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ABSTRACT 

Malaria retnains a 1najor public l1ealth problem particu]arly in the tropics and about 90% of 

tnalaria in Africa occur in young cl1ildren who are more vulnerable than adults. Fever· is one of 

the 1najor syinpto1ns of malaria; however, not all fever cases is a result of 1nalaria. Therefore tl1is 

study esti1nated tl1e proportion of fever cases that can be attributed to malaria among children in 

south west Nigeria. 
• 

Tl1e study period was fro1n Feb11.1ary 2011 to June 2011. Participants who have been residing in

the coin1nunity for six months or 1nore who gave written or verbal informed conse11t were 
. 

e11rolled into tl1e study. Reco1·ds of all children (:S 12yrs) eligible for tl1e stL1dy were used for the 

analysis. Malaiia attributable fraction (MAF) was esti1nated using 3 approaches: Classical 

n1ethod pa1·a1netric regressio11 method sucl1 as logistic regression 1nodel and Non parametric 

1·egression 1nethod such as local linear smootlling . 
• 

The n1ean age of the responden.ts was 5.6±3.2 years. According to age group, t11e proportion of  

children with fever inc1·eased during tl1e fi1·st 3 years of life and thereafter decreased but was not 

significant with age. The prevalence of Parasite1nia also decreased with inc1·easing age as those 
• 

\vith age < 3years of age l1ad the largest Parasitemia of 56.4% and those wit11 age� l Oyears had 

t11e lowest Parasitemia of 39.3%. Tl1e proportion of MAF obtained frotn the classical method \Vas 

0.2652(95% CI, 0.1784-0.3520), the logistic estimate for those with parasite density less than

1000µ1 was 0.0385 (95% CI, 0.0105- 0.0665) a11d for those with parasite density �1000µ1 was 

0.3215 (95°/o CI, 0.2738- 0.369 1 ). The non pa1·ametric esti1nate of tl1e MAF obtained \Vas 0.2447 

(95% CI, 0.1 785- 0.3119). 
• 

The prevalence of malaria disease and fever during childhood remained high. The study 

observed that fever rates increases sharply for lo\v exposures and also approaches 1 for higl1 

exposures, it also suggests a monotone pattern of tl1e conditional probability of P(Y = 1 IX = x). 

However, other causes of fever should be considered in the case of managen1ent of febrile 

illnesses dunng childhood. The logistic estimate for pa1·asite density category of� I 000µ1 ga, e 

the highest malaria attnbutable fraction and had the sn1allest Cor1fidcnce interval follo\ved by the 

loca1 linear estimate. Therefore tl1e logistic 111ethod is a better ec;t11nate \Vh1le classical method 

behaved the worst. 

l}eyword: Malaria attributable fraction, Fever, Local linear smoothing.
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G 

1.1 l11troduction 

CHAPTER ONE 

• 

Malaria is a disease caused by plasmodiun1 spp parasites tl1at infects about 154 to 289 million 

people pet· year 1·esulting in approximately 660,000 d.eaths wo1·ldwide. The anopheles mosquitoes 

trans1nit tl1e parasites to hu1nans when tl1ey bite. Of the fou.r co1nmon species that cause malaria, 

the most serious type is Plas111odiumfalciparLt111 ar1d it can be life tlrreatening. Anothe1· relatively 

new specie Plasmoiun1 K11o)!vlesi is also a dangerous species that is typically found only in a long 

tc\iled and pig tailed macaque monkeys. The other three common species of malaria are less 

serious and are usually not life tlrreateni11g. It is possible to be infected with more than one 

species of Plasmodium at the same ti1ne. The incubation period fo1· malaria symptoms is about 

one to three weeks but may be extended to eigl1t to ten months after the initial infected mosquito 

bites occur. Some people may have dominant parasites that may get reactivated years after the 

initial reaction . 
• 

1.2 Mala1·ia tJ·ansmission 

TJ1e intensity of transmission depends on factors related lo the parasite. the vector, the l1u1nan 

host and the environment. About 20 different Anopheles species are locally important around the 

world. AlJ of tl1e important vector species bite at night. AI1opheles mosquitoes breed 1n \vater a11d 

each of tl1e species l1as its own breeding preference e.g son1e prefer shallo,v collect1on� of frcsl1 

water, sucl1 as puddles, rice fields and hoof pnnts. Tr,ansm1ss1on is tnore intense in place� ,, here 

tl1e mosquito life spa11 is l011ger and wl1ere tt prefers to bite l1umans rather tl1an other anin1als. 
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• 

Ttans1nission also depends on cli1natic conditions tl1at ,nay affect tl1e nwnbe1· and survival of 

1nosquitoes, such as rainfall patterns, temperature and hu1nidity. In 1nany places, trans1nission is 

seasonal, with the peak during and just after the rainy seaso11. Malaria epidemics can occur when 

climate and otl1er co,nditions sudde11ly favour transmission in areas where people have little or no 

• 

imrnu11ity to malaria. They can aJso occur when people witl1 low im1nunity move into the areas 

witl1 i11tense 1nala1�ia t1·ans1nissio11 e.g to find work or as refugees. 

Human immunity is anotl1er in1po11ant factor especially among adults i11 ai·eas of moderate or 

intense trans11lission co11ditions. Partial i11ununity is developed over the years of exposure and

while it never provides cornplete perfection it does 1·educe the risk that malai-ia infection will

cause severe disease. For tl1is reason, 1nost malaria deaths in Africa occur in young children, 

whereas in areas with less transtnission and low immunity, all age groups are at risk. 

1.3 Identification/ Sy111ptoms of Mala1·ia 

The most prominent clinical feature of malaria is fever, classical descriptions of fever with a 

regular recurring pattern every two or tl1ree days is not usually present when the disease begins. 

Irregular fever may occur due to mixed infections, ineffective use of prophylactic drugs and 

partial treatment. Patients commonly feel well on the day when fever 1s absent. Early diagnosis 

with prompt appropriate treat1nent is essential as malaria can be a fatal disease. If the initial 

blood film 1s negative for malaria parasites, it sl1ould be repeated ,v1thin 12-24 hours and 

preferably wl1en te1nperature is rising. One negative test does not exclude the d 1agnos1s 

particularly if tl1e patient l1as taken ant1-biot1c whicl, may result in partial treat1ncnt of the • 

infection. The rapidly rising temperature is commonly associated \vith shakt11g chills, n1usclc 

pains, back pam, nausea and headache and t11e episode nom1ally ends \\1ith profuse <;\\eating. 
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] .4 Tl1e burden of malaria in Afi·ica 

• 

About 90°/o o·f all 1nalaria death in the world today occurs in Africa, south of the Sahara. This is 

because tl1e 111ajo1·ity of infections in Africa are caused by Plasn1odium Falciparum, the 1nost 

da11gerous of tl1e four n1ala.ria parasites. It is also because the n1ost effective 1nalaria vector- the 

n1osquito anopheles Gan1biae- is the most wide spread in Africa and the most difficult to control. 
i 

An estimated one 1nillion people in Africa die from malaria each year and n1ost of these are 

children under five years old. Malaria affects tl1e lives of almost all people Jiving in the area of 

Africa defi11ed by the southern fringes of tl1e Saha1·a desert between latitude l 5°North and 

30°soutb and longitude 15°west and 40°west. Most people at risk of the disease live in area of 

relatively stable n1alaria transmission- infection is co1nmon and occurs witl1 sufficient frequency 

that some level of i1nmu11ity develops. A smaller proportion of people live in areas wl1ere rates of 

malaria are more seasonal and less p1·edictable because of either altitude or rain fall patterns. 

