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ABSTRACT 

Cases of infectious diseases reported mo11thly to healtl1 facility are usually presented as cou11t 
data potentially with excess zeros. Poisso11 and negative binomial regressio11 11ave been t1sed for 
modeling count data but do not take into account the presence of excess zeros and tl1e prob]e111 of' 
over-dispersion. Hence, this study was designed to model the annual trends in the incide11ce of 
infect1ous diseases among u11der-S children using tl1e better of two statistical models - 7cro 
inflated negative binomial (ZTNB) and zero inflated Poisso11 regression (ZIP) - to deten11inc tl1c 
effects of montl1, year and geograpl11cal locatio11 on tl1e occun·e11ce of malaria, p11eu111on1n. 
dian·hoea and 1neasles among u11der-5 cl1i ldrcn. 

A longitudi11al surveillance data of under-5 cl11ldrc11 wns obtai11ed from tl1e Integrated Diseases 
Surveilla11ce and Response (IDSR) of Oyo State Mi11istry of Healtl1 ft·om 2010 to 2014.Tlic 
number of cases of malaria,, p11eu111011in, dia 11·l1ca a11d 111casles per local gove1111nc11t area \Vere 
ot1tcon1e \1anables a11d expla11ato1-y variables \\1crc 111011tl1 ot' rcporti 11g, year of rc1:,orti11g r,11ll tl1c
LGAs. Descriptive statistics \Vere C()11dL1cted to cl1cck for tl1c prese11cc of (1vcr-dispersit111. fV1(1clcl 
compariso11s were perfon11ed bet\\1ec11 Zl B n11ti ZIP tlt1ll tl1e l1cst 111odcl was sclectecl l1nsc(I t111 
tl1e values of Vuong z-statist1c. AlC a11d BIC sclcctio11 critc1·ia. Tl1c ZINS regression 1noclcl vvas 
use<.i to detennine the effects ot' 1nontl1, )'ear o t' rc11orti 11g a11cl l..,GA 011 tl1e occL11·re11cc o t· 
i11fect1ous diseases. i11cide11cc rate rt1tit1. n11d t)5° 

o CI \'1Crc rccor(iecl. Tl1c A11alyscs \vere 
co11dt1cted us1ng PSS v·e1�sion 20, tvt1crt,S()1t 1�xccl L111cl R �t�1t1st1c�1l 11nck,Jgc. 

The 111cide11ce ot-1nnlaria ca cs dcc1·cascd sligl1tly fro111 35.81 IJCr l 000 i11 2011 to 35.64 11er l 00() 
1n 2013.The l1igl1est incidence rate ot' p11cu111011ia \\ !as i11 2012 (7 JJer l 000). Tl1e i11cicle11cc rntc
for d1arrl1oea \\as (20.36 pet· 1000) 111 2010.T11c 111cide11ce ()f 111caslcs was static at (1.01 11cr 
1000) from 2011 to 2013. Tl1e Vt1011g 1-stat1�tic c1t' tl1e ZINS 1noclcls were -17.079. 7.952, -
12 372 and -3.656. tl1c : -\IC corrected \\'Cr� -1

..,
.0.,t). -7.952. -12.377.. a11d -3.577a11d SIC' CC)rrcctcci

\\'Crc -17 019. - 7.952. -12.372 ar1d -3.355 fc.1r 1nala1·ia. p11cL1111011ia. dia1Tl1ea a11cl 1ncaslcs
respect1, e1) . Z 1:-J B 111ode1 sl10\\ eel \ · <.. -1 . 96 011 tl1e tl1ree test cri tcri a for tl1e f 0L1r i 11 f ccti o us 
diseases .. tl1us indicating that ZINS had tl1e best fit. 

--

The nsk of malaria \\'as l1igl1est in 2014 b)' 258.93/o (IRR= 3.589, 953/o CI: 3.045, 4.232). Tl1c 
nsk of pneumonia \\a lO\\'CSt 1n 2014 by' 82.7°/o (IRR= 0.173, 95o/o CI: 0.092, 0.324). Risk of
d1 arrhoea \\ as lo,\e,t 1n 2011 b\ 22.7° 0 (IRR= 0.7 73. 95°1

0 Cl: 0.688, 0.867). Risk of 111caslc
J 

, \'a� 1 o, \ e � t 1 n 2 0 1 2 b \ 90. 4 ° o ( I RR = 0 09 6. 9 5 ° o C I : () 04 3 . 0. 2 1 7) . 

Th('rL \\ a, a �cnerJl dccl111c 1n tl1c 1nc1(ic11cc <)f 111alar1a a11cl (l1ar1·l1ca, a 111oclcst i11crcasc i11 
tTcasle, 1nc1dence and an 1n1t1al r1se \\ 1th sub5eqt1cnt decli11c ir1 p11et11non1a incide11cc. Tl1e year 
1f rt.:pc•rt1ng ,, Js a predictor ot the occurrence of tl1esc 111fect1ous diseases. The stt1dy <.,t1ggc�tc:. 
711' B a� thL hest ffi()dcl t<1r rc<..carcher<... deal ,ng \\ 1tl1 cot111t data J1cl\ i11g excess /Cros a11d 0\·cr-
d1 �pcr,1on. 

Kc, ,, ords: Under-" cl11ldrcn. Inf-cct1ous <l1sea<.c�. Zcro-111flatccl cour1t 1nodcls. O\'Cr-cl1s11cr�1<)t1 . 

annual trends 
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• 

CHAPTER ONE 

1.1 BACKGROUND 

Infectious diseases i11 cl1ildre11 still re111ain a tnajor public healtl1 JJroble1 11 in developing coL111trics 

and globally. A com111011 featu1·e of cl11 ldrcn al I over tl1e \Vorld, fror11 tl1e ricl1est to tl1e 11oc)rcst 

natior1s, is that they rc1)rese11t tl,e 111ost \'ltl11crahlc seg1ne11t of societies l1otl1 S(1ci,1lly1 ;i11(! 

biologically. There is probably 110 otl1er aspect of' social Ii fc in \vl1icl1 tl1is is 111ore apJJnrc11t tl1a11 

in tl1e area of heal tl1care. Tl1c fL1ture of a 11at i 011 is i 11cx tri cal1 l y Ii 11l<cd ,vi t 11 t l1c vlel I 11ei 11g of its 

children, vvl1icl1 is 1nost reaclily assessed by tl1c cl1ilclrcn 's l1ealtl1 stalL1s: tl1t1s, i1 1111rove111c11t� i11 

child l1ealtl1 are ge11erally a good 111easL1rc ol' s0c1ct,1l 11rogrcss. For tl1c avoiclance 01· d()Ltl1t, tl1c 

World Healtl1 Organisation (WHO) l1as defined l1ec1ltl1 as -�a state of' co1nplctc pl1ys1cal, 1nc11tnl 

and social \\/el 1-bei 11g a11d not 1nerel y tl1e al1sence r> t� dis case or in fi nn i ty''. Cl, i lcl)1ooci 11111css 

ho"vever, still co11tribt1tes ubstanttally to tl1e glol)al burdc11 c1t�clisease (WHO 2008a). 

Infectious diseases still constitute tl1c major causes of n1orlJidity a1no11g childre11 t111dcr-f1vc ycarc.; 

of age in Nigena (Abhul11 11l1c11-l),'Ol1a and Okolo, 2012). l11fcctious disease 1no1·tality rates rcacl1 

het\\'ee11 1--l and 17 rn 1 ll 1on people eacl1 year a11d cause sig11ifica11t illness in a11otl1cr 50 1111111011. 

The)' cause 63 percent of al I cl111d11ood deatl1s and 48 perce11t ot' 11rc1natt1rc dcatl1s \\'0rlci\\i 1clc

(\\'HO 2008a) Chi ldren under ti,e years of Jgc arc particularly vL1l11crnble to i11fectious d1sca'-C� 

\\'tth more than 70 percent of all deaths from infectiot1s disease occu1-r·ing in cl1ildrc11 under fi\'C. 

These are most1: due to 1 argel �., pre'\ en tab 1 e di arr heal. 1neasl cs. p11ct11no11i a, and f cbri le i 1111ec:;�c� 

(\\'HO 20()� and La\ ne 20()-l) 
• 

In add1t1on. child morh1dit)' also rcma111s a ma1or prohle1n 1 11 dc\·elopi11g cot111tries 111 

Bangladesh for example. m<>rh1dttv d1 ff.ercnt1als h)' 11lacc. reg1or1 ot rc,;,,1(lcnce. le, cl ()f� 111Cl)t11c 

posse s1<>n of )and. le\ cl r1f 'iouc;chold cducc1tion. t�pc c)f. l1ot1sc a11cl ,1ccc�<:; to safe clri11k111� \\ lllL'I

\'-'ere IO\L'-ttgatcd h! Kaht r cl c1I fl<J<J7J fhc rcrc,rt r1l"<l �11<)\\CCI tl1�t ,n<11l11<l1t� 111 l'l11l(IIL't1 

dccl1ncd \' 1th the 1ncrca'-C ,n the lc'.cl <>f ccltJc;1t1<)r1 ()! rr1rc11t�. \\'l11lc cl11l<lrc11 11, 111µ 111 lltltt,l'' 
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built with cement had lower prevalence of morbidity co1npared to tl1e children who lived i11 mud 

houses (Kabir et al)in I 997. It has also been de111onstrated that tl1e age of a cl,ild is a sig11ifica11t 

factor in tl1e prevalence of Acute Respiratory Infectio11 (ARI), diarrl1oea and fever among u11dcr-

5 children. Higl1 morbidity l1as bee11 reported amo11g children aged 6 - 23 1no11tl1s especial 1 y as 

they were \vea11ed off breast n1ilk and were int1·odt1ccd to co111ple1nentary food. A sig11ifica11t 

relatio11sl1 ip between morbidity a11d cl1ildre11's i1111nu11izatio11 statt1s was also reJ)Otiecl (Eli1,1l1ctl1 

and Raj 2012). 

