inlfcction, NY.9", for plalcenttal infection, and 
7.Ilor umbilical cord blood itfiuclion; the\' were highly-corriulatctl. Tatblc 13 showNs that fo~r 

women wvith paratsitc densities >I:00)()()nil mort"than 95",, hiad placiuntal infcrction. Ilowcvcr, 
7 5",, of' :aarasitetmic \ronme1 had pIaccuntal malariat inlfcction; thus, matecrnal perip~heral para

sitcmia did not f1l\, identify all women with placental malaria infection. 

Tahlc 13. 	 Likcliliood of plaiccntal infection in w\omcnl with pcriphcral parasitcmia at dclive'ry, 
MNI RP, 198-- 1990. 

0 1491 7.5%01 

1-999 175 75.49b 

1000-9999 78 97.4% 

101000 23 95.7% 

m' l
 



Despite reports in the literature suggesting that congenital malaria is uncommon (2,9), babics 
horn to women with placental malaria infcction had a high frcquency of' umhilical cord blood 
parasitemi a. In fiict, densitv of pa rasitcmia ( hoth natrnaI peripliral panrtsitcmi a and placental 
parasitemia ) was an important pro.-lictor of which children had umbilical cord blood parasitCmi: 
(Tablc 1-1 ). Seet" StCion IXA. for furtther discussion of congenitAl malaria inkeciion. 

Tablc I. 	 likclihod of umbilical cord pmrasilemia aceoi-diig to mtecrnal periphcral blood or 
plCtl malaria inft'Clion, NI.\IRI , 198--1990. 

0 1487 1.80 0 1419 0.3% 

I-9,9 173 24.296 1-999 185 2C. 5°6 

1000-9999 77 46.80 
0 1000-9999 116 38.80 

o 

-10,000 23 87.00 -10,000 44 61 496 

(IIh I t'q, ( 1w~ (It nIId 1..1 I1.'111 1, "Ind h'h. HId ' llq.11 l[l~1c i hII1 11 m l' It ~ l'.11l m sll- dc si tMI~ I ml tlFu~l IPIpi p .t cnll Illl 
' , 

tiltil 1,l 11 i, 

Summary findings: relationship of maternal i)eriplheral, )laccntal, and umbilical cord 
j)arasitemia 

Umbilical cord blood P. talcil)arim infection rates were highly correlated with placental infection 
and were also associated with graviditv, season, and antinialarial drug regimen. Primigravidas and 
women taking ('Q had higher rates of umbilical cord blood parasitemnia. On average, 16%/, of babies 
born to primigra'idas on one of the ('Q regintens showed umnbilieal cord parasitemnia, compared 
with 5% of babie. born to mnultitravidas ( -3rd preg'an.)on CQ. Fewer thai 614 of babies born 
to primigravidas on .IQ had evidence ol' umbilical cord blood infection, and none of the 117 babies 
born to miiltqravid wonien on ,IQ had umbilical cord blood in/i'etion. 

"These findiigs suggest that a hi qh proportion afetiuses are exposed to malaria parasites Y' the 
motherhas peripheral or placentalmalariainfection. While we cannot be sure that exposure occurs 
in utero throughout pregaianc'. the finding that more than 50% of babies have cord blood para
sitemia when the mother has a hitqh density of peripheral or placental parasiteinia strongly sug
gests that if the pregnai! woman has a talariainfection, a hih likelihood exists that the ftus 
will be exposed to malaria parasite.s 

U I
 



D. MATERNAL HIV INFECTICA 

(4)12r-A l,-. I, O lIC'- I131 ,,it111I lS +iI .'1S L'01IL't.td \'wI- lISA- and \. .rl lihnt-p ()sitivc 
lIcr aiilbn)licts tI I . I uIhItI a t I I\ Scr())siti'it WTr SC I ill thIW" aIIgutulhi ;lld K().'hI. 
latcilities. which ar. hwatcd ill to\\ns; h .rratl' (4,,'roI)l),itiit\ \iViLv C i .\i oNi)dIs ;11ndIC SC. 
.\l;li Ndi.\\hid C. 01.cii ill r'ltlcrl:iareas ( lable 15 ).\Vo i 

TlAI_.i 5. IMl\ jl0)S ii I bO.r\ ;Ihit ,lil€ ili" ',isit. \1 10, 198 --I (. 

MANGOCHI HOSPITAL 1086 124 1 1 1.41 

KOCHE CLINIC 734 80 (10.9) 

MPONDAS CLINIC 631 32 15.1 I 

MALINDI HOSPITAL 1680 57 13.4) 

TOTAL 4131 
 293 (7.1)
 

Il 3 .C;'htS, thle M>Crall I ll'-sP'()ositivit, rite cling.d lfr)ml 1.2,, to 8.0",, ((:hi-S(itlMt. test lfr 
tr.ild, 1)- 0).)I_2) ( 'lehl. 16 ). This increase Ill s'ropo)sitivity >civr time: was sMc'I ill all )ut ) 
()I*
the sites. 

'ral-)l1C 16. ilV sCro p()sitivitlv by car ( UdCliv'x', M1I, I98- 1)89. 

TOTAL TESTED 477 2130 
 1522
 

HIV POSITIVE 20 (4.2901 152 (7.10/) 121 (8.0%)
 

.'l~Ilu'(i"1 )I~ll l \ Ic))I III1hil ooo)[ol l \\i1n ii hInkl t i Ii li( III lh IIhl 



Factors associated -with II IN scrojpositivitv' 

L' xniic in'ttcrnlil'LC;II(AIctiL,~ili~ii Ifi iIIC!u dinI~cILIM WLTCc X-ISO.,ii'd W~ith ll-,LTci~.Siiitr 

gl;(Iit gaNCdrn I. rcIg()IStio.l'Ol I iicsa , ICg ioniciII i cd Icllii.\ \ iiglrc cxci ,\ Iifd C I ;1lIC I in W 

\\picglaig icii(11ili hliic~t11n,1 hi\IcI 10111L 1creLoIc ofandri)[Lill' cn cdcivIc flaclvc 'lisIiiis l 
iI \. rIcI )LI ICIIIJI I(Ili LI CI- V-',I.tIIi,;1(p -al c F cJ)I I(ILII( j I 11-o I I I \ T\rcn IgiIL-i ICIIL fJC 

Pregnan,~i~cy niumbeir andI m(i/'1i11l at'':\ IIci- ill 116licI St oI SL-Col pigIlicc!. WC(IV 1il0)rCl)iI-
Iikc'I\ Il IlL IIH\ (A)lIJIIJlICLI \\ ilh \\ ll1IIt ill bI; l jcIiIiic.(lai. I lcl picgnlanCV 
ntILII)L'i' .11l1 .ig( \CI' l Ii~nll , 1 11 il tIt, ;1L' NCC.II if Ig.(- CL -golk- Ift Ircscil.\LTCl cLII hi 
ThiS liIliig Ili\ 1w- Ill pI)JL LIIL loI Iiiglitr I*lrt5 III tlilllIlcllt III m(lnll\\Xllcl~i ill canlv p-c-gliali

cic, 11Ilic \I;aiigcc.lisit \\ hlcr-c I HI\ scrI prt- lciicc \vas clnihigh. 

lahilc 17 111 I\scrpnsihIi~i 1. lh. picgnaic'. iiIii .MMIZI). I9 1990. 

11266 107 (8.5) 

2 984 85 18.6 

-31799 95 1. 
TOTAL 4049 287 (7.1) 

Mlaternal e'ductioun: \\ 0niicn1 With li9igic Il-c'.'c OflCdIUain1(11crc nil c likclv\ to Ihc II IV\ i- (TLIhlC 
18 Il~~ccl~s\'r pI)1iglyl ligllili'icant. 

'lablc 18. I1h1\' scrllpwlitiv it\. h\. IIItIIa;I CdIILcatioll. Ml.\RI, I98--1990. 

NO FORMAL EDUCATION 2859 136 (4.81 

ELEMENTARY I6 YEARS) 357 32 19.0) 

SECONDARY) I YEARS) 912 124 13.61 
TOTA L 4128 292 17.1) 



Maternalsocioeconomic status: \Vomucn of higher socioeconomic status wcrc more likely to be 
I\IV - (Tablc 19); differcnccs %+crc highly significant, p 10". 

Table 19. 1lilY 5(i~j)nilixitx by ImaternaIl Socioecotlomic 5t:tL.,,\,MRI. ,u) 98- I )0. 

Low 2782 156 (5.6) 

MIDDLE 819 69 (8.4)
 

HIGH 525 
 67 (12.8) 

TOTAL 4126 292 17.1)
 

(:h i'uart )Ior rtnd 1.1,ing lltrvlnpo,\ lmhIhld . IIT.Il (,I( II in II-,1rr.dlli i(10.1) 

Maternal stature:Taller w\oimen (:"15(0 cm in height ) \crc significanlv ,ilrclikely to bc IIIV + 
than slhorter women,1p- 0.000 (Table 20 ). In !his sciting, hecighlt mla he associatcd with nutri
tiOnall stats anl S0(ci)()cC( )n(',li c falCtors: ttus, al1though height was asso )ciatcd with IIIV scro
,,iatlS. height ma\ be Imark,:r for other risk lact rs. 

Table 20. I II erOpositivithyI II;ltrnall height. .\II ). 198--199). 

SHORT 1. 149 CM TALL) 571 25 (4.4) 

NORMAL ) '150 CM TALL) 3529 267 (7.6) 

TOTAL 4100 292 (7.1)
 

II1 c- in \ I.ticudhlltr d h\.iil.lrc l.l Itighl(tII tlt.lrt* p II0( 6 

Mlaternal w'eight and wveiht gain during pregnanc': Mat,:rnal wcight at the timic of first ANC visit 
WIs not ISSOCiatted with IIIV sCt mt'atSLis. The 952 m.omci wcighing _.19 kgs (7.3"o IIIV + ) wcrc 
n )t SigniicaultlV IU rc likc[\ to bc I I IV f than the 3 1 -wocn't wcighing --5(0 kgs ( inn" 1 IIv+ 
(p=. - was It c'h fI0lh w-II :and womcn whoI ). \W.ight sull'tred V'isit at deliver'. The 22-i 
lost weight hctvc'n r visit and dcl iVcrV ( I I.0",. IIV-f ) \\crc norc likcly to helhtifirst .\N( 

lixY f than the 11 19 wo\'mnLc \h ,g;aincd Wcight in tllat intcrval (H.2", liR' f-); however, ihc diffcr
cnCt\w;Is i1()t Statistically Significant (p -(0.09-). 

Distance between home unttd antenatal ciaic: \Womcn who \wire IIVi- were Illore likcl\' to live 
closer to the clinic. The ae'<rage distancc hctwvea home and clinic f6r I IV \womCn was 5.5 
km (standard deviatit I S1) 1 5.0 km ).comllpared with -.3 km (,) ± 6.1 ki ) for II IV- womcn], 

p" 10 " ). Bc;ILSC the clini cs are hcated inl tonns or large Village clu1stcrs, the diistanice ilIcastirC 
mayiV be .a ,tttrg0tC for a; \Womn's proximitv to Ilargc population base. 

Ul,~
 



History of fever during pregnancy: At first AN( Visit, wom.tii were asked about their texperi
cnce with ftbrile illness during the pregnancy. The 292 IIIV W01110n were signiicMtly' more 
likely to report ftbrilt illness ( 36.3", ) than wu'ere the 3828 1IIV- women ( 21. I ) (p- I ). Inlor-
Illation \v.s lot available to detcrmine whe'the(r the l'ers \Vl' ;wssoetld Mlh'with IIIV virus 
or the prt-St-nCC of<atIther intcting orgatnism., e.g., naluria p1arasitcs. 

Maternal hemalocril" Tht mean lieniatocrit of 20-i lilY f women ( .-.0",, I) was onlyI) D 
slightly lo)wer than tht mean hetiat writ in 339- 1 IV- womentill ( 33.5". SI : 5.8 1): ho'wever, 
the difference was not statistically significant. 1p-0.22. A further examinatiton oI the proportion 
of wolell with mmia showed ofI" women id 18.9') ofI" women hadthat 23.9'" I IIV f I IIV-
htematocrits .30",. 1p- 0.0 lowever. 5.3", of 1i and 6..'',, of I IIV- wo\<meln had 
ltniatocrits 25",. ) -- 0.53. "l'IUS. W\'hile there i a\vhe sonle Clete't I III l .(almia, the effectI 
;aljpetars to) he Mild aId is oIt assoei;atted With i inCreast ill so\t. anlelii a. Wletii \wereye .\lenwV 

examincd at dclivcry, no etlct ()II iV serosatus ontmaternal hItatoCrit was ohserved.
 

Maternal syphilis in/etion: Anolmg i599 WItillti with both syp)'lhilis and IlY stero l giC results. 
A.2" hatd evidence of ;an;tcti'sylphilis illction. l flwo>men had higher rates of aetive syphitI 

lis (5.5") than IIIV- \Wme0n (..I, ). hut ties, dillterenees wete not statistically significant, 
1p= (0. 9.6,,, of wtiItI ctif or recent3i.A total (I had ev'idene of ati Syphilis infection; evidene
 
of'aCtiV Or recent sVphilis inlfect ion w;Is sWen in l.-,, ofI lil \'Women and 9., Ifl'V-

Volmletn, i - 0.00 . 

Summary findings: maternal lIly infection 

These results provide inormation on 1111' infection rates in the population o!pregnant women at 
their first ANVC visit between September 1987 and,lune 1989 in Mangochi Dis ,rict. The in rlta
tion was collected itna sitmilar fashion to studies conducted in the large ciaes of Ilantyre and 
Lilong we in early 1989, which demonstrated 17.6% I i'seropositivitv amtong pregnant wonen (57). 
Although HRI-seropositivity rales were "'werin Jlangochi )istrict, rates varied significantly 
between the town areas and the rural villages (front approxiniately 12.014 tintowns to less than 
5.0% in rural rilates). This infirtation can be used as an estimate of*seropositivity el.sewhere ita 
the couttry. The time span of.'3 years, while short, was adequate to ititi' sint]fiant increases 
in seropositivity over time, suggesting that itniay o/'these 11V' womiten may have been recently 
infected. 

Factors associated withll /1V infection in these sexually active women of reproductive age included 
age atd parity, high ntaternaleducation, high socioeconomic status, tall stature (possibly a marker 
of nutritional antd socioeconomic status), close proximitv to the atitenatal clinic, reportedfebrile 
illness during pregnatic', mild blt not severe anemia, and tiaterialsvyphitis inf'ction. 

Association between lIlV seropositivity and malaria in pregnancy 

'nThe inmpct (If lilY infection oIim :maria in i),tgtia n t W(' li was investigated. This investiga
tiol was Iliited to IW0Ilnt'i receiving (Q hecause a.'111(t all w( nwenreceiving IQ beticie para
site-flree. Ieavting too few fItr coltparison. 

A totall (If 29 t0 woiiet wvho> \\'Ivere lacdt('l 11 .Q 17r-l)ivlIxis aid minito red throIttgho>ttt prcg
iaic' aId dteliVr \ere evaluatedLi r interat tio II IVpoISsible MVtnaid malaria during 
pregiancy. I IV test rsults were available lir 2-81 (9 I",,) (I' the wo Iletli. ()ne hundtred and 
fifty-two W0I tieII ( 5.5"', ) tested positivc y IbISA aid \Westetrn hot flr atitibdies toI I IIV. NI;tlari;t 

il
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ill rc c Ict'[\cciil IIt\ - mnd IllI\- \III1cI1 ilICItrI.-Wsd \\ iul incrc(-iiiis gl;\idilVI)--;I1'ILc ()f I)JIr.I~itIIIi ' 

Iigtl[rc I i ). HIC 1-rc11-A ci'\ III ()I I~L1;IS S illlil~lr ill IprilligrIv\id I I I\ 00.0") ) ad I II\'-

IllI\- \\IIL-InnI 28.5", R~-M .8. I. 10-2..i ). .cI~I ( .\IP), \\'LTC(I inl 1nriiiiwa;das 

IliglILcr inl I I IV \\IIILIl ( 139 II rasi t Lc I. 11111 ()f I)o)()I )tiuti ill I I I\- W IL -1c( aiIichu 

I)CLT uiII01114) ( 1) - 0.00013 I\hlik (mMD. VACI gra;Iidit\. \\cc ci.1111 I' W~dccsd~iuth uhic\ sscul 

LJ1 -999 1000 999nii 

9. Parasitemic 

70I 

60 

50 

40 ,, 

30 

20 

10 

HI1V- HIV HIV- HIV HIV- HIV 

Number: 678 45 513 _34 _1354 _ 70 
1st progflafcy 2nd pregnancy 3rd or greater 

pregnancy 

http:I11cr-I.gd


Parasilemia duriig motil/*folhow-njp v'iits: 1"cr.s,isw itIand NIwvAdlr( migh jmraIiw'm tII ffllow-tup 

'isit~ '.'.as lllOl'r" L'( I IhI~hl ill IMV ill I \V()I I I ioll", ill III\ ! ,nh' r,111;111 "ICI.PI- SP,itI-,lt ill i't 

d in M\ b.t-
It) ,,:t I ,, I V - \'lll (lMl~ 1.92, ("1 .~ : l|T'aktllrmtgh infltction'- il Ill", i 

Vc)llnCII \ 3'.1 .ind -)',, in III\-- ,, l ( IM I.-, (: I .20-2.05 ).A\a j . IN p tI-i was 
" 

Ill("'[ 1)rt1)I tlllt' l ill tllltIigl';i\idl'I,, ill \ I)Ill Iilt' Il tlli\ L' r'isks ()I rI'++istLi1l ,lltd hr i- llir tlgh hllI.'t 

2(ijllN ;lsOCi.I(td \0iih III\ hllI L-ctio l ( r .. hi I3IIVImMi w ((.1 I l.( -7t)() ) ;l iid in I[\'

(('1 	 1I ).\ MOrn11cr I .(1-..2 Ifl.i 

FiguI'c I(. 	 I4csi,,tant And tI'r.tkl h| mgh l'].hodiu Iiiwnf1t/u'iwlt11 in .ction at Iolh) -ul", viits,arniing 

IIM It Il\- rt'ci'iigchhiriitl i ipI1hld.iS ( N )Ind rcghlritlnt x~Oi|1LI1 2.i) 
--NINIRI. I'8 l)99). 
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Maternal parasitemia at deliverv: At the time of delivery, Iliv+ women had a higher parasite 
preydalnce ( 3-i, than Il women 18... ),(1111= 1.91, (A= 1..3-2.55 ). The differences in 
parasite prcvalcncc associated with IIIV infection were greatest in IIultigravid:is ( IR= 2.66, 
CI = 1.96-..5 ) ( Figure I - ). 

IFigtir' I- /, Al/,\u )(hmlJl i ( l r Iipl'ull,' • alI dt'i,,ilv in IIatTI-i llitriphertl h)t(i i ,lllt':ll' 

dt ttlcicrTVin IIV :nId I IIV- prcguiL' t v\lc. ( N I 19 ) \I,\RI).198--I 99(). 

% Parasitemic D Low density Medifm density Hoh density 
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Placental infection at deliverv: Among women w\'ho dcli-crd in hospital, tht ipro'alcncc of'1l
ceital infct ion ill II I\ + woien was 38.2." and in I IIV- wnitn 22.5". I, I.-(),, 	 ( 
CI = 1.30-2.21 ) ( Figure I ). A\nimg I I IV- wonicn. the prevalec of placcntal m;lari; inlfctt ion 
decrcascd dramuatically with increas.ing gralViditV. II\'c\wr, I IV W( )nlei did inot dlcmns tra4tC 
a miarked decrcease in inlt.ction rates with incrcasing graViditV. An,ng moltigravidas, lIlV i 
wonlcn had a significantly highcr prcvalcnce of pltacental malaria ( 3-1.8'' ) than I IIV- women 
( 12.-i%',),( IM = 2.F, 1, CI =:1.81 --1.38 ). 

liur" I8. 	 IPla.smudiumn laiihi 1 1'/upre'lence and tle'l1sitV illI)lCtllood hh l1Ar A dLlitVers 
in I I -\A men - Ian 	 (N I.5). lI{l 

Mediu~m <.,WnS+ty den.s-,lt 
qo ParasitemicE I ,"991r,.1'000-9999 mn 0 

r -]Lowq ts,,. 	 1k-,lh 
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Umbilical cord blood infectionat delivt'ey: Amiong newborns dcliN'ercd inl hospital, the pzecv~1
lenice of tumbilical cord blood intjection in those whose mothers were II IV 4 and I IIV- was 25.5% 
and 6.8.%. respecctively,. ( RHZ 37. (, .i9.7) of umbilical cord hloodCI 'Hic Ipre%,'alec 
malaria infecction decreased with increcasing graviditx'; hlowever, the: differencice inl intection rates 
by gravidlity wais less prominen-t am( ng infalnts ho)rn to II IV + womni than those bhorn to II IV
wol il.Alion~ig niultigravidas. inftnts bo rn to 111\ IV[ wc i had a significantly higher p)rec'
leceIC o1' ii mbiliCatl cord blood mialaria ( 28.6%, ) than inliants born to II IV- w( nlil ( 3.0/%1 

M = 6.67, (:1 = 3.43-12.995 
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l Irt)nl+urio(I (00d't\,,- t' \\,IS S-igiifitt',Mtlk( t .I .'\ Illt dillk .'tM hl'1'L..'II IIIV 4 Mtnd II1\
\\tI+ \\ itlm tl uliings ( l'igqui'Y_'+)\'r~l 4wu ,gnuitur 11 
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Summary findings: :ssociation )ctwccl 11il infection and malaria 

This investigation demonstrated that compared wit/ l '- pregnant women, Ml1 I pregnant wolleli 

more likelv to have a higher prevalence and density of malaria parasitemia at enrollent intowere 
ANC,at f1low1-up visits whih,on CQ chenoproph v/axis, atl at delivery (reflected also in placen

tal blood smears). In addition, the neonates born to lll' womenl were more likely to have umbili

cal cord blood parasitemia. he Ill'-associatedd j/erences seen inparasite prevance and(left

sitv at each point were greatest in women with three or more pregnancies (multigraviidas) compared 

with primigravidas or secundigravidas. T'he magnitude and consistency o*J these findings provide 

evidence for a biologic interaction whereby 1). falciparum infection is less well controlled in IlIV

infected pregnant 'onlen,particularly in those who should have established and Itantained a 

exposure to malaria parasites ina previous pregntitcy.malaria-speed/ic imnmune responsefiromn 

The most likely explanation for the gravidity-specij"ic fect observed in our study is that IllV infc

tion interferes with the tinntenanee of iunae recognition of malaria, which starts to occur With 

the first malaria-exposed pregnanv. If this is the case, one would expect little or no di//]erence 

betieen primigravidas with and without /it' infeetion because both groups would not have 

acquired the necessary pregnanicy*-speciJie immunity and would exhibit the same high risk of ,alaria 
on multiravidas. whoinfection; ourfindings bear this out. I/he greatest c'.'f'ect should be, and is, 

a

have experienced previous mtalaria-expo.sed pregnancies ttd shoultl huive established a moderate 

degree of inmtnie protection, which is normtilly maintiainedtacrosspregnancies. Women in their sec

ond pregnaniim' v who have experienced only one previous malaria-exposed preg nancy would likely 

degree of immune protection amd fall between "unprotected" primiigravidtasandhave some 
"protected" multigravidas. 



E. BIRTH WEIGHT 

Ilirth wo.'ight wa.s thc plrincipal outconic ll.cLstlrcmnclt ill the invC.Stigati(ll. Tho: (ci\'orll mcan 
birth weight inl thC r ',il;ulation of' singlct(>n li\'bvh irn infants was 2905 gr:amIs ( ) 1ii9) g n ); 16.6%t 
w\crc born with I.1\V. 

Birtli-weight distril)ution and incidence of low birdi weight 

FigURt 2(). 	 Iirth-wucight dikt'ibmttiou in bAlbic., born to WOM-nuui iin thu stud . ( N 10 12 ). \.\IR ), 

I 18- I19)t0. 
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Firstborns had a lowcr mean birth weight and wcrc lorc likely to bc born with 1.11W than infants 
of sulbstquuCIt birth ordcr. Tablh 21 shows the ncman birth weight and the proportion of infants 
with 1.11W for cach birth-ordcr stratun. Thc ncan birth wcight incrcased significantly, and the 
proportion of 1.11W dccrcas d significantly with increasing birth order. 

MI
 



-Table 21. ,\CM1 birth \\Lcight ;11id l.rC..11 IhM birth "'eight 1y\ it' . ,M\IRI , I8 - I990. 

1 603 2721 445 28.0%
 

2 384 2942 436 12.590
 

-- 3 781 3027 438 10.4% 

TOTAL 1768 2905 459 16.69o
 

'[lie incide.Cn11C Of I.lI' was significantl' higher ineach gravidit' group lr those babies horn to 
\onic \ith )l:aicnttl malaria than for bahies horn to \wome.n wvitht plac.itual infection ( Fig-
Lire 21 ). 

Fiturc 2 1. Incide+.nce 1h)\\ \,Vt,iht h1 birth Order and placental malaria inle'<clion status,.)ft birth 


(N - I(--).\l.\RtP. 198-- 19t)0.
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In lirtholirs, 	thL. ,'1,.iti)Ion placclntal maIllaria in".ction anod l)rc iLt.,g 1 M O)lIl\\' V.,W 
scrvcd Inly\ anini \V(inivn \\'l()hos. third tri ni.stcr i pr.,lignanc. vas .xps),d t) higl, inalarial 
trmj.,,SiSSi()n during th. rainv and .ar'ly l()strainy scastns (()l - 2. I I9 5. CI - I. 19-373 
( Iigtrc 22 ). In lhahiC.vs I ghiy,hilth I rd. (SiCI<nd and al)()%'" ). AIhh 1)i gh thC ;I , .Iti)n -).bt''n 
placntal malaria in.c.tioln and I.IB\\ v'ari.d hy ,cason, this variation was not Significant. 

ligurv 22. In<cid'i(uc lI low hirth \v.ight inll fisthi 1w' aSon and l;aaiaI,, 'W 	 ,lA'Cvn inIfL'Ct
t " titl Status. ( N i82 ). Ml,llI I98,- 199). 
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• llllg .lul i It\, h-rl 	 hIl[m' h w \%mmll mhlll %N; dls p i h~t ,)h itin ii (, t.'k,.m.ll - (Im 

I )lilth ri.n l '. 1 , 	 hi h rlh \ t ll.i [( lrl t.i11fitl 41l1h iI l il11 1llt \.11% .Ism lI 

In cach graviditv g"()Ull. tIhy incid'nvcc or L.IM \\'.s significantly lo"vr f(r \on.n \who had no 
placcntal malairia, rcg;rdlcss of th drug used o) kcvp th" placenta parasitv-frv. ( Figur 23 )23
As nl)tcd varlici. MQ \vas much m)rc Iikvlv than (Q to clear placental malaria infvction. 

{'l.11i1l II.il'/i I %i gllh'i (M { Iti il t-liII tr.. i ll it llri 2, \1 I -I I('5 I.( I 21t.2 1(irt 
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Figurc 23. 	 IncidcICC t1 ION,' birth \\CighntbV trCatmCI1l rcgiillIC, llaccntItl in'tClion SItlUS. and 

birth order. ( N - I623 ).\l.\11,tl I9W'- 1990. 
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Adjusted utivariate :malysis 

I'sing logistic ircgrc"si( li. \\'- cxamincd the as :ciationlhct'zccn I.1\M and s.c\'C.Iral ,ll-MtCrllall an11(i 
h,1'whorn chtractcristics: m:ilaria I)ru'nlimor rcginicni ((Q vs MQ ), Ilaccntal malaria iil.cCtion, 

ci'f,)lilc't malaria inl'cction, lIi;Itcrla;tl Icight ;and \Wcight. ii.atcrnal C,,tIctioni and 5)CiOCCO

iOilli Status. I I\ ,d .Culia, of dclivcrv,ianial a Syphilis irllcctin statls, ilIuatc:rnlI scasoll 

311d s.X )'Ic. nc\'WhOrn. 'llcatiscotllIlhc stroin :lsa.'iation I)ci\cC birth ordlC.r and 1.11W' prc

'i )LuIs' d(cc.'!*t ,'I th' 1(Icls for c-ach of thcsc fIlict)rs \\'crc adijutscd for birth ordcr using a 

dichotolm(u.S \ari:ahl ( birth orICr I or - -2 ) (rlahlc 22 ). 



Lh.ic 22. 	 A\M oiation ICL.C. 10W hirth '.ight .atndm.'crnl atnd illlllt CiIIcICritics,,; SinlltC 
\';tri:lbc ;ulvasis ;Idjustd for hirth ordcr, ,\lNIlIl ), I98 - I990. 