People live in the peripl1eral areas north or south of the main endemic area or bordering island 

areas are vulnerable to highly seasonal trans1nission and to 1nalaria epidemics. 

Iri areas of stable 1nalar1a trans111ission, very young childre11 ru1d pregnant \Vomen are population 

groups at highest risk of maJaria morbidity and n1orta1 ity. Most cl1ildren experience their first 

malaria infections during the first year or two of life, ,vhen they have not yet acquired adequate 

clinical immunity- wluch makes this early years particularly dangerous 90o/o of all malaria death 

• 

in Afnca occurs in young children. Adult wor11en of area of stable transmission have a high le've) 

of immunity but this is impaired especially in the first prcgna11cy \Vtlh the re'iult that n5k of 
• 

infection increases. Contrary to other tropical diseases, since the failure of the eradication effort� 

in tl1e J 980's, malana is widely described as an unavoidable effect of tropical location and 

natural forces such as heavy rain falls and nooding ( Thuilliez, 2009). 

3 
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1 5 Rationale 

• 

Malaria attJ·ibutable fraction has not been done among cl1ildren in Nigeria. 

Tl1e1·e is interest in knowing which method gives tl1e best estimate out of the classical, tl1e 

pru·a1netric and the non parametric approaches of estimating 1nalru-ia attributable fi·action. 

• 

1.6 Justification of tl1e study 

Fever caused by malaria parasite ofte11 cannot be distinguisl1ed on the basis of clinical features 

fron1 fever caused by otl1er co111mon child11.ood infections such as common cold, pneumonia, 

influenza, viral hepatitis or typhoid fever (Hommel, 2002, Koram and Molyneux, 2007). One aid 

tq deciding whether a fever is caused by malaria parasite is to measure the density of malaria 

pa1·asite in the child's blood bu.t eve11 if a child has fever and has a high parasite density, the fever 

might still be caused by another infection (Small et al, 20 l 0) hence the 11eed for the estimation of 

the proportion of fever cases that is attributable to the malaria parasite is importan� for 

understanding the burden of the diseases and t11e cl,anges in the burden. The findings are-also 

expected to generate awareness wl1ich could Jead to improvement in the level of government 

participation in the effective p1·eventior1 and control of 111alaria. 

The occurre11ce of fever cases dL1e to otl1er causes in tl1e preser1ce of parasite1nia may \veil result 

in over diagnosis of cl i11ical malaria tJ1us, esti1nation ,of tl1e proportion of tever cases attributable 

to malaria infection is c11Jcial to establish a more concise definition of cl1nicaJ 111aJaria. 

4 

•

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



• 

1.7 Objectives of tl1e study 

B1·oad objective 

• To determine tl1e proportion of fever cases attributable to malaria . 

Specific Objectives are to: l 

• 

• 

• 

• 

• 

• 

Dete11nine tl1e }Jrevalence of plasm odium ftLlcipa, .. i1111 in children . 

Dete1mi11e tl1e prevalence of fever in children 

Esti.tnate associated risk facto1·s of malaria . 

De1ive tl1e 1nalaria attributable fraction using the classical, parametric and non-parametric 

approaches. 

Compare the classical, parametric and non-pararnetric estimates of the malaria 

attributable proportio11 . 

• 

• 

' 

5 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



' 

CHAPTER TWO 

2.1 Bacl{ground to Malaria 

TJ1e World I-Iealtl1 Orga11ization has defi11ed malaria as a disease caused by a pat·asite called 

plas111odiu111, wl1icl1 is transmitted via the bite of infected 1nosquitoes. fn the ht1man body, tl,e 
• 

parasites 111ultiply i11 tl1e liver a11d tl1e11 i11fect red blood cells. fr, 2004� 1nalaria was thought to 

l1ave beer, decli11i11g in tl1e tropics (Crump et al, 2013) but according to tl1e World Malaria 

Report of 201 1, n1alaria is the most widespread infectio11 and is prevalent i11 106 countries of the 

tropical a11d se111 i tropical world vvitl1 35 cou11tries in Ce11 tral A·frica beari11g tl1e l1ighest bu,,de,, of 

cases and deaths. M-alaria is also ra11ked an1 011gst tl,e fo1·emost public l1ealth a11d developme11t 

issues facing tropical cou11t1·ies in areas of stable malaria transmission, the population is 

constantly exposed to intense trai1snussion due to frequent infective Anopheles vector bite. 

Under such condition significant imn1u11ity develops a1nong tl1e adult population. (Wagbatsoma 

and Omoike 2008). 

Level of immu1uty affects not only tl1e .111ortality and severity of ma1aria but also non-
• 

complicated malarial attacks (Tl1uilliez 2009). Children under five years and pregnant women 

are _mostly affected by tJ1is intense trans1nissio11. (Wagbatson1a and Omoike 2008) TJ,e 

syndrome of fever is caused by a large number of i11fectioL1s diseases. (Cr.ump el al� 2013) 

• 
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2.2 Identification of a malar·ia case 
• 

Miside11tiftcation of malaria cases ca11 result ir, grave conseque11ces and so correct idcr1tificatio11s 
• 

are 11ecessary especially wl1e11: 

1. Managi11g of an i11dividt1a) patient and incor1·cct diagnosis ca,, 1·esult either in failure to

treat a pote11tial ly da11gcrous 111alarial i I l1 1ess. or 111i lure to seel< a 11d treat a11 alternative cause of 

tl1e ill11ess. 

2r ln e 11roll i11g '·cases'· to a stt1dy of patl1oge11esis or therapy·, wl1e 11 false diagnoses may 

111ask i111portant results 01· bring up 011es that are 11ot genuine. 

3. In ide11tifyi11g c11dpoi11ts i11 prcve11tivc or tl1erapeutic i11te1·vc11tio11 trials.

4. In doct11nenti11g tl1e extent ot� tl1c public health probJe1n ('�tl1e burden of malaria'") a11d

110\:v tl1is cha11ges over time, v\1l1e11 properly ide11tified trends 111a)' indicate the 11eed tor ·1,e\\' 

efforts or tl1e success of existi11g 011es . 
• 

Misdiagnosis of n1alaria is co111mo 11 botl1 in tl1e idc11tification of t111com pl icated disea.c;e ( tl,c 

febrile i I lness) a11d in t11e d iag11osis of severe or comp I icntcd rnalaria. Both undet�-diagnos1s arid 

over-diag11osis n1ay occt1r. Tl1e i111plicatio11s of tl1is inacct1raC)' depcr1d upon \vl1etl1er diag11osis is 

being used for diagnosis or for researcl, purposes (l(ora1n et al, 2007). 

World J-(ealtl1 Orga11izatio11 (\\1 110) advises prest1111ptive diag11osis as the basis for first-li11e 

treatmc11t of L1ncomplicated malitria in places \\1hcrc a par,1�itological tc,t 1� 11ot pos ible. ·1·1,is 

policy allo\\-S t1ncon1p)1catcd n1alar.ial ill11csse� to lie treated b) \ illage hea]tl1 \\·orkcr5,

shopkeepers. or relatives in tl1e hon1e, a11d tl1us mir1in1ize<; delays in treatmt! 11l� cspeciall)' for

tl1ose living a 1011g ,.vay from formal l1caltl1 facilities • 

• 
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t 

2.3 Malaria in cl1i)dren 

Mala1�ia kills between 700,000 aL1d 2.7 n1illion people yearly and 75% of tl1ese deaths are of the 

Africa11 cl1ild1·en (Thuilliez, 2009). In Nigeria, malaria remains the country's most important 

l1ealth proble1n. It accounts for 25% of infant 1nortality, 30% of u11der-5 mortality and 1 1 % of 

tnatemal mo1tality. Between 2000 and 2010, at least 50% of the population had one episode of 

111alaria per year, wl1ile cl1ilru·en below 5 years had two to four attacks (Odey et al, 2013 & 

Uzochuk\W et al, Sept. 2010). Benjan1i11 SC et al reported that n1alaria l1as also resulted in high 

productivity loses. Tt has also been shovvr1 tl1at ln Nigeria 1nala1·ia is a big contributor to tl1e 

eco1101nic burde11 of disease i11 co1111nu11ities vvl1ere it is e11demic and is responsible for annual 

econo1nic loss o·f 132 billion Naira. ft is estimated tl1at of 300,000 deatl1s occu11·ing eacl1 year. 