Count data refers to tl1e nun1ber of occu1Te11ces of a11 eve11t of i11tcrcst. So111e cxa111ples of sL1cl1 

data are tl1e nu1nber of n1edical cases of diseases 11cr n1011tl1. tl1e 11t1111l1er of vcl1icles 11roclL1cccl 11)1 

a fi 1111 per· year, the nu1nber of failures of a 111acl1inc dttring a pcriocl. nt1111l1cr of l1cart attacks. 

number of days of alcol1ol dt;nking, 11t11nl)er of st1icidc atternpts. an(l 11t1111bcr of t111protectccf 

sexual encounters duri11g a period oi� ti111e etc. St1cl1 dntt1 arise c1uitc oftc11 ir1 bio111ccl1cnl a11(l 

psycl1osocial researc11. It is \vel 1 kno\vn tl1at count datn 111ay ex 11 i bit over/u11der-d i spcrsio11 n 11cl/c>r 

contain too many zerc)s tl1a11 expected. Tl1cse pro11crties tl1erefore necessitate tl1e use of acl-l1oc 

models such as t11e so cal led zero-i11tlated rcgressio11 111odels. ratl1er tl1a11 t11c ust1al Po1�S<)11 

regress1011 n1odel \vl11ch assumes tl1e eqt1al1ty ot' tl1e 111ea11 a11d tl1e variance of tl1e olJsCt"\.·at1011<;. 

Once the proportion of excess of zeros is e .. tin1ated. the esti111ation ca11 i11 tum be inte111reted as 

an estimation of the }0\\1er bound of the 11t11nber of occurre11ces of tl1e e,,c11t tl1at \vcrc 11ot 

counted. Indeed. an excess of Lero cou11t correspo11ds to an occt111·ence \vhicl1. for one 1·easo11 or 

another. is not taken into account. Tl1erefore tl1e k110\\1ledgc of tl1c proportio11 of excess ot� zero� 

in data of the incidence of a gi\·e11 1nfect1ous disease can help to 11nprov·c tl1c a11alysis of' tl11\ 
.... 

data. 

Zero-inflated model� refer to mode]<; that are designed to accotnmodate excess 7cro� in C<)t111t 

data. The\ are also refe11ed to as added-7ero models (J-fetlbron. 1994). Zero-inflated 111odcls l1a\C 
• 

been de\ eloped tor the Pois on model ( [Jamhcrt. 1992), tl1c �egat1\ e Bi1101n1al 111t1clcl (R1tlot1t, 

Hinde. &.. Dcmetn<). 2(J(JI J and (Jthcr 1nclclcls \\.l11cl1 arc LI�ccl 111 cl1ffcrer1t ficl(i"- ,L1(·!1 �1,

econ<.1mctnc..,. dc1nc,grapl1� .. rnccJ 1 c1nc. puhl1c }1c,1ltl1 cp1cle1111ology, h1<1l<)gy ctL· ()11c <1f tl1L'l1

main 1nt\!rcst1r1g feature� 1s that tl,c) a<lJlJ�t \\ell 1c, cl,1t�1 fr<l111 ,1 i1�11t1cL1lr,r 1111,tltll' l,r t,,t,
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, 

populations: one that has only zero counts and anotl1er i11 wl1ich the counts are the real izatio11s of 

a discrete distribution. The main motivation for zero-i11flated count 1nodels is tl1at real-life data 

frequently display over-dispersion and excess zeros (Lambert 1992; Greene 1994). 

Zero inflated Poisson Model deals witl1 l1eterogeneity (tl1at is wl1e11 variation exists) associated 

\Vith excess zeros and uses Poisso11 dist1ibutio11 tl1al has bec11 1nixcd \Viti, a poi11t 111ass at ;:er() to 

allow for tl1e inclusion ot' additio11al structural zeros bL1t does 11ot l1andle over-dispersio11 (Dnl,iyn 

& Gross, l 973� Heilbro11, 1994; La111bert, 1992). 

Zero inflated Negative Bi110111ial Model (Zl 8) 1nodel is csJJccially st1itcd to dcali11g witl, !)otl1 

over-dispersed and zero-inflated data (Yau et al, 2003: R idot1t ct al, 200 I). 

1.2 PROBLEl\1 STATEl\tlENT 

Modell ing discrete data in tl1e l1ealtl1 sciences co11tinuc .. to J)ose a cl1allc11ge even for tl1c rnost 

ex pen e11ced researcl1crs. For di scrcte <.1t1tco111c. . co111111011 111ctl1ods of clata n11a l ysi s t yr,1 en 11 y 

in\·olve Poisson and ncgatt\'C binomial 111odcll1ng tccl111iqucs. I-Ioweve1·. tl,cse sce1ni11gly s1111plc 

and stra1ghtfon.\1ard approacl1es to 111odel Ii ng 111ay 11ot be a p1Jroi1ri ate \vl1cn obsc1,1at1011s i r1cl ttdc 

large numbers of zeros (Lambert. 1992). sucl1 as tl1e 11t11nber ot· cases of i11 fectious dise,1scs 111 
..... 

under-5 chi ldren in the 33 local go\'em1ne11t areas 111 0)-'C) State. Tl1c Poisso11 Rcgressio11 111<)(!cl 

has been used to model count regression data \vhicl1 clocs 11ot take into co11sideratio11 tl1c 

problems associated \\'1th count data. especially due to excessive number ot· zeros (Hinde and 

Demetria. 1998). 

In 1910s. man) expert" thought that the figl1t against 111fcctious diseases \Vas 0\1er a11d tl1e tl1rcat 

of infect1ous disea,es \'- as lec;s of a pr1onty for i11fect1ou� disca�c qtJt"\lcillancc �ystctn� Pat·tl� �1"

a result of this. these \ stems \.\ ere not 1na111ta1ncd ,n large partc; of tl1c cie\·clop111g \\'Oriti. a11cl 
., 

this has }11ndered recrlgn1 t1 c1 n 1 f the m dgn, tuclc 0 f pr<)h I crn" posccl h)' r1C\\' a11c.l re-ctn crgi 11g 

1nfcctt<)US d1,eases. arid thcrcfc1re cffcctt\C ,1c.trc111 to C<lt1lr<ll tl1c111 (\\ I IC, 2C)l .;;) 
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Surveillance data are interpreted and i1nple1nented as a vertical activity in 1nost low- a11d 111iddle

i11co111e countries. Several challenges have bee11 identified with vertical, si11gle disease 

surveillance strategies. A prominent problem is tl,at 111ost vertical program1nes are dcsig 11cd to 

merely provide data to central levels witl1 little or no co-ordi11atio11 between those collect1ng 1t, 

analysing it or tl1ose using it for decision-making (Revati et al. 2013). 

The magnitude of tl1e burden of� infectiot1s diseases i11 t111dcr-5 cl1ildre11 rc1nai11s !1igl1 

(Abl1uli1nhe11-Iyol1a and Okolo, 2012), a11d tl1i is becat1se cl1ilctrc11 of tl1is age grottj) arc 111orc 

susceptible to infectious diseases (WHO 2008 a11d Lay11e 2004). Tl1c 111ctl1ocl of esti111atio11 t1�c(I 

for a11alysing infectious di eases may l1owever pose a JJroblem vvl1c11 we tail to accoL111t for extrc1 

zeros i11 tl1e count dataset \vl1icl1 1nay st1l1seqt1e11tly rcst1lt in l1inscd para111eter esti,nates a11cl 

\vro11g infere11ces \vl1ile tl1e prohle1n of u11dcrest1111nt1011 of'stn11dnrd error will 11ot occL1r. 

Therefore, tl1is study aims to 111odel a11nual tre11ds in i11c1de11ce of tl1c selected i11fcctious diseases 

among under-5 children in Oyo state st1rve1llance data using zero inflated models. This vvill l1elp 

provide accurate and valuable infonnatio11 for needs assessment, provide early vvami11g sig11als 

for cha11gcs in tre11d. a11d l1cl p i 11 progra111 pla1111111g a11d C\1al uatio11 and subseqt1c11t e1·ad i catt 011 o t· 

these disea .. es 1n unde1·-5 cl1ildre11. 

1.3 Jt:STIFIC..-\ TIO� 

For this stud,. in\ 1e\\ of tl1e exces� /eras tl1at exist in tl1e nti111l1cr of cases of selcctecl (1nalar1a. 

pneumonia. diarrhoea and meac;les) infectious diseases a1no11g tinder-5 children 111 tl1c 

suf"\ e1 llance dataset. and to O\. ercome these l11n1tat1011s of not taki 11g into accou11t excess 7cro� 

and underec;t1mat1on of parameters, the Poisson and negativ·e bi11omial models l1ave bcc11 

extended to better incorporate the excec;c; 7eros. giving rise to Zero Inflated Poic;so11 a11d 7cr<1 

Inflated 1\.egatJ\'C 81norn1al rnodelc;. Jn add1t1on. the u"e oftl1c c;t1n:e1llar1ce data l1clp') tis to k110\\ 

the current pattern <)f di sease f)Ccurrencc anc1 the potential disca<:;cc; 1n the p<1pt1lnt1011 �l" tl,,,t

effec.t \ c 10\'est1gat1on. control. and prC\'Cnt1cln can he t)lan11ed ( Fcrnandoct al. 2007). fl1e 

chclice Clf the independent \ ar1ahlcs 1n th,� �tt1<ly 1s tl1rst tl1crc 111ny he ,ca�c111al \ nr1�1l1<',11 !1·<,111 

m(1nth to 111<>nth 1r1 the 111c1dcr1<.:c <>f <,pc<.:1fic.. <f1"c.1<-.c� cltic l1) tl1c- l11<ll<)!.!,IL�tl 11:1tt11"L' ,,t till' L,1\1-.,,,t1, t'
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organism(s) or changes in tl1e environmental conditions that influence spread of infectiot1s 

diseases; the yearly incide11ces of tl1ese infectious diseases may also vary, reflecting absolute 

increases or decreases in freque11cy of occurrence, cl1a11ges i11 freque11cy of reporting of 11C\V

cases or the effects of governme11t i11terventions. In addition, the local goven1ment areas 1nay 

also exhibit differences in tl1e relative prcvale11ce of pa11icular diseases due to pect1liar local 

enviroru11ental and I or social factors. A11alyzi11g the data fro1n all tl1e local gove1111nc11t areas 

using zero inflated 1nodels \Vill give a better l1olistic picture of tl1c effect of tl1ese diseases 

(Fatiregu11 et al; 2014, Fatiregun and Odega, 2013 and N gatcl1ou-Wa11dj i and Paris, 201 1 ). 