MATERNAL WEIGHT -50 KG AT 
ENROLLMENT * 23.6 2.83 2.40. 2.41 

MATERNAL HEIGHT -"<150 CM * 13.3 1.59 1.14. 2.22 

NOT LITERATE 66.8 0.94 0.72. 1.23 

Low SOCIOECONOMIC STATUS" 64.3 0.92 0.71, 1. 19 

HEMATOCRIT <25% 5.7 1.32 0.77, 2.25 

HEMATOCRIT "<30% 18.7 1.11 0.79, 1.55 

ENROLLMENT MALARIA 
PARASITEMIA 45.2 0.98 0.75. 1.29 

PLACENTAL MALARIA INFECTION * 22. I 1.76 1.32, 2.34 

UMBILICAL CORD MALARIA 
INFECTION * 7.3 2.66 1.78. 3.97 

' 
USED CQ ** 72.9 1.33 0.99, 1.79 

FEMALE INFANT * 
 50.2 1.96 1.51, 2 54 

RAINY SEASONI 32.3 1.24 0.96, 1.62 

RAINY -4 POSTRAINY SEASON * 65.2 1.52 1.15, 2.01 

MATERNAL SYPHILIS INFECTION ** 2.6 2.17 0.99. 4.73 
(VDRL & MHA-TP SEROPOSITIVE) 

MATERNAL HIV INFECTION * 7.8 1.63 1.08. 2.47 

I'l .oI o,l .Iic I ii iIn rc.i', - rIsk I I It\\ II LIi \ Ir IIc ,ollill.,.. (\L.I 'IIc,IdptjItnI i ir gn ItpIIgr ii I1r.I.lii\. lII L '.iiiIil 
,Il i l ' I r ir.l iIIIhl . gr.m ilhl\.llgl .lgc (hI!l' i rcl tiiil \ilhgra\ull ) \rrl I1{1LA.ll1llR'd lli 11liil\si,i III . 
. I" d cih If mmori pi,pli I. .mliii iid rii.iIl %.\phili•inlilc tili\%crc IIi irrilrlint ' i Iim.Il 
i.(h.lccru.lI c'. ll l h rl llc'il Li ri.\\ m .111ll• 41 \ hr s.r(i ing' d t-sa'h .ilihllil.n il. drug .gilld ih\cring .ihiichin. i ilcl it ililijmml\iilh 

kni\\11 irli \ I \0ii\iiglh 	 'iplIlur"uiiiuiiI. dic rrl-crciii c gri lp ior uitompairxsun I%;iuuuxc\\iuuucn \\ith IlIll IllIr~il crisluc 

limlr.i..ill I.Ir.Ii icrlxlixnil IIIl Iimitigraili 
Ii'lcrc c gl iiilltlp uimil|L g luiri \\ l III. 11.tiling Il mi)II[ Iur xi lllnu \\.Ii 

1 11( Sc{ti.%*ixiulix\\c'rc gr{ituump'i ix*r.lln~l| I iI.iiur -April ).pixi~sr~iluux 'i \ \ ugixI. ), ui I lplc'limhc'r I)c'\'ciil r I 
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Multivariate analysis 

To detcrminc the strongest predictors of IMI1W, we performcd a multivatriate malhsis :tnd fur
ther examined the imatcrnlal and infant characteristics described in the tdjustcd tmivariatc 
analysis. In additioni to the kno)W ii eflects (f hirth order aiid f'emalc sex, placental and imilical 

cord blood malaria inection, low imiternal weight (less thln 5) kgs) at first ANC visit, anid latcr

nal IIIV inf'cction werc associated with 1.1W' (T lbc 23 ). 

laIlc 23. 	 Matcrlnal and11linllnt lar;itcristic, aws)cic ith Iow birth weight i) a1Ilulti\'atriatc 

iotlel. ,\\lRI I) 1 9. 990. 

FIRST BIRTH* 33.99 4.46 2.77. 7.16 

UMBILICAL CORD MALARIA INFECTION 7.3// 1.76 1.06, 2.92 

PLACENTAL MALARIA 22.1% 1.39 0.97, 2.00 

ENROLLMENT MATERNAL WEIGHT < 50 KG 23.6% 1.90 1.4 I, 2.55 

FEMALF BABY 50.2% 3.02 1.96, 4.64 

HIV SEROPOSITIVE 7.8% 2.56 1.43, 4.58 

• lit' rtult'ftllmvt grouIp hor first birthis is hirth orde'r "

eclstus LIliilicacrl cdirasitcliid mid placental irasitciiia arc highly' corrclitcd and their 

i)rc\'atlcicC diffcrs, we rcexaimled the mlodel vitho ut unibilical c)rd blo)d parasitcmii is a 
va:triable. \Vhcrcas risk estivlatcs for the other wrariablcsscntiallyeere ticlanged., the odds ratio 

for phlacctal ilriat incrciscd to I- I ( 95" ( = 1.2-, 2.32; P 0-0.)5 ) and raill and postrainy 

scason CltCrd the model (()R It(). 95",, (I 1.0.I 1.9) ) ( 00.(323 ). As d scrihcd ill carlicr 
sections, ulbilicAl cord blood p;tra.itci; is corrcllted w'ith dCnsity of iplacntl ilfctio)n, and 
the frcquctlcv anld lelsitV 0Ivfilofect iL)li arc highest lurinig the high mlahria trmstnissiol sc;sion 
raill' aid po)strailV scaso)i ). 

.ecxamined 	the r(ole off mtimalarial drtLg LISC in prcgnlamc% and its role in 1.11W prc.fhrthcr 

VCnit;0 n. IlecatISC antimalarial drug usc was al important predictor of tlnl)ilicAl cord bl(;ad and 
placentl maiaria, wc gcicratcd a m(odel in which placcital aid LImbilicAl c(ord Ilnal Iaria in fcc

tions werc replaced with (,Q usc ( Vs MQ Use ) Is the CX)osurc of interest ('':ble 2.I ). In this 
model. ((Q use c olmparcd with \1Q LSC wIs idcntified as a significamt risk factor lfr I.1\', sug
gest ing that, inldecd, cffcctivc Ilalaria iprc\cition is important f(or the rcduction of 1.11W. 

Iml
 



FIRST BIRTH' 33.9°o 5.08 3.23. 7.99 
hHLOROQUINE 72.9o 1.38 12 1,87USE1 

ENROLLME:NT MATERNAL WEIGHT 50 KG 23.60o 1.83 1.38. 2.42 

RAINY AND POSTRAINY SEASON 65.20 1.46 1.09. 1.95 

FEMALE BABY 50.2% 2.84 1.88. 4.30 

HLV SEROPOSITIVE 7.80 2.61 1.46. 4.64 

,, lit ti, [)" l 1,,( h ll ill, b+I ill *+lib I g (1 1( 1. ill.H [% IX q1, I.t 1 h11, is 1 cIt(Ill.1ll 

1 , -litii l hill i tip i mu%' [5,t, \, I 111(11 \ t it,ist 11,t it 1tll ., I t -il s tlh tll lt-

\\l-1 lN,)thl l~dlICL'nt;l inlk'<CtiomhtllS and1LMtiIII;tl;tI'i;l dru11g In ."\\'<+I< C'XaIminI<.( ill tlC Saint: 
1110LC. ILfIaCL,...r ;11 i I ft-'(t i()In ",\aS .t Stl'tk U. l)''(l i.'t ) I(((I.' \W )lR 1I.59, ( I - I. 1 -2. 11) )th1:1n 

(Q (M)R{ 1.1 2. ('I -0.81 - I .5 ). Stl9.9c'tiIng that tlw lict aL,ilnlaritl drOfg i,.li 11, II\ 

Sulmmary findiigs: 

The mean birl weight of babie. born in ll( hospitals and clinic.s in the study was 2905 grais Il) 
* 459 g,rants, (a1d 16.6' I, ,l I !1I'.In the nuillivariale analysis, birth order was the strongest pre 

diclorof lIlW (OR -4.66, ( 2.91-7.44). 

Ill Univariale analyses adjusled.for birtlh order, faiclors associated wih 1,11 W were .short mater
nal stature, how maternal weigl at enrollinmen', inaernalHIl/' ii 'ection, iat'rnzl .s-philisilflection,
enrollmint during hi ,h transmiss.%ion .'ieasoin, female sxi. of the in/au!, malaia infecium of' umbil
ical cord b/ood, malaria infit-ion of'placental blood, anduse .i ( 'Q cmpared with 11Q f.1r malaria 
prerention. in the mnultivariate analyses, irlh order, los, maternal wel,ht at enrollment, .eason, 
fi'nale s.x of the baby, Iitl' seropositiviY, and unibilicalcord blood malaria were associated with 
1.111 ; placental malariawas borderline sinficant. T'he association between .111' and umbilical 
cord blood ilfectionmn has not been preriously examined in other studies atntd is.fi'rller el'alted in 
the.fillowing section ;)mupremlaturity1 and IU(;R. 

Use ol'a lss-thianu-pltiially-c/'['etiieantimalaritl drug (CQ) was associated with LI'W; this associa
tion is believed to bi due to ('Q 's poor c.[ficacy in clearing placenital maauria. 

U |
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F. PREMATURITY AND INTRAUTERINE GROWTH RETARDATION 

Ilic twvo canics ot L.IM ;1rC pI)Cli;tItLtiitV adIIW( ~t. II1Iants horn-l plrnulnurch (- 3- coIpicl(tc 
"-ccks ol listalion) firco.ticntly weighi ICS (1th1112500( grains1' b)LC.atisc thc' arc horn1 licoMrc lcV 
.icliic\L' t1161 to-Till ii xvight. InIltIItS \\itil ;1-L 31r 1tcr1 hill ICSS 11han1hi-il It (i aI)c at Wi'cigl 2io() 

hiiiation o)I 1)0th prillatnitv anld It (lit: IlMowcvcr. 1'0r clic SLIhSc(jnICnt ai IVSCS, wVC CaItcgor'iZC( 

Pr1ctcI11i iila~ts \\Iih birth wc.ig.llt 25001 granns as- pr-cicriln-IM\ and tcrih1 ilan.Its with birth 

weig~ht -2i5) graims aIsIt .l- .\ 

\'C c'X:iliiin(l dlo. 1)Ic' 0I 1malaria iiitc'ctionfitid ialtria IprCVClntionl on gcs.'tational aIgc an1d birth1 
wciglllitnd cxaniincd( otIliCr risk I'actors tor prcterl-.('% and It ( lt-L.IM\ in llI popN)ILationl. 

( )vcrallI. 6 9. (d singico.i li\LcI)(Inl kabic.s Wo-ICrprcLtcrnlI: tllc MCIlcahilith W.ciglit inl fti 121I 

pa-tcrin~ inLiiis \\as 220i I.!ranlis ( ' 0) granms), rang.in~g froi I 3i to1( 335(0 grainis: 82.6"' ()1f 
tlic.c. om*. i MLA, \crc)IILT LIM. AMIiiig l III 102i tcrnl (11C birthlvcrll trv ilts. Ican;I \\Liht 

\\-as, 2908 gramns ( 10t2 grams ). 11hc1' %\Cightsixnlgcd-L from11I Th0 I to 1 150 gra3111s. anld 11. 1 
\VLcrc It ( lit-1 .lI\. A1in wig IMI\ sinlglc.t( 331Iic M-nI bbic-S. 6' wcrcC rIat-11~l-' ;111.an 63' ' *Cr 

It (lit. 

Ill univariatc anaIl scs. latctors associatcd wdl pro.tcrii.III\ WovICrfIrlst birdih. )L~ICiit-I iiil1i-A 
tiiiliilical cord iiial1aria. s rtiiiatcrnlal statn.1C IMV 1n1IVtr~I'l \'Cigllit. ciir01o.-lit ill ticL ra;itiv' Or 

p)StraiIl\ scasmii. lomw niatcr-I-Ia aIgc. iiiatCrnAl S)1)[ilis, and I6cn:alc scx ()f thc inIf".int. Factors 
associatcd with It ( *R-llIV\\ wcr~c first birth. placcnital maai ifctionl, malaria parasitcn-Ilia at 
clinrollnit. sllcirt iiiatcriial st'tiiri., lmw 1iiiatcrii1al wci.hlt, railly scason. lmv n1ITIM ia gc. anld 

fciiialc1i scx (d Illc infantl (lablc. 25 ). low socLioL'cc (1)Illic StatuIs and low cdu[L'icon cv' c-i wcrcL 
noit associatcd \\.;Ill iiicrca-ISc.d risk of citlir prcrill1\\M It (. R-l.II\ ;\Alhoughl II IV11L or . scro

IN)siti~'itV wa;s idcnlltficd as.-a. risk 11iCtOr- forI IM\' (ocrall it wa;s not( SigilifianMtlv ass)cialtcdl with 
anl cl tcd risk inl tlic univariatc niodcl 1'01 citlc IW( IZ-l.lB\ or prICtcrnIll-I.l1\. 

http:prICtcrnIll-I.l1
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'lah1c 25s. Associ:tionl hctw'Cn nalternail aind inllnt Ch.iralctristik's ;11 1h)%\' hiirtli \\''iglht dt C 1( 
'il intru)Lx'Cih adtitln (II (I ) Itlgr itatlrl ti llIi1 ill ;I Ulli'aIiat+ +iaIW'sin, 

MATERNAL AGE -19", 26.4 2.33 1.70. 3.19 1.80 1 24, 2.60 
FIRST BIRTH*.** 33.9 2.55 1.87, 3.47 2.42 1.69. 3.45 
MATERNAL WEIGHT '-50 KG*,** 23.6 1.85 1.33. 2.57 1.91 1.31, 2.78 
HEIGHT "-.150 CM*.* 13.3 1.52 1.02. 2.28 1.60 1.01. 2.53 
NOT LITERATE 66.6 0.95 0,69. 1.31 0.76 0.53. 1.09 
Low SOCIOECONOMIC STATUS

1 
) 64.4 0.95 0.69. 1.31 0.82 0.57, 1.18 

HEMATOCRIT "-25% 5.7 1.33 0.71. 2.50 1.46 0.71. 2.98 
HEMATOCRIT - 30% 18.7 1.10 0.73. 1.64 1.34 0.84. 2.11 
DELIVERY HEMATOCRIT '-30% 13.3 1.09 0.63. 1.87 1.16 0.65, 2.06 
ENROLLMENT MALARIA* 45.2 1.40 1.03. 1.91 1.25 0.88, 1.78 
PLACENTAL MALARIA',** 22. 1 1.97 1.40. 2.77 1.87 1.26. 2.78 
UMBILICAL CORD MALARIA*,** 7.3 2.01 1.22. 3.31 2.71 1.59. 4.60 

" USED CHLOROQUINE 72.9 1.34 0.92, 1.95 0.81 0.55 1.19 
FEMALE INFANT*. * 50.2 2.09 1.52. 2.89 1.61 1.12, 2.3 1 
RAINY SFASON" 

1 
32.3 1.40 1.02. 1.92 1.23 0.85, 1.78 

RAINY & POSTRAINY SEASON** d 75.6 1.04 0.72, 1.49 2.02 1.23, 3.33 
SYPHILIS** 3.1 0.37 0.09. 1.55 3.49 1.69. 7.22 
HIV INFECTION 7.8 1.44 0.87. 2.41 1.57 0.87, 2.82 

II I.lr.mItvritiu hI .I tMirigniit nth .- i OLIJIL M111,111iiitir. st'td risk il II (,R HI.I\

"" 1m~rjltItri%(lt s il( .ir Mtiltll 
 As tl % ilh al 


I h tr. ctl -i lt 'I x .itiiltll tlii l'd i 0irv.( ' . rt' tl i11 t.111 ill t I lilitlull.irhll drugi Aid d 'lit rmig .i i\t c itirl singlutlitn ilnlanl 


l .11% i x intrt';lskt't risk iil prtc rlll I IM\ 

Willl 

knit lntthirth t rii ll t t IIr h i tutl .llt I rclcri tc gri p)I ti l.iri,, l t h11 tit1h1.lt it il l tlt t.it icivr sic 

tlt'illi'tl.I1 .111hmilr t I ~t 1 clt ' gxraitdti~i is l It c 
' Ilitcrt'lmtt griim lp i ll l I\\ IIcn t11Dh11 i (JUllllllt . %\11llillt'll 11II I~'1h11lg 

I ..i(l ltN rc grti id 1s rmiltx (.I.iti.irt April ). p ir.l1%0 1.1 .igil, I. l.t dr%t lptcttlh .Ic t'ttll cr ) 

U1'l
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placcitl il iallariai) lgr 


isshown ill igUtr IlhSC . iCiditlniC t'rh-*I.lt\\ '( 


ill: colirihltiolnllof 	 It(lR-I.I\\ ;lld irtccrn-I.ILI\\ t hilijii oilIiitlt'r ! ).S 

2 i. 	 datLIL"gCSt tlI.lthlli" 0' ifrt'I adit11 -I.1\\ 
i.shiglht'r ill\V With JiICCiVA'liln~l~r~ ilk'tli inl'il'll h1u101t''lll n~l~r;
1ILlt'l 	 11h;111 

iillk.tt'6l1n. 

:igLurc 2-. 	 IncidCCC (& p)IIrt'rnl.1i\\ 311d intraUt'rinc grow\th rctiardttiOn (t I'(l I-I.\\ h
 

placcita;l nialaria inilc'ction .111d birth order. ,I,\II I9 I 190).
 

0o Low Birth Weight 	 tN i642) 

35 

U Premature D IUGR 

30 

25 

20 

15 

10 

5 

Placental No placental Placental No placental Placental No placental
malaria nmalaria malaria malaria malaria malaria 

Number: 186 382 75 274 95 630 

1st birth 	 2nd birth 3rd or greater 

birth 

Il 011C ;ibolv Stlr;iilic'tl an;l'.Sill ri-II\\ MIcic;indlI I '( l-I. \\. \'hic Sh()\\.S ;Iil : .s Ci;tLioll \\'itlh 

~lictl ilaria iillLtiOin Within hilh 0Irtlt'r 1gr"(o)Us. lic pw\l\r of' 1ilt anll'.sis \\;Is liiitctl by 
IMV\n ill gi',ll.o tll lltt. ItllIr c iltilac't'l'lail 	 iibinlhtrS S. It'';:imSlt- IhCt Iiilliai ioln of, lilC irClatiin-
Ship ht'l\\tt'l platut'll il iiiiL'tiinil I -I.l\ \\\'.i tl illn ;Il ( ;id i)rctcltri- I.I\ C.iri 1.tl 

til' Iir('r g o'()llo1 ll in tlhtmi'S s Slit" l. tlulriig th11tillitildabitM horI illtIil ho.splil.s "of'1li1C 

SttitL\.I1iWttl ill lit iiblulhits (S('t'lion IV.l. ). all ;ild 01hiribabiCs\vtrCAS dtLSt'l'ipliii (' V'oil .
t'~i l 11 IANilln :AllWt illIL't"ifdtli\tCr\.,ilt' lil' HiCit 


siniilir Iilti gs ai )tiil)l hi lt\\t'tcii i itAl oi l .;( Miitl 1iit'iull
ril\\tIC S ttII illlit I'rgt1 "'( hiIg oiit'n tlcliv.rizillg J1 1l1 studI 

Mil o. 	 -la nmiri;t iill il ;l1iti Il lhII 
p of all lacilitics. rcga;utrlcss of' 

Ciiilliitiilt illtIh- stitl\V ( 1ig 1t -i ). 

http:p)IIrt'rnl.1i
http:t'rh-*I.lt


Figurc 2i. IncidcncC ofI lretern-I. 1\1ti(intrauterinc growth rctardation (It(+R)-I.II\ Iw 
placental irralaria inf,'tion and hirih ()rclcr. in both wvonrmin enrolled land not 
.'nr rl'd in the studly' and th'ir babies. M.,IIM), 198-1990, 

% Low Birth Weight (N 7921) 

35 

I Premature lI IUGR 
30 

25 

20 

15 

10 

5 

0 

Placental No placental 
malaria malaria 

Plicental 
malaria 

No placental 
malaria 

Placental No placental 
malaria malaria 

Number: 864 1082 406 883 935 3751 

1st birth 2nd birth 3rd or greater 

birth 

Niultivariate anffalysis 

To deternilCne thr sl'()ilgL'St predictr,, of rlretcriii-LI\' and It ( R-l.I\V,\\ e pcir irmcd a multi
variatl MA'Si's, aMid lurtlUr examinedl(."the maL'rMl and inflint char;actrislic s associatcd with 
preteri-I.I wI\V in the tinivariate. analsis ("lahlc 26 ). (:harctt'risti,ks t55(ciatcd wvithrr II (,R-I.I\\ 
pretrinr-LI.\\ were- first birth, !o\%- matcrnal \\ight. Icnialc s x oI thi nwc (rn, matcrlal 
realctiv(e -yphilis n'flygv. and mlarlia inli'ctio l ()I the umhilicad Lord blood. lcvntal ialaria 
infee.li i did ii,1i rei(inil in drue ";1 d'l Imr )rrenatritv: II\'e'.r. if tie unhili'al colrdfilal 
blo rd infectiionl vari;ale. \v&, witlhdra\i Iro Ih(he rodel,0(1.laiCVtal iaria W5. bOrdrliCiI signil
(.ant will a I. t0-fIdid ill(reaSd risk fr prenitturilv ( ){ - I. 10. (Ai -- t.9 I-2.28. )- 0.t96 ). 
an'd tle ab'ile rainy atrid ostaiv , Lseason in ( ){ -- 1.92. (:1 I .01-1.51,itallthe mil-
p --- .U3.'6 ). 

Ch arateri(,is.s associatcd \\'ith I1(Rl.l$\\ itiCLidCd first birth, placental malariar infection, tow 
llatcrlrlal \wcight, and felmale scx of the baby. 

http:infee.li
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Tahl 26. 	 Risk factors associated with preterm-l.I\W and It (;H-I.I1\\ in mlulti\.riate m dls for 
women enrolled in the study, MMIP, 198'- 1990. 

,/, .. 4.i .]'' 	 :.nn.]" , 

- i 	 ,-.. .. 

FIRST BIRTH 	 2.01 1.32. 3.06 5.22 2.83. 9.64 

UMBILICAL CORD MALARIA 2.20 1.21. 4.0I1 

PLACENTAL MALARIA 	 1.70 I, 19. 2.43 

MATERNAL WEIGHT' 50 KG 1.80 1.17, 2.78 1.73 1.22, 2.44 

FEMALE BABY 	 1.69 1. 11, 2.57 4.57 2.56. 8.15 

SYPHILIS 	 3.62 1.64. 7.96 '* 

* \ .lrhl i ll 	 +glh .lln III mIiadlIIII flu ilt' 	 lltl 

To'( eva'lutethe: ro)le. ()I amltinl;I'ial druig tl15 iln I11l.lriI p~reve\'ntion :111( the< risk II )t e<'Lrllil-I.II\\' 

.1n1(II '(lR-I.I\\. we'Lilnltudfed Ilhie va:riabhle (:()C f)llp'Ird w\ilth .\1 in the: Illdel in, place II1 

nmalariat inle.cti(fl of1the: lacentat and unlibilic:al co(rd bloo)d. IPoo<rl ' effective+ nahariat Ipre.'nLtif Ill 
w\ith (:t. was notl .'s,,iciaIted w+ith iprete.rll-I.I\\' ( ( )R (1.901. (:l--()38- 1.3, ). I howee,'(Lr w,+henu~ the 

Iplate:ntal n|:laria va:rialeh w\as, replaceud h\ the: (:O-us<: variable, (:(Q use: ( ( ~ll)aretf w,+ith \1(, useu 
w4C'as AC l t with I (;1{-lI\\ ( ( )1,- I I1k-2.29) ) If Ssi TEnif vSICi,, d 	 I .63, (:1 . INTE)thVAllitl 

malatriat and ( I2 unse_we<+re+ include.d in the: mode.l place'+ntatl Iialhuria reliaille+d s'ignifica'untly aussoc)ti

tecd w++ith II ',l.,-I.l)\V anod (: tluse did 110t. suII.gesting thait the' effec'<t o)f the antimalairiald re.gi
me'n ocL.'trs, IhrI)t.th its eftec<'(t o)n rpla.enltl infe~ctioll. 

Beca'iUset p)re.'it)tl , studie.s halve notl imlica~<+:ted iilate+rna;1 o)r fe.tal Ina+lalria infectlio)n as at conrtribu)t
tl)r to) ipremlaturit. ,we' e.xalnline.d this, i'elatilflnsqlip furthe:r. lI the" above'<+ mo)de.l ("r[able. 26 ). utalhl
i<cf cor)Id loo)d lparaisiten.ihia wa'is assoc><ite.d with'lhl ri.i-.ll\V, but lalcental Illalariat w+,as not. 
\\'ie'i Lmlibilica:l co(rd nhllaria, w++as, lacnta.<'Iil the+C.XPl')( 'ialetre+plced hy mlariat as ar(. (I 

inte+re+st. lacie'n.utal mla'riai wa'is ass,,,(Iciaite.d with Iin elev.'\ate.d risk fi )ir lpre.tt+rni-I.lI,\V h )*,'*xur this 
w IRas si2.01i1iat ). 2.h83BIRt 	 ( see22 

[rhe. lairge.r 	p'()pla)htilln (I all ler(gnatnt ,w,+l)oile(n detlive(+ring ait stud\' ho)sp+itatls, re.gardless (I the~ir 
t ill the 5 then~ 

w,+ith lull1 infl)rlltif)nl au'aihable_. bhl cord bloo)d para'sitel'uihia ( ()IR - I. I I. (:1i- I. I I-I .8-) and 
Plac.tal m lariAL i Alctil)n (()I- 1.26. (:i I.(-I. t were associted withlI,\\'. I the. 

rnTlti'atariate11 Id.Is f+(r l i-l.lt\. )i'd blooid larait'hia in all adreglaciu sand rlata.-<.ll 
iwfesti(Il il PriflhiI, r;l\it ,+Ir. assII.itd with p'relllaVttttrit v ('raleCh1 

e.nirl)l r111111 study, wa':s ,,.Xatlhhi lid. Il tlnivatrialte .It];lVses, aIt111lug these+,,L It)-_ w,'I 1l+11e 

2.-). 

il oinc r Illii,,,lraaIal+gi ItIs rCl,Il t,%%lrl.fv.Iil~fIIIV aulii.%' t'aanilal iara ih.'d iii lhfnItltlCi	 l 

http:rlata.-<.ll
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"rthIc 2. isk litctors d5,0Ci.Ihtti with plirctcrl-.I,\\ il IlluItiVrit.IC Iln(IS 1()'rdll vlnlItfn
 
dcli cring instuld\ sitc I l-)spitis, ( N -- i -2 ),.M.\IIIti, 1 8-.I 9)t0.
 

FIRST BIRTH' 25. I 1.89 1.39. 2.58 

UMBILICAL CORD MALARIA 9.3 1.72 1.24. 2.36 

MATERNAL WEIGHT 50 KGS 10.0 3.05 2.12. 4.39 

HEMATOCRIT • 30% 8.7 1.66 1.21. 2.26 

FEMALE INFANT 
 48.3 1.55 1.26. 1.91 

s1.lltllsl t llls 'ls silllll t'sI 1 .ll 11 i it %Ii is l ll ilt l ll l lti r l 

,
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.I1tlIillI l 1t ilI II .l , 

Altribultable risk of nalaria to 1.13W 

I'+;I
uS( L.I\\ lL'It S(.L,, diWtch t dtir itt'tors, it I t 

tC .1ll1lIlt1 ()I th Cd lt. ;tLt'0IIltLtd 16r ih ;1giv't'n risk ) ()itl+ 


I 1cc 111;1x hI . i ihV 'til l i, ill'ip ltli t o c lbli.sh 
i.I \\ IIt iiht r0lll 11if I.iI\\ 

(either prct't,'nIl-l.H\\ ()[" ) th t hie d I() thu" )Inl;li,lidt o1 the" ri-tg-II (,lR-i.I\\ CdIl+ .tttrihititu cilhC.t 
t",till;ltc'l tt+'.itlg
l It'Ill I)rt'x;llCnc ()I'rLC 1)1()
nIlllt\V ;ll lho." flht' <I lC;,(,- IIA (I llI)ilit-;t] ) (I~11.1.lril 

inft'C.'tio)lill l)' l ,Mid its, ;xs,,wim.'d risk c',timilti'. llt c',titIlR'<)ptl~tio 1(I iitln ;tttrihtHthIlc ri,,k 

I .I\ l r gt,flcrIlll 5.3.- ,1) It hul to lo pI
.Il.'nllli;I ilt'(.[tiol. ilk 'tion i ltIh"p ukl~tion 22''. m id ;I
 
nlItts',- oA\'';tlerd L,hiliC (l't d p;idr;ISit'Ili;i I3.6 . 

t.'ll V\ih);t ipd;tL-Lnt.'l t ilr'\lcn (A1 


1 iii.tti' 
: ittii) It.'d lli ili cstinlttid pl lILItioln dItiltlt"hie risk liiw unillilit;Ii cmit'. 

risk estillml IlI l I.-;I)l)r(Xi1itcl I.i", ()fII(,lR-l.l\\ ill this l Icll;ll Gill hc 
I()pIhl l;Illl'id. 

p;Ir;I~itt'nli;1 0, 8. I".' ill
i)h e)()r ;1 1 r1r1't('rnl-l . ill ip;i11( .0.3"', tit. 
l.1u'g<.'(Itll;lti()n ()I ;All\ { t' . .l-


Suimar. fitdings: 

in this siudy popultio, of babie delivered in hospials', the/equrc v ? .preatu re-I. It'it-as 5. 7% 
and the .ir'eque'yo a/ (GRit-as 1/. 11i. 

Daiafroian ayses if babis born to witien inthe .ludv and of babies born to till women (in
thalcitor.s


LBIV were fir.\birl, low Inalernal tei',,ht, maternal anenia,fiaht, in ai, iiternal syphili" 
invftion, malaria inJ/eclion of"ih(" umbilical cord blood, and malaria infction oithe placenta in 
prinrtira'ida.soly. 

eluding lIn'oen in ihe .sludv)insludyV .vile hospitals .how /wid +aNociatled wilh prclerni-

Factors associated with IL(;R-lI11 in the studv population were/fir.ri bir/h, low niaternal 
iveight,fctnale sex (f tii baby, and placental mlaria infection. 