60% of outpatient visits a11d 30% hospitalizations are all attribt1table to malaria (Uzochuk\.vu et 

al, Sept. 2010). 

Cl1ildre11 under five years of age are one of the 1nost vulnerable groups affected by malaria. 

There ,vas an estimated 660 000 malaria deatl1s arou11d tl1e world in 201 O of \Vhich 

approximately 86o/o were i11 childre11 Linder five years of age. l11 l1igl1 transn1 ission areas, pa1·tial 

i1nmunity to tl1e disease is acquired duri11g childl1ood. In such settings, the majority of malarial 

disease a11d particularly severe disease wit!, rapid progression to death occt1rs in yoting cl1ildre11 

without immu11ity. Young children are 111uch 111ore vul11erablc to all forms of malaria because 

their imrnune systems are not yet fully developed and l1a\1e not )'et developed effective resistance 

to tl,e disease. Malaria can have a devastating effect of children" educatior,. Repeated infect1or1 

cause cl1ildren to miss large periods of scl1ool and a11emia, a side effect of freque11t n1alaria 

attacks, interfere \Viti, cl1 i ldren 's abi I tty to concentrate and learn and cat1se chro11ic fatigue 

R
t

epeated illnesses from malaria can also exacerl1ate a11)1 malnutrition \Vl1 1ch can hoth dccrcn .. e 

tl1e effectiveness of anti malaria drugs and increase cl1ildrcn s SU'lceptibilit)' lo the otl1er n1ain 
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l<ille1· diseases: Dia11·l1oea and pneu1no11ia (malaria consortiurn & UNICEF). Severe ane1nia, 

l1y1Jogl ycem ia and cerebral 1nalaria a1·e feattrres of seve1·e malaria 1nore commonly see11 in 

cl1i ldre11 tl1a11 in adults, (WI-TO. 20 J 3). Malaria and pneumonia are both leading causes of 

de.atl1s i11 cl1ildren under-five years of age u.1 Africa. Estimates shows that about J 50 1nillion 

episodes of pneu1nonia occu1· annually in under-fives in developing countries including Africa, 

representing more than 95% of all new cases worldwide (No11vignon et aJ, 2010). 

2.4 Malaria in Adult and fJ1·egnant women 
, 

S0111e other pop11 lations that are also at h ighe1· risk of contracting malaria arid develo·ping severe 

disease apart fro1n childre11 are pregr1ant \Vernen, patie11ts witl1 HIV/AIDS, 110n immune 

migra11ts, 1nobile populatio11s a11d travelers,(WJ-IO, 2013). Malaria infection in pregnancy is a 

1najor public health proble1n i11 tropical a11d sub tropical regions tl1rougl1out the \vorld. In most 

e11demic areas of the ,vorld, preg11ant \i\!Ome11 are tl1e main adult risk group for malaria. It is 

esti1nated that eacl1 year, over 30 mi 11 ion wo1ne11 become pregr1ant i 11 malaria areas ot" Africa 

with most living in area of stable n1alaria transmission. Malaria duri11g pregnanC)' l1as been most 

widely evaluated in Africa sout)1 of tl1e Sahara wl1ere 90% of tl,e global malaria burden occurs. 

Thie burden of 111alaria infection durir,g pregnancy is caused cl1iell)1 b) plasmod 1um falciparum,

the most commo11 specie in Africa. 

Tl,e symptoms and complications of malaria during pregna11cy difter ,vith the intensity of

1 11ala�ia transmission arid witl1 the level of immunity the pregnant \\Oma11 has acqt1ired. (Roll 

Back Malaria, 20 I 0). Malaria i11 preg11ancy increases tl1e risk of 1natemal arid fetal anaemia, still

birtl1, spontaneous abortio11 and low birth \Veight babies \i\1hicl1 can result in neonatal qeatl1 

(Wt-JO. 2013). It is estimated tl1at i11 areas \\'l1ere 1nalaria is ende111ic around 19% of i11far1t� lo,,, 

birtl1 weigt1ts are due to malaria and 6°/o of infar1Ls deatl1s are dt1e to lo\v birtl1 ,, eight cau ·cd l1) 
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• 

• 

111alaria. The esti111ales i1nply tl1at arour,d J 00,000 infa.nt deatJ1s eacl, year coL1ld be dtre to lovv 

birtl, \veigl1t caused by 111alaria during pregna11C)' ir, areas of er1de111icity in Africa (CMR, 2004) 

2.5 Attributable fractio11 
� 

Tl1e attributable ·fraction (AF) of a disease due to an exposw·e is the fi·action of disease cases in a 

population tl1at can be attributed to that exposure. It is also referred to as the proportion of 

disease cases wl1icl1 would be eli111inated if everybody's exposu1·e was set to zero. (Wang et al, 

2012). If n1embers of a con1munity are exposed to a risk fa.ctor tl1at causes health problem or 

deat11 and that risk facto1· is removed from the environn1ent, we would expect the overall number 

of health problems or death in the con1ID.unity would decline. The proportional reduction in the 

number of health problems or deaths as a result of reducing the risk factor is known as 

attributable proportion. It is ai1 i1nportant measure of the public l1ealtl1 i111pact of the exposure on 

disease burden. (Wang et al, 2012) . 

• 

2.6 Estin1ation of attributable fractio1,1 

A formular for the attributable fraction was first proposed by Levin in 1953 \Vhich is e�y to 

calculate and dependent on generally easily accessible estimate regarding the underlying 

prevalence of risk factor in the population and tl1e relative risk of developing the disease among

those witl1 versus tl1ose witl1out the risk factor: (Rosen 2013). Tl1e Original fom1ular: 1s
' 

AF= 
(RR -1)P(E) 

(RR - l)P(E) + l

• 
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Whe1·e : I) = the underlying prevalence of the risk factor i11 the population

RR(Relative Risk): Risk of contracting a disease in an exposed population divide by the risk of

contracting a disease in an unexposed population.

MacMahon & Pugl1 (1970) also proposed an alternative fonnulation in te11ns of the total risk of

disease a11d the risk of disease in the unexposed . 
• 

AF=1-
P(D/E') 

P(D) 

The two fo1·1nulations were proved to be algebraically equivalent by Leviton (1973) and it 

constitutes tl1e classical definition of the attributable fraction . 