A ltl1ougl1 several studies l1ave i 11vestigated cases of va1·ious i 11 fectioLts diseases ( Ajad i c'f al, 

2 0 1 2 � Ab du 1 kari 1n et al, 2 0 l 3 � Si zi ya et a I , 2 0 I 3 : Zia cl et a I. 2 0 1 0 �Mc 11 gist LI et a/, 2 0 I 4 rr 11 cl 

Zl1ang et al, 2012), none of tl1ese studies l1a\'e tnke11 i11to accour1t tl1c excess zeros fc)L111cl i11 tl1c 

data and did 11ot t1se sun1eillance data. Tl,e 111ag111tuclc of' tl1e effect of' tl1e infectious diseases over 

tl1e years is therefore underesti n1ated a11d t111dcr-re11ortcd cl uc to tl1e 111ctl1ocl c1 t· esti 1nati on.

Th1s tud)' used the 111tegrated Di� cases S uf\·ci 11 a11ce a11d Rcs1)011sc data o t' Oy<.) state Mi 111 stry or· 

Health from 2010-2014 to 1nodel the an11ual trends i11 i11cidence of tl1e selected infectious 

diseases (P11eumonia, n1a1aria. diarrl1oea and n1easles) amo11g under-5 cl1ildrc11 using tl1e l\.\'O

most comn1on zero-inflated models \\1l1ich are ZIP and ZINB 1nodels. The study co11side1·ed tl1e 

nu1nber of zero cases (i.e. tl1e nu111ber of 11on-cases of infectious diseases a111ong t1nder-S 

children). These models \vere also tised to detenni11e the effect of effect of seaso11al .. :y·ear ot· 

reporting and geo�rraph1c location on tl1c occurrence of tl1e i11fcctious diseases a1no11g L111dcr-5 

children. 

The zero 1nflated recre�s1<1n has a number of ad\. a11tagcs inclt1cl1ng 1nodclli11g C'<Ces� 7cro� ancl
...... 

accounting for O\ er-d1spers1on. Theref<)rc tl1e knO\\ ledge of tl1c prc)portion C)f' excess ;;cro� 111

data on the 1nc1dence (Jf- f!J\Cn 1nfcct1ous disease ca11 l1clp to 11n11ro\,c tl1c 1nfcrc11cc and pro, t<.lc
...., 

\ aluable 1nforr11at1on for pol1c�/makcr<; ''- h1cl1 ''- 111 cnahlc pr<11npt 111tcr\'Cr1t1011 f()f tl1c cc1ntrl1l (,1· 

disease . 
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1.4 OBJECTIVES 

1.4.1 Main objective 

To model annual trends in incidence of some selected i11fectiot1s diseases among t1nder-5 

children in tl1e 33 local government area of Oyo state, Nigc 1ia. 

1.4.2 Specific Objectives 

The specific objectives of tl1is stud)' arc: 

1. To exarni 11e tl1e pattern of i 1 1fectioL1s d1seases (Pneu111011ia, 111alaria, diarrt1oea a11d 1 11cnslcs)

among under-5 cl1ild1·en over the year20 IO to 2014 in tl1e 33 local goven1me11t a1·cas i11 Oyo 

state 

2. To co111pare ZINB and ZIP tnodels i1 1 tl1c a11alysis of tl1e 11u 1nhcr of i11fectiot1s di<;cascs

(P11eumonia, malaria, dia11·l1oea and n1easles) a1no11g t111der-5 cl1ildrc11 i11 tl1e JJrescncc of' over 

d1spersio11. 

3. To deter 111lne tl1e effect of scaso11, year of rcpo1·t111g and tl1c gcograr>l1ical locatio11()11

theoccurrence o t' i 11fectious cl iseascs an1011g t1ndcr-5 cl1i ldrc11 in Oyo state t1si ng t11e better of' 

tl1e ZIP and ZINB tnodels. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 INFECTIOUS DISEASES AMONG UNDER-5 CHILDREN 

Infectious diseases are caused by pathoge11ic n1icroorga11isn1s, sL1cl1 as bacteria. \1irt 1ses. pnrasitc� 

or fu 11gi. T11e diseases can be sp1·ead, directly or indirectly, fro1n 011e perso11 to ,111otl1cr. So111� �•r�

transmitted by bites fro111 insects or animals vvl1ile otl1ers are acqt1ired by i11gesting conta111in,ttcll 

food or vvater or exposure to orga11isms in the e11viro11111e11t. Many i11feclious cliseases, sucl1 as 

measles and cl1icke11pox, a1·e vaccine-preve11table. Cl1ildren are o·fte11 at a11 increased risl< for 

many of tl1ese diseases wl1ile tl1eir in1mune syste111s are still developing si111ply because of 

exposure. Tl1e l1ands of young cl1ildren carry and tra11s111it patl1oge11s by directly co11tacti11g 

infected sec1·etio11s or surfaces, then tot1cl1ing tl1eir ovv11 or a11otl1er cl1ild,s 111t1cous n1embra11es.

Hand l1ygie11e is therefore second only to i1nn1unizatio11 as an essential co111ponent of infection 

control and preventio11 (WHO .. 2015 and Sl1ope, 2014 ). Tl1e role of tl1e e11vironment ca11not be 

overstated in the epiden1iology of infectious disease. En\1iro1unent not only refers to tl1e natt1ral 

and built (n1an-n1ade) con1ponents, but also to cha11gi11g clin1atic co11ditions whicl1 have far

reaching consequences on the epiden1iology of i11fectiot1s disease (Olt1le)'e et c,!. 2010 nt1(!

Adekola el al. 201...i ). 

Malaria, acute respirator)· tract infections and gastroenteritis are recognized by tl1e World Healtl1 

Organisation as the major causes of under-five morbidity and mortality ( either in isolation or in 

combination \\'ith other causes) 1n developing countries (Bryce el c1!, 2005 c111d IMCI WHO 

1995) The Integrated \/tanagement of Childhood Ill11esses (IMCI) which targets these diseases 

( and others J a1 ms to reduce death. i II ness and di sab i Ii ty. and to promote improved growth and 

de\elopment incorporating both preventive and curative elements (WHO !1\1CI). The leading 

roles of malaria and bacterial infections like pneumonia, gastroenteritis and meningitis as major 

causes of childhood morbidit)' and mortality has been documented b)' other autl1ors tro111 N 1ger1lt 

(Fagbulc et al. 1987. Ade) okunnu et al I 980and Flusiyan et al :!009) and other \ r, ica11 
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countries such as Ghana, Ke11ya, Tanzania� Zambia (Petit et al, 1995). Sierra Leone (Hodges el 

al, 1998), Ethiopia (Muhe et al, 1995) and Mozambique (Sacarlal et al, 2009). 

Despite tl1e advances i11 antimicrobial treatn1e11t and developme1 1t o·f vacci11es, it is iro11ic tl1at 

i11fectious diseases still account for over two tl1irds of cl1ildl1ood 111ortality in devclopi11g 

countries (Black et al, 2003 ). Nigeria accounts for more tl1a11 70 percent of tl1e esti 111atcd 011c 

million under-five deatl1s to preve11table i11fectious diseases sue!, as 111alaria, pneun1onia. din11·I1ca 

and measles (Lay11e 2004). 

2.2 Brief revie,,, and p1·e,1iot1s research on l\tlala1·ia an1ong undc1·-S cl1ilcl1·cn 

Malaria is a 1najor public l1ealth probletn a11cl global l1ealth cl1allc11ge especially a111ong cl1ildrc11 

because of tl1eir vulnerability (CDC. 2014). Malaria is a parasitic a11d life tl11·eate11i11g cliscase, 

transmitted by tl1c bite of tl1e fe111alc 4
1l11op/1clc�r.:; 111(1sql1ito. Tl,c syi11pto111s of tl,is disease 111clL1clc 

fever, nausea, von1 iti ng, body vveakncss, l1eadnc)1cs, cc)11sta11t svvcats, dr� cot1gh a11d cl1i 11 s. It 

usually takes about l 0-25 days for tl1c sy111pto111s to 111a11i fest. Tl1c trans111iss1011 clcpc11ds 011 tl1c 

paras1te. the vector, the l1uman l1ost and tl1c e11\1iro11111cnt. Mala1ia l1ns becr1 re1101ied to he li11kccl 

w1th poverty and tl1e disease 111ay also be a 1na.1or li111itatio11 to cco110111ic devclop111cnt i11 tro111 c,ll 

and subtropical rcgio11s bccat1se rai11tall. \\'ann te1n11eratures. a11d stagna11t \Vatcrs prov1clc 

habitats ideal for mosquito Ian ae (Sutl1erland arld Hallett, 2009). TroJJical areas 1 ikc N 1gcr1a 

ha\'e the best combinatio11 of adequate rainfall, temperatu1·e and l1u1nidity all0\1/i11g for brecdi11g 

and suf\"1\'al of anopheles mosquitoes.Tl1ere are four known parasite species tl1at car, cause 

malana 1n humans: Plas111odit1n1 (alc,pa,·z,111, Plas111odiz1111 1 1i,,a.,r, Plas111ocliz,1n ,nala,·iae a11d 

Pla.r.:;n1od111111 o,·alc. Tl1e most com111on of tl1esc arc the P. (c1/cipa1·11111 a11d ,,;,,c,.,. but tl1c 1nost 

dead}�, of them 1s the P. (alc1pa,·zt111 (Martens. 1999). 