Overall, we e'.lintat' that beiween 5('and 1414 o.I, IWin this poplalion can be atribulted to 
imalaria inf'ction tq"'it' placenta or umbilical cord blood. 

m
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G. DISCUSSION 
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W iti()ll " i )l hkIt\\ {.{.II 111.llll'-1A It M C L 1 

Xl::(Wtki ti ' . 1 11111.1lA.1 II I 44 It~ ~ t(At ['i-

I1I tll I() lht ot1.r., pIJ la tilal .111(l PtL . IJ ~LI~~L( 
llb{'\ lM.lltsllt' lllll'{ hlI (Jl~l k(R .1( 

crv'%(A1tilt-' inllLul()Inlilt- I'a"r, 1i14)(it0l:v'\+IlII gI ll it ,tL\.I~41tillc ( il 
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Iluiialisni 1w which traXIIICIA IlIlaI. jllfSi1CCS III iglitliiiC b~io logic y atII)ISptLj) OficiIC id iutrb C 

to pircmatu rity is uinknotwn. )rhcrI )gcu-ls ( (..g.. In'plCH( ) :11C know i 10pat i 1)(111011111dw ii icc I MicCa 
blOOd and1LarC alISo ;isNocJiatcd With prcLa1:ttirity'; conscqutciltly. tiC strcSS o1' I"C1.ainto.Cctionl With 

larIiaI ma1.1ICAd to p)rAcu ll-iC dCliV('cv aISit docs with odlcr mlicrobial agents. 

HinallV. WC dcu(HISII'MraCd that. ComparcdIL'L %\ith lc Who lISCd MIQ, Woni11-1 W~ho ( (W0IL1 tISCd 
W~Crc At iIICrCaIScd risk for dchivering LIM,\ iili*;Iits. Bltiaotha ilCCtioui anId tinihlilica;l CORd 
Woodk infection xwcrc rodtiCtd miarkCdlV ill W0oii4.i1 Itratd a111dg.iVCuI W~oi1lii~ith .\IQ; 111C 
mlItiVAiaItC olo dcl+s s1(ggc'St tI dC Iliigl(Icr risk of I,1W amiong womnlcn using ( Q orItlii imlpro)vc
nICnzI Of birch1 WLcittilt awnIIloitw~onici using~.IQ wvas dihl du to lic drug'S Clif(.Cc onl cicar
'iuiCc' cOf jIL~icciitA an1I 1iiiihilical icord blood aifuctiouis. 
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VII. MMRP RESULTS: MATERNAL ILLNESS DURING PREGNANCY 

A. FEVER AND PARASITEMIA 

M .aternalillns during the ,arlh mn tlhs (o re ilancy was ,ss ss'd 1t th.tll ()I* tlr()Illlc'lt. 

In ;Iddili)fl, I '*Cli llil \V(Ill 11I l er' ;aske'd ait eC;ilhl'{ll()Ilw i Sit .1)01h,11 NI 111)oIlC I ills.sC tII1e I;lst 
v'isit (s"c.'_'ionl I .I .) 

,Mlternalillness prior it enrollhnll: [eer pri(rI)to Lr()lhllt'nl wi rl Irt()r'd b' It) I ( 2. ) 

11 (.i.i ()f1" \\()llt'll Ireortedt()' v) or ille A,kVl()llen( (1) l prev11j)IViolIs CI)sls. ng 
repoting Iew'er. 9- ( ().' ) rep()rted laking aLdrug to tr';I OtW C'lin)do' i02 ( 38. I",, ) rt')ortt'd 

,
td taking ;ill\- o ( 3inl()di luhl'. SP1 Q\0, 

()r quinin ). \n1 l)nio \\' I ti'nll31 urtllnluIlt.'- ( II ' t'() Ld t:kinlg (.() p ql ilv ;Ixis prior 1I) 

fl'r(IhlInll ai.d 01i1 9I \\nictni rcp)rtcd taking t\%() hilts 0h (.(.) \\eklv primr h) lhInellt'nl; 

others IIsL'd dillt'ritn nu r. 0Ir)I CbletNs dtheri lit Ire(ILie'iicie. 

tiking ('1Q. mil fe'\tr than I" rL ter alnltllal'h1all l I 

'r iC) iul()1[ ' 

(2 I.', apaIlra,irLasllit . W 111ii 1"., ). Ihowever. Wo ,,ith highL" iISitV 
\\cunel'1 \\11() W e'r ip r'.Iit'Illlic at eLhr Ihlut'n\\ eI'r' likely 1I0 re'p)rt 1.;1ii g hAd ;I I'e'v*t' 

) Ihan e (25. 'luIL1 de IparalSitnl'i.t 

we'tre niore" likeyh I() hav" rep)rtcd fever tIhtan \Vllcl with 1o) parasites )" those witl h)v dIin

sit ' lp:ara.SitL'nli;I ('bl' 28). 

llIhle 28. 'e1r rlIm Ilt l' par;aSiteIlliaI levels ill o.-g'lhlint WoihLel. .MMIRI)RJIC Irlt'd I 01l 


I98- 1990)
 

TOTAL NUMBER OF WOMEN: 2289 962 196 98 4116 

REPORTED FEVERII6 25.4'o 21.400 25.69o 44.90o 25 .096 

Althoukgh IW d it.lli ()I parasitc'mia wvas associated with the likelihoo>d oh1 \\'{)mira reporting 

le'ver prior lt) e'rC)litt. mi\' t'", ()1 wv()Iln1 with high dtnsitv parasitemii rep')rte'd fLever. 

Iln{,ess inl t'rou'i dtiring pregntuicv./'Wll'ow-up: IDturing the l )olh)\-upperioId. dpitc the high pr)

prti)n Of \o'foIel Who) rulIlaille'd o)r beC'aIl11e parasitnlic. Iew women repte)'d Ie.,fr )r' Whr 

s rl"lt ()I mlaria.{11 

\\n)nr who delitre.d in the I spital were askcd at tIL iI if d'iV.r\ ii tile\' Ihd eXIper'i
' 

et.iced A iChril, illnss dtiring th iprL'g l;ll L\. A tot;l i"5-) ( 257''. ) ()f tL' 2221 deliv ri .gin :1 

hospital rep)rtd f't'r dluring theirt'regnan. they re'porte.'d ;a to)tatl ()-2- lebri"l epliSo)dLS (or 

'r 1 \'iT t l \\()11'Il vW1C11 c ' rt'j)()fe yeLTr 

dtw fifth IC) ninlth (I ion ( IX Ialgt') nl t 
I.e'pisde's ~ vI Wivtrh r ' 0 i( likrle I() dul'illg 

liltll gest "",, ()' I ;t'l th:n during earlier 11Iol (9.)''l " 

I al\ 'leag' ) h():)Wm'c\cr. thIlls 11;V hl.V ' bt'een (Ill ll r.4). l bias. with w llcii Iless liklh' I() irlenl

hl' Ii.\ - I;lI )c('lrrt'd in Ilhic nire' distant past. 



Iebi/, illnesx n ar the time of deliveiv: FVcr inItiit I() hV2 %\'cks pri)r 10 dLtIkC'I ;ISr 1rLt'l 
I 3( ( 0. I )t hI 2221 \ 0niL'I tl'li\i'riIig illth" hL))i. IpurLtd lc'tr illtht pr'itm. 2 \\cks 
did tu()tN.11r\ Nigiifi'tntv \Nilh t ',I)II. ( tu \\ilh \t ). \(vllt'n \\ilhI Ilrt.ucd pqt:u.tit'tic W nt'in (6.11' 
r)IL'rilihtrall)I, ,t1-iICt'IAl~ t H 44ollli\'i(.1N (.I*,l't,Ill IM d1 ). ) Vt lmL-nlikt'h\H)iT M't')rfL'\C'rillOiWtI)rt'
\i<)tl, Ilict -1 hIC\
.2\\vc(.ks ( p" 0).05 ) h()\\ C'\LT.r h'tCtltl-I"C )rlt'tlCr Was' I()\\vIhmll gi'ollps andlt.ill 

C I}tnl).Ilrt'td\(MICII \\Ill] h\ (Ttllsit\ lVIrJi itt'\\ ;111 lit.W\VL -l'l\\ilh highIt ktlt'1lil\ ilt'
iM;tr~inli i 
Wv ''tITI 11 }il'J t rt'p()rl'ct lIt'\C'r.likcl'l I * 

Stiiiiiary ficttivgs: 

Feb.. 'lliness tintg I))n'IOancy (d(tri/tg the'i' ,ciott4-5 months\ on! irtg,) wasiri'pot-,ld by
tiplroxiia ic/tY 25' oinv'oni,' (it t/e time of/heitfirrt I .V( risit;/('tl'tT11'1itroi'tedhY (ppiroi .i
iately 6' of ionit il the 2 weeks prior to dlircciy. IHoit'cicr, onl in fii, atpp'oximalcly 2.51 i 
of wt'omiei who had hiqh dthifdity paor .itma r( '.1 ititha ('prlfc , a\\.ocitid Inutria. Ihs,fi,birih, 
illnes.% 11 good /)'cdictor f/which womnii ic',t'ei/rasilt',ic.Sev,'c w/taria ilun.ss wasiias not 
 rare 
in thii.popuation. 

B. MATERNAL ANEMIA 

\\tnillI\-n icilttth)gic status \v;s ultilatd 11t'uirt)lIIlt ald ;ItdtliVr'V. A,,illia, de'ine'd s 
a hliliattteit . 30', \Va ,(),bS'r\ i'ill-I) ( 1). 1",,) ti i1l- W(V It Clvt',itL' iit ii tt.unl'ii ( Iigli't 
26) 225 (06.2'',) \\() iCtn had ;t.Ine(Wr-it; ' 25''. at cill'()]hneiit. 

Figiu 26. Il'HiatMWit t.;i'trihtjti)in at enrt)lln'nt bir thte sudy. N*\IRU1. 198"-1990.14Wtini'ii in 

Number of women (N 3740) 

1400 .
 

1200
 

1000 19,. with anernat 
(Hematocrit 30"

800 . . . . . . " ......... .. . . . . . . . .
 

600 6 2°% with aneri;T . . 
(Hernatocrit 25"') 

400 

200 ... ........ 

10- 15- 20- 25- 30- 35- 40- 45- 50 s-
Hematocrit 

)v 'rall. inilaria pal);iiit l'i ;I( ii ttli n"(;Iu illntti W;11\v n s tuiAt'l W illi .ignifi';I il ulitli'r
. 'Ic.sillLii' hrti(it()rtit)ii \VtIIIL'II W\'ilhIIi'lnlit()uniL 31''., " inf inIIII IItiiiLC t'ril; ite pr tnr
lion ()I\\(nt'iu i't':iL ;inl itir int.ILux\'it \\')W i iteiI stetl n hIetM t(WriLtL dt'trutist'd with inlt''t.iS-
Ing jltniX it isiL\ ( h;iit'IC 2t) ). 
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I)iA 'IS in''liL 21). .\iIL'nli iat, . l IlICIl h pbI% iCIlli lc' ptI' lI;IIli \\'11 I .\IN1 I'I I )H - I9-990. 

TOTAL. NUMBER: 2033 851 693 86 3663
 

ANEMIA (HEMATOCRIT 30 18 ,30 18.2% 22.1%o 33.70o 19.40o
 

h
MEAN HEMATOCRIT (SDI 33.8 t5 5j 33.5 15.6 32 7 5 31 31.6 6.2 33.5 5.7 

li hI ,I,I l h, I l I i i \\ Ir Ii I. l it.I-III lm III Iit ltIe %llI 1 

IIItl i~ IAlll lilt CNt lILTC AIIIIIIL(II N 'A,ll tIi II i 1;1W iAllll3til L-11 I* )I I 0 IIT t t i I ll l[% C t \\ C ll 1I i1 II~l~~hM W 

II1.'11 p lrl. , Lq llll . L'dtlIC';lioII Ic'\c.'I [Iw ighl and{. \\L-ig~hl. sl.lswtH . '\ (Wl~tl;g{', .'t).':tll mt 

lI,+vcr. ild .'C.ti lm\\ilh s, I) ili i,' (AC.i\M ' ()1*110t ). Ilnd itl+f.L clioll %\ilhlIII\. ClhmractcILris, it's, that \\L.'rL' 

p.' . I.m 1" I)11", 1 ,(I , 1 l lk l S'hg llifi Al.lk i .SSi 'l t){i~ltd \\ith iL- lin , kt r{) l . I Igc III inkc io. 

GRAVIDIT) 

1 1185 270 2 L"i 

2 898 177 1 19 71 00005 

"3 1656 280 16.9i 

TOTAL 3739 727 19.4 

AGE IYEARS) 

. 14 29 7 124.Ii 

15-19 1228 268 (21.81 

20-24 1017 210 (20.61 

25-29 684 105 115.41 0.003 

30-34 459 72 1 15,71 

35 236 50 1212i 

TOTAL 3653 712 119.51 

SEASON 

RAINY 1476 316 (21.4) 

POSTRAINY 971 132 113.61 1'-0 6 

DRY 1293 279 21.6' 

TOTAL 3740 727 19.41 

HIV INFECTION 

POSITIVE 264 63 123.91 

NEGATIVE 3397 641 118.91 0.047 

TOTAL 3661 704 19.2I 

° ' tI ' llll dll wI1n llt "%qllhrc'ItIl i 



I henltt)logic statuS. itthc ime1o dcli%'crv was "xauuiictl in I 336 wonln who were. lil lowcd 
throughout prcgnncy werthscd properly with ;.n: lilariatls, dclivered livtborn singlctrins
il thC llOSpitp tleir i i'InailtoC'it prior t) delis'ecr ()li s 3.9,,a, and Ihad llClSll'tC lrtl '. S \tllell'l. had 
;ahlenatot'rit 2i",, and--- illiddltitlml ()., had ; lieilltoriht bti'i 25. mid 29-.. atcrial 
parasillteia Or ictal mlaia h11lctioll \Is lltit aIssocialt'd With a:ilall:l 'r, the prea

lelCe1':InIlliae
ald plraisiltlllial niv h\e b'e' red'ucet d hv 1thi" lisbt' (ilia )ti\'llniil
11illS'ie',. WC a0lso examindlllll ll11tolenrold ntilO uIL'tUdy dleliv''ring in tlle' Saile1"bu hIcili
ties as wome1111 ill 1te Stldv inl wa0iv anemitle S:lllL' Ii a11nd rlat1;lsittlliai: 11o sinificamit :issocitl
tion was ound btween p.riphieral n platlal I ,asitCli; and lnlia. In It'se 10)02 pari
,,itet'Mic an11d 8 ' were35 I 1 ap';aralSitet'iC w(mlten. 9.2",, al aneniiC. Irespect i\el' (p1c 0.26
 
'hus, whil' p3rsitmia IIaI ctriblte t0 aLllil il 
 So11nlC prcgnant women, it is onll\ one()Io 
atnumhr ol11nibtis to anmlllial illpr1t.'Lllmllnlt'ell (e.g., plsiSiaI V0olui.ie eXpalllsil)l, irl 
and l'l0t delicict' V.Itl)weer, association etentnei'1 n amid pretlcrm-Il.B\V in the null
tiv;iri;ate mdellts (()M 1.00. [.blke 2- ) suggcsts that pret\tlionl or ning1e ntlll amlenlilIniv be 
iliportanl t redtLUCe prtrL1-1t.l\\'. 

Summar, findings: 

At he time of enrollmeiit. anemia (het - 301%r) it-as seen ill19.4% of women and severe anemia (het 
-:25c') in6.2%. At the lime o!deli-el, aneia was seen ill13.2%, and severe aneinia in 3.9%.

Anemia was associated with malaria parasitentia at enrollment, bat oily in lthose with mediuim or
 
higher deisi/jy parasitemias ( l parasites/inm' of blood). Anernia ias also more common in prit000 

nmigravidas (and younger women) during the d-, and rainy season and in /l1l' t women. 

Mhaternaland placentalmalariainfeclions were not associated with anentia at delivery. Thus, in this 
population where all women received an antimalarial drug (even though CQ had low ef/ieacy in 
.h'aring parasitemia), malaria could not be linked to anemia at delivery; severe anemia at deli'er ,
 
was relatively IIlcOlmimona. 

The mild inicreasedrisk of pretermn-I. IWassociated with anemia (described in Section VI.F.) sug
gests that management or prevention olianemia in pregnant itomel may be important. Ctrrentlv, 
other causes o"anemia appear to be more important than malaria. 

C. MATERNAL EXPERIENCE WITH ANTIMALARIAL DRUG USE 

mien we're luSttlned :m ii t SviilpllltIo)ccurring betweeeaic.ii lh)\-up visit. M lltihrs' coim
plaiints were cxamiited to deternilic advcrs.t cIIccts tllitniight be :isst)ciated with 1te usc Of 
the aitinlalrial dru-g. [()r ile ptirp)s • W this analysis, rep)riltd sideletsf. tabulatd I'or 
two periotds: I )af'tter trct'lllilt th)Nt ()dof 11 lteile first s melictilioll ( ll t' that rwginin (C did not 
include anlinitial triatni ths' ) 2 )lat'Tr te fourhloset of 'hniprolil'xi ( illi t thisdslea 
cnrrespnd()ledt, to the 'colld trtint ()sc lor rgilntn It).Figuiic 2- shows tllhllon.illaollg I I I
 
woliln wilh initiall Iollow-up1 and11 altel29-( wtilii with fllw '.p 1\v''.wks. appr'ximatelI 
6()",, of 'woniC receiving itritmllit d)antll inilarial dr'ug ( ither (A)0or *Q1) rLporied side 
e'I'ccts. Aft'r pi()pl)'l'tic t ises')tit her ( Q Jr N1(2. fewer than 3()",,of w(iniin rtiritCd side 

fI'cts. 1ate, Of rp)rStd sidle 'fit r"'eresiminlaIOr th11twO drugs. 

http:V0olui.ie


igure 27. Icpo)rtLcd sidc clfccts fo!(AN'ing tIn in;ml;'i; dru r'g ingiI( . MN1.l RI I . 1) 199(0. 

% Reporting 
-Side t.Ieclside effectsSide Effects alter Ist (lose E ltel -1i (Ie)so 
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MO prophylaxis 

lhc m.'juri(lv ()I* cotplaints asscilited with ,tttzitt;IllIktrial dt'g uI inv lcd iChinig, diZinsS,. ;tnd 

gasrtl'itccstillal disttt'baIhL'n s ( I"igutr'C 28 ). All (tIlWr OItI)laitlcs ('.g., \caktncss. l';tl't lpilti)tL S) 

\\'Crc"iICldt'd ill OhWC;ltL'gor.,' "0thLr." 

l:igtrt" 28. "l'p'c (f sidc 'cicts rcIportCd '0llo\wing ant im.'alairial drug rcgimcns. ,4IMIZP. 
I1)98"- I9)(0. 
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First trime(,ster antimalarialdruglus: .Moust l Ililt" \ Lc in this iINvstiga.tion wu'rc citrollcd ill 
the stcond and third trinlcstcrs f p-rgtlantcy ,'lly. FOtLl'tItl+ WMICt'1 trctltCtd With \I) nld i3 
W\\'oic' trtci':t'tl with (CK)\VC'rcT cllcdl'tl durinlg thtC lirt',t trim CSttr: c' qltctlS. thi ,,t d r ), () 
V'idlt, liltIc ilti illatioll 'tg tl illg thC Ctl 'cts of altiiiul trial st. ill tL Iirst trilltt stcr td 

Itgll;IlI'\'. \\ hcrT ljl,, Ii'illt'iL 'r (11-li ill st i i(ll ii'l''t . i1i) :lt t'.l 1 1(1nc1',1 \\crc ilcllti
ticd ill 1h \1() grI 11t11: ()lit" I:;1\ \\; lli\ rt' 'lL'h. All itCS kiih 'Cc Kh W\'itlh wil hirth \\'iglht Wctir 
inritial hirtlh \wCighl. .ild lit i 'lCt hirth \\t'igllt WAS i00 1 ) grals. ()li1c stillbirth ()ttIll 'Tc( in ti" 
(:Q-traltcld gl)t ( ilact fct,tlradtdIi lhuwing I)'\ AISM'iail ,,t'tilWl ). ()itc' Sc-t t [willsl'i'% 

\V'IS hW)in ill this gi i)tll( birth \\t'igltS ()1 2 1 it) and 212) g'tis iii 0) )tllt' IthlO'rm,'iti', \vCrT 
iii)tt(d. 

,\lthIi)(u.gh l , wcrc lxp))iScd t .Q (Mr (M ) ill tilt' 'ist lill csttr il ihi I\v \lituls c , SIt td . thlrt' 
\\.Is I) c\idcllcc of ti)rrnait\ that Might h' attrihutahlcllt to anltimalarial th'tg list-. 

Sumifian. findings: 

Wonen were equally likely it) r'port sidec/frets of( Q and .IQ awd were more likely to report these 
'l'ents al(ter an initial treatment (ose, compared with lolt' dose chemoprophv/axis. 

No til'er.%e e/fe.. on thetis were scen when women tsetd ('Q or .110 in Ih/ifirst triln.'ter; 
howe'ver, .few w'omen were enrolled that etirly in their pregnancies. 

http:lthIi)(u.gh


D. MATERNAL MORTALITY 

vCrc In)St U()ilwipdrn rci;n~.rslii inl W)53 (90'' (I incnl IbrI \\lIiicIl dIi\ cry 

inbilation is kinow i. .\I sn)Iilc tillic dltIiiig tIL' pcrIiutLI sui~ 2- \\nicii \\cic kinwil I() 

\\Lccks ()ltIi~ . (Itottti thiriL ttri thi" tillIC tr';iiii t' i*iSSilitti ;IS IIIAtiLiI tICtlI. 

TlL rc'1)ilillg 12 ( I I'' dxuit Ic l t\\cci'l 3it tIc'iIi i 'iCil I 0 fiiintitlls atltcrI 

tlhrtnt 1)1cnISjIl-1Crt A tow\ CStiiiiAit. It itisc tI)iiiih'i' ()I wo(Ici'l at risk lowinmitcrtial 

tIcaItli (itL.. III.' 1iiniii1L'Ic ()I dll prtI)I allllt \\ nnitn'l inla ti it IN)Ltoln is n(ltc nt know\n [it' 11M LA'c 

nat iinr)ItalitN ai itriltcti 1)c II'11)I.I I Ii\(,c birthII is n()tcii rcI t c)I-d. [ticL PIP.IatilA nor)I

ialitv ratio) ain.wnIl n itc \1\IIM was S 3922 ()1 382 pI I~bl ti\ c hir-ths. 

Cusesx ofinal'rnaldvati/i. (lab/c 31j: IIrC ()I IItI 1 naltcit('l (tcLtIls, ()CCUTirCt in ll aiicp

1t111 pcrTiod: OILc is kinwi lo oic ild \\a[s rcTt.I~ssvr nu ilIicauSc' od 'iCatli 1(11i;I\ 

I(Iir\\11(i tin) ttcdWithiai 2 i li01.11S (di t1ilcrlt tInmc tlc)I w 0IL hat Iinc tticscL 

W011i4,i1 \\crcIcp' ito aiitctpatIkiiii ()1- sta IIcii CauSC ()IIIAivc tiai citll(Ic 1111 Cii rrI.igc: tIlIt 


tiah\;Is Huu-1(ICpotc 1()I- tIlt Itllicr tw\\' Icii.tNt la ;issimctlLl 1i h tIi)tC*rIict.(
 

)I ThC\\ii1a11C0l tWICatI \0as rcI- rMictlh Ii wtn licSc Ill\ll ii5J55t A a rctai 

\ictitC iant)rrlo..~t ) ttI()r 1LAtht 1JuIcclN cntl Tucaililt 111CIi~d\t tlt tlit tidlnito htit I tnon. 

Iwt\\voiiicii \\1(Iii ttct ill this pcrintl \\citI' Il\ t . hlnt it us nt ktnwii ii li atit n'II'(Itliir tlCatlis 

W.1s I ItI\- lit. t'I M\\ I iLdiitt I IM IIIII a11tttr tlti\CrvN.S\IIII)tn IIIS 1MIiti [t IctiuIil )f tCictlI alt 

-Cpott1-1C IIh1)- L C . SCtI I irc a 1 siS sL:IVS1 1-vIn dCItt.l()I 

lilc ~t lkvuttI)n. 
t : st-cr uattaTIIL:Itd [- I Sal (AI t pir t.I ) 1i -t 

i;Ii-ITtId strn)kc. 
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Of the 88 %w'onl1nVith muiltphl births (twins or ti iplcts ). 2 diCd within till Inlutcrndm )nrtalitN, 

pcriod resulting in :t matcrnal mlortalit rate" 22-2 3 p'r I100,0() w()ncn with multiplc births. 
This ratc is - tinics th< nortalitv ratc oi, W()lllcll with singlcton hirts ( 13 pcr 3962 or 328 pr 
100{,000 Nl)V( I tI' ). 

Noniiiateriial dealhs (Tabh' 32): T'cl\'e woeIn dicd 3-I montlhs altur dclivcrv. It is diflicult 
to dctcrminc thc num cr ol \'wonlcn who w\.-ro: at risk tfor dLIt' lh during this til ic pcriod. 

Ihi\\wc'cr. if tlic+' numbcr of infants with known )UtcL'( )ll at the' cnd of a y'car is uscd its aIproxy 
lor tlC dCnlliilator, tIh' mortalit r 1t'fr tte's' \Voitlc is 12 39.19 or 31I pcr I1)0,00 ) wolcn. 

This ratc is surprisingly similar to( til niatcrlal mormalit\ ratc. Athhough 'ausc of dcath is not 

rc'porlcd 10r 11 of ithl 12 wo'nic'i, - wonici ly' ,crt tikclv contributd toand this most 
the'ir tl' . 

T:IhL' i2. I)clthis in \VImeL'n in tIllSIstldy more th1an 0 \\ dclivcrv ( iiiniaicrnalwccks post 
-deaths ). \MMIRl IR - I9990. 

I I8 1 0 NLG 3 MNTIIS UN1.NOW'N DI ATI D)AY 231 

2 20 0 Po0 , MON THS UN KNOWN Di ATH DAY 109 

3 29 4 2 Ni- 5 MONTHS UNKNOWN StJRVIVI. [) 

4 23 1 0 Pos 5 MON r i c UNKNO WN Di-ATH DAY 220 

5 30 20 NE c 5 MONTHS ' UNKNO\NN D[ATH DAY 9 

6 24 4 2 NEc 6 MONTHS UNKNOW N DEATHi DAY 178 

7 16 110 NEC 8 MONTHS ? UNKNOWN SUFJVIVFD 

8 18 1 0 PO 9 MONTHS'? UNKNOWN DEATH DAY 342 

9 31 6/3 Pos 9 MO,; rHs,? UNt, NOWN SURVIVE-D 

10 23 I 0 Pos 9 MONTHS 7 UNKNOWN SURVIVED 

11 18 I10 POS 10 MONTHS 7 UNKNOWN DEATH DAY 349 

12 19 2 I POs UNKNOWN-AFTE.R 3 AIDS DEATH DAY 88 

MON TIH S 

tirru.il cipi1.111 i r ,lld iri t I hlldrlr'lii h im ti'rlit- prcI ,lllmmu' H iit, slll ,ilciIr mmllmld \%m \\vi' 

Impact of death o" ,wthcr on jian.is: Mortality aniong inlants of mothcrs who died was high. 
Onlv 0 childrcn horn to li tllcrs \V'h0 dicd surviVcd th ll( w-up pc' iod. (O)f the 2-1 li'chorn 

childrcn. I ( I ) diCd hcl' rc tic m>ticr dicd., ( 2 I" ) dicd about Ilic sanic timc is thc mothcr 
during tle 3- 1(1 -1i1 0nth pcriod altcr dclivcry. and 9 ( 38"'. ) dicd wctll aftcr (lie iiiit thcr. )nly I 
of thc ) chitdrc.n wasbn 1 IlIV \m'nl1. so\Vlho dicd long after the niothcr'asdcath 11 o the 

dcat.s If' thCsc" 8 IIIV- iii thc'rs miay LaVc strongly ciotributcd to thc"stlhsc(tuClt dcitls in thcs'C 

ilnl'.:1uts. 

Ri.k filcwr.frnlmaternl dealh: ()nc" (If tle ciinst raints tI) idintilying risk ltictors foir niatcrnal 

d<+.ata is til iI'e'd'tl. Ili this sItudy-, Illrc th;l -1000 \V0n0 \.n to!h iwCdI;'gc saliipl(" sicZ< \\e'rc 

fr o the last trilll'ster of"prgiiancv to lire thain a v fterfr delivr. \\he'Illlmatcrnlal ag, prcg

In:1. v number.'1,(In plac(' hirth \\'c.rL. examined fIr asotion with dth'll I'the w n, In) 

;avSoU'ialti(I \, It is posile that Ihere \Vas no trut' aIssciation. but it is more likcl\'wrT' I(itll(n. 

th1;t il' sttud\" did no0t ha'e enotgl powe'r to identiy aI aIsso'ialtion; stlliiit po cr would 

only v, ;achic\'ed with a SIlilIc siz/' oI lo+re than )10.000\\o01n111. 

m'lr
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infl',clin on mnorililv: lI rL'siIhsImpact q/f VlIV I\ ,Cr'()l()giC vcrc Iidl'm-l r 20 I) it' 2- woI11L' 
\W11() (ti.'(. ilf'iCtioll \\';[,S :1',,()Ci;It(L.It'I;i 1h;llli(Hlg th. \\ cllill OhW1iio -I I[\ -tr'o)llilZv With 
illCll.iijrL'riOd 1)fW'. th1u ) ,C(sk i¢oI t;it ( (c)lr I-.( 1).(II 0 i.13)lpost dc,.livi\ 1.t)'). 

Nvoll..
(lIIc i3 ). II' \Ii \\ .l II \-inif.cttd ;trC .'xl'Itld'dl Il'll ic mt k 'i'. 12 dtilhs lnong 
3 2 I 1 l I h cti'rt.dith, Jtlin i ItI'+ \ ( )r 
r 'usting ill ;tiitt.rrtll llotrlAhit\ rl ()I'i22 pcr I()1).10 \ lln. Alll I \\i nlllll \\I )
\W'T'C MIV-.,5 ill -m; l t,'r;l ;J1ll()rI;Ilit\ rI' 1()rthliSl' T.ii d (&I 

IIL W ttC I)(' I 't.'tiig \'ithii ( '('k., 1p()t dcli.vcr'. 