• 

2.7 Mala,·ia Attributable Fraction 

Malaria attributable fractio11 (MAF) is an important epidemiological quantity for measunng the 

burden of malaria. It is also know11 as tJ1e p1·oportion of fever that is attt-ibutable to malaria. A 

difficulty in estimating tl1e 111alaria attributable fraction is that it is difficult to diagnose a fever as 

being due to malaria parasite compared to otl1er illnesses such as influenza, pneumonia, viral 

hepatitis or typhoid fever. Cru1np et al n1entioned tl1at increasing use of malaria diagnostic tests 

reveals a growing proportion 01· patients witl1 fever who do not have n1alana and they also found 

out in tJ,eir study that malaria was over diagno�ed. Microscopic exa1ninat1on of blood for malaria 

1,arasite helps to diagnose a fever as being due to malaria but children living in areas ot· high 

1nalaria endemicity often tolerate malaria parasites \Vtthout developing an) signs of the d1sease. 

consequently, a fever n1ay not be attributable to malaria e,,en if the child has n1alaria para 1te in 

l1is or l1er blood (Small, 2007). Breslow et al, d1scu�sed that in some areas \vhere rnalaria is 

endemic, Over 80% of tl1e ''asymptomatic'' general population less than l O years old ha,1e 

peripheral parasitemia. In sucl1 areas, parasiten11a acco111panicd b}' clinical symplo1ns of 111alaria 
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• 

docs not necessarily i111ply that clinical 1nalaria is present. An illness that includes fever may be 

co11fu cd \\,itl1 clinical 111alaria because of acco1111Janying parasitcm1a whicl1 all contributes to the 

con1plcxity i11volved in ll1e diagnosis of malaria in endemic areas (Mwangi et ol 2005). ln the 

past the usual app1·oacl1 to this proble111 was to base definitions of clinical disease on parasitemia 

abo\ e certain thresl1olds accompanied by fever. This \Vas done because high-level paras temia 

,vas assumed to be n1ore likely to cause fever than low-level parasitemia. HO\\.'ever, such cutoff 

values for parasite density n1ay lead to an unquantifiable level of misdiagnosis of malaria The 

ftaction of fe, ers attnbutable to parasitemia can also be used to calculate the number of fevers 

that \\'Ould be eliminated if n1alaria \Vas erad1cated . 

This classic method of calculating the fraction of fevers altnbutable to parasitemia compares the 

proportion of the population that is febnle and has paras1temia with the proportion of the 

population that is afebrile and has parasitemia. In areas of high endemicit)', this method i- not 

useful, because most of the afebrilc population \Vill have paras1temia. To O\ ercome tb1 problem .. 

1ogistic regression has been used to model the risk of fever as a continuou..., function of the 

parasite densit}1• 

2.8 tintation of r11alaria attrit1utsl>I 
• 

ra t1on 

m1th el al J 994 proposed a methe!:olog to e t1mat th ttnhutable prot}Ort1 n ff c er w 1n

t I 

• 

I e-m1 con 1nUOu..1 1.e um of nl n th \ 
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If there are no confounders of the exposure-disease relationship (or if we are considering the AF

witl1in a stratu1n of confounders), then the AF is the following. (Benichou, 2005.)

AF= 
P(Disease) - P(D/ E')

P(Disease) 

The classical estimate of AF is give'l1 by plugg1ng sample propo,rtions of P(Disease)· and 

P(DiseasejExposu1·e=O) into the equation above. S111ith, Schelle11berg, and Hayes (1994) pointed 

out that when tl1e proportion of subjects with zero exposure is small, it wiU be hard to estimate 

P(DiseaselExposure = 0) and the classical estu11ate of AF will have wide confidence limits. For 

the exposure of malaria parasites in a malaria e11demic area, parasite prevalence in young 

children may ,exceed 80 percent so that the proportion of children with zero exposure is small. 

When the proportion of people with ze1·0 exposure is s111all, one way to improve precision is to 

assume that low exposure is equivalent to ze1·0 exposure and estimate P(DiseaselExposure = O) 

by the sample proportion of people with disease with zero or low exposure. However, the 

resulting estimate may strongly rely on the definition of low exposure. 

To borrow strengtl1 in esti1nating P(DiseaselExposure = 0) without assuming . that 

P(DiseasejExposure=O) = P(DiseaselExposure is O or lo\v), regression n1odels for 

P(DiseaselExposure) can be used to estimate P(Disease!Exposure=O). Log1st1c regression 1s a 

frequently applied regression rnetl1od to estin1ate the AF (Wang et al .. 2012). In practice, the 

mechanism of the exposure on the disease is usua11y unknown and can be vef) compl 1cated, and

so the true model is not necessarily in a logistic for111. Po\ver models e"<lend logist1c regre5s1on

by considering transfom1at1ons of tl1e exposure variable such as logarithm and

fractional polyno111ials (Royston et al 1999; Royston et al, 20 IO; Smith et al.. 1994). 11 

alternative to parametnc regression for esti1nating the AF is nonpara1netr1c n1odcli11g of� 
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P(Disease!Exposure), particularly whe11 no prior knowledge about the shape of the true curve is

a�ailable. It i1111)roves efficie11cy to inco11>orate a11y known shape constrai11ts on the .regi·ession

function. 

• 

• 

• 

• 

• 

• 

I 

• 

• 
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3.1 Study area 

CHAPTER THREE 

METHODOLOGY 

The study was conducted i11 O·na Ara Local Govern1nent Area, Oyo state. It is located soutl,east 

o·f Ibadan, tl1e capital of Oyo state Nigerja. Ibada11, witl1 a populatjon of 1, 338,659 accord111g to

the 2006 census, is t11e thi1·d largest t11etropolitan a1·ea by population in Nigerja, after Lagos and 

'Kano. Ibadan is also the largest metropolitan geograpl1ical area. At independence, Ibadan was the 

largest and most populous city in the country and tl1e third in A.frica after Cairo and 

Joha1u1esburg. Tl1e city is naturally drained by [our rivers witl1 111any ttibutaiies. Ona river in the 

nortl1 and west: Ogbere river towards the east; Ogunpa river flowing through the city and kudeti 

river in the central part of the metropolis. • 

Ibadan has a tropical wet and dry clilnate, with a lengthy wet season and relatively constant 

te1nperatures throughout the course of the year. Tbada11' s \-Vet seaso11 ru11s from March through 

October, tl1ough August sees somewl,at of a lull in precipitation. Tl1is lull nearly divides the wet 

season into two different wet seasons. Noven1ber to February fom,s the city's dry season, during 

which Ibadan experiences the typical West African har1nattan. The mean total rainfall for Ibadan

is 1420.06m1n, falling in approximately 109 days. There are t\vo peaks for rainfall, .lune and

Septe1nber. The mean n1aximum temperature is 26.46°C while rninimum 1s 2 l .42°C and tl1e

relative humidity is 74.55%. There are 11 local govemme11ts tn Ibadan Metropolitan area

consisting of five urban local governments in tl1e city and s1x se1ni-urban local gO\'emmctits 1n

the rural areas. • 

Ona Ara being the local government \Vl1ere the study \\1as earned out co, ers a total land area of 

425.544 square kilometers with a populat1011 density of 707 persons per square �110,netcr. Tl1crc 

are about 56,406 cl1i)dren under tl1e age of five years and 12,515 i11f ants according lo data fron1
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National Prograrnme on ltnn1unization 2007. Older child1·en were about 124,999 and adults are 

100,630. 

• 

3.2 Study design 

Tl1is study utilized secondary data analysis. T11e d.ata used was collected and used by a student of 

tl1e Depart1ne11t of Epidemiology and Medical Statistic of the Unive,·sity of Ibadan on the 

'Epiden1iology of n1alaria-intestinal l1el111intl1 co-infection a1nong children in Ona-Ara local 

governn1ent area in 2011. 

3.3 Study period and populatio11 

The study period was fi·om February 2011 to June 2011. Participants who have been residing in 

the community fo1· up to six months or more who gave written or verbal info11r1ed consent (for 

children whose Caregiver provided w1·itten or ve1·bal informed consent) were enrolled mtq the 

study. 

• 

3.4 Target population 

The target population are cl1ildren under twelv.e years of age. CI1ildren in this age group are more

at risk of having malana than tl1e adults because )OU11g cl1ildrcn are \Vitl1out im111u111ty or still 

developing tl1eir i1nmu111ty and l1ave not yet developed effeclive rcsista11ce to tl1e disease (CDC. 