The d1seasc 1, endemic 1n o\er a h t1ndrcd countrtc" 1n tl1e \,:oriel. Approxi1natcly l1alf of� tl1c 

\\Orld·� population 1s at risk <)f malaria ancJ nearly one n1ill1011 people dtc of t)1c d1sca�c cacl1 )C;1r 

(\\1HO. 2011 and InterAct1on CJ Johal Health.2013) \lfo�l 111alar1a c<1c;c" a11cl dcatl1, C)CCl1r 111 "-ltl'I

Saharan 1\fnc.:a. 11()\\'C\er. 1\s1a. I�at1n Amcr1ca. tl1e Nl1clcllc East. ancl r'"1nc; <)f' f uropc arc l,I,<) 

affected t(J a le scr e..,.tcnt ffc11cc. n1alar1a affects cl11lclre11 ()f 1.111 rcgio11s h<)tl1 J)()l)I :,11<.l ttLl1 

(\\'HO. 20 I 1) 
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Globally, there were 216 million cases of malana in 106 endemic countries a11d territories of tl1e 

world in 20 10� of these 86 percent of the victi111s were children under five years of age. lr1 2011. 

the world malaria report esti1nated a total of 655,000 1nalaria deaths in tl1e world. majority of 

which were under-five children fro1n Africa (WHO, 2011) Tl1us, tl1e disease re1nains a leacling 

cause of deatl1 in children under five years (Houeto et al, 2007). The World Healtl1 Orga11izatio11 

and United Nations Cl1ildren's Education Fund (UNlCEF) also i11dicate in tl1e Af,·ica11 J\l{a/a,·ia 

Repo,·t that an outrageously l1igh nutnber of over 3,000 childre11 die fron1 malaria in Africa daily 

witl1 one child dying every 30 seconds (WHO 2003). 

Malaria is ende1111c tl1rougl1out Nigeria \.Viti, senso11nl \1a1iatio11 111 dif'fere11t geograJ)l1ic zo11cs <)I. 

t11e country. TI1e Malaria Actio11 Progra111n1e for States (NIAPS) l1as docu111e11tecl tl1at 1nalnri[1 1s 

responsible for tl1e deatl1 of 1nore tl1an 300,000 t111der-5 cl1ild1·c11 n1111ually a11(l curre11tly nccoL111t� 

for nearly 110 million cli11ically diag11oscd cases 11cr ;'Car, 60 percc11t outr,atient visits, ,111(1 30 

percent l1ospitalizatio11s (NDHS 2008). 111 additio11 t() tl1c cli1·cct i111pact of 111alaria, tl1cre arc alsc) 

severe social a11d econotnic burde11s 011 corn111L111itics a11d tl1e country as a wl1ole, with about 132 

billio11 , aira lost to 1nalana a11nt1all)' i11 fo11n of treat1ne11t costs. preve11tio11. etc. (FMoH ar1d 

NMCP, 2009). In Nigeria. Malaria l1as tl1c greatest prevalc11ce. (close to 50%). in cl1ildrcr1 age(l 

6-59 months in the South West. ortl1 Central. and No1il1 West regio11s of tl1e cou11try \\'l11lc tl1c 

least prevalence. (27.6°10 ). 1n children aged 6 to 59 1no11tl1s i11 tl1e Soutl1 East regio11. (Nigeria 

Malaria Fact Sheet) This is important to note because Oyo State, as tl1e focus of this study. is 

located 1n the south \vestem 1 1gena and l1as bee11 tl1e recipient of several i11itiatives to cotnhat 

the d1sea�e 1n under 5 cl1ildren. One of the most recent of these inten1cntion policies. tl1e 

Affordable \ted1c1ne� Fac1l1ty-malaria. is a product of tl1e Roll Back Malana Part11crsl1ips a11d 

\\ as de\ eloped to correct IO\\ access to ACTs as \\ ell as to preve11t tl1c clevelop1nent of resista11cc 

to ar1em1�1n1n hased thcrap1e" D1stnhut1on ot· Affordahlc v1cd1c111c Facility-111alar1a Arte1ni"111111 

Cornb1nat1on Therapies ( t\\,fFrn-ACT<,) started 1n N1gcr1a in 2011. 110\Ve\'Cr a rcce11t <:;tucfy l1\'

AJa}'l et cil (2()1,) tc1 a se:,� the IC\'CI of a\vnrcnc<;,c; �1ncf ut1l11att<)tl <)t tl11c; facility d1"CO\ crctl �1

\Cr\ }o\,. le\·el t1f a\,arencss ,a.1th onlv ahout 9 1 ° n of rc�ro11dc11tc; [}\\.arc <)ftt<.. a\ a1lnl11l1t) "L1cl1
, 

, 

lack of· a\\'arencss grcatl:y t1ampcrs the ct·fccl1\cr1css c)f sL1cl1 intcf\·c11t1011 11rogrt1111111c" l1cL,llt"l' 
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I 

these l1eavily subsidised drugs usually do not get to tl1e target under-5 population and tl1is is a 

major factor whicl1 may influence the observed pattern of malaria incidence a1nong others. 

It is important to take into account tl1e effect of seasonal variations in Malaria tra11s1nissio11 in 

Africa; previous studies l1ave shown that tl1e seasonality of rainfall, mini1nu1n temperature and 

ir I igation are i 1nportant deter111i11ants o·f tl1e seasonality i11 tl1e e11to1nologicnl i11oet1latio11 rnte 

(ETR) of Malaria (Musawenkosi et al, 2007). Fu11l1ennorc, e11viror1111e11tal factors l1avc l1cc11 

sl1ow11 to 1nodify malaria tra11smission \vitl1 clear differences cloct1111entcd bet\veen tl1e patte1�1,s of' 

transmission in n1ral versus urba11 areas (Do11ova11 et al, 2012). 

Onwue111ele (2013 ), con1111enti11g on the pattern of 1nalaria 111 feet 1011 in N igerin. 11oteci tl1at ''tl1e 

rate of malana infection across space depe11ds 011 dy11a1nic prl1ccsscs 111v0Jvi11g co1111Jlex cli111,1tic, 

environmental. pl1ys1cal. and social variables 011erating difTerc11tly i11 s11ace··. Tl1is stt1dy a11alysccl 

tl-le spatial variation in tl1e rate of malaria infectio11 using pri11cipal compo11ent analysis (PC A). 

Such a11alysis can help to explai11 ,,ariatio11s a11d pro\,1ide a brtsis for policy intervention. 

In a study by Abdt1lla]1i er al. (2009) \\1orki11g 111 Sokoto, it ,,,as de111onstratcd tl1at tl1c l1igl1cst 

prevalence rate \\ as recorded in tl1e montl1 of August witl1 59.5°/o positive cases a11d tl1e 1no11th of 

March l1ad the least 1nfection rate of 9 .18°/o. Also tl1e age group O - 5 years had the l1igl1cst 

1nf ect1on rate of 43. 77° o. L1maru and U yai abasi (2012), fott11d a11 i nfectio11 p1·evalc11ce rate of 

11 7° 0 among cl111dren less tl1an ft,·e years i11 Kaduna \Vl1ile a stt1dy by Edelu et al (2014). fot111ci 

malaria to be the lead ing cause of emergency rootn 111orta1ity (43 °10) among childre11 hct\\.'Ccn l t0 

5 �·care; of age 1n a case senes revie\v co11ducted at the Cl11ldre11 Eincrgency Unit of tl1e 

Un 1, ers1t� of �1gena Teach111g Hospital (L'"'-JTH). Enugu. 

Jn a stud,, bv Ola\'er111 et al. (2009) work1nga1nong �)'lnptornat1c patie11ts ,vl10 sougl1t 111c(l1ctil
• • • 

attention 1n Minna. �1ger1a on ··Ep1dcmiology of malaria in rclat1011 to cl1mat1c \1ar1ahlcc; 

betv.'een 2()fJ4 and 2007 de111onstratcd that the mean annL1al n1alaria inc1clcnce rates \\ ere 

significant I) different <>\ er the 4-)Cclr <;tucly rcr1c,cl \'..'1tl1 n clr,tst1c ctccl111c 111 111al;1r1a c,1,c� 1·r()111 

20£)5 tl1roug.h 2()()7 ·1 }1c 1nc,r1tt1l) �ca')or1,1l cl1r11;1t1c re"l1lts re\ t:,1lc<I tl1,1t tl1c 111,11,111.1 111c1lll·t1l l
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rate were higher in the months of June to Augustand the highest malaria i11cidence rate of 170. 75 

± 131.86 was recorded in August and this was not s1gnifica11tly different from tl1e relatively 

lower rates recorded in September and October. There was tl1erefore distinct seasonality in tl,e 

monthly n1ean l1ospital attendance and 111ala1ia 1·ates. Higl1er nutnbers of cases were recorded i11 

tl1e rainy than dry seaso11. The study conclt1ded tl,at malaria i11cidc11ce rates !,ave dccrcaseci t1vcr 

tl,e 4 years and that malaria transmissio11 i11 tl,e area is l1igl1ly seaso11al a11d stro11g1y i11flue11cccl 

by rainfall and relative l1umidity. 

ln a prevalence study 011 111ala1ia in tl1e Higl1la11cls of Ohudt1 cattle ra11cl1, Nigeria a1no11g 

individuals \Vit]1 111alaria cases fron, 13 years a11d above, rccorclcd tl,e l1igl1est cases of 111alar1n 

(34.6°/4) in 2010 witl1 prevalence rate of 82.29/ l 000 and lovvcst cases ( I 6.0o/o) i11 2008 w1tl1 

prevale11ce rate of 39 .61 / l 000. Childre11 ages 5 and 14 years \Vere recorded to be l1ighest a11d 

under-5 years contributed 24.69°/o. Varyi11g i11cidc11cc rates ,vere ol1served i11 tl1c years \vitl1in 

tl1e period \vitl1 l 02 cases (31.5° o) re1101·tcd 111 dry season a11d 222 cases (68.5°/o) i11 tl1e v.'ct 

season. TI1e study concluded dctem1i11111g tl1c trc11d ot� ir1cicle11cc i11 tl1e l1igl1la11cl of Obudt1 cattle 

ranch "vould require furtl1er respectiv·e study 111 orcler to asses .. tl1c inf1ue11ce of cli,nate cl1a11gc 011 

the transmission patten,. (Lr1'.pong er al. 2015). 