.Ii('( 111C. IW+ lim '~ rt.Stilting,ill 

.35pcr I00.0001) \\)nIcr () thc,, I- dc;tthis il HIIV- \,mnicui. 12 ( -()".) occ-urrd during ti. 
111it[l'11A 1')(.liod. SC tLtlIt
'lh -. ;1l'L'0~)tl1,iS.,L'll1 W ith thO)', . ()I i) "~t' :111d lls()I'l u,,tdics,.c.mllllic';ii 


r'bl-na tt III t.Iirirntiun . in 1Ihii't:,r cttl,, ()Iif ill fMlIV- \ \()uiiii .hih it,.. Ih)\\_'\T., MilllV'1 1 ,l ) ' r, 1)h1;1\ iii(|i-[' 1,111~ d [h1.Cn l tl llit\y I(+I)[ l' ill th1.'I lll clt r i( d (., (,t1 h.. 'Wt ril l l- c+ 
t')CCll11 C.,IIS' (AL'Ath 16f()I(A 0,I(~
31•'1.1S hI ;1Siglilitclit ()I* ()fhildhL'liin;lg,' 

"l';hlc .z,. ()(Idls rnli( , .t1td ),"'. onid.lc. illk-rlVAls fo)r W\onicn1'in IrlaitV ;1nln()ilg \ilh 
Singlhtoii hirths ;1nd 1 II ii.t'(.lin c()ml);ircd \\ilh iIV- \r(Illi'lI With sinlhlgic Il 

hil., \II. 198--I ( 

h

MATERNAL PERIOD
 

SEROPOSITIVE 2 295 2.10 673 

10.0. 17.821 

SERONEGATIVE 12 3709 REFLRENCL 322 

NONMATERNAL PERIOD' 

SEROPOSITIVE 7 295 17.60 2318 

14.99. 64, 13i 

SERONEGATIVI 5 3709 REFERENCE 135 

, 
Vrvgilmlml x mild Ltl I-, N%, k.t' I,t1I +I % 


\htr.limit(, \ ' t'nI,h , I \uII I 

Sunmmuary findings: 

Theii maternal nmnrlalitV ral' inlI(' .sltu/,/nlatIlin wpopul t'io ils-asl3l p)l l I/0'0',prencies;h ,', lehi.s 
isundoubledlv a lolw estinate due to the lack of jilormation on wom'n prior to theinfirs .INC 
visitl7i.s e.silllt i.sconsistnt with cr'lier studie that used retIrospectiv'elata anid estimated nater
na1l nlortalitl rate.s of helweeni 40) and 700' dathl.s per Il0f000 preglncis'. 

!111' iu.clion was an important risk .icnor /lrdeal in ivonen of reproducli'c ag', in hoth non
maternal anmd mnaterial ine'rvals. 

letaland in ait .surv'ivalit-as serious/lv ./f'tcled Il.vmateriialdeath: onlv 5 of"/I livehori babies sur
ired past i ear, 3 of iwhom were known to hiar' died in the'.secondvear of flif. 

http:I()1).10


VIII. MMRP RESULTS: PERINATAL AND POSTNATAL MORTALITY 

rhc M.. .,I C3\'lhl;ll ctItL'(.'[ tiLlii'i; IL p)lhylixis, n tihcl'l,\ S nl)t dCk,ignlCd to) th Of hunL 

l'u t 'itiill (I" 'hild t1 I 0)\v rl\iI ;tlid it\ \v ru.' l liuiit 1"uit I( ti ) 2rtdtit\', .ir. it" ll 1 V ;irS 

;iltu+r dCli\'ur\'. 'Iu,, .lth()uglh \WC C;Ii pro+'idi a c inpuh iisiI i r'iu\ 'ith thu data ;tv il

,hcI", Il(Crtalit\ ;a1111)iig tiii alCprit)ximath' i,)00() Singltut)n dulivC riMILS c' n hi ' ill th's." 

1711iT.1k: I.tal, ririniatal. l nt1nit . 1)( itnEt1 1ti tal. illait ;Ild S.' )VIlI\('at ()I liii'. lIatiS (I) CII .rtal

itv (rlahlc 3 i ) dInt tai+tI>CI a|C, -iitmcd \ith111 rtilitv \\'ur (\dIl dilill Caci CIth. irlt'Irv . alld 
aurc11CNtL-.'d ill thL' l()11()\\ irig ,-clthln ,, 

rahhi , .\hrtmtlit\ r*;tt Lhv il't l (w inlltnt ai*gLgrou-hing .Cnolir)Ig ditli 'iiiu.,\IMIltl' 

I 8--I ) ). 

ABOR-TIONS 

4FETAL LOSS 

28 WEEKS 

GESTATIONo 

RI 

t1, 

luilill 

.171 

[ U0CIU; At w , 

H i u tIHI 

Do 1 .1 pit 

IN 19781 

. Cii 

3P,) 

CuIjIC.IC 

(+-+A'L{l 

i l I 

I 

A:TIIlr'A V'. 

L I.l.2[ 1111 Ii 

.ri.I'i 4 

0{l-COOC 

JII[ 

STILLBIRTHS 

IFETAL LOSS 

'28 WEEKS 

GESTATION1 

RC COPT I 

1'.C48) 

L)SC' 1 AIII Ait IINGL. CON PCq GNANCILS "28 WKS 

WIIlI KNOWN D[ L IVL RY OUICOM: 

IN 3962-47 391 5) 

37.8 1I, 1000 

ILfGNANCI S 

28 WKS 

EARLY NEONATAL 

IBIRTH TO DAY 71 

LIVL BIRTCH VWITH1 

fit-ATH DAY 7 

ALL_ SINGLE[ON LIVE 

OUTCOME AT DAY 7 

IRTHS WITH KNOWN 31. I C'LII 1000 
LIVE IJICICS 

IN 1 161 LOST TO roI LOW-UF 

IN 3915-148-49 

49 

37181 

PERINATAL 

, "28 WKS 

GESTATION TO 

SCI1LLt-RTCI C LARLY 

N ONACA_ DE ATH 

iN 2641 

At L SINC [CTON [CCIIIS WITCC KNOWN 

OUCOMi AT JA) 7 

IN 3915-49 3806 

68.3 lItFR 

IlRlI-CS 

1000 

DAY 71 

NEONATAL 

CBIRTH TO 

DAY 2aj 

LIV IRICIf W II 

DLAT "I DAY 28 

IN I61) 

Atl 'I"C,t I TONt I VC CIICHICS WIlC KNOWN 

0)TCOUMEC A C DAY 28 

LUSC CO I 01 1Ow lI [JAY 28 51 

IN 3915-148 51 37161 

48.7 

LIVE 

1|.R I000 

BIRTC-S 

POSTNEONATAL 

IDAY 28-

DAY 365i 

LivI ijliTlil wi. ti. 

D LA t - 28 AND 

365 i N 392 1 

Y ALi. SINGC I I()N tI lV I[IiCCiS W Illi KNOWN 

CDA 0CCOMI AT DAY 365 

LOSTC C 01 I W-i. ' "- .AV 365 246 

ItN 3915 148 246 35211 

I1 1.3 FlR 1000 

LIVE BI IPllS 

INFANT 

-BIRTH TO DAY 

NCIO rAFAL DC AIHS 

CONIN I ONACAL 

I At I SING[ I 1Ot4-

OI COAF ATC AY 

IVI 

365 
iliIIHS VillI KNOWN 162 7 mI-R 1000 

IVI- BIICiCS 

3651 [JEAfIl:S 

i1 5731 

COS1 [I 0 O I )I I(Jw' - [AY 365 

IN 3915-148-246 
3 

521) 

246 

2ND 

(DAY 

YEAR 

365-7301 

LIVE UIPTII 

O L)eA tI 

. 730 (JAY 

1IN 142t 

WIHCC AGE 

365 ANI 

Alt SINGLI TON I lWE PIICIS WITH KNOWN 

O1TCOME: ATCJAY 730 

LOSC CO f OCAt(W-iil' - DAY 730 193,") 

IN 3915-148-1930 18471 

76.9 'IIH 1000 
I.IVE BCICT-IS 

"DvI l,,ll I u 1ng'. %%Ih Il"iv Itr 1, !1I li'hlm mg1h'lt iI1 ,%%vrrIii ItiItl i1! dIht" .111,11,, )l'lliI mot hd ,ll 



A. ABORTIONS 

lutal duath,. luh. 28 wucks )I gustith li %\ulrurulptrd hy . - n;" hw)uVuir thu r.
taintv al)ilt the wuk ()f gsttioI lSt l' (IlU.StiIld. ,\lost W\\tniu'1 ill thu stlidV .i1'.'l v'rI 
LIIlI + 10 thu." d1C I cmnt.ptio > or ()f the.ir list ILiunStrIal pu.riod; uOnsuqt(lUllntl.. tlhc guS';tll It' 

i" tho ,u lu't duathb ltr th(.l ptii0OI olf)(),,',.taitioill ig(' Cotinlatull'd ll is,oil ;Ip iO ilt .. ' this -study. 
rtIS" u'vns priol' rr'uslt, Illidtri'iIStur allI' • u.airh third trinlus',tu+'d ;hltiolls (W )s"sibly 

stillbir'th.s,: l(\'u.lr, buL'uiaS' Of tihu Il1C't;ittv tlh'\ \ ,uru coilSidLur'd ,tla rti)il, ttll .'xClILdu'd 
l-0tll thu SUil SuC.lU t A11ilN isi )f JI'ritiL;tl illorta1it\. Th.' I- ;lh()ritirllf, rpL'o)rt'd o)ctiu-d ill 1)-8 

\vt1nll \vhtI un11ROllul priItio to tOIL' start thu. third trlu ,t.r )r an .'stillhitCd s. +IilltOf t'iluMS
tur C.'rtilu.'l t0l ()t.23.8 iur I(00 pr,'.gulciCSluit.lss, il 

'u11 frL' 01 tril l'sturI l'talt O \vos,s ,iila" ;tllll(Ii 

;t ) and thu+92 1 ' wI-ru 

uiiLull_ ,ucoi h)1 thu+' 80 - \\t)I1ulll \\1h W\.uI. 

;Irit.iliu.nr'0llint (2. 1",. tal hss rat I wW110un ap)II'tsitu'miC at 
unrotllminii ( 2.0"i- I-'ta1l loss ratu.' ). i's. thui. is I C\idui.'C Of an al.ss)cialtionl hbu't\wuun' mid
trii'stu.r uila.iliif-uti i nd abor101'tion ill thi, ',ptIi;tiont 

)tlCIr natluriitl u+iau'+ICturistiCs _ u.'x;uiId asi p)Ot - abh'tioui 

po07)pul:tioni: gi,itv. st du(ifl.tillt L'u lluction. 

Wri' ntial risk LtUs IoWi ii this 
auSoCiou''I1)lliC tUiS. luvul. hlist ir\ of I 

syplhilis infuction). .iiilia. sit It dlivur. and histor Of prC\io>uS ;id+\L'S. ru'l+)I'lliu.tiv+ Out
Ciotl.u S ( u.ithu'rl.'t;il or if.iit du.ICtth ). "IlcsC factors weur. sinificaitly assoCiitud W\ith 
;110rtlo l: tiiaL'nlii, ;[cti\'. SV'l)hilisi, history ofI l r'it)u.ioi S .' ru,, ( tIictiV, iC nli.u. atnd d li \-ViLs +.Ml 

c'ry+ 0t .u ).h11iC ( ' 

"l;Il, 3.35.itrntl ulial'tu'ristics asso.'iattud vith scCo)nd trimster abortion, .\l.INIR', 

I98 It))). 

HEMATOLOGIC SlATUS 

ANEMIA IHCT" 30%) 642 14 12.20io 0014 

NO ANEMIA 2705 27 1.U~0I 

SYPHILIS INFECTION 

ACTIVE IMHA-TP + VDRL -1:8) 110 5 4.50.1 
REACTIVE BUT INACTIVE 514 7 I1.4 

0 oi 0.002 

NONREACTIVE 3066 30 11.000) 
PREVIOUS ADVERSE FETAL OR INFANT OUTCOME 

YES 1452 28 1.90.) 0.0049 

No 2367 21 IO.90o 

SITE OF DELIVERN 

HOME 1585 39 12.5%. <10 

HOSPITAL. 2255 10 (0.40o) 

~IIIII[ li ll, IIIh-. .rc rupli hIll 'l ~~\\i l LW .111 iIIIIIll h. II1111k Il lll19cr Ii I Il iclll i Il i s t lllmII,l Hit irls %%rv IlIIl 

111.1u it.1 lIcrilkulL ' g 1t.III1.,191.1 .1 "ll11111 .1 d .mh h usli. Il lg 111c:thir.l9I il lil plrlg I.Illmm

M.1, 

http:l(\'u.lr


Suni ary findings: 

Most women i i/i .he'ud were enroll'd ill lhe middl' Irini'.str; con.i'-qienthl', io/rmaliol on abor

lion il thi.s trim't'r is limited. T/i crude extinatc o. 23.S s cond lrhin'.iler.11cll death per I000 

pregnancies is a hih raie. 

IFoil characl'risfic ivr' f1outi 1o b' ass\ociated with s'conid rimeler.t's lal'dalh:aci ia, .jyihili. 

infiection, pre'vious adverse f'/ilal or i/tibl outcome, and ith' /"dlire:l'. lom dliv'rics.may* lt 

actital' be a riA icitor.ltrtbortion uti itiark delirrie' that occur (fi olt'homh'al't' oflack 

" rtlisport to Iith' hospital. .aletrital malariattilt ,irollhciitwas. liot asociated with secfillit' /or 

(ltd lrili'lt'r./i'al loss. 

B. PERINATAL MORTALITY (STILLBIRTHS AND EARLY NEONATAL DEATHS) 

of1Til" Itrinatal pri(iod is ftit'1Cl is tilt' tiv' I)tlod Irii lict 281t11tk 0 pv-' na'v 10 li S'V

t'1101 taNft'r hirtll..\ tiL' pvtriid i)\trappin.t hirth ( rIthi'r 1llIn A lillv' puTriod di~idtd into) 

hv'f'()rv' ;inl ;attT hirth ) is l for two) ;lsi'l 101 Ml0: 

of i(Whitit\ atl k iilllils during lit 

Iilt'1iln;aal pui)iti it II'V t(nt. It"\ nic Cln lAS'l\ rtI't'tl. 

2) 	 T11 iitlitilit'tiLII iI ; stillhrn infat (r J liri'hWi illfllt W1io di'S \\ihin iIlltltvS, 

hllIrs. (r '\'in t13 S ()tirth is frtl(ItI'it' t'Illtilv dt'lhicd. ;IIId strict tlt'Lhiitiiins arc 

tifhitilt t list. 

I ) 	ThC s' 0;til irtafitl\fthir stillhmrii inltits anid fill ;arl\' 

ThC hirtlh OlitI dllt'-il'r istlis I -t'1r O1 hini tilt" IIItlii'; ;ant1 0L'i.til 0inditionl ()f ithyrtlt'tt 

oIthir ,anth tily tart hil":t [lit' Uttis (iWrilnlt ttini.t' it't'iVIthy Ii'illlIi(Tv' of p)rtgn;lllC 

labor ant tIixtr'. and tht" iiluliutdiatv I)() Lt'it'rv pl'ri-ot ( iS ). T birth \IWfight of tht" inlf'ant 

str)ilgly iilitiict's tIt risk ,mortalit\ dtlrinu., thiS putriol. Ill thy' I litd'tl LtS il 190). it" 

Itri)CIil l iiiriut lit\ rat" \\;[n 11ll1ii)st 2_ )-tlkd Iiglhi' f)r \'t\ IB.\\ ( I 51t11 grai I illn.-lis thin ifor 

inf.ants )f tIlmri;ial hirth sv4ll t ()I . 'n11iUihtr ()I p'rin; tllltiaths is tlttrllin Ii \ Iht' hirth

\\VigIi tiSti-illill ntl l'lalit rat" \\ ilhii Iht"hirth-w\ighlt cttgiiri's.Miid I 

I)istribution of perintal: (eaths 

()f tlit' .i9)2 wnuvii \\ ith knoi11 singlvtiin Iull'tgl.Iitlv 0t t'll. 3(02 (i0.9"),,, ) h;It A li\t'h0rn 

ilfiit \\hii silr\ixt'd past tit' jltriiitil'l pt'ri(i; 20 ( .- ",,) had ain iniant \'hii did ii t stni'v" 

tht plTrinataf pt'ri)id. ( )I thl'us'. rt'Cortlt ,is I 10 ( I I"..I IS ( 55'', ) Wut'' ;Cd illhirh Sand ) Is t'arl\' 

ItalItLl duatltI. II ytlnillt ( 1.2",, ) \\t'it' hNit I( flliW-ill ftt'r dtlitr\' and htliurvtl d;I\ -. and 

.I- ( 1.2"., had ahortiolis. t(ir ; ptriuata, i lortailit ratv (1 201 i80 or1'08.3 pur I10t hirths. 

Bird weight 

hirthi aurvixa 

3862 singlvt'in hirths (ahltC AO ). 11W ptii;itah iiiortalitv rttVwas highl'st ill ilif.ats with hirth 

W'iglhts 1:(t0 pr I ;IS hirtli \\fight iliLtr'u'sv'd 

hnl*)rnilatitii on Wtig,ht anid knl wn l \ - as aVIih;alt' lbr 2232 ( i8", ) ii1 thit 

gtIIIIS ( i- )T100 hirths ) .i1d dtrutit't ( 2i8 pt'r 

I()()(0 hirlhts hir inlants in th' 1501 I9)9)t-graiil hirti-\\tigi t'Attgo'v. 6.3 pt' It1f0 hfirlis fort 

inlnmtS ill tit 10)0-2 I9t ))-,raiihirthi-\\'t'iht CAttgiirv. and 38 pur I(0ti hirlhs fIor itilfnts with 

hirth wv'iigits 25) lrls ). 



TIh|l'L' ;" 1 1111lll \\C'lglll -'p ' I I )C'II I.II, IIII~il~tlll\ I:atc'. ",IIngl'u o I bt hsll". MlNllRl. 1'9'8 - '1'90. 

1500 GM 15 26 
 577
 

1500-1999GM 17 66 
 258
 

2000-2499 GM 20 317 
 63
 

. 2500 GM 69 !822 
 38
 

TOTAL (KNOWN BIRTH WEIGHT) 121 2231 54 

UNKNOWN WEIGHT 146 1634 89 

Maternal clhir.cteristics associaitc(I with i)crinataI morllily 

\\{()111L'l11 \1()il) O Ih ill Tal'(:h1 tratcLrinliCn II1 IlhL' - NN)1 L'l'ill;il;ll m)Lil'c)Iuc is knownVI arcL shm)VI1 e~k 

kThI. i-. (h(~ l'i i'nqf*\\(H1UC'1 \ilh nillgkI'tll hirths and know\\n pc'lilnaltal ()l'mI(MI's
 

snri~aA )I- dc';Hh). II R 1. 198-- 1 )90.
 

WIT 0RPION w [,H 

MATERNAL AGE 18 YEARS 21 2% 14 80%, 0 007 

FIRST PREGNANCY 44 70) 32. 1 o 000003 

HOME DELIVERY 50.30, 41.000 0003 

REACTIVE VDRL RPR 28.40o 11,80o 10 

REACTIVE HIV SEROLOGIC RESULTS 9. 100 7.3% 0.25 

NOT LITERATE 74,200 69.0 0 0.07 

Low SOCIOECONOMIC STATUS 75.40o 67. loo 0 006 
SHORT STATURE 1 150 CMI 22.70 13.8o 0.0007 

SMOKING 2,70o 3 10o 068 

ALCOHOL USE 1.10 0.800 057 

ANEMIA AT ENROLLMENT
 
0 6 0
HCT 29 GM 19 20, 1 .9 o 0 38 

PARASI IEMIA AT ENROLLMENT 47 7% 34 801 0 22 

IIn hc IIli i n l I I: ;IgL" 18I ' ., 11INCI ;IthJ'l" . I'JL". \ VID RI.. 
slh()rl -,lalllll ( I1-i3( '11II). anld L'III'IIIIIII.'IlI h1 'm4,1t )(ril 2 )",. \\ L'r-' a s ) i l' \ ilh 'i~ ll ; 

;1!11()11. \ )1111 \\ ith -iil ( [( h~ ilhsill" II1w Iluit ;ll'riaH 'l ltls 11ullipmiril\ , h ()II, dcli\c'r\. r'.; 
" li\L" \ I)RI.. illd ql,')1 "flull'c %%(*I*(. Is ) imllcd X\ith rill'n ll (I(.,Ilh \lh 'l1 iI, I L m cf' -. i ar 

itv mv'r 0 . I1.;l~ II1\ st'(,-nd ik I-'stlls. illil(-'lk \ , h(m "s i i cWL mi{llic"M lls parasii'lli'l ;ti 

ctirollhinm. :and s\,itc \\c'rc nml 1"*,()( i~lh'dL \\ ilh t r;illm;l dualh ill cilllcr Ilhc IIIi\,Iri;Ilc m. 



Risk factors for stillbirth 

' .\llm|lig III.' I is sil l h m stillhirtlr,, t- (3 2'",. ) \civ rl'' t d' Is -c'll ,hlid -2"i( 19Y ).Is.r, 

III 'it t ol. m fo f r l or,,oi)i lnt, dtl1\ pclliyiitiw, tat Raisk hi I%\\ I\ p~s id stilld \\.14 
hl-1rlh \\L''r( Id,'1111i ld ill Illl)X . L tt' .lnd [m illli\ . 1ct. .ltlll\Nc.,+.  

\ lltl \tl n ll~ l M\ltwl' 
' 

s,111"\ kx tl dh'dl )t'1 n ,1l 1)ti<)tI Jr ," t'l(tCn, t , i+ t..tI\ C' \ D)I I llkl nL q 11111 I ll tlt11, ) lt' I 1' 

I+1"it ' '.. \Ill'rli ' id nt L d .1, riskL it ,, 111 .it ti 'r.l t'd mt Ill t.Iti 1 \ I)RI \\.I IL'I lari . rI11111 lt v tI 


r29.2 I)r h rl',,Itl I rth ( Il. i834LI I .11 t",t 'tdlhlrt1I, \\ crt t 1Ili()4)1. \\ h
 
' n- L llt 1111 ',t1.11 cthtL' I l+. \\.," lM l mtT},rt ' rrI k, 1 l 4 , itlt-11clll l it 1 )11 l 11 \.I .111dl .r1 ",% 

HOMt'r ' L 1( \ % II \ I 0 tl6l , t.tlt1rt'Ir I'L'.t0 

Risk fiac'tors for c+:arly n.on;atal dcath 

Ill t1iL" tmi xti\ lt' Jtt1,|1 'i". Il l ti nI-1. ,tLjk' IS \ t',rs, first i 1rv.L 1.11t %,.rtL',IL.ttx \ I I .1,1nd , t~r '.,t11 

ItlrL" \\ 'r(' :r-,.,)cih ' I, i\ll, t li~ I('i'L h ,Il) (g\\ \\ 111h",InlI hII II i t, ll tIllm |-I't ,t'; M R-1n 

rI';'lLli\L" \ I)RIJ. jlid 's,1w r1" .,s t lr ''ilII si, itllli,. l k ,a',s,)k JIml.' \\, 111l k mmmh .iIit'lndc|l ill 

tHiC 111tilI NJxiI'i'tIL' . 11( '+I-S ). S,,MrC L l \\ Cl-1' 1144l (*"\,lllltll('L~l ( C !,' 11.4, L-11t.11 lh llr ;1*1l\ l'sH" 

11il-l Ch.iM ht.)C st'.,_ inhIu'll,tl1itm \.S tI\.liiIt ' ()I\ 1Ait' .- ~ d nlll tili r( ()I sil111ll [ts 

• I
,

l1 tlNI 8 ( 4 1d ', lI ttt(I .lld t A11l 0 c c). lllt \.tll
, 

1()r ,,l llll itl I lkl( ii 1', h 1 p litll tllii+, , ), 1l I 

l \l\ II I' ,"-5it )' ( 

REACTIVETA 12%RK FRESL25 6.843.83 2.83NK801 4 

26.2A 55 I I 26.45 H, IS HD 

ENOLMENT 6%, 3.31 ... .7.52 2.133034140 21700 7. 4-.72 
HN= 19 1 (N 50) (N" 

ISW4.1 . . 1) -. 114E r-,",:'I %,i') 4 Il.,ii I CO. (916 495%, Cll,RE., 1 h' I)ODD RA 4DS16 O OD.034. R.1.00TI7 

SHRT44 23AUR, 1 74 7 1 1
 

1 1 29.2 34P 1t 10. 2 H I
 

SENROLLMENT 1 8 31 I 1 .... 

SHCT d 
1I 0,9 971 

, 
II~t \ tll l 4 L I l\+. l I \.: l tllxJ1%1 lllllh ll +Il S ll~ -"J J 

I" -hI -h v Im 'I hi ll ' - 10 1 . 1 1 M h 1.1 11.1 1 t I 1.1 il 1 i c r 

http:6.843.83
http:L-11t.11


Th/' pe'rililal a rtalilY rali' illth"i 'ldr,Ipaiaalioi t 1c'lh Iirtlhs.a,% 68..3 per /11)11) irlh irct,,/i 
wt'a chemaml importanl pr'dicim+o/prinalal mmi/+itilv. Ictv II1 I es/i'% 1(110 granmt had a
15-1I(I iinca.scd riv- oflprilia'al ttialr cmlt/td ilh wlrma! hi .tiihl bhii' 2.5(I1) 
.trl'a.%). Ii ihc Ilt11 ariale iutIdII, ./trlprcq.,itt'v. 1mlit' th'lile'rv, Inaacritl %yphili%. 1ai! vh/orl

malrntal 1lalut"' I.,re euvcialcd tiith pIcrinalal w'laliy il l/iA Implh'w. .il
Maaria intlcliccw ill
 
i/ thinhr I a% tal avvcialcd with klillbirlth.
 

C. SYPHILIS INFECTION AND ITS EFFECTS ON PERINATAL MORTALITY 

,
I'hl.' )l ,iIt.pmrlud pa Ni'+',lt-c.. n i \\ m w llc .'nidilig .\N(Is,ill.\lric_'; II 0",, 10r'llt.c, filr 


."lilllli Ih) Will) . l
II l M 11tt [i.",1 1._h1,11t',is J\ l l11 I(Wl H (0)1) 


0"_l. \\fill It I44 _( 4,,. ''t--III\\()lWlII tlIltl'Lt.IL'd SNilchil,, (It)CLt4 it.i ig.trh I)trhill(00()..\llh(l~ llh.S l'CCIt+llll 
 , kd SCun. 1 11d J11 1 'L*Cx.

)i 1. .'r 'u) I-cItII lit iic' tili'd14 . I11(llu . 6',l() ,)II chili"I'iC1 .lill111 ign()Ir..l wilir.I 1tlth1 li
11.l1 and ipc.rill.111t II iIt~ h. i111 dC'\C.'h)Iinlg CM Itlllll 1l \lIII\\i. dh.',,lct+ ]ntl|ionll 


d1)IivC 1'thtill ' ,llt. 'r .hi4 l 1 1i 14.r , I\ r"i4.I 1ii 'th ),l llil r*\ I I I ). \ 2Al .i6,tr'i ci[,11",,\%J|W'l Iilt+' 
 R1") l
(+'M)lid~lh ( SItlIAlllO W.+ llll ,t "l '(Jt1lill lt't . 

IlII "'.t\ tIl" si',\\ L'r.CItiM\ (''1,ilg;Itt.pI-r +,III s\ p'hilis al,,[1hc11 t 
p llm tlltltlail \ (lit. Als",(Wtillotll hN+'lx\ - L' . .1111dl')l'L'gll;Ill 

l' ',()I 1,11d thll" \,dt.cm.I i , 
l; i 'lt'li\(."' M lflhili, ' M11) C .S. .111d
 

hIidt.'m ik\ isk LII M_ I(W S\xI)hili,
 

()llh.'.'' .'1'(fld.d ,ItL',tcd. I .io1( .i ~lI H\l\xx M lR.'n 
 .(",, I hald Su'rdogic I'+,.stills~ w\ithc' lnsisnt['llt 
;1-'li\ rc'acli\ c_\\ ilhititc+r rc_'cili%.c\1MI\-l) and 2908H (827", \\'cry..L".x%phli, (\ NO~t. RlPR I:8 Mind 

floil'l.'cac'ix DI l fl)land .\lllA-Tll (Tadh.• 39))L.'Ih \ 

'alk:.d IN% sc.'3.- ,.plhili, 
 r-.' W\'<m Lt1 ith I)h.tHdogqic rc.ilt,, :mlion, IIIV- i' iallt 'w ill ni birth.,,. 

(N -., ) I I..\I\1I1 . l98--9 0. 