2012). A 11 children who "vere prese11t for tl,e 51Ud} \\•ere ttsed and ,,one ,vac; beyond the age of

twelve years. 

• 

• 
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• 

3.5 Sampling technique 

A co111prehensive list of the 6 111.ral wards and the comprising villages were located at tl1e Local 

Gove11u11e11t Headqua11ers. The1·eafter 4 3 villages in the rural wards were recruited by 

convenience based on largest population size, accessibility of road and tl1e infor111ed consent and 

• 

assistance of the village l1eads . 

3.6 Collection of samples 

Researcl1 assistants visited all households wit11 the eligible in tl1e villages selected. In case no one 

was available for the su.rvey or no one was at home when a researcl1 assistant visited, or there 

was no eligible cruld 01· the household head refused to give co11sent, the research assistant 

proceeded to tl1e 11ext housel1old. 

For each child recruited, firstly, data such as age, sex and auxiliary temperature were obtained 

and recorded in a structured questioonaire (Fever was defined as auxiliary temperature of 

�37.5°C). Also capillary blood from a finger prick was used for the pre.paration of thick blood

fi11ns and filling of a l1eparinized caJ)illary tube for the detennination of packed cell volume. 

Thick blood sn1ears were made on slides which were air-dried and taken to the researcl1

Laboratory in the Institute of Advanced Medical Researcl1 and Training, College of Medicine. 

University of Ibadan for microscopy. Parasiteamia densities \Vere grouped into three categories: 

None (without the parasite), 1-999/µI a11d � 1000/µI as \.Vas done by Prybylsk1 et al, ( 1999). 

3.7 Analysis plan 

Descriptive statistics sucl1 as mea11s, medians, ranges and standard de\. iations \\'Cre t1sed to

prese11t qua,,titative variables ,vi, i le categorical variables ,vere presenLed ,,,ith proport1011 and 

percentages. The Cl,i square Lest \Vas used to co111pare propo11iot1s a11d Lo i11,1estigntc associatio11 ... 
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betweeti tJarasite det1 sity and otl1er variables sucl1 as presence of fever� J1eadacl1e, chiIJs a11d otl1er 

1·eported signs a11d syrnptoms. Logistic regression as a pararnetric estimate of attribL1table fraction 

was used to 1nodel parasite111ia as a contir1t1ous tt111ctio11 of fever. Tl,e model used was 

• 

wl1 i�l1 represe11ts a logistic regression rnodel whe1·e re, is the probabi I ity tl,at observation i with

parasite de11sity X, is a fever case. The relationship 'between P. falcipa171111 parasite density and 

clinical signs and syn1pto1ns of malaria was calculated. Pa1·asite1nia densities was grouped i11to 

three catego1-ies. The prevalence of malarial signs and symptor11s within the parasite density 

strata was calculated. Multiple binary logistic regression was used to estimate the associations 

between parasite density and various signs and sympton1s of malaria that achieved significance 

in the bivariate analysis. 

Another means for estimating the AF is nonparametric modeling of P(DiseasejExposure), it is 

useful particularly when no prior knowledge about the shape of the true curve is available. Under 
• 

certain circumstances, it is often thougl1t tl1at P(DjseasejExposure) is a monotone increasing 

function of the exposure level i.e higher level of malaria parasite density leads to an increase in 

risk of fever. According to (Wa11g el al, 2012), non parametric regressior1 n,ethod has not be, ng 

used to estimate tl1e attributable fractio11 previously but l1as been used to a11al) ze med icaJ or

l1ealt11 related data a11d 1t improves efficiency to i11corporate a11) k,10,, n sl1ape co11 trarnts (i e the

monotoiiicity cor,straints) 011 tl1e regressio11 function. Paran1etr-ic and 11011 parametric approaclies

of esti,,,atitig attribtitable fraction helps Lo compare performance� of these n1ethod in e�tin,ating

tl1e attributable fractio11 for a semi contint1ous exposure i.e an exposure to ,,,111cJ1 a grot1p of

lleople have zero exposure and tl1e rest l1ave positive exposures. tfa)aria 1n cl1ildren has becr1

identified as a sen,i-continuous exposure (\\'angel al. 2012) \\'l1ich agree \\ttl1 tf1c data u"\;d,
• 
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3. 7.1 Estin1ation of attributable f1·action 

Let y=
1 P1·esence of disease 

Absence of disease 2 
• 

• 

' 

The conditional p1·obability of disease at exposu1·e level X is P(Y = I IX = x). Tl1e attributable 

fraction of a semi- continuous exposu1·e is being considered i.e an exposure to which a group of 

people l1ave zero exposures and the 1·est of the people have conti11uously distributed positive 

exposu1·e. Esti1natio11 of tl1e attributable fraction i11volves esti111ating the conditional probability 

of having the disease given the exposure. We assume that there are no confounders of the 

disease-exposure relationsl1ip or tl1at we are considering the AF within a stratum of confounders . 

Under the assumption of no co11founders, the AF is: 

P(Y=l)-P(Y=llX=O) 
= p (X > O I y = l) 

P(Y=l) 

1 
1-­

R ... (3.]) 

Where R is the relative risk of disease with exposure greater than zero co1npared to 

zero exposure. The classical esti1nate of the attributable fraction is to plug the sample 

proportions P(Y = 1) and P(Y = llX = 0) into the left l1and side of tl1e equation (3.1).

To estimate the attributable ·fraction using regression metl1ods, the above eqt1ation can be written 

as: 

AF= f 
1 - P(Y=l/X=O) 

dF(x/Y = 1)
P(Y=l/X=x 

I 

... (3.2) 

• 

Where F(x/Y= l) is tl1e conditional distribution of the exposure 1n the subpopulation of people

with the disease. 

Based on equation (2) from a ra11dom sample of size N fron1 the population, one can est1111ate \F

as: 

AF == 
1 "N [ 1 - _P

..-;..

()_'i =_l_(X_=_O_) 

}:�=t / (y,= 1) 
Lit =l, Y }= l P(y1=llX,+ 0)

I 

... (3.3) 
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Where P(Yi = 1/ Xi = xi), P (Yi = 1/ Xj = 0), i=I , ... N are esti1nates from a regression model 

of the conditional probability of disease at exposur·e levels. 

Tl1e approaches tl1at would be used in estimating the p1·obability functio11s are 

1) Classical 1nethod
• 

2) Pa1·ametric 1·egression 111etl1od sucl1 as logistic regression n1odel

3') Non paran1etric regression tnethod such as local linea1· smoothing

• 

3.7.2 Determination of attributable f1·action estimates using classical methods 

Tl1is approach esti1nates tl1e freqL1ency of clinical n1alaria by using info1111ation on parasite levels 

i11 cl1i ldre11 witl1 individL1al sy111pto111s and sig11s and those vvitl1out symptoms and sigi1s to 

estirnate the proportion of individual symptoms and signs that are attributable to malaria. The 

o,1erall estimate (1) of the fraction of episodes attributable to a give11 exposure is given by 

• 

1 = P(R-1 )/R 

where p is tl1e proportio11 of parasitemic individuals vvho presented with sympto,n sign in 

question and R is the relative risk of Ll1e sign or syn1pto111 associated \vitl1 tl1e e'Cposure. 