Finally, a study 1n Beni11 cit} by E11osolease a11d t\wodu, 2003 \vl10 \vorked on scaso11al variatio11 

of malana paras1taem1a in an urban tropical city from January to December 2001 fot1nd tl1at tl,c 

h 1 1?.hest malana 1nc1dence \vere 1n the montl1s of July. August and Septen1ber 56. 7% and tl1c 

]O\\ e�t \\'as found 1n the n1ontl1 of Ju11e. The stt1dy revealed that tl1e peak of 111ala11a 

inc1denceco1nc1ded \\ 1th the he1ght of raining season a11d lo\V i11cide11ce in clry scaso11 v. l1icl1 

1sbetv. een �O\'e111ber and Apnl accounted for 43.3 °/o 

2.3 Brief re, ic,\ and pre, ious research on diarrhoea an1ong tinclcr-5 chil(lrcn 

D1c1rrhoea 1s a, an ahnc,r 111al increase 1n (i,11l y �toc)l tlu1d1ty. frcc1L1c11cy. and \OlLtt11c fro111 \\ l1nt 1� 

considered nor111al f()f an 1nd 1 \1tdual [)1 .1rrc)hca c,1n he caL1';c<I hy 111fcct1ou<-i ()rgJn1"111<;. 111llttll111� 

\ ,ruses. bactcr a. pro,, /r>a. and hc.:lm1nthc th..il ,ire transm1ttc(I t·rcltTI the c:;t<)()I ()f one 111(11, 1<.lt1�1l tll 

the mc>uth of an<)thcr (fcc<J·Oral trar1sm1<,c;;1,111J r lie.: cl,�c,, c ,s rrclclltCl'<l l1y r1, 0rictv <lt l'tt<)lc,g1l·,,l 
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agents, in whicl1 intestinal parasitic infection contributes to some extent. It re1nains one of the 

most important causes of tnorbidity and 1nortality i11 developi11g cot1ntries, especially in Af1·ican 

countries. Diarrhea kills an esti1nated 2.5 1nillio11 people eacl1 year a11d about 60-70°/o of thetn are 

under-5.The disease is respo11sible for over a qua1ier ot� tl1e deatl1s of cl1ildre11 in tl1c world toclny. 

Most of tl1ese deatl1s occur in developing cot1nt1ies wl1ere an estimated 25<1/o of u11dcr-l1 vc 

mortality is directly att1;buted to diarrhoea disease (Yi lgwan and Okolo, 2012). 

The tnain cause of 111orbidity of t111der-5 cl1ildrc11 fro1n actite dia1·rl1ea is cle11ydratio11, \Vl1icl1 

rest1lts fron1 loss of fluid a11d electrolytes i11 stool. A si111 1)lc a11d effective rcspo11se to dcl1ydrnt1011 

is a pro1npt i11crease in fluid intake. Exposure to diarrl1oca causi11g agents is frequc11tly rclntcd tt1

the use of co11ta1n1nated water a11d to unl1ygic11ic J)ractices in fooct preparatio11 ancl clis11osal of� 

excreta (NDHS, 2008). Diarrhoea deatl1 fro111 dcl1ydratio11 ts 11rcvc11table by oral rcl1yclrntio11 

therapy (ORT) "vl1icl1 i11cludes ad1ninistrntio11 of tl solt1t1011 prc11arcd tro1n J)re-fonnL1latccl ORS 

packets or ho1ne1nade fluid reco111n1ended by tl1e Natio11al Dian·l1oea Control Progratn. ( i .c. 

recommend ho1ne fluid (RHF) sucl1 as sugar salt\vater solL1tio11 ). Ad1ni11ist1·atio11 of ir1creascci 

fluids is also considered a type of ORT (St1le. 2003). 

Seasonal \'anat1ons ha\'e also l1een descnbed i11 tl1e incide11ce of act1te diarrhoea disease i11 sornc 

studies. For e-xarnple. researchers in Thaila11d a11d Mexico l1ave sl10\vn fro111 t11eir investigatio11s, 

clear \ anat1ons 1n tl1e incidence of diarrl1ea di cases i11 tl1e \\/tt1tcr scaso11 as co1nparcd vvitl1 tl1c 

summer rain, seasons (Ptnfold et al, 1991 anci v'illa et al. 1999) . 
• 

"\Jearl:' one-third of episodes of� se\ ere diarrhoea are prever1table by vaccination (i.e .. aga1r1st 

rota\'irus and cholera). \\ hereas \'acc1nc-prevcntable pneu1nonias (i.e., those caused l1J· 

Srreptococcz,s pnc z1n1oniae. l-f aen1opl11lL1s 1n/!11cn=ae type b, and tl1e influenza virus) account tor 

at least a third of se\'ere er1"odes and t\\10-th1rd� of- death<; 

Repeated anal:, se o the glohal hurdcn cf charrhoca diseases IHI\ c revealed secular trend� and 

shO\\ n an 1rnpact of public health (Sny<lcr ancl \·1cr�or1, I <>X2. licmC'/ <II. I C)C)2 ar1,I r-..<)�ek < r ,,/. 

2()03 ). rJ•hc C5ttmatc, c,f d,arrh<JC;J ,n�1(ICJl(;(: cirpt:c. Jrccl rL'ltlf 1vclv I<)\\, hl·lc)rC \ <}'{() l1ttl tl11s 11,1, 
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been attributed to methodological differences in statistical researcl1 (Bernet al, 1992). These 

esti1nates are therefore, not directly comparable with the persistently hjgh rates of dian·J1oea 

noted in the 1990s especially among children between 6 to 24 rnontl1s of age, l1ence the trends 

are the most relevant index (Gerald et al, chapt.9). It is notable tl1at, tl1ough the esti111ated 1nedian 

incidence of diarrl1oea disease i11 cl1ildren t1nder five in developi11g countries has not cl1a1 1gecl

mucl1 since tl1e early 1 990s, i 11cide11ce rates i 11 S L1b-Sal1ara11 Africa re1nai n arno11g tl1e 111gl1cst i 11 

the world (Gerald el al, c11apt.9) and conti1 1ue to sl1ovv a IJcak in i11fant age 6 to l I 1no11tl1s, 

dropping steadily thereafter. 

Accordi11g to Davidson et al, ( l 998), tl1c identified cat1ses of clia1·rl1oea in st1b-sal1nrn11 Africa 

i11clude rnal nutrition, Vi ta111 i 11 A deft ciency, a11d patl1ogc11s ( co111111011 l y Rota virus, c·. _je_j1111 i.

enterotoxigenic £. co/i(ETEC), e11tero1)atl1ogc1 1ic E coli(EPEC), 1/ib,·io c/10/c�,·ac, 

Sl1igellaspp ..,Ae,·0111onas spp., Sa/111011el/a spp .. Pie' .. 10111011t15: .. ,l1igc!loidc5i, Ye1·.<;i11ic1 e11te,·oco!iticr1,

Ct)Jp tosporidiz.1111, Gia,·dia lan1blia, Enta111oeba l1isro�\Jtica, St1Aot1g;1/oides ste1Aco1·c1l1s a11cl

Jsospo,·a be/Ii- in decreasing order of frequency). Se\1eral workc1·s (Cl 1aryeva er c1I, 2015.Agti,va

el al, 2010 and Ande et al, 2004) l1a,'e carried out studies to l1igl1ligl1t 11ot only incide11ce rates of 

diarrhoea diseases in Nigeria bL1t also to as es .. tl1e effects of identified risk factors, 11ealtl1carc 
._. 

\,,orkers' knO\\' ledge and go,'cm111ent i11ten1en t ions 011 tl1e i ncidc11cc of diarrhoea dis cases. �,1 <)st 

of these studi es ha\·e only used ba ic statistical 111ethods hO\\'ever, to analyse tl1eir fir1dings. 