SEOOGC.~ ~ L . INEPETTO NUBIE.PRET 

VORLRPR AND MHA-TP NONREACTIVE Nu)ti Lt)4L1'4 01 ' L168 s82 71 

VDRLRPR REACTIVE AND MHA-TP F:I.4 4 R' I171 ,II .4 H'I ,5 24 
NONRiA(; IVE LARL 4 Ni I C I1)Nt 

VDRLRPR NONREACTIVE AND MHA-TP OLD tL5ULV[-D INI LCTIONS 137 o3 84 
REACTIVE 

VORL R R REACTIVE 4 1:81 AND MHA-TP OLD OR LAKLY INFECTIONS 169 t4.7) 

REACTIVE 

VDRLIRPR REACTIVE I ':81 AND MHA-TP ACtivE .isYi-iLIS 130 

REACTIVE 

13.6 
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In an antclnitll ,S.vphilis scrcening prt)graim ippropriat I)r ai Stling with lilift'd I'L'S)Ul'CS, ;I 

qullilit VI)\RI. I- IIPIZ w\'ithouit :1conirilil(r te uIc11 ,is %1lIrl \uidll he isd 0 id'n-

Ii l-'\V, )II' li r cI iili'.1llll t lll. I)I1Ii Wt lit i t i "ilII(iI o sii I Iis S I , 13t".,-1 i,, (4i 1 Iht 
\\'I lMlt'l \\'ldlt ll.lIv ' :1 (tIlitl kC~lit rt'ACit' \1)1R. R I - -Sit'llt. ;iit -ill '.tIhe()lt''te 0 10 'WLIt 

" sphilis. Tllc 'l filling -0"--i",, (d1 t Wil h tIlLllil rt 
inos likel hal \ ti\t'ii' Vlli) rt 
i\t' r--t' ltSl \\Mlll hIlt et'iher ;I IllSt 1)()it'i ' t'll ) 'i' M r Illt'L i 't'Slilf t'td S\)IhiliS illt'L'illl.. 

I~ L 11 i l l t liI t " d i S ,l l i h l i io l l " l ", e s't( I f 

)iC i't'Stllls, SO) Illt'1)lt'lliAi i1i1lhtr Il tllilt''Itd \\'Ollt'l illeltltdtl 
Setr i a l V' I) I I . l i te r s \ vt r tc i 1l ) l A\ ai k~l t ' 	 44l th e s e rt lte g o i ' 

"ll0llMltiM'" i't'lt'l1t t'l0 

inlltW idt'nlifit't I't',i(tli\l' "l'Milp i-, ulnknown.l 

( :lniIl lltd \\iI \of i li \\iih(iil s 'philis. w\ ulot'il with :itlit' sV l)ili. ( rtWittlit \ It)U1 i\ ittr 

iilln"a t, iillil \ho t\itd lirillg1:8 Mid r;It'li\ ' \111.k-'I T ) trt iort Iit' ()Iyha stilil n 
nt l[li t ' [W Ml ,II;i~l 1 (T 'li ~lt . M i dlt ill f 'III [" W 1h10d ie dt t h illn i llc p i t')l l llt l p e r io dt ( T1*i h l t1( il0 ). \ \ l 

to hlt' 1 Stillbirlh. This tlt\Aitti risk asswti\ih1 I(tti\(' m plliliN \\atlt' I I iiltS iIint' likti'\ 	
I I il i t \ tl \ i ll i i t0MlM ll l l i t '(i )l ilt I ) S I'li tA llt t N\\ hi t AC~Oh l til- d ) l l 1 1 1 C l ,h i lt ;l l ~ist 

Ilit' 9)la;l11 fl'ri i)t. 

at Ict r It't'IS, Wetre. AlSO I'id\\iih poor Lilt 

Wht'l Wvitil \\i-ih rt'l t'i" \)RI. 4I(II j iu.liialiNt StrCI-hit(' It'll ) Wete tuin0 arlttiL \ilh VMiUllitIl 

w'th niIllrt:actli \)RI. RIl (Tlilt" il ). Thc issui'illioil did n0l t ( lIlt (ltiltpcilit'iilluI 

Sigifiiit",lilasl t'iliI1 WiithiaintV 	 hiClt' allil()tlgl 

itrititt. 

( )tlt rai o 	 :illtr\:lls f atlivt Syphilis antl rc;itlivt" \I)II. RIT'.hl t' .i)1. i s .1ndt 5",, t'iitltnt't 	 :l 
-is risk ttlors lor :itlitrst miltoinlts ;ll)ilg II1I'L- l't'rgiiall W\'o)llt'l wiih siligitloil 

hirllls. ninltav;iri;ilt" iiaI-l'Si..\I.IRP, 198-- 1990. 
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rable 41. Odds ratios and 95% confidence intrvals for actiic spliis among I11V- won]cl 

with singleton births, Liivariate aid Inultivariate .1nalysis, MMRP, 1987-1990. 
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sulnmlan fin:(dings and disctusstion: 

•vlhilis during,/c1',k'"an,'Y hodI a ik,.l/lhaltl/i,' . . lllu al,land posillcl,'oatll amortality'. 
.\'ear/ I o/4 stil/birtlh.. I of 9 netolnatll d'alihs, and I o/'25 Iposin ,on(ttal dvalh i','ti, altriblltitto Inalptrual syphilis i/ei,(,ion. ]his iroal, assoi-jat ol bel tei' react 'e siphiliv .rologic rslllt and poor birtih oateomi, itlticahf t the r'a'tirc rologi t'e'stllluW('liiloesf like/v du' to rea'r'ta/
vphili. and 'tot normalI(rept) illlai itt/tlio . '... )aaw. 

, vphili.%dutring; Ip'e',naticy ills be'l rv(o~tllizvtd as:(I putblic hi'alilh problem Ii A fica.jor,III(tat*t1 

btil the tave becit if'w s.litaittable ii leri'entiiiptograms.. (liniciats hitt( 


..' vetr,
 

attepted to idt'ltt/V
Iollitt t ' r./A A li. ib itngititg Areltingtt; to Ho/ni/I illuritbn areas or to wotmen withit
historI q/ illbirth a.,these eritiria et't ,(itAttllel to he risk fiutlors. 
Irom these da(lt, the'prel'valetce
of active syphili (3.6' ) inl the .lIanigoclti comttunit.l helmolttraste that syphiis ilf'ion htasex.tende'd into rutral areas mid elttlhttsizes that s:'lphili~s sc(relnin. iprograsttt shoulhd not be'lintited to 
urbtn tt'ias. fthotth a ist orv q/ the itetdiate P)rriotjs bithlt itha .silIhirthiti an ltorfiltt ri.vkfuclor itthi.s puaitttiot, itwould ih.iti.i, tttontof/te pttritt,'rttida. ttnd ott/,' 14 (151 ) ol the
in tltt;,rtia a wit/h aetive s.phii.s. Ot/er ri kjclAf 

96
 
or.s i'h,'tti/'dcfor (tlii' .yphili. (illit'rlaev., cliti'
,ite, hotni' d'liverv, tnmd hi.%totv o /th' imtttteli'djl' /i'riotix bit Is a itchil 
 ath) irc' r,il tti't/i/

it Itrl4'itt14Otti tit hih risk. . ttniversal ,\creli't 11o4nr01mtwomtet 

ttsin1g a qatltaitive r'actir',

,Ter('Tti1
test appears to /(' /th' mtost appr'opriati'option, e'r'tt wti ti' /potettialof or'diatgnovig
tiaci',
,Alphilt itt tll to I0' of/'he wotn'tt. /i'catts',aratihabli tichtology I iiot atb/' to dll//ereliatf,
blit 'itn' itetir ' iti/i'ifittic and11( fither /al\se positiri' or o/l r'.solvd inlncftio atd 'ica'tt.s, of the'stroI (tt sutlari/uttiot :,hibvii''lj.Aphiliu a::/ 

1 
i'rititta/1 at l iltorftalitv, the be lIf ,ai'ed
 

b' I ttniver.al 'r'c'ningi)ro14ratin out wei 
 f/h.thl' ehet of tjnnti' e.sarl freattnje nt. 

Wehi'ttt'atiot and itltincilljt, proper ftr'tfliti'ttf u" otnin with r'activi ,crologic results it ft/t'1f
.I.(N risit isthe ki'.'c/i'tctil to at vc'v.f fttltti'ttitljf Al/phili.v itl'rvenfionprotaltm. I/'
o/ thte mtttro.scolpic rapid tcw. aaitbili'(RIPR ('ard IlrT'RUST)nttskv's thi.v possible. The rvsttlt. of"tit
 
scr'eninttgtf'.ts wouh bi' itttiit'l t availbi', antd wotmtel 
 with rtci't'' ielf. could lie tri'ati'datti'.first vi.vit.,latty of the logistic probl/'ts a.xsociatid Hith idi'tttilvitg woetnit with r'actieri'.lttls

wottld bi' i'limltitated'i, anl tritttttent wottld not bi' d'hiled utttti 
 tlf/v tti'.f rix it or tis'd altogehur. 

D. NEONATAL MORTALITY 

I)lrila (hl'i)llaIlt Jt'riodItil' IS I illliilS Lli'(l, 12)' .I1 niiortalilmo'ltl rawa ( NI R = del'atIs in thc 
nt()il tiap 'iod j'r IT100 ( liiL'ti ll ISF.-I(10(0 li\'"hirtis. 

Birth weight ;anid gestai onal age 

IlirlI \\'ight \\;I.';1lip LtnI p0't'diclor i')tilla Sl1Ht'()1.1dJ pt'ri()d ilacTr';t,(td t'aiv.l. "l' risk of nloarltAliav durinag thexilld'Ctrt'1ig birah wk-ight. (Coamiplart-d \ill) hahit's )orn ofl aio()m'l 
birth \\t('igbl,
Klhit' I)ill ill iIIh' MuCLt','ixt'h h Tolr ~irth-\\,ighl ira)taps of 21000-2 19) grmls,I )()- 1999 grallliJs,'Ind() Atl)W Iatutt 
 gllI risks ba'r nt'o)nit'ml artalit\ -v2..I 1. ai 2-. I 
tinle S hligI 'r,r'srIt'l i lC IFigt ' 29 ). 



Figure 29. 	 Neonatal mortality rates hs' Iirth-\'weight catcgories t()r intfits b)orn to 'omelln ill 

studyh, MM RIP, 198--1990. 
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Low birth weight was identili'd in I -. "' o1hhies born to Wolell.1n enol, le'd in the"stludV. In 
tlis pl (latimo. prtcrm-l .l\\ .111d l.IT\c ied rer' dil'l'trent risks l)Ir lt.altiI mortalit\. 

The NM , was 192 o)r p reterni-L.\\ h;,lbi's and I f)r It '( R-I.l\\ hllies. compartd with 23 for 

nornitl birth \\'eiglht bal.ieS. ThUs, the' risk ) non,atal mortality \as;I,,;aFr()xiniatcly 2.240)d 

higher flbr It( RI-l.l\\ babhi's an1d ,.,-fid higher Ilbr" pr,'c1te'rm-I.l\\ Ills than lfo normal hirth

\\''iglt bahil's ( l' i2 ). A1mong the"8- ,n'eoata1tl deatlIs. " .' oCtrrLe'.d in l.l\\ babi.s and 
ai, m()Ig it' ;IlaieS. -(0",- wer in p)r't(. rl I.It\\the' 1de.'atths in ILI 	 labies. 

+ablc 12. Neonatal flI( rtalit\ rates in Il-'nlattir', I '(1R, and normal hirth-weight babies. M RP, 
198--199). 

PREMATURE 	 182 35 192 8.3 

IUGR 	 215 11 51 2.2
 

NORIAL BIRTH WEIGHT 1780 	 41 23 1.0 

TOTAL 	 2177 87 40 1.7
 

lh \ sl~c ; 	 lcl pi.ridIihL . \ h ll\ 11 birth \ iighl. ltil l. l u idI..11 v. ll)i,through ln n.al., 

""lhi , llgtIrc i., highc+r hlilm t i 16 '" . 11\\ rali' iiliid (lNt'\liil \1 I] I 1,,r lImbic', liil Ito \%+{Hini'i ill llitt llth \\lIf) rct'ihud all ill lilt 
, 

r\'ltir'd.llIH 1;I 	 r ugtll .llitl h11 Ill. .'il\d ill [lilt' "ith fi+Ill +inrt. thaln h \ l.'~ 1 lin i~lltlJ 'h 

http:Wolell.1n


Malaria infection in pregnancy as a risk for neonatal mortality 

Nconit;l mortalitr rates wclc Iligher ilint-its borl to woenl withJlAI nl or"tlilbilical cord 
nialaria inrcion thin ill tl)oS, \\itlhlcut this elAnsurc. NMlRs w.rc' I I(00(1 for iniants horl to 
\'.VOIiLt W\'ith lJct illc(.tclioOl Alld .' I(10 0or tilinoS lIst l I\Onltnto \\ithotit inltkctcd 
j-.Lc iunttas: N\R \L\'rc 5t)i 10l) 1 r inlnlts wilh unlhibilictA cordI ,uanIIsitcnlia and M-) I ()()lr 
iilimlt : without ulnihilical cord ht(oI parasitenia.,Ilho\w'er, thesc' dift.'rerlc \'vere nt signili
cllt.I I 

SUlinan' findings: 

'lie nc'latl mortalit rate in babies born to wome,,, 'v in the %tldvwas -48.7per IO0 i('birtlhs. Iow
 
birth w''ivhl anl prematritv were the most importa, prediclor\ of meo natal morilitY. Premature-

LIB I /abie had an 8.3-/'Pld increasedrisk iT meonatal mowrtail comtipared wilh nmormal birth-i'eigqht 
babie.s. 

.MIalariain/ecio, /"the mother, her placeneta. or tile umbilical cord o/"/c' in/ant was 1101 i/i.notsi 

candv associaled with increased risk ofn'oaltal death; however, the study did mot 
 have suf cient 
po'er to assess these characltrislicsas risk filtors. 

E. NEONATAL TETANUS 

lIltNc iiitalt 3l1LIS. .It IVh\ a;InI-NWl-l'oarmirg mlI.acrhic cNid.. illusn o(/'st"iium ', isisll) i lp )r-
Catle 4)[ tlitv:lilt 01 Ii) ICOaitAl Nontcs :arcdttiiig tille I)itio. gcnerltvr infl.ctl ther \'lieTit 

the tlliI)iic.l Rd isn lit With a c()llt;liiililt'd ill'tl'tllliL'lltM")\ht' if drSSitig plcTd onlI Iht
 
unliIilictSl is coiMtaiiiialt'd With liW bacilIIl o>rSor'n ( ). Th1" ilnctlhatioii iperiod ranges fI'm1
. 

tto 211 uln. alld Iht' S\.p (in"s are c;ItlSd b\ a lcI'till(Xi(ll i~dtile'd I)\(lie ct'era i1W its 
sl'oWt inia loV\\ gcl ILt'1llnt'nMir(IlnILttl. T i',ic Idly. bI'gini ill lir'SlSto'iltlM I111itllIS tilt' M-4" 
\\''ck ()Ililtid last A to) - dI\n. Iixt\ 1()ninc tprceilt Of the' de'aths 4lls r Witlihl I0(1.\s (A1
 
lht, Th case-tlit rai is try high;and ma\ ex'e'edl 80".. in c-Ses \\ith
0mI'l (<)sitlnlmis. 

S11 1'1iitilll'i|lill ct i (lfs. 

Ti \\I ( ) clinic;l 'as' elfilitioll Io t111:11ital t'tallns ut.atl thu flh\\'itig crituriai:uLSu catl 
,OcCIil't1n bet\en third and thirtietliiLe (h d1a oIllit*(: nioriial b-eastle.uding mid crying at 

bith and I'M"2 days'\ lt low\ing birth, llowe'.d by iiltirc t( stick at Itic onse't OI (t' iliS'easC; and 
gC'ierlIizId spaMSn, Stilil's and tlisnutis ( h(ck: ) h'eb )r'c de'ath ( 0i ). 

I)eaths iin the first 30 days of life 

llicrc xerc lr)18 1 dea:lthS (lt birth I4)31da1s alter delivury aifiing tilt'-10 singlt<(Ii IirthS., li\'' 

3( himt to 

r'umilts in ;t3.'-da\ motalit\ rat0 41 1 )1 Tr I01)0 li\'e biIths. () thes' I deadilts. Of) ( 33',, 
()c.*tiit'Il withinl lilc' a timelprioV mt co(Iliptil'b neonatal 

Iow which suitus itdi is known ( i1 li\'births \\'Clr' lhfifw-L-lp hufo)re day 3i1)). This 

li'St 2 dayVs (dlilt'. d \\'ill tctlialnS (leTl
 
0 ),l;a\ing 12 1d'atho s ( -,,) within the' lime' lrame r ri.'natal ltutanus( Idtlh lrom da\ 3 to4
 
310 ). (1I thce inlfo'ntltoW:iI t -iplIlsIn lilt' olin"l12 1 dtIlhs ;1 (lile' neatr detllh is a\"lahlc 
Ir 112 (90"',). 

,1111 Al,m h~ I; t h A ll tIh .lli t ., 4 \ I1,id tlll , '. S .ll11I' iiitJ 1 I lhl mtll , l t l ~ ll%\ s l, \ rlhI l, , \tll-1'l ~.l, lh 

Il llilt - ),,Ii ll , t I'' ll l11 1-.11t1d~l - lll 1 '1,1+lm i I'l I t, I l 1 '. jlj 1 1 , 1 n 1 % 1 ) i 
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DEATHS BETWEEN BIRTH AND DAY 30 184 44
 
DEATHS IN FIRST 2 DAYS OF LIFE 60 
 8 
DEATHS FROM DAY 3-30 124 36 

INFORMATION ABOUT SYMPTOMS 1S12 36 

MET THE WHO CASE DEFINITION 15 7 

FOR NEONATAL TETANUS 

Neonatal tEtWEEs identifi i. 0inition dDd WiIO case 

I);.ta c'()Illtcrd 1(1' lhw \\'I I() ct'.t dc'lIiitn x\'wcl'c dcalh lroin day\ ., (t d~iv .30. anrd a'bilit\' to sucLk 
wli at! hirth, w~ith sLuls,,q.'u.lnt iii~ibilit\ tII stic.k (Ir c~r' at iisctt ()I dis+ct." (usu.d tio dcsctribct.
 
trisnius, ). ILiltcu.n ) I) IttlL' btr \w :xil ltltoll} dal~ta .
( I 3,', 1 I 2 dtlisth l ltlch. lt.'t thl.csck c;v;ibx'+l 

critc..liai. thc. c..stinlitc.d IlC{intal l.'aitls iliortajlity raltc. wast I. I I(1))) li~tc b+irths. Th1. dlrl+nton
 

iel)ret-d synl)tlnls .trod Ineonla;{tl tetan.llUS 

\hlthm'rs (IFr )It.r litiii 'l~iiii'',sdc'ilii hcd I I izlliilt ti.tish. a1 dc';ith.• dui.c to) itc.it~il tc.lti.. 
I )ct. thaIl~t wc~tulrc.d It't.'ll tIi\ • .2, andt. .2,0. tilc. tillic.pc.rlii)d b~r Ilata.I~l tau.l• imillbc.rt.cd 
.2,) ( X-2', ). ( )I tilt. I'-S Ilimt \\ihII Ioc.t [t. \\I11( ) c.asc dchnlitjim.n - ( i-", ) \\c.'ic. idc.'ntilic.'d as. 
ntlcIltlil tc.t;iIittll ca';thm h\ thl.'ir 1114 hi..r• I~t ir itil'i iilmcmlhcrs. 

\\ hl.cim I1()thi,, \\c.r-* iiti:ii\ atsku'i ;i 1l I)cl-ci'lcii.' (jticstitflt allti)t C'lUi.' 4)1 du'atih..2 (8",) ol1tilt. 
.2,6 inimljt \\'iI dic.d I'c.lwcc'tn day\ ., and .2,() \\c.'Ic. i'c.lprtc.d to) halx'c.' hI. lproblc.mis iroin birth 
boI n coki., h.I I+(liii tmh .ca;tlth. ()l" jaidccl.d tI' )l irthi ). his•to~ics that alrc+ 110)1co'iimpa}tihlc_ with 

ticI['liatall ttalmUtl•. ( )l th[.' ri-tlaitiI1. .,., ilirth•s. 1 5 ( i'l,, ) aiist) wvcrc rcpT))rtc~d III h.'tav hatd (10/jiug 
o)r in~ .tt.d tumbilicus:, I i( i2",, ) \\crc rc.'llrtc.d to) himv" hald tw\itch.'l spas;.,ms, or coj)I~iuls',io)u,: 
atnd (', IX ) X\c.rc+ mcplortc.'tothiavc' s•tuckc+d \\'c1 ;at hirthl .tiid. thc.ul u(t to) havc. hbccm'l athhc Ito cry 
ttr ,'.la.k aIt thc+tillic (II illIcss,. IIi th1.cr I)pl+)-c.ldcd alswci-t+' 1) thic :tu.i,. (It d.i.tlt)1 thc.irc 'hild, 
I I (-1_)",) )1+tiic+ill(iotrs, 1)r (11h11Cr linihv IIli.clllbcrs. 

5l)()illtlll.C)uIt iiwtl A l'dn u'mtal Itaim;.IllI)uroatioa (I ilinuss r'ugcdnitifiIll 0 to -I days with tdeir deration ot I... dys (v) .i.1 ) idf 
thc 2.C..,., \liltj . 
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Thilc -.t I)cli'crv at hoiuc a I risk tictor for infant dcath. NINi 1RI'. 198-- 199(. 

SINGLETON LIVE BIRTH 1539 2213 RLFZLRLNCIL 

DEATH 0-2 DAYS 21 38 0.79 O 45. I 401 

DEATH 3-30 DAYS 58 54 I 54 (1.04, 2.29) 
DEATH 45 DAYS 246 300 1.18 (0.98. 1.42) 

MET WHO NEONATAL 7 8 1.26 (0.41. 3.821 

TETANUS CASE DEFINITION 

SmiImarv Iindings 31k! discussion: 

The estimate o/'9' ' of neonalal deaths due to neonatal lteana,%(11110 caste de anilion) is much lower 
than the f'.timate 1/ 4I/( oblaiedfiroin a random ciastfr S1arrly Con'ductd IY a joialt Mialawi 
(;ofi'erment/Save f/it, (hildn' ll(O I). 'I. 1 team in .Ialawi in /983 (65) and ma*v reflect f/itf 
impact of t/f tetanus immunization program initiated a a resuft of itl' 19S.? .lirvet. Ili' hih 
tetaniis immunization coverage report'dand it, siL,nificaii association of lack of Ietanui% immunin 
zation wit/ leaths at age 3-30 days compared with (tiihs 45 dy(i'v sutpport this conclsion. Of the 
deaths ii'(ing f/hf I1110 cas(' d/'lnition f if'oliataltf'taltlas, 71'' ofhi' in.fants were' horn to 
mothers reported to hare had two inniniZati.on. This flnding indicates t need to as.ess the ade
quac' 0/ it, col chain. efficaci of fit' accines andflitthe filing of the inimnizations. A iso, fit 
histories listd tt estimate coreirgeorf/itf woien of..IIMRI' are bas'doil those of wonen who 
d'liveied ill i-a'th-'areilities and thus at ol'erestimae1it' ircentageof all Ine.'nant wainlen 
piolected. 

Th alioist equal distribution (/'deaths that nit fitf 1110 case dihinitionfin neonatal tetatils 
among home and./iilitydiver'is is distilirhilnl. Most inftntvs are sent home 2448 hours after a 
health acility dfiver so inf'ection mat occtr amiong healthfacility'dliveries because of i/h 
apl/itiafinof contamifated iaei'rials after disf'charge. llowevet', unhygienic piractices at /he litne of 
delive'*rv iin alt site canie it' soitr'fe of neonatal fliantts inffCtion. Afq eqf t'liiqiipiet and 
supplies aid proper disitfe'tion adt si'rilizatioi at iiniamrtii whther itf deli'ert is at honie or 
iii a health faiilitt. 

It is difficul to assiqn a cause of' death ill f/it neonatalperiod. ,N'eonatesdo iot alt's 'xhiit 

classical ., . of" is'ases, and the complf'x f' rfespiratoiy listressv, Itypothermnia, hypoglcenmia, and 
sepsis shares sitnlilr 'ytimptoilis. Neonatalt'tanus and sepsis both rsallf froat poor hvgienic colldi

tions at birth. Mant a ithors (63,64,66,67) have recommnded ht/h improved hy'gienic conditions 

at time of'df ndi' 'he H'alth Orgaizationa1d t'fanits immniization (is control measur'es. Ilord 
is elirremllt recommefndin.g e.aitisioi of tetanits iiaitnuiizatioi pirog'ailis fro A,.\'('s to ]w/uogramils 
that will immunize all womni of chiltbearingage (63). 



F. POSTNEONATAL INFANT MORTALITY
 

A tot.!!of,392 infants died during thel postnconitad period for a lOstne(natal niortalitvrat.................
 
(PNMR = deaths in the postneonatal period per I100) live birthis) of 11 1.3 deaths per 1000 Hc 
births. 

Birth weight and gcstational age
 

Birth weiglt rcmained a.in important predictor of)posticnataI mortality (Table. -i6).
 

lable 	 i6. Ilirth-weight-specif.ic postnemuonatal mortality ratetls mnubg singlclon births,. N1MIIRl 
I 987 1990. 

*1500 
 20 13 .0, 7 2 I I 19 IO5 333.,2i,
 
11:,00-1999 58 16 .0. 42 9 13. 55 
 164 .231 939,
 

20OO-2499 316 18 .7) 291 37 
 13. 296 125 .133 137 278, 

*"2500 1810 42 .241 1744 173 .1071 1679 103 106' 1173 6 37, 

rOTAL WItI, 2204 89.31, 2084 22) 1124, 2049 108 113,1221 1960. 
BIRTH NNOWN 

NEIGHT 
+
JNKNOWN 1563 92 120. 1451 171 1711 1472 
 116 124 171 1380, 

BIRTH WEIGHT 

lIht' IWI.111.1l.l1 	 t'rih HI 

a)verall the2re 0va. I.,ii3-1od increased risk of death (p = ).03) in the potneonatal period i 

I.11WX babie's c.'):ired with the risk of1(healh in norml Ihirthl w\eight babies. Tlhere w\ere no) 
s'ignilic.ant diffe're.n.es, in]lNMR.s betw\een I)re.matture ( PN,\II= 12"7) and ILT(R infamnt.'GN-I = I7).1 Among the 220 p91tneonttl deatls>cctrring in babies with kno'n birth eight 
aOd gestationl age, 5() ( 22. o in 1112 22 (10% ) in prematre infnts and 2 

(.2.7% ) in IIJ(GR infants (Tlable i7). 

http:diffe're.n.es
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PREMATURE 8 22 59 5 

NORMALEBIRT WEIG~l~ft DE333H IN THE 00TNOATA 

TOTAL 1965 220 112 

Sufmlmman indiflit 

The 1ulstlloilil l fil/at iiinitat V rte was /111.3 deal. per 1000) livei births1 . Binth iveight remained 
It, lni),l ilfpuPrtalt pre'dictor tif povtlielalil inll/ti! ialitY. l'woat'viial ill/all!t mortlY rates 

wvere not sitlllctillltIV di//erent ill priiiatarc-LIV inlt eaiscmpared with I Gi-LIlitil/anix. D)e
spite the jlnpmanlce oi'th e 1.1? U rivk, 77' odeaths lin the lntieniita1pieriod occiirred in normnaluf 

G. INFANT MORTALITY 

(:ausec-%ptccific miortality ini (le iiconidbl andi poNsinconltaI periods 

pv titimtiitf 'l a i s u I . 14)111\ I -CiNWICii lt A w ma I wa': Iiit iii .igu p. 11h( I ll i i ftl tcriod 

toil tIJ ii(ildic i~C3 n lt.tuI .cilvLtfintCtIUSCtillrullC1h(i ir llTh;. oh11 Iiuid rilv I d cil 81(1 



ligquri f). 	 ( .LuI,-,l'ctili i,- )itatits iii lI.' lcItl~ tl ;lllt p [itnh'(dntliI l'wxi )4 ini tlIL"Lt)t ( o)I" 
i[ll111 lh wirl 1()\\(MICH'I ill '.,ILud\. M IO)II, 198)-- 1990)t. 

Neon ata; 	 Postneonatal 

28 Prematurity 0 

3 Birth Trauma 0 

29 Tetanus 4 

9 Jaundice 8 

11 Fever Convulsions 67 

11 Gastroenteritis 142 

11 Respiratory Inf 59 

0 Measles 21 

1 Skin Infection 11 

9 Other 20 
o Multiple Symptoms 17 

50s Unknown* 12 
, I , -, I , , I , 

160 120 80 40 0 0 40 80 120 160 

Number of deaths 	 Number ot deaths 
IN 162) 	 IN 361) 

'Unknown neonatial deaths were romedelveries 

,\llhn)Lgh tlIi tcch li 1)I ' sli n (itqu.ciicning L) dcl.i lllill. s.llpti. ll s ()I illincss pri tr o0 
CIC.I I u.'CI 01 in .'ligL t 0 ',Cr 0I i,

]inlit~ti n,,. Dlu;Ilhl, il ' u d iA ly tllC Hn0.' 1 IWritd. \\( 'ql lntly'
 

S,l)Cni IW 3 \:IriLL\ ol o)t t;ir l Ci.du,, dcICA'; 111C tILC iqu"C hM.,
tilt ( 1).t'io)d. L',I).' €.'Mu'h 11.1t 'rL tl 

diM.it-l1 to t u;Itt'go-i,,('hi. OfInt ; 'r ,N iti • , Mlptni', Irio r to i tth. Illr ';.;tu,L' ltA k ()I singIh. 

idditioin. ;IIICII.i;l [oI) bc.>nii 	 And tonI,. ,.i\c.t h _ r\\IiN.I ni iIll C) r))tll;llioil i. knoiV I)L 
i,,Ltiu.l \\ 	 it .1II,. ti oil iii rtili t\L ill t li 'nti 1'('I, l I liopoirtiii 	 hl(),li L't .l r.il1iin thi, . [I()w-

L'\ (.'I. lI( II'.U, ()1i lt' lal,k o()I t.';I " CliniCJ.. l Ainth ,S I.lll)toll.'niaiCiI iii. llini.ld ', \\viih ;.ii ; 
\\;I', .t'I(LI)Ill gi\ tL- .1'kI it llj , ()I' l.G ()I* d .,llh r , i .. ,('0 'l.I 1)t),t)Sini lit, 'l I", m)\ ' (()l . . LtICl. 
I i ( ,",L liigi.( 11i Ii l iIhi)l li ir r ;111i1 l un,.oIti toW ;t,,il\ .'L'()gli/Cid ,c l oonditioil,. I)htI 
iS I I llpIIl i.oin~ut~i 'iLh. ( cC 'p Ssi, rI t u1tii,) anod Lt-'rL ili c'tOldi1i4 'h, I n I;l 1. to" 
ti)llS ill tIIC L. t l hl aM.i i in).iI ii.)) 'i, 	 i )d l'ri(ot ( .g.. 

l)tration 	ot"ililless )rior to dead 

hiitOriijma ll IIIth l S, L)rioIr(lu:tli liil flor()' l li, (- 5 infant( u ' (ILii.liohi iIll 1 (( v:S ()lIt 
i tI)d 

d.'a i,, O(. i Wil.d - of' tihl' o)iSu't ()f illi.SS. ()f . diud in tit firSt 3 das\'. 

ilI.tlis,anod 	 I ldiii.h i.I'alI.S )... COI'diig (0 th- or)l'tciar.gi r. 193 (609.9",,) ()I thl' 
vidli IdV Lli. 38.3'", 

(oW hi.il' ,.s,. . . diu.d Ih)t\''L'ln da\, Iand - ()Wlit' iliiu.SS. aiid )Il\ i (6. 1",. ) (o thu 
il'ath., u Iri.'.' Ail ilh'iuSS ()I* lIr()rC 1h11 I ionitlh ( ligu r ", aiidInd' lb i ).;atL'r f 
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FigUrc 31. i)uration ol"iilncss prior to dcath in intfants, MMINP, 198- -1990. 