Tl,e overall estimate of A will be calcL1lated using only hvo categories(\\'ith/\vithout 

parasitaemia), p i s  the proportion of paras1temic individuals \vho presented with the symptom

or sign in question and R is the relative risk of tl1e sign or symptom associated ,vith the

exposure. R 1s estitnated by the adjusted odds ratio of the sytnpto111/sign 1n question for the 

parasiten,ic group (relative to tl1e baseline aparasitemic group) derived from the fitted logistic 

regression 
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' •

3.7.3 Determination of Attributable fraction estin1ates using the logistic regression

1netl1od: 

Separate logistic n1odels would be const1ucted to examine the pai·asite density-specific malaria 

att1·ibutable fractio11 (Aj) =Pj(Rj - I )/R_; associated with. each of the parasite density categories 

wl1ere Rj is the adjusted OR of the various symptoms/signs for tl1e jth category, relative to the 

base I it1e category j = 1, which is based upon observations on apa1·asiten1ic patients, and Pj is the 

proportion of patients with the syinptom/sign in question with parasites in the jth category( there 

are three different categories: those without tl1e parasite, those with < I 000µ1 and those with 

� 1000µ1) 

3.7.4 Determination of attributable f1·action estimates using local linear smoothing 

method: 
• 

Local linear smootl1ing is an approach to 1itti11g cur�es and surfaces to data by smoothing. The

underlying model for local regression is 

Where the Yt are observations of a 1·esponse variable and Xt are observations of the independent

variable that for111 the design space for the model.

Loess (locally weighted scatter plot smoothing) 1s a 111ethod that 1s usually used for local l1near 

smoothing. It is a non parametnc regression method that comb1nes 1nultiple regression models in 

a k-nearesr neigl1bor-based meta-model. Loess fits simple models to localized 5ubsets of data to

build up a function that describes the detercr1inistic part of the ,,ariation in the data point by point .

• 
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Given a random san,plc (Xi, Y1), ... ,(Xn , Yn ) of the covariate and the response, the association 

between the variable are usually compared using regression analysis i.e estiJnating m(x) = 

E(Y /X = x) which is the best predictor in mean squared error. Local linear smoothing consists 

of usi11g weigl1ted local linear regression which has advantages over other linear smoothers. 

Loess specifically de11otes a method tl1a.t is also known as locally weighted polynon,ial 

regression. At eacl1 point in tl1e data set a low-degree polynon1ial is fitted to a subset of the data 

with explanato1y variable values near tl1e point wl1ose .response is being estimated. The 

polynoinial is fitted using weigl1ted least sqtiares giving 111ore weight to tl1e point near the point 

whose respo11se is being estin1ated and less weight to tl1e points furtl1e1· away. The value of the 

regi·ession function for the point is tl1en obtained by evaluating the local polynomial using the 

explanatory variable values for tl1at data point. Its advantages among others include that it does 

not require specification of a functio11 to fit a 1nodel to all the data in the sample. The smootl1ing 

parameter and the degree of the local polyno1nial only needs specification and it is always very 

flexible 1naking it ideal for modeling complex processes for wluch no tl1eoretical models exist. 

In the Loess method, weighted least squares are used to fit linear or quadratic functions of the 

predictors at the centers of neighborl1ood. Tl1e radius of eacl1 neigl1borhood is chosen so that the

neighborhood contains a specified percet1tage of tl1e data points. Tl1e fract1on of the data called

the smoothing parameter in eacl1 local neighborl1ood controls the smoothness of the estimated

surf ace. Data points in a given local ne1ghborl1ood are \veighted by a sn1ooth decreasing function

of their distance from the centre of the neighborhood. 

For eacl1 data point, the regression weigl1ts are con1putcd and are given a tricube function gi,·en

below 

wi
= 

• 

3 
X - X· 

3 

d(x) 

22 

• 

0 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



I 

' 

Where x is the lJredictor value associated with the response value to be smoothed, Xi ru·e the 

nearest neighbo1·s of x as defined by the span and d(x) is tl1e distance along the abscissa fro1n x

to tl1e n1ost distant predictor value within tl1e spa11. A weig11ted linear least squares regression is 

pe1·fonned and a second degree polyno1nial is used for the regression then the smoothed value is 

given by the weigl1ted regression at the predictor value of interest . 

• 

• 

• 

I 

• 
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e 

Where x is the predictor value associated with the response value to be smoothed, xi are the 

nearest neighbors of x as defined by tl1e span and d (x) is the distance along the abscissa f1·01n x 

to the 111ost distant predictor value within tl1e span. A weig]1ted linear least squares regression is

perfonned and a second degree polyno1njal is used for the 1·egression tl1en the sn1ootl1ed value is 

giver1 by tl1e weigl1ted regression at the predictor value of interest . 

• 

• 

• 

I 

I 

0 

• 
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• 

CHAPTER FOUR 

4.0 RESULTS 

4.1 Socio den1ographic cha1·acteristics 

• 

Three 11und1·ed and forty five 1·eco1·ds were available for analysis. The mean age of t]1e 

responde11t was 5.6±3.2 years. About a third of the 1.-espondents :S3 years of age (31.9%), 164 

(47.53/o) we1·e males and 181 (52.5%) were females. Table I sl1ows the frequency distribution of 

sqcio demog1·aphic cl1aracteristics and otl1er variables used. 

• 

• 

• 

I 

• 

• 

• 
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• 

• 

Table 4.1: Frequency table of respondent's cl1aracteristics. 

CJ1aracte1·istics N 01o Total 

SEX 

Male 164 47.5 345 

52.5 Fe111ale 181 

AGE (in years) 
<3 110 32.2 
-

4-6 91 26.2 230 

7�-9 84 24.6 

l0-12 57 16.7 

PARASITE DENSITY CATEGORY 
No pru·asitae1nia 163 47.2 

" 

Parasitaemia S 999�t1 62 18 343 

Parasitaemia � 1000µ1 120 34.8 

Signs & sympto1ns 
Bodyache 
Yes 176 53.0 332 

• 

No 156 47.0 

Yellowish eye 
77 23.2 325 Yes 

No 255 76.8 

Loss of appetite 
Yes 146 44.0 332 

No 186 56.0 

Skin Infection 
. 

Yes 75 22.6 332 

No 257 77.4 

Vomiting 
y;es 110 33.2 331 

No 221 66.8 

Headache 
Yes 264 79.5 332 

No 68 20.5 

l-Iig]1 temperatu1·e 
Yes 225 67.8 332 

No 107 32.2 

Chi]Js and rigor 
148 44.7 331 

Yes 

• 

No 183 55.3 

Temperature< 37.5 301 93.5 

� 37.5
21 6.5 322 

' 
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• 

4.2 Relationship between Plas111odiu111 falciparu111 parasite density and clinical signs and

symptoms: 

The percentage of children that were aparasitemic was (47.2%). Eighteen percent had < I 000µ1 

ar1d 34.8% had 2: 1000 µ/. Of all tl1e children presenting with headache, 47.3% were aparasit�mic 

while 52.7o/o were parasitean1ic i.e positive. Of tl1ose that had Loss of appetite 50. 7% were 

witl1out tl1e malaria IJarasite while 49.3% had the malaria pa1·asite and of the 75 chiJdren 

prese11ting with yellowisl1 eyes 45.3% had the malaria parasite. 

In addition, the1·e was no significant associations between tl1ose witl1 parasitemia and the 

sympton1s: history of fever, vomitu.1g, chills & rigors, skin infection and body ache. 