2.4 Brief re,·ie,, and pre,,ious research on pneumonia among undcr-5 cl1ildren 

Pneumonia ls a forr11 of acute re<;,p1ratory infect1011 tl1at affect� tl1c lL111gs. Tl1c leacling cat1�c <)f. 

c;e\ ere pneumonia 1n ch 1 ldren t n de\, elop1 ng cot1n tries 1s Sr 1·cptococci15; p11e11,11011iac hactcr1a. or 

pneumococcu" Pneumonia 1� <:;pread 1n a nL11nber of \vayc; lJy \ in1<:;cs and bacte1·1a tl1at arc 

commonl\' found 1n a chi ld's nose or throat. and can infect tl1e lungs when 111haled. Tl1cy 111ay 

also spread , 1a air-born� droplets from a cough or c:;nccze. Tl1e cl1<:;case 1nay· �11rcatl tl1r(1L1gl1

blood. espec1al J1, dunng and shortly after b1rtl1 (\\lJ-10. 2() 14) �ytnptorn<:; of� p11cu1110111a ca11 

include cough. f C\ er. d1 arrhoca. sh<Jrtncss n f hrcat h. cl1cst pa 1 11 and part1cl1 larl) cl1cst rct 1 l1ct 1 <.) 1 1 

dunng re p1rat1on 1n undcr-5 chi ldren. Pncurn<)n1a ,� the \\'C)fl(l's lcaci 111g kil ler of� cl11lclrc11 t111clL'J

fi\'e. taking the l1f·e (Jf cJnc child c· .. cry 23 �cc,1ncl ar1cl tlcC<lLtr1t1ng fclr 15"o t)f�clLl1tl1s \\()rltl,,·1<.IL'
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Pneumon1a has been found to be associated witl1 measles infection, and tl1us has bee11 recognised 

as a major cause of deatl1 from measles i11 sub-Sal1aran Africa (Wesley et al, 1971 and Mortar, 

1986). In the last decade, global health leaders have worked to tu111 tl1e tide 011 pneu1nonia, wl1ich 

brougl1t about a global moveme11t to save cl1ild1·en's lives tl1rougl1 an11t1al recognition of World 

Pneumonia Day (Ercl1ick et al, 2011 ). 

In 2010, according to 1·ecent WHO esti111ates, 868,000 L111dcr-5 cl1ildren died i11 Nigeria a11d 

pneumonia is the seco11d leading cause of death i11 tl1is age group, killi11g more tl1a11 l 40.000

children eacl1 year. As a result of a l1igl1 cl1ild mortality rate a11d a large pOJJltlation, Nigeria 1s 

second 011ly to India i11 tl1e total nu111bcr of cl1ildl1ood dcatl1s. Co11sideri11g Nigeria's \vcaltl1 of· 

hu1nan and 11atural resources, access to l1ealtl1 services are gc11crnl ly low by co1nparison a11d 

coverage rates for interventions that protect agai11� t. 11rcve11t. and treat JJ11ct11nonia are lo\vcr tl1a11 

ma11y otl1er cou11tri es i 11 tl1e region. P11et1n1011 ia pre,,c11t io11 i 11 cl1i ldrcn is an essential co1n po11c11 t 

of a strategy to reduce cl1ild 1nortality. I111111u11izatio11 ag�1i11st Hil1, pneu1nococct1s, 1ncaslcs ar1cl 

\vhooping cougJ1 (pertussis) is currently co11 .. idered tl1e 111ost ef'fecti\1e vvay to prevent pnet11nor1ia 

(Erch1ck et al, 2011 ). 

Noh\11thstand1ng the disease burder1. Nigeria l1as 1nade extraorcli11a1·y progress in i1nprovi11g 

access to \7acc1nation tn recent years. Co\1erage for all vaccines increased substantial ly over tl1c 

2000-201 O decade. According to WHOruNICEF estimates. DTP3 CO\'eragc 111ore tl1a11 dot1blcci 

fro111 29°.0 to 69° o during this time period. In late 2011, Nigc1·ia conducted an i1nportant 111ass 

campaign to deli\.1er a ne\v meningit1s vaccine. In June 2012. Nigeria introduced tl1e pe11tavale11t 

\1acc1ne. ,,1hich protects agai nst Htb, pneumo111a and meningitis. alo11g witl1 four otl1er cl11lcil1ood 

d1<;ease� (Erch1ck et al. 20 l l ). 

It 1s also 1mportant to note that childhood pneumonia t<; a cl11natc-<;cn<;iti\·e disease ancl 1nL1st l"1c 

descnbed 1n the cc1ntext of climate chanuc and sc,tc..,nnal \'ar1nt1011s Jn tc1111.,cralc c...ctt1111.!,.
'-

respirator) 1 1lnes is mcJst common 1n tt1c \.\ inter 1nnnths. \vl11lc 1r1 trc)ptlal Ctl\ 1r<111111c,,t..., till' 

greatest 1nc1dence 1s dur1ng the rain�' scasf>n <P,1yntcr ct ,11. 2()1 () a11ci D<l\\.'Cil ct al. 2()().,) �ltl(ltL'"

ha\'C al:sc) shc)'>-n a trong a '>Oc1at1c>n hct\\ccn the 1nl:1<lcr1cc (ll. p11cl1111<1r11a (lt1\\Cf rc�111r,ltt,t\ 
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tract infection) and exposure to e11viron1nental factors, 1nost 11otably air pollution. Evidence 

especially incri1ninates indoor air pollution from do111estic fires burning bio1nass ·fuels, pri111arily 

in tl1e less-developed world, while the risi11g importance of traffic-related air pollutio11 l1as also 

been identified (Smith et al 20 l l and Laumbacl1 et al, 2012). 

Different researchers have ide11tified the roles of poor living conditions and a hazardoL1s 

environme11t 111 tl1e incidence of p11eumor1ia (acute i11fectiot1s respiratory disease) (Singl1 a11d 

Si11gh, 2014, Akanbi et al. 2009). Akan bi et al, revicvvi11g tl1e bt1rden of respiratory ctiscasc i11

Nigeria, co11fi11ned tl1at act1te respiratory i11fectio11s arc a 111njor cause of 111orbidity a11d 111 01·tal1ly 

a1nong children, accou11ting for 20°/o of all deatl1s i11 u11dcr-5 cl1 ildre11 bctwcc11 2000 to 2003 

{Akanbi et a I. 2009). The study also 11oted tl1e sensor1a 1 \1ari at io11 i 11 acute res1Ji ra t(1ry i 11 f cctio11s 

in igeri a11 children with 111orc episodes occt1rr111g d L1r111g tl1c ra i 11 y sea so 11. 

2.5 Brief revie,v and pre,1ious rcscarcl1 011 IVlcaslcs an1c>11g tinclcr-5 cl1ild1·cn 

Measles is a l1ighly co11tngious disease caused l1y tl1c 111casles virL1s (a 1nc111ber of tl1c 

paran1yxo'\1irus family) and it is nonnal ly passed tl1rot1gl1 direct contact and tl1roug l1 tl1e air. �rl1c 

\11rus infects tl1e 111ucous 111c111bra11es. and tl1c11 spreads tl1roL1gl1out tl1e body (WI-IO. 2() 15) 

J\!feasles 1s usually cha1-acterized by te'\1er of 2:38°C� 111acL1lc)papular rash of about 3 days or 1norc�

'A 1th one or more of a combinat1011 of coryza, cough, co11jl1nctivitis a11d Koplik's spots i11 the oral

mucosa of measles infected indi\ iduals (Takeucl1i et,,!. 2002). 

The disease rema1nc;, one of tl1e lending cause$ ot' death a111ong yoL111g childre11 globall y. cicsr>itc 

the a, a1lab1l1t\' of a safe and effective vaccine. Approximately 145,700 people died from 1ncasles 
-

1n 2013. most]\' under -5 children 1n develop1ng countnes in parts of Africa ai1d Asia. Measles
-

1nfect1on is ,ull pre\ alent in many developing countries 1nost especially in parts of Afnca \� here 

more than 20 m1111cln mca-.,]c� e,a�es are reported annually (\VHO. 2009). 

In N 1gen "· measles nuthrcaks ha, c hccn I ncrca'1 ngl y con1mn11 \\'I th SO. 194 and 256 nuthrc,11', 

reported 1n 2006. 21JIJ7 and 2()0� rc,pcctl\cly \'l.,,t of the�<: outhrcak, l>Lcurrcd 111 the tir,t 
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quarter of the year affecting tnostly u11der-five children (WHO a11d AFRO, 2008). Tl1e disease 

exhibits a seasonal pattern with increasing incidence duri11g tl1e dry season i11 Nove1nber-May. 

It was estimated in Nigeria by the 2008 Den1ograpl1ic Health Su1�ey (OHS ) tl1at the natio11al 

measles coverage for cl1ildre11 aged 12-13 1no11tl1s was 46°/o nationally, 60°/4 in urba11 areas a11d 

33°/o in rural areas (Fatiregun et al; 2014). 

According to World Health Orga11izatio11 A frica11 Region (WHO AFRO, 2006), a n1easles 

outbreak is defined as ''five or 1nore reported st1spected cases of 111easles 111 a healtl1 facility or 

local govemme11t area in one n1ontl1 witl1 a plausible n1cnns of tra11s1nission'' (FMoH a11d Wl-10. 

2006). Tl1is defi11es tl,e tl1resl1old that sl1ould elicit a1)1Jroprinte co11trol rncast1res like case 

finding, line listi11g of additio11al cases, i111proved case 111n11age1nent a11d co11ce11tratcd 

immunizatio11 activities i11 that local goven11nc11t area. 

Cl1i ldren in N ige1·i a arc gi \'C1 1 1110110,,al c1 1t 111casl cs \'�cci 11c at 1 0 111011 tlis of age. r n 200 5 n 11cl 

2006, tl1e Federal Gover11ment {1f igcria ( FG ) tl1rot1gl1 tl1e National Progra111me 011 

lmmun1zat 1on (NPI) co11ductcd an integrated catcl1-t1p 111easlcs ca111paign i11 the soutl1 an(i nortl1. 

respecti, ely (\VHO. 2007) a11d a nation\,\1ide foll0\\1-up ca1npaig11 i11 2008 (Goitctn er al., 201 l ). 

in collaboration \vith local and state govemmer1ts. 

As ,•.,ith the otl1er disease under studv, seasonal occurre11ce of n1easles has bee11 identified and 
• 

characterized bv both local and 1ntematio11al researchers (Otnonijo et al, 201 I). Notal1ly . 

Omon1_10 et al v. ork1ng in Ondo State, Nigena, demonstrated a high disease trans1niss1on rate of 

meac;les 1n the months of January to May (dry season). This clearly cle1no11strates tl1e i1111Jo11a11ce

of the ther111al en\ 1ronrnent in the d1sease tranc:;1n1ssion (01no11ijo ct al. 2010). 