Deaths (0o) (N 105 deaths) 
60
 

40 -..................................................
 

30 . . .. .. .. .. .. .. . ..... .. .. . .. . .. .. .. .. .. .. .. .. .. .. ... 

20 ... .. .. .. ... . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .
 

10. ....°....................
 
1-7 8-14 15-21 22-28 5-8 9-12 .12 

days days days days weeks weeks weeks 

Duration of Illness Prior to Death 

"le i i8. I)uralioI tl iIIIICsS IL'Ading to (IdL';Illh W rporit' causc o1 dL'ath. ,\I.\tII . I98- -I990. 

RESPIRATORY 

ANEMIA 

FEVER 

GASTROINTESTINAL 

JAUNDICE 

MALNUTRITION 

MEASLES 

SEPSIS/NEONATAL TETANUS 

NEONATAL-OTHER 

OTHER 


UNKNOWN 

76 

22 

125 


215 

16 

31 

73 

31 

68 
28 


40 

10.9 114. 1) 
20.3 (17.4) 

8.4 116.0) 

12.4 418.9 

10.6 115.61 

44.7 (36.91 

15.8 (15.31 

4.1 (3.01 

1.7 12.11 

11,8 420.4) 

3.3 49.5) 

'11e information oin duration of discasc prior to dcath was consistent with generall know%'lCdgC 
loult these discases and conditions in the population. )caths at trihutcd to malnutrition, 

.IlneniIa, aLd nIe;Isles were reported to have a long dur;tiion and(dcaths attrihutcid to) sepsis or 
Innatal tetanlS ha.d a short dUrati()n. I)C;aths due to unkno)vn cauises we re assoCiated wvith vcryv 



slIIA il ic"ASC(S: l11 Al() 1 . W\Cr I- 11 la1\ dcatip,, D ca(Ip., asciatltt with gastroAitCSt illdI. 

r~sjlixl ()I' .lcC('I- ha15i pC iIII11CNSS- 8-1 2AA lA( d (ilg iI-lV-ragiln. dkiVS. 

Site of, deathi 

Ov)crall. 3 .2". 01lLkItlIlS AAA.LIlC(l ill 3IILC'iIll~l it616 aiil lit( I-lt i~lilcIL (WACCIIIC Idl It 11011C. 

A\nhlli4 II-lls ill lilt' I1AII liinl. 1.i"A ACCIIIr1-Ct ill Ilit litallil IacLilit\: ()Ill\iV(. I ".. Ofl 

1' islll I-11,11 	 f"1l A IAtlAAl ilIl IAL illIA 11(1 Ill OLI (XI 11 iClAl us lilA iis. I([LItl ll () th i A') 

aVtrcillto i s15 aX, tl . Il1"l ICAinIA i 5Allt. b Il l)ISJ1I . lA II ( II I-s *d ()Itti~LL-1 

di.,ltll \'ds s (Alll\ ll t~l 	 i~it H ilI IiIIlAs ill I l A l~A(Al 1 lA\ bI iit llllihi l~ lIi Iiilltt 

ill 'i 1.Ldilit\I, iij Ou I; rc .ll~l l I( I wc r lttli llll~lc l t\( I kil c thtlil\XAk 	 l 

11f11ect of' birth weight on cause of*death 

AS 	 OAII(ld JIhm LV lhilil \\AIiill \\;Is aln 1111) A ll LtIiT ill ilt (dI LICMilt ill Nl)IIIl ilt' llA b ildl 

J)I)SIiAIAIE (ll TiA As.IN, .A (dl llc( lai~A litlill)A 1l (A LAIknoiHA l t litCS (At (ILC-lll Ill(ltIC IIL 

Ial 	 ri I(la,\\( .\I X A (Ath\\'glt01C 11A-ildsitjAillOI ldis maalL ) nill( dit I itI(l-*I 1'L lllIClliliC 	 m~ 

lltlll, 111 2 (ilm-s, A~~ ill iLIM\ tlildrtCii (l1;1l ill (Ilild~l- lld ll 111111lhilil \\6.011l: Ilist. 

CM(115 ( lAAAAAIIItL 1A1 1 A I A l(1lt~ll~IACMA1I5 LIM\ IAA(illd* II 3 C IliC Ill iflltills. 

dlId). .ll-tililCk tA s) i lIl lit t X lA llll AA lllfl ill lim-aII l [hiIll \, igIit IlillAit. 

at1C5hlii g(1(IIIAI lull ( 	 II ll A, dw'tc Llill,dIIoc l ()i' M d1211C~CMClillfi.11S (IllCIl 1)011 

dcahl 1 (ll t i~lt.. I A) Lt asA5CAd I m\~ r1( C l~l ( S II1( (Alck llalal illmi"l i 

1(I I i"- XiCa l~lIA~i ilaisCdhtl;WI LA )AIls IA) A161(CI At.l i(L AlI l rd iiir~~l 

AAI"lII .11A tutuIIIIllllTalic 19AA sc d All 	 ["(A'' INIA.I(Il..A )C 

Idcll) Is.ss- lilIXA, AI000 I\JCAilAIIlS #jl lill C;5IL.(IAI.\ 11 	 IA l((s ill' 198-l1990. 

BIRTHS IN CATEGORY: 

RESP TRACT INFECTION 13.4 t1 9 53 1 1 5.8 (21 20,0 1331 

ANEMIA 	 3.5 15 0 2.9 1 1 7 3 i2 

FEVER ASSOCIATED 2 1.5 13(11 0 31.8 (ii 16,4 127) 

GI DIARRHEAL 	 47,3 168 53 AlA 57.8 1201 37.6 -62) 

JAUNDICE 	 1 .4 12 1 0 0 2,4 (4 

MALNUARITION 	 4.2 t6 0 8 7 131 3 151 

MEASLES (4.6 ( 2 11 0 8.7 131 7.9 113 1
 

SEPSAS/NEONATAL 1.4 12) 0 2.9 jI 1 0
 

TETANUS 



SulmiarNy findings: 

The il/all mortalit) rate wa 162.7 per I00 lire hirhx. 

Diarrhealdixca,'.c','r-axo'iat,'d dive.,ts,,, amd i,,al's ier,, the iw.t lcoinrc'spiratoydisease., in 


ioilvy r'porte(d ('aux'.es 1,f in/InI ' )eaths di. ,axe H''rel o' t V0%111da/hs,. a.sociat.'d with respirattolm 


mit in the 2-6-month ag' grol) d(eaths associattd ith diarr/iva peaked it the 7-12-moth ag'e
 
group. ih'h t.s.sociated wit.ijbrile ilnex.x ad na. 's increased with inicrea.si, ac ' into the'
 
second 've'ar of life. Local data oi (eath/i in Io.spitalized chiidreui sttgge.'t tha dcllt due to alnelmlia
 
is indrel'Ilortc'd by posiitrtie qicstiolig q/ ti/.,mil.v.
 

Approximat'lY 70 t' q/ i./ne'.s l.'a'uding to death la.teud le than I weck. l)eath/i at.A.ociaut'd Hitih
 

ilnttrliit'itionand alinia tended to have .syminllslasting.,"for 3 or tore ek.
 

III tis Nolling,. alproxi IaIIlvY 35"( of ('delhsocctr in (I h lth facility, and the renainderoceur a!t
 
holne.
 

Lo' birlh wvhl,/ w'as risk.acor./'()r mortality throighot the ill/alitperiod.!I 

H. SECOND-YEAR MORTALITY 

A twld ()1*I clildr.'n} dic'tl dluring thtir \ 0''.'coiu e'Stillhie' 0' S O)nII-\'"ro1 lif'; ; cr'udl 
iii)rt;ilitV WaS 6i) I((1()li\t" hirth. Iowe' \''', this 'SliIllm I iS Irlhl .1 Itr-g ' lhT ) tllti': t1LIlt eri 
childritl'\'r'tl'0' t 1()l V '))\r'ethrigh I the'ir 1t1 high (drprtion'ltirT SCnld VtMr c1 lilt'. ;ill.h Of 

h0SI th)-tilh)V%-ul'" i11\N IC.;i 1h)iI1cthItt(' ii tIt' L'crde Ct'6ill;Ite. 

('at. 'ue-.'pecific morttalitl' iln the so'('(d 'iar of lif': IPOSHMirk'l tlt t'tioIiilug 0I the" I;iil\ sho'ed 
lilHlIh tliS,,ISe ( 2 )"' ). lebril ). I', 2I' ).rtS irhryto nSS ( ),mndilnieSS (2 1",, ts ilhl' '", 

lIIIHLu ritiin ( 8",' )H) )' tt'i' I%' e;iiIilg Mll: 0iritig t'.te
rl')r 'It(l:ilisCS0(o tIti th4' S n d')ltr 01 
lif'. Ill\-,cie)i~ nor'.ilit\ iSdcrIih'd ill ll wi g se'tction. 

Duration of illne'x prior to death: The 1nei dhrmt imn o) iIllht'%S pri)r t0 tIt':Ith \w:IsIS '.IS: 
58,"', ()1illlntsss lIst' d- .LSIe'hrt the Child died. Ft'hril Ilt'SSeS \vrT ,.SoC.Ited with the' 
Slitet '.t mrtitn 011 ing With ;In tr'iid primlarilydi prio r t()dleath: fchildrh'en (Nl. illiw'Ss ch 

withil ()I 
I)oigt't 10or dlotlI, .attriblutld to nIalhltrlition ( 0) d;aVs) ;and toam'lial ( 1"da'.sI. 

b. Il\tr oli \c 3 dan "NyInth)}Ill 0w s't. T'" n 111cdiratio )nol ilIliCSs pri)or t) dl',ath as\\'Is 

wc'iit on )1 chilthen 
di'd ;IItI'r inl Ic\.. 2(1(22", 1had l.1\\. wildren 10", 0frespiratoy 

f.fect ~on/'bir't c'a.e ofde(ah: \iiong tite \lith known birth \\ighl who 

\illh II\V ac'()tt'd folr 
otleaths, .3" , ()fI ;hlltilitioln deat h,.aLl 29'', I 'c '-ri tal';tl]Sill the' sct \';r i1 lile.)I1 ISSoCi;att'd (hld 

t' ribttI 
in childthn with 1.1\. )I th" 51 children dvioillgothtr causs., - 1 0'",, 1\''creT in clhildre'n with 

A110..' t l0 dC;tls t respt~ iratdr\1CaIS',e mdAltritio, (r f'\''r.I13 ( 33.. )wct' 

IBIWI p (.1 ). 

UI111
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I. EFFECT OF MATERNAL HIV ON BIRTH OUTCOME AND CHILD SURVIVAL 

Preious advierse r('/)i~ducil',c o mes~lh: V\ (mllcn 'drc aiskcd ahou ll.previouLIs prepnaicics mid1( 
AIdVISC (LIIIC01LIUCS (L l CdiNCrIAcS.d W\\cn Colllpaircd wi th IIIV- wmuncn., II IV f- wumicnl werc 
niL' lrCIikciv 10 lIavc CLpXI)CliCLCd A SCLd riiICSIcTIhmbotion Lwstillbirth (-1.8.. \crsLus 8.5'.. 

I.00 j('1 - I Iiiiaiit orOR 1l 1.0 i-2.06 ij) Clii(~lllLI LlC;11ll5 WTci~ R-1110rtCd W~ithi SillilarlrccIi~~CiiCV 1W 
IllIf mid( Il l\- wmL~i(.ii. 

Blirth, LLitv~III Iiirtli \\cigLts ()I htiL)CS 110LL- IL If) Il XW(ML-l \\(TC Sigi.liiildIMtIV IOL\rthan IiLL 
bi'lrl ILL 1I l\- W (M11111. I(IL'CILISC' ILIIIILTI II IC llS I)L, t I 'LIiIii)HICILL0~\ ill ilLc pJ) 'iLiLLI ( c.., 
I'LmIily. fIi;ticrimL IititiioLmlL i'i;tIs. l'iialarial I. 111C dcl.cct (Lh I LIIiltli wc'Ligiit \\.';i L.\ailiIlcLi ill
 
;I.1 a LI1IL-c.
k1-i~i tIC Ill IliC IiIIlIiit L'i.IC 11ICLiII\\ \V;IS Iil(WrcCLII(LI ill I~iLs 1 10L11i tLL IlI\
 
W(LLiiMIL 0 al] ILLt 
 Ill\'- \WL'l.l ( ()R 2.02; ('1 -- I. 1- 1.08).l 'i11C CIIcLI (LIIll[\ fi irlil \\L'ig.ll 

;lIfcarILL ILL. iiiL;Iril\ (i11C ILL J111i1ILIL'itLL Ill pIIlatillritt in allc illhili IL01L1tIll I W0I1111.1 

Iel it IA.: .A ILLmi LL 9 w hd \WCL cI11'rLI at tilii Iir*S ANC \isit antd idloII L I II11roI1gII
 
OLiI 1l16ir j~'gl~C IL) dcdi\vcr. klmllIlg t1llcSC W~nicli. 202 ( 5.1. I)hi.d ;I 
sc (Wi I(I'tilL'i 
1i1csITc ILctAl (Lcatli. lWi L-1CLt L)I, I [IV iliI.cti[Li LLI t ILL51).S (i.. SC(Al'it tl'ilLI(TC ;IILL LtioLLl, It-s! 
stillhirthl. a11ndIl sillii-Ilti ) wits 111(11 c-vulilcL.( )vCrall.lI\ LR ic~ (6.-1I'', ) IlLLWCSiacacl 
Iikcl-V IL 11a.( a Itci;I LiI~liI~l l~li Il\'- \\0LLIiL ( 1.8",. ) ((W -- 1..i. (AI 0(7 )c.LIt-2.19). I Lw Ill[*
(11cr c.-vllilitiLni I ll\ -\ll \~LIL' ILI' likclvha a11LhCshcit tillbir'th ( i.2''., ill Ill tI \\01114.1 
Miid 3.0)',. ill IllI\- \\0.L 11C1) - 0.0 1I), 1)[11 WLrC IlL01 ill ail\ iiigllcr risk L)I liaiiig atNCcLOllIIi llics
tcr abLhrliLiol L(Wa1Iila'CctCd stillbirthl. 

Neonatal iwlotailiv: AniL ng 3-06 \\1141 W1lic dl~ILiVTccd Iic Lin iti s withI kInLownis~~Vt 
StattIS altcr 28 dayvs. 102 had iliants w~'iL died ill this IicL)Inatail iI)IcrvA low ;I N.\IR (Lf'I I I0001) 
livc iilIls. ( .wLvnpi-cd. witlh bathics IlL11rto I II IV- wo~micl). biics hoLrni) ILL li' wLLili \vcr-c 
Ii)(L' likclv 1LLdiC ill 111C IL0iataI pcriLd ( N.\IR - 13 10001 Its 53 1000, rc'CjLCCIi~clV ): l)LV'CVCr. 
illis dilcliccW Wa1s L~LIttisltillky Sigll~iiC;lliI (p1 -- 0.18 ). Tiils. thcrcC is tLL C\ idcnclc ILL sligg'St 
that N\i Rs WL'Cr SigllifiCantly Iiliglicr[ ill kabic-s hLlrI) ILL 1I[I\ iiioth.. 

I'osineo aal nmrialitI,: Anionu 3i538 int~II1s Alivc at 28 datys with known sLurvivaI sttis tlltcr 
305 days. 39) dicd with ilL 365 dals.LI atP'NMR (LI' 112 1000)1 infants. IPL)stnlcLmntal h)ILrtlit' ralcs 
w\Crc( Siglli'iCanltly lligiicr ill illtllts bL~rn ILLI i[V wLmucti ( PNNIR -2 12 1001( than inl babics 
bown ILL I lI\- WLIII 10) 10001) ( 10I) I 

SeLLcond~-'War orlailvW A iLAni.g 2893 iI)Iits 11101n IL to l~~~ w~illi known I li\ scrL)statIus mid Alivc 
mt 30i days. 1225 lut kLl sinrviiyal stimlis AT 73) dayIs: 13- diCdi dtllrilig that1 iiitcr-\'al Ifl 
aI CRIdC SCL~-01'-1car ILtlilt' (L1 12 inlailts."Of 1(0001 l.mv birth w\ciglit was atsigtiiicmit risk 
Lactor Io0n scCLLi-h'car1 t(Ltli'.scoLnd-~hcar ILL 1tliv inl chclinacs boLrn1 toLwoliicii1 with 
Ill\' ililcctiLon wvcrc 209 1000)1 and lowr wLmncti w\itl(Llt I liV ilfLCctiol 100 10,1)1 =0.009 ( labIC 

imVlya' with aIs50 ). I lix illfcct iLL 111cci ICIass()Ciattcd lillich Ias I0Wit oLf all deadIts ill Ilic sccLL)d( 
N'Cdr1
(L lifc. 

dwrw"M'. II all tvL' iLr.LiIII \% I.t fllI b irthl orilcr \ Icrt' flit,' cLILL tit Il\. I IL M\%j,a Ics.. in ir'iLxi..r LhiLi ill baiiu, l highLr 
biirthi wtilcr. 

*U iiLIL ILLLILLI1L'tiict 'll -1 high 'r mc(r'.imiLLIL(((iLdi lost 11) 10111M 111. Ill( LrLILIL suL'L %cai~ m~irldiLi r.llC, ILL (ILLc IL ( l wL.ChLiL 
Lvarintimirl.IL rhLL Iun L~vr. foir [iL ILurpiII'.L , II.II cridt lIlllt'll %\Il .1111.1M 1111IlIlLu111* t1. r.ILL' ilhiIlILrLiL hhorln titi l\L ilth 111111 

.1114m Ii.r .L i' im .hr. iL mIirm .i.ILI ill tilt- c(It I (-hI Ill\i 

http:intimirl.IL
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- - Table 50. Second-vcar child mortality ratcs I" maternal I I'-I ,,rost:itus,\l Itl I9 ))0. 

HIV-1 SEROPOSITIVE 67 14 (20.9) 

HIV-1 SERONEGATIVE 1 158 123 (10.6) 

TOTAL 1225 137 (11.2) 

Cause of death: C u es of death anong children born to sropositive mothers did not differ from 
those am(ong children horn to seroncgativ'c mothers during the nconmtal period. During the post
nconatal pcriod, h(wever, children horn to I IIV - w )onn had thigher risk of death assc)iatcd 
with dialrrhe:a or gastrointestinal diseasC than did childrn horn to IIIV- w,) mcn (RIM =2.5, 
CI = I.--i.-i. p = 0.002 ). 

lhe cffct of matcriial I IlV infection on pos nconatal de.ath w's stratificd b' both Iirtiwcight 
and pla)l1ce.ntal maliriat inlt'ction stttis to C'ontrol Ior poteltial c(aloimolding. Alter c(rntr)olling for 
thcsc fao.t01r, weC II IV C|'eat 2-1ld higher risk of Pstol1ld that childreni born to tlmo'c'rs \.

neCnattal de.,ath than childreLn horn to IIIV- mothers (NMII Sum1miar\' )R -- 2.3., (- 1.2- .I8, 
) (.0 ). ( horn to II IYhhildrm' mothcrs had significantly ilcr;1SL'd ods of duVing during the 

p)stnec)natal pcriod ita)so horn with I.B\V ( RR 3i.89, (I 1. 1-- 12.9, 1)- ).02i comparcd 
with I\V children horn to FIIV- niothrs ) or if the mother had placental imalaria inf'.tion 

R1 = 2.81. (A- I. I 1-7( r (0.()28 conilxared with children, horn to s-rongat ive , placenitally
infetcd mo(tht.'rs). oirtlirnl)r., children horn to IIIV+ mothers with placntal malaria inlcc

tion were I I times more likcl to die during the postneonatal peri(d than children horn to 
I IIV'- mothers \\ithout pla ntal malaria infection. 

Summary findings: 

In this investikation, 111V infection was shown to contribute to fresh stillbirths, to LI,I babies, and 
to postneonatal infant mortalitY and second-year nortaliY, but not to neonatal mortaliY. 

Compared iwith infants Iorn to 1111'- mothers, the ilftnts born to 1111' + motlhers had an approxi
mate 2-fitt increasedri,-k of death after the neonatalperiod. This increasedrisk was seen particu
larly for those whose deaths were associated 'ith a diarrhealillness. Malariainfection in a preg
nant woman may confer an additional risk for death iababies born to 1I1V i-monten. 



J. MULTIPLE PREGNANCY 

A multiple lirth is ,I rcllltivcl\ iilli-T. Cl t cvcIl. but onc tIt casss iIcriased risk ()I Ill)rbiditv 
and mortalitv hoth It) the mothLr and ) tie I.ttlisS. \\ (Mn'I With nttilpl iItgnancies ar' at 
increased risk fo)r hyp'rtensikc disii(fIer o1 p'rgan.,e if.laxCental tl)ri)ltiI) and lri'.\ia, ;ine'ilia. 
hT relllni,. adti tt-aulla (I" Stirgi-Al iIlllrv'ti)n (filC tC() l pli ti:i)ts o) labor antd delivLrv 
(6H). InIts of i-ie ) ti ll . 'Aniih iplm p+rttitacis hiave the+c irtalit rate ()I singleton hir0th hbcatls
of l)Illll(l d i i.)al~.ltii(lHl. p.'I'd dl.cord fetal diStr',, an tItratitla frontIi'ttS. anod 
abnorlll'I1al I rITSl tIalion ill ai<ilnddl.fi%'I,\ ( (P) ). Tlhe p01'1:'t ( x\'is \'iriea s WO\idVf. withl. WI 
the highest rat( i 1), rlll'(+f 1 Ci I il NNigeijt' ])C 100 hiIth, I I twin hirth.II11 )llthWH)I )ti)u)l( 1 l 
to 21 i tl.g Il hitthI ) ainillt I tv t ral's ;ttll)IO t il,,an . ( iipr0 imntt.x 6 per (() births 
II twxit hii-th 1() I -2 siilto hilItlI ). I iii. tiItls, (C .g.. tril)its, gtt h-ilple..tS ) aue
 
illoi'Tr I i p xale)lli, • raict. ()I (). 1-2. I l i. I((0 hitliv, ( -()--2 ). I Ixv v. 
r, lIIn ()I thllsl." esti
lllltl., all. l.tid Ii s,,r;II harnl)ital-h;l,l. Sttldic AItid l))l)t il nationaiIl L aeilIIatls. ~ti()ll-h ,, ;lle, 
u'sualv . lImll hil-thraxa\iflilhl Ic()Ill\ )ItIlI'ic', with r'liahle 'gistri'tioill n l . 

lx' itiildCS Of lo)Liill:Ita;l lml)rtalitv iillltdel iultipl llls and caii-sp .-cilii mortaIlity analxsis
I a l k l i m i t e d(+ I() d ali s, ti s ut t aIf ,I ( ) I l s,i n l t otn)bl+ I l h . Th e.i n c r e a s ed,, {.t li \ a nd)t~ ) l + i . i t ta s s ocll ;~+ i 

,, .atte+d w ith 1 lllt I cl+hlci' lllic cl.d he aIn i1,11't, ttlt Ca'ttiSC ()I 1)l'la:t al ml(Witailit\ iin l))l)ia 

tiolns With RI136lti\ l) hi.Ii lr h. • 
lln lX I+yb"iIl t VtaIi 11,1I dAnd nllir(eC attlitioI. 

Ir[vm.ltnce of' multiple i)regmmuicies 

()I te 0 9) I en 'l)iied in the .\.\IRI1 I'hwlholtr hirth outeonl is known. 8- ( 2.2". ) had 
Wilns. ad (il hald itriplL't. This is ; ratio ()f I Iltiltipli hirl Cl) eovery I sin gleto)n hirths. ()f 

the twin, 32 ( 36" sl. ( I-\\l'c tle sa 3l.X39 W . ) WCr* (oMie o1 each sex. :1ld ( 19",. ) had oneC 
sex unknnl ill ti e )ail. l • fItWill ( Il )lo)iiyg()tie verstus dizygltie ) is tllkn()wl. 

Outcomes muo.ig infants of*mtltiIle )regmnaties 

Ih1rtailit\ \was ligih. ( )i thle 88 llitir)i, hirlths, ht)l. o(Wall thrl.l., ()I' thle infaunts ither were till
hiorln oir l.ied within the first \ear in _, of til i'.)n1ithse On ()Inthle infant air ldiel.d in 25', 
(lable I ). ( )ill\ ( 38", ) ()Iitil Iil( thi.r' hald lo)th le.iir infants ,uI'ivc Up to I year. ( )f the I " 
illants l'll is multiple hirths, -0 ( It)"' ) were either etul or inllat deaths compared with -68 
(19", ) ()I thle 39 2 sIlgletli lirths ( i) .. 



--
il';7C 5 1. ( C)utCoIl h ()f I- iI aults" ' l)b)orn of ILl ip .)pI rI)'CnuiL'cis, .\ IW. I I)() 

*REGN.. ..OUTCOME ... . DEATHS 

0
 

BOrH OR ALL THREE DIED 20 (23-oi 


BOTH SURVIVED 33 (380o 
i 

41 

22 

LOST TO FOLLOW-UP
 

BOTH LOST TO FOLLOW-UP 5
 

ONE FETAL/INFANT DEATH & ONE LOST TO FOLLOW-UP 7 7
 

ONE SURVIVOR AND ONE LOST TO FOLLOW-UP 1 -

ONE SURVIVFD & ONE DIED 22 (250o 

,Mhrlalilvrates aning inl(t.. o/ in ulliple hirhx coimpiled 'ilh lhfe's mongingic~lelons: 'l'lic riskit 

dIIIt 1tI llalItIltiplC pr'gIhIIIlv 1(.L' ICCh risk for 

al ifl.'i1it 0I ;I sill(.' pIr('gIafl . .\ Sigiliii t(. i(rt I.IC.i 1(t)urin ill111 l.s ( 'lalc 52). 
)f llctal or ilt a"tlt ill linilt s 1\,;I111I1 W 

1tnd ISI tilW r1.1ri 
lPurlillatlll ()l't~lil\ \\;I', il11.'r(.';I',L'l .0( 111['CS Jllld 11C1.'(1I.II11 1 r ;l i . ') 111il '" I()[' il11Illt , 011'n1ltl

til)h.' hl'fitlhS (l',ill) lit~gh.'toIIS. Tl' lilldinu,, M-r(. 0.'[)liStIL-'i \\illh 1.'\(-l ()f m ulti\\m',r s, ' risk hwr 

l)pI prI'gnIi's ITI')rti'CI in Itl' I nit'd SLitt (6)9 .3 ). ( )I th(. 29 IiluoIatl ilalIS, I8 ( - ",,) 

(ICLUIr.d Witihi 1h lirst 2 days, ((I lik' (.' )Iullarud %\ith() ( 3 i.' ) among li' I 1 siulglutoll I()na-

Lal li(Aths (1)- .00 11). 

]alh' S2. Moral it ratI.'S ).r I00) li\L' birthS and risk ratios t~r ilts (It sigL' ,1nd
 
) ,I ml ,ItipliCi. 'gllanu i's..., MMRi 1 )8 - 1990. 