6 

• 

• 

• 

• 
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' 

Table 4.1: Mala1·ia parasite cat .· · 

0 

egoi ies and p1·eser1ting sig11s and syn1ptoms 

Variable N Negative N (%) 
Fever 
Yes 221 104( 47.1) 
No 107 41(38.3) 
Headache 
Yes 260 123 (47.3) 
No 68 22(32.4) 
Chills and rigor 
Yes 146 67 ( 45.9) 
No· 181 78 (43.J) 
Vomiting 
Yes 109 48 (44.0) 
No 218 97 (44.5) 
Skin infection 
Yes 75 38 (50.7) 
No 253 107 (42.3) 
Loss of appetite 
Yes 146 74 (50. 7) 
N.o 182 71(39.0) 
Body ache 
Yes 174 80( 46.0) 
No 154 65 (42.2) 
Temperature 
<37.5 298 136 ( 45.6) 
2:37.5 20 7 (35.0) 
Yellowish eye 
Yes 75 41 (54. 7) 
No 253 104 ( 41.1) 

• 

4.3 Prevalence of Fever and Malaria 

• 

Positive N(¾) P-value 

117(52.9) 0.135 
66(61. 7) 

137(52.7) 0.027 
46(67.6) 

79 (54.1) 0.613 
l 03 (56.9)

61 (56.0) 0.937 
121 (55.5) 

37 (49.3) 0.200 
146 (57.7) 

72 ( 49.3) 0.034 
111 (61.0) 

94 ( 54.0) 0.493 
89 (57.8) 

162 (54.4) 0.355 
13 (65.0) 

34 (45.3) 0.038 
149 (58.9) 

• 

II 

I I 

• 

Overall, fever prevalence (Auxiliary ten1perature of> 37.5°C) an1ong children was 6.6°/o. Table

3 shows the prevalence of' parasite and fever in different age groups. The prevalence ol' fc\ er

decreased with increasing age \V1tl1 cl1ildren in the age group of less than three year old ha, tng

the higl1est fever prevalence of 9.6%. Tl1e lowest fever prevalence of 3.9% ,vas recorded an1ong

children ten years and above. According to age group, the proportion of children ,,,ith fe\1er

increased during tile first 3 years of life and thereafter decreased but \\'as not �1gnitica11l \\'ith age.
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• 

The prevalence of parasitemia also decreased with increasing age but those in the age category of

4-6 years of age had the higl1est and those with age greater tha11 or equal to ten years had tl,e

lowest (3 9 .3 °/o). 

Table 4.3: P1·evale11ce of fever and parasiteamia across different age gr·oups. 

Age group N Parasite ( %) Fever(%) *Fever and parasite(%)

�3 l 10 56.4 9.6 4.5 

4-6 91 57.8 5.8 4.4 

7-9 84 55.4 5.1 4.8 

�10 57 39.3 3.9 ] .8 

Total 342 53.7 6.6 4.1 

• • 

*(Those with temperature� and l1ave tt,e 111alar1a parasite)

4.4 Association be·nvcen fever a11d parasite density catcgor·ies

• 

The risk of having fever increased with increasing parasite density, particularly from parasite 

density category� 1,000 parasites/µ!. Higl1 P. falcipa,�i,111 parasite densities \Vere not significantly 

associated with fever. 

• 

• 

t 
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Table 4.4: Proportion of fev er cases according to parasite density categories

Parasite density (parasite/µ!) Fever cases(%) 

No parasite count 4.7 

< 1000 5.2 

� 1000 9.5 

Tab_le 4.5: Distribution of malaria parasite densities and fever rates in children.

Parasite density (parasite/µI) Number of observations Fever rate 

0 148 0.0437 

1 - 3 000 105 0.0667 

3 001 - 7 000 41 0.0244 

7 COO 1 - 15 000 13 0.0769 

I 5 001 - 30 000 8 0.375 

30 001 - 130 000 7 0.4 

In Table 7, the fever rates continued to increase as the parasite density Increased after the third

interval of 3 00 I 7 000/µI. In Figure I, the fever rate was plotted against each interval of the

parasite density. The plot suggests the fever rates increases sharply for low expo, ure and also

approaches I for high exposures. The plot also suggests a monotone pattern of the conditional

probability of P(Y = 1/X = x)
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Figure 4.1: Fever rates for the parasite density intervals in table 4.5. 

6 

4.5 Relationship between parasitaemia and clinical signs and symptoms 

A multivariable logistic regression analysis was conducted to examine the extent to which 

cernrnon signs and symptoms such as headache, loss of appetite, yellowish eye and temperature 0 

presented in children are associated with the presence of parasitaemia. There was no significant

association of the signs and symptoms on those that have parasite count <1000. For those that

have parasite count � I 000 temperature was the only significant symptom. Those with

temperature < 37.5°c are about 3 times less likely to have malaraia parasite count greater ·than 

I 000 compared to those that have their temperature greater than or equal to 37.5°c. (OR=0.319,

95% C.I= 0.103 - 0.984). 
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Table 4.6: Results of logistic regression 

No parasitemia Vs Parasitemia < 1000µ1 No parasitemia Vs parasitemia 2: I 000µ1 

Predictors OR 95%C.I P-value OR 95%C.I 

Temperature 

< 37.5 0.934 0.164- 5.323 0.939 0.319 0.103 - 0.984 

2: 37.5* 

Headache 

Yes 0.73 I 0.314 - 1.701 0.467 0.654 0.340 - 1.257 

No* 

* Reference level

4.6 Attributable fraction estimates for malaria: The classical method. 

P-value

0.047 

0.202 

The classical method of estimation gives the overall MAF()..) for temperature. The estimated· 

overall attributable fraction for temperature 2: 37.5°C was 26.52% (95% CJ=l 7.84%- 35.20%). 

Table 4.7: Overall Malaria attributable fraction estimate 

I• n of N P of 
..t= f\R-1)

Symptom P&S ill � R Const R-1 P(R-1) R Ovcralli\l 

Temp 13 20 0.65 1.689 I I 0.689 0.44781 0.2652 r 26.52

� 
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Where: 

N of P&S 

N of S 

P of P&S 

R 

= number of parasitaemic children who presented with a 

particular sign/symptom. 

= number of those that present with the sign/symptom whether 

parasitaemic or non-parasitaemic. 

= Proportion of children who are parasitaemic and presented 

with the sign/symptom in question. 

= odds ratio of a particular sign/symptom relative to the baseline(non -

parasitaemic children) 

= malaria attributable fraction estimate. 

4.7 Attributable fraction estimates for malaria: Logistic regression method. 

The logistic regression method gives the parasite density- specific MAF (�) of the sign and

symptom across the parasite density categories. The density-specific MAF for temperature

�37.5°c was 3.85%( 1.05%- 6.65%) in the category �999µ1 and 32 15°'0( 27.38°/o - 36.9 I%)

in the category� I 000µ1. (Table 5). For children with parasite count I 000µ1, the proportion of

fever cases that can be attributed to malaria was 3.85% which 1s lower, compared to children

with parasite count � J 000µ1 with proportion Qf fever cases that can be attnbuted to malaria a

32.15%. For those with parasite density �999/µI, it show that the proportion of fever cases that

32 
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I 

I 

I 

we can attribute to malaria is s 11 0 1 b ma · n Ya out 4% of fever cases for those in this category can 

be safely attributed to malaria. 

Table 4.8: Parasite density-specific attributable fraction estimates for Logistic method 

PO n of N of 
.-l = P(R - I)

PD-specific 

category Symptom P&S s P of P&S R Const R-1 P(R-1) MAF(%) 

:S999µ1 Temperature 3 10 0.4286 1.0987 I 0.0987 0.0423 0.0385 

I 

�1000µ1 11 18 0.6111 2.1102 I I. I 102 0.6784 0.3215 

4.8 Attributable fraction estimates for malaria: Local Hnear smoothing method. 

The attributable fraction using the local linear smoothing method was given as 0.2447 (0.1775

0.3119). This method shows that the proportion of fever cases that can be attributed to malaria

was 24.47%. The line fitted to the graph in figure 2 is a locally weighted regression fitted by

loess. In table 8, different estimators were displayed with their confidence intervals. The logistic

regression estimator for those with parasite density 5999µ1 had the smallest confidence inte("\,al.