In a de5cnpu, c ep1dcm1ological study on the analysi, of measle, casc-ha,ed surveillance data. 11 

v.'as found that bet,�·ecn January 20fJ7 and Dccc111hcr 2() 12. l O 187 <:;Lt�pcctccl cases ot· 111cn�1c� 

were 1n\ esllgatcd thrnJgh the case-based surveillance syste,n It ,vas a\<;o re\ ealcd that the 

annual 1nc1dt.:r.cc of measles 1n S<1utl1wc'-t. \Jigcr1 1 rose fron1 l case per 111ill1011 111 2()()7 t<) 2, 

cases per m1l1Jon ,n 201 l (, �c� ,•,ere cnnfinned frc,111 .ill ,� st,11e, ,,11h111 the 1nnc ,ind 111''-I 
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(97.4o/o) were in individuals aged less tl1an 20 years. In addition, the seasonal variation was 

confinned with peaks of infection in the first a11d second quarters of the year. The sh.1dy 

concluded tl1at there was an increasing tre11d i11 tl1e 11u1nber of expected cases based 011

projections and the case-based surveillance provided an insigl1t into understanding tl,e 

epidemiology of measles infection in Southwest Nigeria (Fatiregun et al; 2014). 

Furtl1er1nore, in a study on secular tre11d a11d epide1niology of 111easles i11 tl1e Ki11gdo1n of Sat1cii 

Arabia to deter 111ine i ncide11ce of rneasles a11d progress to\vards its el itn i 11atio11, it \vas sl10\Vt1 tl1r1t 

measles incidence per 1 ,000 .000 populatio11s increased ·fro111 3 .2 ir1 2009 to a peak of 12 .8 i11 

2011 and a slight fall to 9.9 in 2012. About 50o/o of cases were i11 cl1ildren t1nclcr-five years. 12% 

were infants and 33°/o \Vere 15 years a11d al)ovc. Of tl1is total, 39°10 were u11vacci11ntc(I ar1cl I 6'¾i 

had unk11own vaccination status. Fifty-ftve 11crcc11t of� i11fa11ts \\icrc 11<1t clt1e for vacci11ali<)11. Of' 

cl1ildren <5 years. 42°10 received vaccinatio11. It \\',lS scc11 tl1at spatial clistribL1tio11 is 11ot 

countfy'\,\1ide in eacl1 of tl1e fou1· years but \\'as see11 to co11cc11trate i11 tl1e ce11tral a11d Soutl1 West 

regions \Vi th -+O°lo i 11 �l i zan a11d J eddah. I-I O\\'cvcr tl1e fi 11d i ngs co11cl L1deci tl1at tl1erc was a gc11 cral 

gradual do\vn,vard trend 111 tl1e occurrc11cc ot· cases and peaks \vcre sce11 i11 2010 a11d 011warcls, 

tl1e trend 1s <:;}O\\' and tl1c peak is 111orc flatte11cd. It vvas fL1til1er see11 tl1t1t l1igl1 i11cide11cc of· 

con fit 1-11ed mea les amo11g unvacci nated in fa11ts req L1i1·es stre11gtl1eni ng of t11c i 1n1nunization 

�en·ices and imprO\ ement in 111easles case surveillance for completeness of vacci11atio11 statL1s 

(Ziad et al. 2014). 

According to a stud; conducted by Fatiregun and Odega, (20 13) on "Representativeness of 

suspected measle"- cases reported bet\veen January 2007 to Ju11e 2008 in local govem1nc11t area. 

Delta �tate··. 1t \\ a� re\ ealed that 111 the LGA records, 10 °/o cases \Vere i11di\1idL1als older tl1a11 14 

) edrs. c0mpared \\'Ith 20° o 1n the ,ame age group 1n the health facility record. Also it \va, �een 

based on the geographic location that 53°,o of 1nea,les c.a<;es among the hospital record� can1c 

from a single ln1.a•1on. 1n contrast to only 30° ·0 o I the cases an1ong the LGA record,. It \\ a, 

demonstrated \\ tr time a11al:s1 that 3f)0 o of the c,1scs 1n the I (11\ rccorcl� <1cct1rrcd 111 \l1gt1 -...t 

20()7. \\hcrcas 2(J0 o <.->t h<,�p1tal (;a�c� "'ere rcp,,rtc<I 1n FchrL1,1rv ;111(1 v1lty' 1<)()X rc-...11cLtl\L'iy l\t1(1
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the study concluded tl1at tl1e two records types differed considerably in all of tl1e characteristics 

used for comparison. 

Lastly, a study on tl1e i1npact of decli11ing vacci11atio11 coverage on 111easles control i11 Abia state 

revealed that most of tl1e cases of measles i11fectio11 occt1rred in tl1c dry seaso11, witl1 }JCaks i11 

January and February (U1nel1 a11d Al1a11eku, 20 l 3). 

2.6 Integrated Disease Surveillance a11d Response and Notifiable Diseases in Nigeria 

Integrated Disease St1rveillance and Response (IDSR) is u st1·ategy a11cl a tool to protnotc rntic)11al 

use of resources by i11tcgrating and strca111lini11g co1n1no11 cliscasc st1rvcillancc activities. Before 

tl1e adoption a 11d i111ple1ne11tatio11 of lDSR syste1n i 11 Nigeria. n1any cliscase control a11cl 

interventio1 1 progra1111nes sti 11 rely on tl1eir 0\\111 disease st11·vei 11 a11cc system 1naking cf'forts to 

improve tl1eir ability to obtai11 reliable and ti111cly clata ir1 order to Lise i11fonnatio11 for taki11g 

actio11 (FMoH. 2009. I sere et al. 2015). 

After the adoption by the \Vorld Health Organi7atio11 (WHO). African region of tl1e Integratecl 

Disease St1n,ei I lance and Res�1011se (lDSR) strategy as a regio11al strategy for disease co11trol i 11 

1998, �igeria commenced efforts tO\\'arcls i1nple111entation of tl1e IDSR strategy i11 Ju11e 2000 

\\
1ith an orientation \VOrkshop l1eld to sensitize 11ational progra1111ne managers of vertical 

programs and partners on !DSR. In Janu::ir) 2001, a steering co1nn1ittee on IDSR 1,va, 

inaugurated to steer the 1mplen1entation proces, and all the 36 state, 111 the Federation, includ1ng 

the Federal Cap1tal Territor;. are currently· 11nple111c11ti1 1g IDSR (FMoI-I, 2005). 

The Integrated D1�e1,e Sur. e1 !lance system seeks to ensure that an effective and functional 

f D<;;R s\ stem i, available at each le, el of the health syste1n, fro1n health facilities to Local 

Government Areas (LG.\,/. tJte� and at the national level. IDSR foe.uses on the LG,\ le, cl

"here 1nfor1nat1on generated 1s u,ed for trn1el) <1Lt1on consequently lcachng to rcduct1<,n nr

morb1d1t\. d1sab 1f1t\ ·:1nd mortal1t\ I (j \ lc,.:cl 1s tt,� rna111 tflt..Ll(;, 111 tl1c IDSR <.y�tc111 111 1gcr1�- - -

because rt 1s the fir t Je\el 1n the 'l1gcnan health system \vrth full tune staff dcd1Latcd to all 

aspect of the health ol the puhli1.: �uch a� 111on1tnnng he 1l1h c,cnl� 111 the co11111H1111I), 1111,hd111ng 
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community action and accessing regional resources to protect the health of commu11ities (FMoH, 

2009 and Kasolo et al, 2010). 

The Federal Ministry of Health (FMoH) l1as selected 40 co111111unicable and non-co1n1nL111icable 

diseases and public healtl1 1·elated conditio11s for tl1e IDSR system in Nigeria. Tl1ese diseases 

were selected based on the following criteria� top cause of l1igh n1orbidity and mortality in tl1e 

cou11try, epide1nic potential, surveillance reqt1ired i11te111atio11ally, nvailal,ility of effective co11trol

and preventive inte1-ve11tion for address111g tl1e public l1ealtl1 proble1n tl1ey pose, er1se of 

identificatio11 usi11g sitnple case definitio11 a11d avt1ilability of i11terve11tio11 11rogra1n1nes SllJJJ1ortecl

by the WHO for preventio11 a11d co11trol. eradication or eli111i11atio11 of tl1e diseases. 

Early detection of outbreaks is necessary for et'fcctivc and rapicl control. Tl1e pri111ary goal of' a 

functional disease surveillance and noti ficatio11 systc111, n111011g otl1ers, is to detect and n1011i tor

diseases and other eve11ts \Vttl1 potential tl1reat to tl1c l1caltl1 of tl1e pL1blic witl1 respect to source, 

time. person. populatio11 and place i11 order to pro\1ide ratio11ale fo1· l)ltblic l1ealtl1 action. Tl1is key

goal of dt�ease sun1eillancc and 11otificntio11 l1as 111ade 1t a11 effecti\1e tool for ciiscase 0L1thrcak 

prevention a11d control. 

2.6. l Purposes and Uses of Sur,·eillancc 

The purpose for conducting surveillance is to lcan1 tl1e ongoi11gJ1atte111 of disease occurrence a11d

the potent1al for disease 1n a populat1on so tl1at tl1ere can beeffecti\1e in investigating. co11trollir1g, 

and preventing the disease 1n that population. Surveillance data can be used as thebasis for 

planning more effect!\ e disease control and prevention activities. Surveillance can be Ju5ti tied 

for t\\'O add1t1onal purposes· Ftr5t. throughsur\,'c1lla11ce one ca11 lca111 tnore abot1t tl1c 11att.1ral 

history. clinical spectrum. and ep1dem1ology ofa disease (\vho is at nsk. ,,,.,hen and \Vhcrc it 

occ.urs the exposures or nsk !actors that arc cnt1calto 1h occurrence). This kno\vlcdgc n1av lead 

to the de, clopment of pre, c.nt1on and controln1casurcs Second. sun c1!1ance \\ ill pro\'idc us \\ 1th 

a baseline of data \\ h1ch t:an he used toasscsc:; prevention (.1n<I control 1ncnsurcs \\ l1c11 tl1c\ ,1rc 

de,elopLd and 11nplcrnentcd.Sunc1llancc rout1ncl) u�cs d,1ta 111 a variety ol 11ays 11h1lh Ill'
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related to monitoring disease and providing li11kage to prevention and control programs(Thacker, 

1988). 