INFANT DEATH 573 3521 163 48 137 350 2.15 1. 69. 2.74) 

NEONATAL DEATH 181 3716 49 28'149 188 3.86 (2.68. 5.55) 

POSTNEONATAL DEATH 3923521 111 20,137 146 1.56 (1.04, 2.35) 

PERINATAL DEATH- 264,'3866 68 41.165 248 3.64(2.72, 4.86) 

%%, l II, d , I lllhl I'll hll % hit Il, h lmll~l,INA s l. tis % ,1s ki lll .11 l 0 Il i i ( 111 llwl 

s 1%%h 6 i anI,1111 li" ", i t,,llIl I1 1\11j Im I t ib ll) 1( 'ki lol htMIP (\ t'II Il1llllph lri ill 1tallli t iiiipall loh iN~ ll 1,11l 

irlh-w'cihl ditrihulion: Nimrtali L ratu'S ailm igirliUll,, I, \\ 'r(." high(.'r 111;u tl 1).' Itl illants 

born al n(rml birth \i('ighl. ill alil i.'ri.l (1 lif'. Ic(ua,.( irllt.a,,S lOfdrinig 01C fl(Sti \('Ir Oif 

multipic pr(g.nli'S a. norL liku'hy t0 ILu ,.llIi'," th; inlLns (f Singlu' i)pru'gna;nu'iCS ( -3 ), th 
irtlh-W'.iglht ditrilhatiIll (14 tIIi' illfaits ()I llltil)Il. g(.' ,Itil llis niNL'xpI;ii h(iir h11ighr u-)l~rLl

itv rates. ( ) tllc 120) (08'",,) intl-ants with knot\wnr hirth \i iglts, 90I ( '",,) wi-r' hIrn withi L.I,\ 

comnparid with IKil (I - 2203 ) amlong singlic biiths ( p. .()I) I ). 's). I, ( ,38' ) ()I Ihlc (catlls 



of the infants of multiple prcgnancics wcre 1.13W as compared with 32% (1 18/369) of the deaths 
amiong singleton births ( p<.O0 I ) (T'ablc 53). 

Thhk 53. ,irth-wcight disitrhution of, inlants of single. and lIIIultiple pt'cgimdcic iea.flulg all 
hirths and among inl!mnts \h( die'd during the stud' fIlh)\V-lmp, M\IMIU). 198- -I)9O. 

N=92S -AE - =6 =111 -R 7 

UNKNOWN 
 1699 4300) 399 (52 o) 57 (320) 23 (33001 
KNOWN 
 2263 
 369 120 47
 
< 1500GM 
 27 (1%) 22 
16%) 17 (149%) 14 (300o) 

1500-1999 GM 
 66 (3%) 33 (9%) 37 (31%) 13 (28%/)
 
2000-2499 GM 
 324 (14%/0) 63 (179b) 36 (300) 11 123%b)
 
2500 GM 
 1846 (82%) 251 168%) 
 30 (25%) 9 (19/%)
 

Birth-weight-specflc infant mortality rates: T) contr()l f)r the lifletrtice in the hirth-wcight
distribution, wc compared birth-wcight-spccific mortality rates of ti infants of multiplc births
with thosc of singlctons. Most of the infalnts with reported hirth weights werc flcility-based 
deliveries, whereas tho)st with unknown hirth wcights wcre dclivcred at home. Birth-wcight
specific intnmit mortality ratcs in babics of' multiple pregnancies wcrc significantly higher only 
for infants with birth we'tights 250) grams (Tablc 5i ). 

"ale' Si. Birth-weight..,icilic inlf t |m )rtalitV ratCs ;and risk ratios fIr mtiltiple, and .singlc 
preglalies. ,\Il I, I9S -- I98 (990. 

UNKNOWN WEIGHT 263/1472 179 
 10/38 263 1.47 (0.86. 2.54) 
<1500 GM 15/19 789 11/14 786 1.00 (0.70, 1.42) 
1500-1999 GM 
 25/55 
 455 11/31 355 0.78 )0.45, 1.36)
2 0 0
 

0-2499 GM 55/296 
 186 9/29 310 1.67 (0.92, 3.02)
 
-2500 GM 
 215/1679 
 128 7/25 280 2.09 (1.15.4.05)
 

colliclectc olIfik ralwiInd 9.lOP{', inttrva mort iii it itiiii iii s cnll;irt h glr c,.il ong dit piraed hO siin t',,tls 



The neonatal and postnconatal infanit periods have diffcrcnt lcvcls of risk and causcs of mortal
it)' associated with them. When birth-wcight-spccific rates are compared for thcs( periods 
(Tablcs 5 and 56), the mortality rate for multiple prcgnancics is signii.cantly dilcrent from the 

mortality rate in singleton infants only for infants with birth weights ---29,)1) grams in the ncona

tal pcriod, who have atrisk almost five times that of singlctons (Table "5 ). Although in.mnts of 

multiple pregnancies had highcr PNM Rs in cach hirth-weight grouping than singletons, these 

diffcrcnccs were not significant ('lablIc 56 ). 

Table i5. lirth-xvcight-spcilic neonatal mortalit' rates per I100 live hirths and risk ratios f'or 
,multiplc and single lr gnancics, MMRI I98- I (990. 

UNKIOWN WEIGHT 92/1543 60 10/41 244 4.07 R2.307.26) 

<1500 GM 13/20 650 9/14 643 0.99 (0.60, 1.64) 

1500-1999 GM 16/58 276 3/34 88 0.32 (0.10, 1.02) 

2000-2499 GM 18/309 58 3/34 88 1.51 10.47, 4.88) 

--2500 GM 42/1786 24 3/26 115 4.79 11.62, 14.82) 

'able 50. lirth-wvcight-spccific p)ostnconatal mortality ratces pcr I(00) live births and risk ratios 

for multiple and single prcgnancics. MM1RP, 198"-1990. 

UNKNOWN WEIGHT 171/1472 116 0/38 0 

<1500 GM 2/19 105 2/14 143 1.36 (0.12,15.96) 

1500-1999 GM 9/55 164 8/31 258 1.58 (0.49, 5.06) 

2000-2499 GM 37/296 125 6/29 207 1.66 (0.57, 4.54) 

)2500 GM 173/1679 103 4/25 160 1.55 10.45, 4.77) 

1irth.weight-specificperinatal mortalily rates: "I1cpcrinatal mortality rate is a common indicator 

of the level of health services and is also examined when there is concern that some early neo

natal deaths arc being misclassified as stillbirths (see Section ). Olll.l.)nce again, the perinatal 

mortality rate differed significantly bctvccn multiple and single birth infants only in the -29)00

gram hirth-wcight category (Table 57). 

http:0.12,15.96


lahlc'. Ilirtil-Night-slpccilic prinattil mortality r;ttcs puI* I000(ItaI dc;lths ; nd livc hirths 
uid risk ratios for multiple"and singlc pr'cgl;llcics, ,\IMRI1. I)8--1990. 

UNKNOWN WEIGHT 146,1634 89 1850 360 4.03 6.01)
2.70. 


"-1500 Gf. 15.26 
 577 
 10 15 667 1.16 71. 1.881
 

1500-1999 GM 1766 5/36
258 139 0.54 10.22, 1.34
 

2000-2499 GM 20317 63 4/36 111 1.76 1064. 4,87)
 

:2500 GM 66'1823 36 4/28 143 3.95 1.54. 10.08) 

,llortaliv rales aiion in/uants with unknown birth we4.,hl: Signilicmit ditffrciic s \'vr. aso iduntni
tnknown 

dvliT#.'d:I at 110C'. I1011W ddiin.i., illaln.tlil1. wihuru thw risk sttl , tlthm tur h.ior' aid 
during labor mnd dic skills otl irlhhltui c110 d_'iSni A)bot d.liv

li.d in all tiflie puriTidn for intlsltn \withl hirth \\'Lihts. primiarily Ir infal,ts who wurt 

l nt.' consid'r'd ill OhWc 

.rs Silt (J;Idt. ith ivr; l 1C.ti
,is d i. ua 'udin rtaiit\. Ilul Ihirtlh \\uight 41lMi II -duliurcit'd 
ilifants is :known, is iIlpoSsiblc t0 dutur IliL ic'tua,'d Illotl;Ilitv\ 1 th( + illlIlttS,i it iftilhu 

(ol SiiiglI thu u';tau'd 11 lali 

Sll l.'r irtlh-\'w'iglht il ). n , , ti .d \\ith an
 

\v1I .'IIIl r..d With Iltit IS, 0,duL Ito illr SS0Jti;IlCd Wilh Ihuir 
Iirtil \\''iglht ( ditlriblt t 1OR' iul'caSu'd rtaitv 

ir:lppr pri.' h~In~d.'li\_,r (w to( a .m a:tion (A1hwilh.'I . t l 

Stilillar, linlldigs and tdiscussion: 

itMalawi,multiple /irthswere relativel1 common. This .studv docueuted th' associate('ld increased 
morlatliV in iulitiple preg,'iii cies, eve il in iun tn ii should havei ', iiortalily,west risk (,4 
those borni it/h weiqtis 2501 grams. Twins or triplets with bilh 'eights .25.11i grams were at uore 
han twice the risk or periuuutal deuth tuau sing'leun inflts born with irthieithts 200-2499 

,grams.rite lack s it,'ufuant (/1,fi,reilce in the uurulf iomot,L iu,hlats oftn ulliple pre,,tiucies ih 
btirh weights 2500 grains and1 sinluueo infliits may be due to a itrue lack o."a d lerence (IBW 
is more impo'lant /ha whether or nlt tl( if)'iml was a siule or multiple birth) or to insutfficient 
sample size in detect a di/f /en'V(e. 

Because the birth-wei ,,ht distribiiou (f inululip/, births is skewed to Ihe left (nwre babies born at 
LBIV), iitervenlious to increase their birth w'eight ihl be the strategy of chice. Hol'ever, such 
iilerveuliois11ay,be dlificul to accomplish iii a setting where wltoue cntinue their.farming, 
h/usehol, and child-care responsibilities throughout pregnancyi. 

ldenttit/calion ofa mulliple pregnancy auid advice to delier iina health facili" must continue to be 
emphasized. The cause.s ofInmortali among multip/c pregnianciess/hould be ill test*qated firther to 
provide irimatiio iecssauy to desit,'n speclw imterventionx. Midwivies, clinical of/'icers, aind physi
cians iced the necessary ' kuiowhedt.c and skills to ntaiaqepregniant iomen during the labor, delivei', 
and neoiatal periods to reduce the risk.our these in.flants. 



K. DISCUSSION 

1criiiatal and ilu inlt'tlita 'wtiu Ihigh ill tile stud\ p lilatin \\fithlrates (d ,8pe'r I)t)(t hirths 

ind 10 . pir 1)00( live" irths. Asptc'tiv'l.v. tf" t0 u ll'rd h'\pr()xiittui('l.\ du Ii.' 

lirth mr Witlhit 28 di\S ofirtk'. Mli iluing 5 I",, tWCItIrd ill inflaItnd1t{.It l tht' l'bIstn.(oil1t;II 

p'eri(d. 

The lwrintatal adt itt e tItritilll+d h\ I\() lCti',,: thc ilirl \\t'ightiltatit ralittaHts \\t'rt' 

distributiol o tht illfts Mid tht hirth-\\.ight-sptii{ rtatit\ ratuILs. M"trtC9ICu to rdlC, tut

talitV ratl's tuitist Addr.'ss uC .ortsIt)r ulIC' th' lik{.liho)d )Iiifitis h{itil. h(rn iltt) liwt'r 

C \til ltht' 

It isinipt-)t'ttilt thtos. tgiC, grutttst tufCC1 th 
hiirthu-\ig~uht tItLic', id utlhLrt,, to rIti lt' r \tu\tlity hirth \\'iglht t tCcgrnis. 

1()it.lttil\ strat th 1t \\ill lilt\tlil' oM ruthItini 

Of 111t)i'itltit\.gi\tII tht'(' \,til t t'.,otl'tt,.Ctlf 

The risk ()Lt anuni.n 250( gritl, iiuut.usI',d ill thtu puCritilatl.mortalhit\ infalts with birth W{ights 

t11OItal. tiC lltl Ids. Risk LItCtI IlaI tit' uIitftiltttioI l ttihltrilt ltIritig l)p'giitd tht 1)(st p 'ri 
IIiC'V 1 IM.\\ .nd its C01lpot1iun'lts. prutumittirit nd If ( 1{, \\Cur disutisdl Crliur ( .cctiii VI.I., 
F+.ailf(l
(I.).
 

Stratcg.ics to i'CdIl' hilthiwi'tI1-s+'IiCit litirtalitv itlt's differ dt udIkiting in llt hirth \vt'igllt 

tIC 0f flith iuuorlitv 


-200 grals. T'i se illfnlIts +ll'also prulu (9! () Ch' h ilitulr\utu
 
(..lttCgOr>V ltn(.I tutu. dCati. higuhst rais are atlnng iliiaills \\ilh hirllh weights 

prillulul'ilv ltlr ,I. I ti' WInI, 

thti' i tIStlI. lv I-tt(hlirt • J hightr ftill.sto rtIthtlt't lil()itothti l ilg the'se i[IfalltlS Will IC'CI ()It't'h l-

Og)'tlinti is Cti rt'lIIv I.IiltihI" ill . alli. 

()1thi .h\\ iul onts. W etre i)-12 C1"gllc rWith purittatal. intal. :ilillIlt' 20i0 t'lttcgon\-, 

psNiutll intlitv rates 1.2-2.5 tltiCS that oh i10rtiAl hirtlh "\tiuiht illilits. Iltturtltliotlls to 

r'LtltC tit' ilita-r,lit\ atlllitlg these il1aitS Arc IorC IikClV to he less tCClti;()h)oigulll Sol)luisti
+
o.tC:l till+u ill li \Vi. In r rM'tu(lun.liit\ Altl :vaiilaihilitV tlc.ir h 1 ItCS inlfilts nial\' 

lt' Ih Iit tii v ini()tllilt' l hirth ill slllllS.also> rd t "p ritntt.il 31td .tI g Aigirhth The. tw\() 

1 births and purillatal datls.higheur hirthi-Wuight gtlr)lpS I+t(inlt96"'(A* tilet (AOwt 

(Itl, ()I* l ;Itlh dhurinllg th" I'rill;ltal A llduuunata l Ip'i uds is dii ttllht t iL-itltlil hir(igtlh v'crhll 

tltoji.Sv. I I(wvvt'r. syp)hilis ilnprIt1ncI'. , uuo IW i' inatorv testinig 1t iduiutify reactive 

SV)plilis S'rohu)giC I tis. his htCtI itut'lliftid 3s 0it'o t lilttst ilipotair t Cotrihilltors to ptri

natl trtalitv ii this p()itllltiotI tild is Addressed illSCtioltil VIII.( Iirst prCglLnc'.', short 

stltiurt. 3nd hi()u" duliT'rv wutrt ill(It')CtiLttl +:associAt'd with puriatill;ll itllortality in this 

popI)laLtioin. Ikirthur ihi"Vstigiitn in lt' IprvCIutblllih tdCa':hs ill luaht+ifaliitius :lSSoCitciil' With 

first pr'g lllC\ silt ;'I th' liltors thlt i'nrtl~lity alluiong hiii-tlls()iturt.S ats illuristhu" 

WvhO dulivur at hioitic, is Itd'tl' h'i itCnntiotuS lh)rnto rCdtCi illIata ;i.,)'illttcl withlii()i'tlit 


these risk ;.ct)rs cain he idltild. 

IPstnutt~lltllnrtalitv was high ill\lal.twi. (C)llpard withltrnial birth weiglht itilulits, iilliits 

with I.l\\' were at intCru'Stud risk low"p(istl( nutail lath. ()illv 3i", 0f illfnits inItuilt' with hirth 

\wuCiglht •I 510 ga"iuliS survivul thil illatal ptriol. Thlis ctupars to -2",. ,92,.and 90". ( tileh 

ilfants illthe 10I- I999-gralnl. 2000-2-t9-gran and -25)0-graiu hirth-\'ctight catlgoriCs. 

respcutively. \\hn cause (&ofduath in thit 1 ntaifill puntriot \\';iwasuli)l-tt Ih(rlh vrbahl 

iut)psy. alirhua, I'hrilu illntss. or irCSu)irailorV iitiuss Were rp(p)rtd 0 htott'Catiss )Idutih 

illtlor" than - o"f0,tht iilaltis illth" iostliconatal period. AIth()Itllhi tle tisu'tuSS o1 p)St
nfl()rt itiotililig to idutifN' spuC'ifiC ;iuss (f datlih is limittd, diseases h;tiratcri.ud I1W thes 

SVil tL)nis w'cre ilupurtant causs ()fnortalitV duriigl (his Ih'riod. I.urthu'r iil\''.stigatilon.s s1hould 

idtintil' iiuatnal intid postlnco uanil il
it" so that appropriate interctiins can he huttur defined. 
h Comdntict 'dtom dircct and tinldcrl.il tCauses (I'holth n allnta 

http:h;tiratcri.ud
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IX. MMRP RESULTS: MORBIDITY IN EARLY CHILDHOOD 

A. MALARIA PARASITEMIA 

Congenital nlaria infection 

t,ill.i .\L"I ( ngclital malaria itlftcti()n il tie. collort (icd tht.' ilcid LicI .111d L')IIc.ILnIL'ICL's )f 

illfatII, h)rll 1t w011mlI dIL'li\ eL'ring il StLd\ilmatl[rnitv tllits.Ior ptirpl o of) tlliS [.\'altI.tiii,til )s[.s 

WC[ deLn[.1CI CIlg.'liiI;tiI iialtiA illeL'tiOll ; s thILe Ip.Silic f I'. 11('i)'l parasite.s in tiLc iuitbili

cAl lOR)lI ih)()oI 01 AI [ n ill' 1ina.(.L Se ctL'tioll VI.(C. h I" illflirIiiati)ll :thtIt the fr.qtlC'v of' 

tillfiiliL'l C I I h Iiill;'ri laIII illiL'ss u1)11it)L itll[f.eCliill ). ( .olg.tlita a '1. de.ijied as l)ili'al ord 

uiIh i [)lal ISilifli1i r'Witli(I of til kii'\\hori with cliial signs of iiatlarO'iat ( t'... .evr. altered 

,ILdiIg I L'1h;1\itlr'. (W irritalhilit\ ) 

I(' ')ili.al oItr I i'A Itt'-Ii. a I d ct etiLd ill -. I",, ON Cvertll: thit. likcihi)tf 0f tm l-hiliCal Cord plra\\, 

SiteIii.i \\dtirCctl\ ICltd to the dLi.'sit\ i parasitc ill thL" Iplittt ( Tal'eI I ). \\htCn th[. dC1

sity (of pla ciltal ilft.iL'in, lre';atc.'r tl I().())t) iteI, uill .1(1 )1f [I('\ haId CVi-WAS i 1i0.00 - 6 , "o r, 

LIlne f'tliiil)bili'al hR)d p itKillia.1'I111cif) I 

\\a, li)I\Cdf ti iniie 

natural histor o\ h,;trtiSittlIIi thL fi(ltIcnliL'y 0I ithi)piilg aSSOCiati clinical illnesss. 
.A grotp ()1 I(6iw\\h Irns \\ith tiiiibilical Lt)rd rasitt-ii WA further exa0 the 

()I atd 

IabieS \\ith uiilibiliCill COId ii-aittiia With a1d[I.si\ ol( f 't)) )ilsitCS 1i1i 'ereI fllhowetd at 

18. tild -2 Il tiurs kw thick bhood II;lr ald clinical L'Uhition. All pcriplllral and pla12. 21 .
 

c[ltal 1)h1twd smears rll theL'ir iitl iehtrs matcrial - 2231.
dciMistratcd parasitilia ((,MPI).,: 

i)la.Cltal 6(t. a6d iblilical co)rd 2 ti) i.parite 111110)..lothi'r, uriltes weire- xaniied 
hadatiiiaaal No 

.,2 parts per iIllion )f tLrili (JI. suggL',iilg that luoist W(Mie'l had l)t [r[cci[\d ( ) trIe;t

iiicnt \itlil thIL rr'Vi( 2 \.Lcks,. All ( I00".- ) (W the 10 \ r " Ii aparasitcmii.c after -iS 

hours. IId 11 clilical ilhncsS, "-;I-, )at.bcr\ Cd within -2 hou's () birth. 

lor "id[Cc. drugs ViLnce ()f urie"(:,) \waIS fofunld in "(',. anld 88'",1, 

TIte findings Sugget that ill a se.tting wherei" a1high proportion otf Ipr.gn t w()nllcil arc infected 

with I) . thirfetusL'etsI 0inieWboltirns have at high probability of' dirCel CXp()i/lrcipalutw'n mllairial. or 

stire( tLiihs' piaraN'ilc, hut nice the ilit t.ritn. exo))S.ure." is enILdd. the nwb ns p[ri)hcral 

N0lod is apparently cleared t)! parasites. 

Malaria l)arasitemia in infancy 

In Ialaria-tildeinic ares.i iinfants arc thoiught to bc rclatti\clN' \'cll-]rp)tcctcd against malaria dur

ing the first f'e\\ lnitlIs () lil" I)iaus of IpIssi\C.ly acquire.d immltunttlit. ,\laternal ialaria expo

stire during pregnancy imight Ater MatrntlI production )f antibodies and passive trans'er ()f anti

bodiCs 1t tih. fitIs,but it Might also) eXpI()s the fe.tls to passively tra'lSferre.d infecteR'd crvthro

cvtes ( sc pre.iouis sectioin oI Longinital malaria il-L-tiiin ). \\C asSessed Ip)r)sp.tCtiVel. the 

aCqut.isitiol ()If l'ria ilftioti in an infant cohort and its relatiotn to infant ag., scason of' 

acquisition, season ()I birth, birth order, and matrtral placttil malaria inif.ctitin. 

(O)verall,2 -() childreni, rpl)tsenting 05.0", oif the (riginal birth cohort, had intiirmati in on 

malaria sme.ar )0sitiVitV dturing the. first *[ar()I lifec. All had at least one sme'ar: 13-8 ( 55.8!, 

\\ere see.n at least twice; 0) I ( 2-. . ) at Ilast three time.s; 11() ( ) att least f(iur tinls anlld 

18 (0.8" ) infants \\Cre seen five time.s. T*he total number ()I flw-Ilm ) visits lor the 2-1() chil

dre'l was .i(0 ( me;an 1.9 visits p[r child ). 

http:IpIssi\C.ly


SECT11Nli 

Ippl)rtXihIntIv-I t. 14 lilk t ('lihe i8).is4itwcltiurcd ill C(luAl r -1)Mr-tio,4)rthr4Lit.lll'0t ti 'ir(l liic 

t (r& vlshi\.ul+Ihl 58. lU( (41+ \'iit' u i li ocri+ hN ;igt" gic)lJ)..\I.\I . I988- 1990. 

1 -2 727 1581 

3 -4 1142 '24.8' 

5 -6 702 15.2) 

7 -8 
 737 16.01 

9 - 10 623 13 5) 

11 - 12 676 u14.71 

TOTAL 4607 100.01 

32 -,,knict)ig IhC1.2i-() iilt,-_.( 29.(",, w\civ hlril to4i~rinlilrIt Mir "X I (-.'." ) t4 N.t iigl.i
vida .mid I15- ( 10.8,, )I()w\r)114.1ill tl ir third 4W higlht'r pr)cl'gll;llc \Il11th)uli ilillt wv c. ilts 
il14tIlli'' liiiii [)ICI4C. tll iIIC.1i 4 t1iti,\\as,kn4\)n at ,lt'ixtT\. IIH i5 (80.U ",,)\V lC 1c(n'hn to 
1ll(4thC \. d I)LicciutIi,,. andtl ( IP)t., )\\LrC 1n1ii to ni)l1C'i"., MWi had iilh lril la\\ith uiilIt'..tC 2-

CI LI ih.iC tionl dCIli ' Cf i lll; iHt'
M11 c\ .lighitIl I ' ( "I.3" 1th:I ilalk' inIhI:tI1 ( -, )\\c.'r 

lacItor. associated with parasiltenii illililicv 

\ It()Ililt'C 

itICrulaiSilig Ig'. In itu first 'rualcnc' 1.5,,: thi, .,ilCrCd. 


Age: Illthc firlst ilriC.ltlwur in. i}au';itilVli \)f'.S highly corrhclatcd with 
.2 1nintl , ()I lif',ll. \'.;I5 in r I to -d. ,
 

ago. I1-12 in1thp. ) 10)() ( Fituf 32 ).
l1 ( 

':n t prcvalncc byFig urc 32. Inh i paris ii a9c gi'lU, ,\IMIfI. 198--1990. 

o Parasitemic N,. - - II 1ll, g(,(l- IlI4lI 

80 73.2 

70 66.9 

60 54.6 

50 47.0 

40 

30 28.4 

20 155 

10 

0 
1-2 3-4 5-6 7-8 9-10 11-12 

Ii Age Group (months) 



" .laternalplacenial inalari:'llh, children wtit i SH11M l0){ tlhLpr(prtI(n ()l ti(L)'.i lC , did hN'\" 


)rcncc nmatct'inai nMalAriA (tlivC 01 uulhCr'., with li;L'Ct.IIttl
()I' ptlactIttl . ()Iitlnll*rltnrcd tI nualaria 
,
ihltL'c , . 2- i LTIrs C\v)L t. )l, \\'ill) -I i ( ( n. ) nucars
 

, 


ti( I ( II .(",, ) ot .( p(,,i l';tt', t() 

ini iillflil I i I(l)t Itlh.l',, it l' ll iua ( I I Cli-SqIAIV , P (0.02). l ar. i )r.'l \\itl0)L ial ,IIi' 

Al-.CLt iicI() Ih'it W \ Ii lill i llu)Igi o. I,) fnlu)c('.(1 ttilt-h'., hight'lr ;it s ll 4 will) placciI

ull uuuil11 l hMrll[() it)[ll t's\\vill 'Isittlllt . tI tlCSC 
, 

;tl l itiaI ' Ittl )IItll ,t11th)'(" m)N 0 );Il I'laIL taC +lt 

Signifian.itt .r ) IlIhll. ( l)tth lIL . L'clil
dt'T,.'tlIKtIlt ) WVt \\ ilh( tti 1 . I I)LI ,L'l1LIN \\CIt' snil))'ti()',iti\V_ 
dilt'rt.I tLV ,\\( . uit '(t'ti0ti l, ( Ii . ncScCuIMtll I ) ol 

I ll)'ll IIII l11tr-It-illt.C[[ l)t~r. ()lt(.Itl thlMl 

tl 's. I)l'nu () . \\ilih plact.t-.t l Il l iria ii -clitcll( NilI sIInIuII. ar cii-sqn . I) 0.0-). \\ithiillI atr 


particular ago.. go ps. Ili rltrg.'nt niT. \\;tInn t.'d ilntl)m. ;agS 9- I() n()nltl)S: 195 "0)
dilc ' 

()i.()",, s rsr.(4 lllloll to \itlmutit l tt iti\'m.")()I'Ichmmd tal uit' tol 'l) \lt)tlitrTs,, II)rit Cltt l'.' 
h'llparcd \l.l -) (I' 61), (0 itiLitl al ( ,il1-tithi ) of suiu0".,s of I) h1 tsl)i.at(s with il+clwit.'ti)alari; 

C.hi Lll tt~r .IP 0.110 1 ). 

tor all n.Clhiidr.i hrIl 11 I
 
iiitl;lltatI' ;tlI tI r a '; i)rT'\;IlcIC did c'ildro.'n 1)nrn n0 RlS
 

Itnt.r.sti glk. .gC gil'M)m to iiotIlrs \vith unilkniown IaTI tial I'PlI''ti 

-i;I , ;ISiglui i I hiuh pl silt pcit thatn (( 0t 
' I)\\ili,placcntal illialriai int ctioi ( S( .I;, --0.005 ) Or With 1[lAiclII Stntniarv ('Chi tas unill

I'Wd t dc'li\(,r\ ( M1I 'lii sluarc., p 0.1)0)1)( .
IIInMuIma,' Figirc 33 

lrc'l-nc' ;I and inalaria inllctiolligurc 33. Infiaint ir;.itc lw ilt." u laolital status. 
I.\RI, I --I99). 

(N 2470 infants, 4607 visits) Placental 
Parasitemic infection 

status: 
90 

80 . .------------- -..-.-............ ............ A.; Unknown
 

70 ----- - ........ .. Negative
 

0.1 . . . . Positive 

50 --.. ..--.-..-.-..-.-..-- ... .,.,.,-,"-' .. .,.-"-"-.. ..- . . . ... . . . ...
 

......
40 ... .. .. .. .. .. .. ... .. . . .. . ... .. .. .. .. .. .. ... 

20
 

10I I I I 

1-2 3-4 5-6 7-8 9-10 11-12
 
Age Group (months)
 

: "'1h usT",,'nasoii of ,t ae . ' ()i i it.I'Mat r Ii. I, ( 8 I 1931 ) during thL' r;in\' WI.I-), 

i0.0"', (-2 IA3K ) durilng th. pstraiiN scua.,. ii.)'., ( 1I I -.;) duiring th' dry s.ason.3 and 
SImilr l)Sitii :ri.d C in \ itlui J t." ( [igHit I ). I lilihSt p .,iiit v'.,.' gl'M I)tl " ';tCS W v " 
S(..Ii i l t l tr sci ( \lI\Ail cst lllV ill d.;tsm tluSt ).wilt km r;ut.S g i.' th.' kh\ S'IasMmn
 
S 'I)Ct.iIh r-l )ucVnu urI ).SC i \v\ uiLark.d (t1 iin lit';
i ial diltl(Ir Ts r+ um<ru thW liluSt 8 1n0itlih, ()l 
lrn 9)-I-2 month ic snicar-pI m.iti\it\ i-mi (l m)I'ths. rawt r.'tlgcd 1m 80", rcguirdl.o', m,. 



Figur. 3 vlI t plrasitc p-rc.alnce h age group andan-dIseason, ,l\lIIP, I 990.
 

0 Parasiternic 
 (N 2470 infants; 4607 visits) 
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Age Group (months) 

Tih risk of a having a positi\c smcar was significantly higher across all age grotps illtei post
rainy stason Cmpart'd with tl.dry seaason (,l1-wcightcd OR 3.0, CI = 2.5-37., 1)-IM ").Similarly,
the risk ) smear positiv'ity was elcvatcd in the rainy scason comlparcd with the dry, although
the difference, was not as markcd (MI I-weightcd ( R 1.8, (:1 1.5-2. I,p- ). (I10 01note, during
the p ),trainy seas. ofnars the first com-I..'. ()I obtained in 2 nmths of lift were positive, 
partd with -i.0', in this age group in the dry season ()R 5.0, (:1 +-2.0-1.1.3, p- I()"). Adjust
mcnt lIr seas lndid notflsuhst'mtiallv alter the p~rc%'ioIuslv Icscribcd relatio Inship among smIar 
positivitv, igc, and mate'rnal placelntal malaria. 