The nonparametric regression estimator i.e Local linear smoothing also had a smaller confidence

intervals than the classical nonparametric estimator.
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Figure 4.2: Local linear smoothing graph 

Table 4.9: Estimates of attributable fraction and 95% CI for different estimators 

Estimator Classical Logistic estimate logistic estimate local linear 

estimate 5999µ1 �1000µ1 smoothing 

estimate 

AF 0.2652 0.0385 0.3215 0.2447 

lower Cl 0.1784 0.0105 0.2738 0.1785 

Upper Cl 0.3520 0.0665 0.3691 0.3119 

length of Cl 0.1736 0.056 0.0953 0.1334 
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5.1 Discussion 

CHAPTER FIVE 

This study estimated the attributable fraction for malaria among children in Ona-ara local

government, Ibadan, Oyo state. Three different methods were used in obtaining the estimates of 

malaria attributable fraction: the classical method, the logistic regression method and the local 

lihear smoothing method. 

The mean age of the children in this study was comparable to those in a study of children in the 

rural communities of Edo and Cross River states, Nigeria in which the mean ages were 5.67 and 

6.48 respectively (Osazuwa Et al, 2010 and Ekong et al, 2013). Since the studies had si1;1ilar 

geographical settings, it is expected that the reported mean age should not be too different from 

one another. Studies carried out in other parts of Africa such as Mozambique (Mabunda Et al, 

2008) and Ghana (Abdul-Aziz et al) had mean age different from the one reported in this study 

as 3.5years and 3.69years respectively. 

This study observed a higher percentage of children with malaria parasite (52.8%) as was also 

observed in the study by (Wang et al, 2012) with malaria parasite of 71.56%. Other studies 

(Nwaorgu et al and Mabunda et al, 2008) showed lower percentages of children with the parasite 

density. The reason for the observed low percentage might be as a result of the large sample of 

children that were observed in their study. 

Among the signs and symptoms suggestive of malana m children, headache and report of high 

fever were the commonest symptoms m this study which corroborate \\ 1th the fk t et of 

symptoms stated by WHO 2014. The signs and symptoms that were 51gmficant \\ 1th malaria 

parasite in the bivariate analysis were headache, loss of appetite and ycllow1sh eye. although the 
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srnptoms of malaria are non- specific and can vary from one individual to the other. 

Consequently accurate diagnosis may not be possible without a blood test (Public Health Agency 

of Canada, 2012). In regions where malaria is present, people who get infected many times may 

have the disease but have few or no symptoms and the severity of maJaria symptoms can vary 

depending on general health of the individuaJ. 

The_prevalence of fever decreased with increasing age with children in the age group of less than

three years old having the highest fever prevalence of 9.6% and thereafter decreased. A similar 

result was observed by (Mabunda et al, 2008). The prevalence of parasitemia also decreased with 

increasing age as those with age 4-6years had the largest and those with age greater than or equal 

to ten years had the lowest (39.3%) which was consistent with findings from other studies 

(Nwaorgu et al 2011, Hozhabri et al, 2000 and Ekong et al, 2013). High parasitemia in younger 

age category can be attributed to lack of strong immunity against the disease and also for the fact 

that during the first few months, newborns are protected by antibodies transferred from their 

mothers through the placenta and this immunity decreases over time. Children gain protective 

semi-immune status after surviving repeated infections at an older age say around 5years (CDC). 

The overall malaria prevalence of 53. 7% observed in this study was found to be in the same 

range as that of Mabunda et al of 48.6% and the overall fever prevalence\) as 6.6° 'o was found to 

be a little lower than that ofMabunda of 9.4%. 

In this study, the majority of parasitized children were asymptomatic earners, and not all fever 

episodes were associated with malaria parasites, hence very few fever episodes associated with 

asexual P. Jalciparum infections were observed. Additionally, the nsk of fever among paras1ltzed 

children was age-dependent, and increased with increasing parasite density 
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fn this study, temperature i.e fever was found to be the only significant symptoms which 

correlates with other findings that high fever is the commonest clinical presentation in any 

species of malaria (Rajkumar ct al, 2012) although Bouvier et al concluded that most children 

with high parasite density do not develop fever subsequently and that the association between 

parasite density and fever varies according to age and season. 

The association between malaria mfect1on and body temperature vanes significantly among 

children. Despite the fact that definition of clinical malaria ha, e been related to fever episode 

and presence of parasites in the blood stream m endemic-malaria areas. mani fcstations of clinical 

malaria have a wide spectrum and the parasite density required to tngger fever differs 

significantly from one individual to another (Rogier et al, 1996) however, children with fever in 

the absence of malaria parasites are not nccessanly non-malaria cases, since parasitaemia is a 

CTuctuant variable and a child with malana may have parasitaemia at undetectable levels at a 

given time. 

The classical estimate of the attributable fraction of 0.2652 was obtained as the proportion of 

fever cases that can be attributed to malaria for the whole population of children which was 

similar to that obtained by Wang et al 2012) of 0.2939. For the study carried out in Kenya, 

overall malaria attributable fractions were quite higher. The two areas that were considered were 

referred to as area of low and low-moderate transmission of malaria and this might just explain 

the reason for the reported high MAF. For parasite density-specific malaria attributable fraction, 

the malaria attributable fraction increased as the parasite density increased as was found in the 

study by Prybylski et al ( 1999). Koram et al (2007) is of the opinion that in a population of 

whom a large proportion are parasilemic but not ill, it is usually found that the likelihood of 

being ill increases with the density of parasitemia and this observation has led lo many atlempts 
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to identify a threshold level of density of peripheral parasitemia that makes it likely that malaria 

is the cause of a lever. 

The logistic estimates had the smallest confidence interval follO\.\Cd by the local linear cstimalc 

and the classical estimate performed the \VOrst as it had the largest confidence interval. 

or the three estimates of malaria attributable fraction that was observed, the highest "vas about 

32%. Among those who reported fever, about one third had no malaria parasite and this finding 

has significant implications on the treatment policy, particularly in rural areas where in the 

abs�nce of laboratorial diagnosis, all fever cases would be considered as clinical malaria 

episodes. Moreover, even among children with the malaria parasite who had fever the highest of 

the estimates of attributable attributable fraction was less than 40%. 

5.2 Conclusion 

The prevalence of malaria disease and fever during childhood remains high and it constitutes a 

major health problem in this community. Signs and symptoms for malaria vary among children 

and remains non-specific in regions where malaria is endemic but fever remains the most 

reported symptom for malaria. The different proportion of fever cases that were attributed to 

fever were not as high as the prevalence of the disease. So it 1s still important to have a clinical 

diagnosis before any fever case is reported as malaria. 

This study also confinns that malaria infection remains a major cause of febrile illness dunng 

childhood. However, other causes of fever should be considered m case management of febnlc 

illnesses dunng childhood. 

The logistic estimate for parasite density category of 2: IOOO�tl ga\ e the highest malaria

attributable fraction and had the smallest confidence interval followed by the local linear
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estimate. It can be concluded that logistic method is a better estimate while classical method 

behaved the worst. 

5.3 Recommendation 

The classical estimate can be improved upon by regression estimators, in particular when the 

change in the probability of disease given exposure at zero exposure is not steep. Nonparametric 

regression estimator worked well and improve considerably on the classical estimate. 

There should be adequate training on malaria diagnosis and other associated causes so that not 

all fever cases are treated as malaria and individuals with signs and symptoms related to malaria 

should be advised to get a malaria test before treating malaria. 
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