Maternalgriridiv: ()vcrall, simcar-pisitivit. 'tes wcre similar am<ong inlants dclivcred to 
primigravidas, . 1.9",, (6 18 A 3- ). scu'tlndigritvidas, .. 8".. ( )61I 130). and w\'mcin in thcir third 
or higher prcgnancy'. 15.8",, (95'2 100 ). \\'hen stratified by agc, ratcs ofI' infaint sme'ar p1.sitivity 
continue1d t beI similar am(ing w(miein off dill'erent graviditics ( Figurc 35 ). 
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Figurc 35. Infant parasite prevalctncc by age group and birth order. *\IM I--l19Q0.
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Season of birth: ''he number and proportion o1 smcars obtaincd from children b)r'n in the rainv
 
( I .f3 ),))strainv ( I 355. 29.1", ) seasons wcrc similar.
2.(1",. ( 1--9. 38.6". ). and dr' 

I)e,.sitv q.partasih'iia:Plarasite densit\ incrcased rapidly at'ler 2 months ot ;ige ( Figure 36 ). Thc 
incr'ase was consltant during the li-st (,mnths ()flife, but then began to platcau aftcr --8 

ilonths o" age. rellining lairhl constant through the rcmainder of infiancy. 

Ul
 



I:igt'. 30. (1i0'Ilctric mrl'i jtwaSitt' lcIhitv .MLnllg i n it, h% ,igc gr()ulj). I I0.I198-~ 1990. 

Parasite density' (N2470 infants; 4607 visits) 
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Stlnlmary tindirigs: 

T'he.sw/eindings indicale that in this endemic area, ialariain/ection occurs early in i.fn/acy, wilh 
as many as 40% of in' nmts parasilemic during the high Iratisimnissioi season by age 4 months; as 
many as 8O07 of in'lnmis aged 11-12 months are pa-asitemiic during thi.s period. Acquisition of 
parasiteinawas stironglv in/luenced by age and season. lit early iftnc', (1-6 ionhs), no eoijs'is
tentl relationshipl was observed beltlH' 'e maternalplacental mialari-a i/'ctiotln stats and inftnt 
parasilemi,i; howerer, in later infittne (7-12 months), there was a frend toward lower i/fictioi prera
lence in in ants born ito mothers with inaltria-infectedplacentas. When examined within age 
grotp.s, birth orae- and seasoin q/ birthldid lit) substantlially allerithe prealence t,/'parasiletiadur
ing inauntcY. 

B. ANEMIA IN INFANCY 

(hildhw)d :tnt'llia is incrcas ingly rcc()gn izcd ;Is a ina jo)r )blicl icalth pio)blcm in Atrica (7.i-79). 
OHtdi tI 

maj( risk fact()r lowr I tIV trmnsmission and havc d(ctuicnicd thc" hurdcn ancmlia latccs mn 
hcaith carc Lticilitics. Aong h( spitalizcd childrcn, thI sIc with sc\crc ancmia arc ncarly 3 timcs 
as lik'ci\ to dic dIring hospidiz;tltion ;s thiosc withunt sc\c-c anclnli.t ( -6). Anciliat wp'ar 
bc nitCh i..lIcc(om111n(911 ill childr'cni y()ingtr than 30 Imnths ()Intagc and Shows a Sharp incrcasc 

Rccc n St l lgcmiin Ct ct'\'crc antifla hivc idcntiticd bh Hd trainstilsio)n as a 

2 and 6 nioiths of agc aicin prcvlcnc • 2ctwcc11n tl'C agat which iprcValcIClc ()f nialtria 
parasitmia incicascs ( \alawi \inistrv fWIIcalth, nnpulishcod daita, 1992 ). Raftcs o1 hospit:liza
tion Ir :m'ia a.ls inr'asc,, dUring tht rain\ SC;asoln. TIlCsc o)lsctrvati(nmns Stlggcst that malaria 
plays a domlinant 'oIc in th" dcc\''lpncnt of ancmiat in carl\' childhood. 

U
 

10 



The p.Itl)physiclogy )ornlarih-assoChittdanuilli:t is i"ICcn01IlIt.v nLd'rood (80.811 . .Pr\oiS 

Studies h'avu Stggested 1 C .pxpat ttrn cI' dsCt'rti't (nl ci't lIr()iIC S,I'SrtnltIhgn 01,'nruauT;td 

l'l'rcli S.liiZollt rut1tiIT ()I Tr'thrct s.\, ilulnt.C nIuC<h;uisinS (82 ).,id31 dvsrvt ti . isi, ( ). 

i' risk latc ilgIlt.t(n lIcIrS, 

\wt' buI'n ill tiSpital. atid hAd A Incl;itoCurit dutlrlnijation I)tr ra.ItChilig thit ;ag' ()1 121) day's. 

haIractristi.s', OfCchiM, . WdithdIiunitcrits lcthw "25'wCrT Cipard With rhccst oI uliIdrtCI 
With h :mII~ttt-rits, (d 2i",, MInd higlIr. 

(hildrlTil wur' hICd .dU in thl r aStSCSlfltllt ()I aM.tnLI if*Iblwt sCIr 

A totalI )' . ildui i trt.( ,..icn lIhLt I)r-C 120 da' (I' at.t arid haMd t h.iic )atc).'rit(.dUt.riiinathcn. 

Thec IlWcan at.I. ( ' "I) ) At thu tinlIC (f l'"st lcclh'-tij Visit Ior tlCust 253 CIldill \\a -' ( ' 23 

da . this grup. I-',, w r mCal. ;ald tHlCir nII;tn ( birth Wvuight w2, 292i ((). 1 51) .15 

grml.hur \uCrt nlo)diflulIc.s htwuttI Clildrun .'nrcllhd and ChildrcLi SCu. ii llc)wI-1l ) htTL'r . 
Ilct tcclurt)hd ill n.t aIC' t t lrsi -ccll),u. mat.'. birth xvuight. ccr sascialh+ prcclpc,'ticn it.a, 

diStrilL it nll th iS. 

Thet iiiu.in hiCliiatccrit ( SI) )f th 2i,.3, child'uii \Vas 29.5", ( -. 2",, ) at firi.,t fclccw-ucp visit. 

and 05 Chillr.n ( '",', ) had hucciaccurit \+hlIuS hChow 25".,. Noc ruatinship Ih'tw,'cun ;age at th 

follow-ulti viSit and hiu.iatccctrit VAUtlt' wSetun ( l[igtlruL. 3- ). 

Ii cirlt- .\ gt Atlfirst lc114)\,-I\ i aid lit ii,1tct it \ ltlC. .\I II. I),98-I990. 
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Placental IP. .l;alipt'ruc infucticin wa's tl St,')IIg.It ris-k lautocr 1br huing anunic ait first l'c)hlow,

up (lah: 59 ). Ncoothur chartutriStic of' thu mc)cthiur ccr the iilant was Statisticallyiassociated 
,,

with th infnt'.S ailumia. Tht I ;Iht..fr inlltnts with malaria paraituilia wasniuMdian hiictou)rit 

28" conpared With 3 1 lr th"t,.low\Withicut parasiuiia (p 1)02. \\;'ilc>xn rank SLIMs tust ). 

Inlits whci wru h(irn w'ith pltC.iit.d mlar'ia \Vurt. [McMrcrt likuh to) hav P. iltcipam'n influ.c

tion at first fu0lhcv-up than w t inlfanlts without placintal imlaria. 
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[able 59. Risk Iact rs fir ;IIcnli; t first inf,tnt folhIc w-up visit. *\NI RP1,1988- 1990. 

PROPORTION WITH 3000 1500 2.0 I1.3-3.0) 0.004 
PLACENTAL MALARIA 

INFECTION 

PROPORTION WITH 10% 5% 1.7 10.9-3.31 0.21
 
ESTIMATED GESTATIONAL
 

AGE 36 WEEKS OR LESS
 

PROPORTION'WITH I11% 1.3 0.588% (0.6-2.6) 


BIRTH WEIGHT
 

BELOW 2500 G
 

PROPORTION WITH 16% 24% 0.7 (0.3-1.6) 0.51
 
FEVER EPISODE
 

SINCE BIRTH
 

PROPORTION WHOSE 41% 43% 0.9 (0.6-1.4) 0.68
 
MOTHERS WERE PARA-


SITEMIC AT ANTENATAL
 

ENROLLMENT
 

PROPORTION WHOSE 20% 15% (0.8-2.2)1.3 0.34 

MOTHERS WERE PARA-


SITEMIC AT DELIVERY
 

MEAN I SD 32% 17%) 33% (6.2%) 0.35
 
HEMATOCRIT OF
 

MOTHERS AT ANTENATAL
 

ENROLLMENT
 

MEAN I ' SDI HEMATO- 37% 37% (9%(9% 0.72
 
CRIT OF MOTHERS
 

AT DELIVERY
 

Among the 0-t childrenl with heatocrits below 25". 7 ( I P", ) dicd during (lie I -yvear prid of' 
f()lhIc'-tip c(lpared with 10 ( ",,)dcaths among 189 childrcn who had hematclcrit valtes 25", 
and greatcr ( RR I 1-i)0. I, ). Survivai analysis sh(wed a higher rite cfldcath in childrcn \Who 
we.re anemic at tile first fo ll)ow-up visit (IFigure 38 ),hut the difference in tile twI hazard curves 
was n()t statistically significalt (p=. 13 1.A (nigchildren who dicd. the me.an ;gc I' deatth f(Ir 
- anemic children ( 22 days ) was n(It significantly diftercnt frrem the m'ai ;g. ;t1 dc;th ;amlng 
the I10children no t anemic at first fohll)w.up ( 1901 days, 1)= 0.28, \Wilc)xI n rank stins test ). 

U
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Figure 38. 	 Proportion of children dying after first tollw-Ulp by hlilat erit val lie at first 
follow-up. MNIRP, 198 . 199.( 
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Discussion 

In this study, ymu1g inllf"ts e'peXl)_rieince.d a lower nadir in licmatCrit values tha1n po)ptlilatioIns stld

ied in the deVl'bed (Iwrld. A,.ltho ugh we did not iieasure Ieniatlcrit at hirth ill children in 
the Stuid'., the me:atn licinialttrit V'Aluc for 2299 newborn inlfants hoirn at this Ihospital was 06.9, 

(S1) 9.-, ). (hildren horn in Niangochi )istrict appear to begin life with a heniatologie Status 
similar" to th;t scen in C deVClo)ed World, but th.\' 'iee'CC ass;ault 011 the l'tatol(>giCthe :aseve.r 

stemC' c;trl[\ in lil'. In the cu_'trre_'nt SttIdV. aIhigh I)r'\';ilCiie of a'emiaI wIs Iou)tmd il children 
wh(o were and the ICle'l, aneli; descrihed ill hospitalized dildren wereappai i-ntly healthyw. :III 
not limited to the Select fLV Who .1re typiclly brought to a health-care facilit\ Or W1ho sur-
ViVe long enotugh to0 he hosptit;lized. 

Placental inlfec'tion was th.. Strongest risk fiictor lfr h.inIg atneillic ;at filrst Ibllhow-tup . In a.hosp'itil
b:ased sttudI' nellil ill children .0oungcr than 0() mIonths of' ge. tnllntutritio)n. Splheno>me.Cgaly.oI 
histon\ il,l(.1er. atnd al;tr;aSitelia \\ere si citCd Wit!: hIr lile(toCrit ( -- ). Alth(ugh \ w did 
n(ot per-form det;iled clinical e'va;lutio>n, on childrCn ;t foll 1w-u) Visits. chidrcn h( CXl'i-i

i-nCCd atf'brile illns's \\Vrc' no> more likel\ to haIVc henmtocrit below 25",, than those w'o had 

no0t h;I ;I I'afrile illiI'SS-..ltl'.hugh 1hli.a piltCit i:t \was no0t aSSi,ialted With lIn:toc'rit bcl()\\ 
25",,, parasitellic child.h'V, ha1d loweC,'r ht'<iIatoc'rit VAlu' thaln;partlV;sitifLic childreh.n. Irsc data.1 
stlggCst lh;tt the. on1set off anemi;t in youlng Childre'n cvicii \\'he..n relttId to acIqtirild 111alaria 

infection, is frequently ,yl)tomltic'. 

Placental mialaria has bcen thought to affect child SirviVal h\ ri-dueti ig birth wCight ( I ). In the 
CurTent s.tLtd\ pil',antal ihrit ha1d a Stln()IlgC- -fl- tct (I 11ent1()logic statist11han I.l\ did and 

is thls iidepi)udent 0I the l-ct I.I\\ might hIIVe ha3d oin the child's hUnIlthl i"gistItus. This 
fllnlinlg siggests ;anotlhe'r reasont'i, ilria prograslI the rate 01'shIuld seek to retiLucC ofpil-ltl;l 

.nalariia infection hy prooililai;1 i)riprvetioi)n lurillug i)i't4l1gint 
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()ur .tudV Stgt.CSts that chih+lrcn with hvcnltki)trit .tlicis )vl()w 2i",, vrc iore likely to dic dur
ing the first \-vatr of' lit than Clildhvt with llighvlr hvimatovrn'it \r1lhlCS, hut h ISt. 0I"thofc Si1lll 
SaIlpIC siZ/v, thiS difll'rt'lwCt \w;S n0t Statiti':ll' SigniiCant. TIhvrT was nlot a vl'riod Of 'Slvially
high risk aftvr thc first CliliC visit, ai1d thy- risk of datli aplpvla:rvd to v'xtv'nd tlhruLgh thy first 
vcvar+ of lily. 

hltot)vttit. strtvgivs to l>rcNt'nt oalatrit-i,ssociatvl ;in ia artC tCLdd. )nr datt stlggvt thit
 
trvatnint of I'lhril. illiivss is uinlikclv to do so and that lrl1laxi agailst nlaria durillg lpr'g


ineaNwill l) m imiportant pait of any aprachi 
to pivvnt anti.1 ill yVoLlig Clhildr'n. Th aIsso
ci;ationt otf pmtasitvnli; with h lwIiglohin inl tilh Asnc' of aIsimilar ;ssoci;ttioll \\ith fv'ril' 
illcss suggthsts that r t ithur through targvtvd pr M-lallOtgll It)hrLouTgip v 1iAl ioltC_
tionl mv'atsurv'., Will Also h' iivLftfd. 

Summaury findings: 

Anemia is a common problem in severely ill, hospitalized itants in Atrica, 1)but little is known about 
aliLmia in ttonhospitalized children. A total of 253 babies born to enrolhd women were studticd.
At 2 monihs of age, the mean hematocrit of the 253 ihitls was 29.5 $ 065 in]ants (25(4) were ane
nit willh henatocrit ralaes below 25( . Phcental malaria infection wttas associated with an lt'int 
havringanemia at 2 months o tage (RR 2.0, p 0.003). In/ants who had1).)*Iciparum parasitemnia at 
age 2 months had lower hematocrit val, s tha ll/anis without parasitemia (median 284 versus 
31% p -- .02). I'he nother's hematocrit at enrollment, her hematocrit at deli oemv, sex of the itfint,
and ftbrile illness in the inflant were not associated witlh sel'er' anemia. Although itfianis anlemic 
at 2 months of age were more like/y than nonanemic in/ants to die during the first year of lf'e, this 
di/,''rence was not statistical/v sie,tit/(ant (RR - 1.7, p 0. 15). in riralllalawi, atiemia is a common 
problem in children, is acquiredearly in i/', and is associated with an increased risk of death. 
Strategies to reduce set'ere attemia mst address clinically silent P. fialcilarum it.' ections, includ
ing placental malaria. 



X. PUBLIC HEALTH IMPLICATIONS OF STUDY FINDINGS 

lic rcsults of tle MMIRI, provide important definition to tile problcl of malaria in prcgnancy, 

th populttion at risk, the re(luircncnts of m effective program, and the interactions betwccn 

malaria and other discascs and conditions in prcgnant women. '11c rcsults of th MMII ) 
itso 

highlight fictors that must hc considered inl the dcvclo)pment of sotInd policy and strategics for 

nmlaria control in prcgtatnt women in areis o'high matlaria trmsmissiontl. 

Thc MMRl ) dicatrly dlmnionstrate's that malaria in pregnant womien is a risk for I.BWidue to) hoth 

II'(;R and prematurity and that this is prinmrily' seen in primigravidas and sectundigravidas. In 

this highly cndcmic mahtriotis arca, the c1ect o)fmalairit oi the heal itfl the woma(n (c.g., caus

ing fever or anemia: ) may exist hut is rclatively less important and dramatic thm the eff'ct on 

1l.\t' and its risk )fintfant mortality. Therefore, mtlariai matiagemenlct and prevention in preg

nant wonmen should be prinarily considered a child survival intcrvention strategy in which prc

vcntion of nmhria-asso)ciatcd 1.B \\'Will reducc l.l1\V-ass )ciatetd infint mortality. 

Thc three most important faictors determining which pregnantt wm)nen will be infected with 

malariat arc the worman's pregancy tnumr, the tl'ectivcness of*the drug, and the 

transtuission scason. To be effective, control pr)gmns inust idcntify an cleectivc mtimalaria'l Irug 

aind proVidt- it to the at-risk womcn, those in their first or second pregnancies, cspccially dtu. 

iug the high transmissi in st-asons. 

'lhc MMRI) aliso identified an intcracti )ti betwcen IIIV and mialaria it'ctiol in pr<gmiant W(0ie0h. 

IllV-infectcd wmin hav. higher rates and density of' parasitchia and placental infection than 

wo\'men not infected \\ithlI IlV, and the babics of IlilV - womcn are moire likclv to have malaria 

infection in umbilicail cord blood than bahics horn to w\'omen without the virus. Infiant mortal

itv is higher in babies horn to I +-V 'omen with Il.ucnt.ul malariai than in Ibics horn to Ilil\'+ 

Women \\ithott pilaccnt;l malaria. Although ftirthe.r cvaluation of' the causc of increascd mortal

ity' is nccdcd, the intcraction rcquircs incrctscd elforts to recognize and man.gc IlI\' ;ad malaria 

inpregnant wonicn infcctcd with both pathogcns. 

MALARIA PREVENTION IN PREGNANCY: POLICY AND PROGRAM CONSIDERATIONS 

To formulate a sotnd policy for malaria mtnagcncnt and prcvcntion in 1ircgn,'tt women requires 
decisions: 

Who should rccciv'c an intervention; 
What is an effective intervention; 
What drug can be delivered to pregnant women and be saffe, availablc, tcccptabhle, affordabllc; 
What are the intervention's expected outcomcs; and 
In what health delivery context should the intervention be pro'ided. 

Results of the MNRI ) provide important insights into several of these issues and may assist deci

sion makers in the process of developing local or national policies in areas of similar malaria 

transmission in sub-Saharan Africa. 

Who should receive an intervention? Rcsults from the MNIRP show that despite a high preva

lence of parasitenia in prcgnmt wonen presenting at antenatal clinics, few women had a recent 

Histo ry' of febrile ilhncss that would lead to antimalrial treatment. In addition, while higher den

sity parasitemias werc :issociated with increased frcqulency of reported fever, fever was not t 

good predictor of parsitemia in this population. 1lbuts, while antimalarial treaitment for fever mua'y 
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he imporutant for tle IeN wolen preseilting with sympltoms, a1stratcgy to provide malaria treat
ment onlh to rccentlv febrile pregnant women will not treat the majority of parasitcmic women
ill tile poptlation. Consequently. malaria management and prevention efforts must be directed 
to both syllptoliatic and aisylliptoiaitic pregnint wolien. 

This and other studies in Africa show that women in1their first pregnancy arc at highest risk of 
malaria infection and thcrcfiwc represent an important talrgct group for prevention. The preva
lence of malaria parasitcmiai and plamcental ma.ari;a infection in pregnant wvomen decreases wih 
increasing prcgnamncy number, and won.-n in their second prcgnmcies continuc to have higher
rates ' f malmia 1.ptrasitcii.1a iid plcen tla iinlcctioln than women in later prcgnancics. In addition,
the incidence of' I.\\' in the population is highest in firsthorns, and decreases with increasing
hirth ordcr. Finailly, the link between malaria infect ion and I.1W is most clearly seen inprimi
gravid;s, hut my also exist for sCctindigr:tVidas. As a conscqulncc, the intervention should be 
targeted hiertrchicailly: women in their first pregnancies constitute the prinmry group, women 
in their sec )nd pre.gnancies. tic next most important, ind finally, women iii all sLbseqent
 
prCgnai'icies.
 

In the pou)liation of all prgnant women in this airca of rural Malawi, 22. V %f lrcgnant women 
were primigra'idas, I were secundigra\'idas, and the rcmaining 60.2% 'ere multigra'idas.
"lIbus, the majority of the benclit of the intervention could be obtained by providing the inter
\'Cn tion to less tda -10"' of'the population of'iprgint ,,\ocnnn. 

What is an effective intervuntion? Results of the MMRIP show that an fcifective intervcntion
 
for malaria inl prgnant wo men 
must cl:tr partsites from the placcnta. Clearancet of parasites from 
the placenta tpptrcntly coincides with clearance of iarasitcs in the umbilical cord blood and,
for the most pairt, in the peripheral blood. It is the clearance of' parasites from the placenta and 
unbilical cord that is associated with .areduction ill tile incidence of .IM' and its sutbsCquet
 
risk to inl'int strv'iva.tl.
 

In the current studies, groups of 'omen werc treated with a therapcutic (lose of either (Q ( 25 
mgkg illdiv'ided doses ) or NlQ ( "50O mg single dose ). Mcfloquinc was shown to he significantly 
more cl 
.ctive than ( Q in clearing parasites from pcripheral, l.>lacmital, and umblilical cord blood. 
In preliminary studies iin198-, the persistence of iarasitemia - days after pregnant women 
were treated with (Q ( 2-1,, ) was approximatcly one-half the rate sctn in children under the aigc
of 5 \'cars in the samei site ( 5",, ) inl 1986 and approximaitely equal to the rates in children age
5-9 years ( 2-" ) in 1986. 'il findings suggest that areas with (Q rcsistancc in children may be 
cxpcct.d to h'c C.Q-rcsistant iparasitcs illi+regnant women and thtt the patterrn of response 
mv be similar to thait of children aged 5-9 \ycars. Thus, rates of (Q resistance in children may

be usC'ul in predicting the etficayof (oQ in pregnant women. 

The clearance of parasites from the placenta and umbilical cord blood was associated with a
reduced frequency of I.B\\' in the ipoptllation, including both prctcrin-l.1\W and II GR-.IBW. We
conclude that an Cffectiv'C intcrvention to reduce .IW duc to malaria inl prcgn*.mcy must clear 
parasites from the placenta and umbilical cord blootd anod that, inl this setting whcre CQ-rcsistant 
but ,\Q-scnsiti\'c P. f/ilc'airum has been documented, MQ is substantially morc efficacious. 

Wc also demonstrated that clc:,arancc of placental parasites is directly corrclatcd with the frc
(iUCiC'y of L.IM'. Il 'uturc attempts to examine antinalarial drug efficacy inl pregnant women,clearance of parasites from the plhlcenta or umbilical cord blood I1axl'be used as an outcome 
measure. Inl addition, peripheral parasitciia clcaranc may he used as a surrogate for placental 
parasite clearace. Public icalth officials nIaV be able to use in vi'o data from antimlarial drugclicacy studies in children as a proxy for prasite clearance iil pregnant womein. 

m!
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In conclusion, fhe MM RPldemonstrated that clearance of parasites is the critical issue inl prc

v'cnting I.B\W due to malariat in this setting. The actual namC o the drug providing that clear
an."ce may clhange with canging itterns of piarsitc resistancC, Ibut the flindancintal principle 
rcmains the same: the intCrVe'ntion must succeed inl clearing placental and umbilical cord blood 

plrasitcs. 

What drug can be delivered to pregnant women and be safe, available, acceptable, and 
affordable? In addition to IbCing C'ficacitLS and pro)pcrly targeted to the it-risk populatiori of 
pregnatnt w\omen, tlHimtimalarial drug must Ibc satfe, availabl, acceptable to the pregnant 
women, aftordal~bi to the vomcin or the hcalthi-ca;rc sy'stem, and dClivCralC inl a rcgilcn colc
nicnt to the tatrgct )()pilation. 

The ideal is a sale drug tat pr)vides coI)plctc clearance ot)pairasites from the placental blood 
and has phiarIimcotkiiCtic pro)pcrties that allow intermittent treatment or chcmoprophvlaxis. Scv

cral drugs arc availhle tlha.t shafr the characteristics dcmtinstratCd by IClhoquinC in this study. 
In arcis where the drug is known to be highly clficacio)us in clearing maltria parasites, (. (inl 
settings like I laiti ). SP c( )mbinations ( e.g., sulfidotxiic-pvrimietlhlnmin, sulfalcnc-pvrimethanlinc) 

in suh-Salhmrm Africa. and MQ have these properties. More recent stidies co)nductCd at the 
Mangchi stud' site ( 1991-1992 ) have dcmonstrated that a regimen ol SP givcn as a treatment 

drose at the beginning of the secoind trimester and again at the beginning of the third trimester 
\wa-is highly clt-cti\'c in reducing maltria infcction in motthers and their placcntas. This regi
men was also ivailablc in the c )tintrv (approvcd illthe itioial l( )rimilar\'amd prcscnt in dis
trict medical parimacics), alffrdable (its somewhat higher price \'as offset 1\' the small nun
ber of doses required ) and acccptablc ( women were accustomed to going to antcnatal clinic and 
werc willing to ingest this tasteless tablet ). 

Major challcnges to increased irogrim cl'ctivcncss include. the availability of drugs and the 
nCCd to obtain high covcraigc of the at-risk pregnant women. In some areas (e.g., rural Kcn)ya), 
the prinmigntiidas who arc at highest risk of the effcts of P. ldciparutm infection are the least 
likcly to attend antenatal clinic for preverItiv'e services. Thus, strategies to increase their aware
ness Of nCCd for antenatal care and their access to and utilization of health services must be a 
high priority. 

What are the intervention's expected outcomes? In the evaluation of survival of infaints born 
with an1d without I1W, it is clear that birth weight is an important predictor of survival in both 
the neonatal and posteonatiI pcriods of infancy. lie MMRP was not designed to examine the 
effect of malaria prevcention on the rcduction in mortality during inff;,ancy, but extrapolations 
may be made. The attributi6n of approximatcly 12% of IHW to malaria in pregnant women and 

the risk of neonatal anod postnconatal mortality associated with IW suggest that the preven
tion of malaria inpregiincy is,indeed, a child survival intervention with a documentable 
outcome. 

In what health delivery context should the intervention be provided? A number of 

conditions, risk factors and specific diseases lead to death inl voing children; IBW prevention 
is only one of tnumber of intcrventions w'hich may improve child survival. Therire , malaria 
and 1.1W preventioni with an effective antimalarial drug should be provided as part of a pack
agi, of services delivered throtugh antenatal care programs. 

Efforts to improve: child survival in sutb-Saharan Africa imist take tbroad perspective. The 
mother's health during pregnancy, at the time of delivery, and postpartum may determine as 
much as or more than 30) of the risk for child mortality inl sub-Saharan Africa. Although treat

ment ard prevention of P../adciparum infection in pregnancy was the foccus of the MMRP, the 
studies identified a number of interrelated factors--infectious, nutritional, socioeconomic, and 



tc.tcationl-that imut be addressed. All w(OIIIcn should he screened for syphilis and treated if 
then' have evidence of tile infection. II IV is i growing prol)lem; at this time no treatment strat
gy exists. Although.sometimes based outside antenatal care programs, efforts to prvent neona

tll tetanus ( tetanUIs toXX \.tCCiIC ;iid cle.in d.Cli\cr%mCthods ) mutlSt contituie to be C(onductC'dtid 

illa schcdule rcconmmendcd by WI (). Improving micronutricnt dclicicncy (e.g., iron and lolatc), 
improving general nu ntrition.and reducing caloric Cxpcnditurc in pregnant women who often 
work in the icds must remain a priority. Access to antenatal care and to delivery attended by 
traincd health carc workers will significantly improce birth outcomes. Identification and refer
ral of high-risk prcgnancics anod fl.cilitV'-bIascd services (e.g., for bhlod transfusion or cesarian 
sections ) will remain an important componcint of pcrinatal care. All of these factors must he 
addressed as atpackage if antcnatal clinic services are to he effective in promoting maternal health 
care n:rdimproving ne.bhorn, infant, :and Child survival. 

The dvCclopmcnt of malaria management and prcvcntion programs in African settings requircs 
several steps. lirst, the cxtcnt of' malaria in pregnant wome.cn and LIM' in their infants must he 
assessed, With attCntion to differences by gravidity and season. Sccondly, existing prograns for 
antenatal care serviccs must be cxamined for current or potential inclusion of malaria preven
tion scrvices and for current co\crage of the at-risk population of prcgnant vomen. Opportuni
ties to reach and serve primigravidas anld scCundigravidas must he cxplorcd, possibly includ
ing the use of traditional birth attendants or other local health-cxtension workers to cxtcnd 
services to communities. Finally, an examination of' potcntial impact and cost will he imlpor
tant as decisio)ns for programming malaria prevention are formulatcd. The NIMIU ) provides data 
onl potential impact, and more recent work at the Mangochi Rescarch Station ( not describcd 
in this report ) suggests that incorporating an cl'ctiv'c antimalarial drug and drug rcgimcn in exist
ing antcnatal clinic scrviccs may be cost effective. 
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