2.7 BRIEF REVIEW OF ZERO INFLATED MODELS 

In l1ealth research, outco1nes of i11terest often co11sist of cou11t variables. For t)1is type of cot111t 

data, the standard framework for explaining tl1e relationsl1i�1 betwee11 tl1e outcotnc varial1le a11cl n 

set of explanatory variables includes the Poisso11 and 11egative binomial regressio11 111odels. 

However, the basic Poisso11 regressio11 model torces tl1e co11ditional va1·ia11ce of tl1e ot1tcomc to 

equal tl1e co11d i tio11al 111ean. Tl1e 11egati ve bi no111 i a 1 1·cgrcssi 011 ca11 l1e writ te11 ns a11 ex tensi (111 or 

Poisson regressio11 a11d this allO\\'S greater flexil11lity 111 111odclli11g tl1e relatio11sl1111 l1ctwccn tl1c 

conditio11al variance and tl1e conditio11nl 111ca11 co1111Jared to tl1c Poisso11 111oclcl. l11 aclclitic)11, a11 

often encou11tered cl1a1·acteristi c of count data Is t l1tlt t 11c nL1111 l1cr c1 f' zeros in tl1c sa1n 11 1 c ca11 

exceed t11e nurnbe1· of ze1·os predicted by eitl1c1· Poisso11 or negative l1i110111ial 1noclcl (Fa11g, 

2008). Zero-inflated models are i11te17Jrctcd as n 111ix o1� st11.1ctL1ral a11d sa1npli11g zeros fro1n t\VC)

processes� the process tl1at generates excess ?eros fro111 a hi11ary distributio11 \vl1icl1 arc tl1c 

structural zeros, and tl1e process tl1at generates botl1 11011-11egative a11d zero counts frotn Poisso11 

or NB distributions \vhicl1 are tl1e sa111pli11g zeros (Zamani and Is111ail 2013) . The following fot1r 

regression n1odels, ze1·0-i11flntcd Poisson (ZIP) regression. zero-inflated 11cgative bi1101111al 

(ZfNB) regress1on. hurdle regression. and zero-i11flated generalized Poisson (ZlGP) regressiot1 

are frequently used to 1nodel zero-inflated cou11t data (Fang. 2008). 

2. 7.1 Zero Inflated Poisson regression model (ZIP)

Zero 1nflated Po1c:.c::.on model deals \\ 1th l1eterogc11city (tl1at ts \\ l1c11 variatio11 exists) assc1c1atcci 

\\ 1th exces� 7ero<; It uses a Po1c::.c...on d1strihut1on tl1at l1as bec11 n11xed \vitl1 a point mass at 1:cro to 

al)o\'- for the 1nclusion of add1t1onal structural /eros but docs 11ot l1a11dle over-dis1Jcrsion (Dal1i)1a 

& Gro'-S. J 973: Heilbron. I 994: Lambert. 1992 ). The ZIP regres,1011 1nodel \Vas first introduced 

bv Lambert. 1992 \,•ho applied Zl P regression model defects in 1nanufactunng detects ( Lmnhcr1 . 

1992). Lambert pro, ides a mot1vat1nn application nf thc,c models and discu�sc, the case ol 1c1 o

i nflated p01 sson. In a stud) h� RI clout ct c, I ( I CJCJ 8) \.vl10 \\'orkcd on \1ar1 Otts Z l P re µre,� 1(111

models for an apple sl1<JOt prc)pagatt<>n cl�1t,1. 1t \.v,1s cl1scr>'-crccl tl1,lt tl1c /IP 111<)tlcl� \\C'll' 
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inadequate for tl1e data as there was still evidence of over dispersion. Otl1er conte111porary 

applications for the ZIP regression model can be found 111 dental epidemiology (Bol1ning et al.

I 999), occupational heal tl1 (Lee et al, 200 l ), and children's growth and develop111e11t (Cl1et111g, 

2002). In practice, after accounting for zero-i11flatio11, tl1e no11-zero part of tl1e cou11t clistribution 

is often over-dispersed. In this regard, Greene ( 1994) l1as described an exte11ded version of tl1e 

negative bi1101nial model for excess zero count data, tl1e Zero-I11flated Negative 811101nial 

(ZlNB). The ZIP para1neter esti1nates can be severely biased if tl1e 11on-zero cou11ts arc over

dispersed in relation to tl1e Poisson distribution. 

2.7.2 Zero-Inflated Negative Binon1ial rcg1·ession 111odel (ZINB) 

Zero inflated 11egative l1ino111ial deals \Vitl1 botl1 o\1cr-dispcrsccl an(l 1.crc)-inflated clnta (Yau ct c1I, 

2003� Ridout et al, 2001 ). It asst1111cs tl1erc are t\vo disti11ct dnta gc11eratir1g processes. Tl1c rcst1lt 

of Bernoulli trial is used to determine \vl1icl1 of' tl1e t\\'O 11roccsses is ltsed. For observatio11 i, witl1 

probabi 1 ity n:, tl1e only possible response of tl1e first r:,roccss is zero cot1nts, a11d vvi ti, prohabi Ii ty 

of ( 1-n:,) the response of tl1e seco11d procc�� is go\ cr11cd DJ' n 11egati,1c hi110111ial witl1 111ca11 ),w,. 

The zero counts are derived fro1n tl1e first a11d econd processes, \vl1cre a probttbility is csti1natccl 

for \vl1ether zero counts are fro1n tl1e ti rst or tl1e seco11d proccs . Tl1e overal 1 probability o t· zero 

counts is the combined probability of zeros trorn tl1e two processes (Fang, 2008). In a study by 

Fang. 2008 ,,·ho applied the ZT I B regression 1nodel to hu1nan n1icrobiota sequence data \vith 

random effects dt<;CO\ ered that tl1c 1nodel is useful for analysis of over-dispersed count data \.\'itl1 

an excess of zeros and repeated measures. It \\1as revealccl tl1at the si1nulatio11 study t1scd 

1nd1cated that the method of est11nation gave unbiased results for both fixed effects and ra11clo111

effects. The stud', concluded that the application of the model to the three selected orga11is1n
• 

from the microb1ota data re\ ealed the 1111portancc of tl1i 5 111ctl1od. 

2.8 PRE\'IOL' RESE RCH ON ZERO-INFL1\TED i\IODELS 

In a studv conducted b, :\ gJtchou-\Vandj1 et al. (2011) on annual trends 1n 1nc1dcnces of �<1111c
-

. 

occupational allergic disease<, I allcrg1c asthma. clennat1tl'; and rh1n1t1s) fro1n 200 I to 2009 111 

France. data \', as anal:, cd from the R '- \'IP of the .12 rrench centres of OLC.t1pat1onal d1sc,1,l'' 

named C cntrc dL ( onsultallnn de I' atholog1c, l'rn fcss1011 ncl lcs ( ( ( I' P) I he stud:, It,! h "' cd th, 
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approach of McNamee et al (2009) but used Zero I11flated negative bi1101nial regression mode] 

instead of Poisson regression model witl1 ra11dom effect. The outco111e variable was tl1e nun1ber 

of cases per centre per montl1 a11d the cova1iates are the 111ontl1s (Jan-Dec), the years (year 1- 9) 

and tl1e 32 centres (CO 1-C32). T11e data showed an excess of zeros and tl1is led to over-dispersio11 

because tl1e variances were larger than tl1e 1neans. It was fot1nd, after adju.sting for ZINS 

regression model that the esti1natcd dispersion paran1eters were too large. It was de1nonstratcd 

using plotting residual series and l1istogratns that zero-inflated 1·egressio11 models used were goocl 

predictio11 1nodels for the tl1ree sets of' data. Tl,e stt1dy co11clt1ded tl1at tl1cre is a JJOsiti\1C 

association betv\'ee11 the three diseases and tl,e trends in occt1patio11al allergic were decreasi 11g for 

asth1na and rl1initis and increasing for de11natitis (Ngatcl1ol1-Wa11dji a11d Parts, 20 I l ). 

Al Mamun in 2014, \vl1ile studying under-5 deatl,s 1n Bnr1glaclesl1 L1si11g ZIP, ZINS a11d HL1rclle 

models, explored 110\v tl1e ze1·0-i11flated cot111t data 1noclcls l1el1aved witl1 cli ffcre11t sets of 

parameters. Tl1e investigation revealed tl,at eacl1 1cr<.1-111f1atcd 111oclel l1as supe1ior JJerfonna11cc 

than tl1e classical count data models (i.e Poisso11 a11d 11cgativc bi110111ial models). It also sl,owed 

that from the simulated ex�1eri111ents. tl1e ?ero- inflated regression 1nodels (ZIP, ZTNB ancl 

Hurdle)\\ ere cons1stent over tl1c cl1ange ot' tl,c 111oclel para1neters. It was fou11d tl1at ze1·0 i11fl1.1tccl 

count data 1nodel perfor111ed better tl,an tl1c Poisson a11d Negati\'C bi1101nial 1nodcls L1si11g tl,c AIC 

stat1stic for the model fit ot�tl1e nL11nber oft111dcr-5 deatl,s (Al Ma1nu11, 2014). 

In a study by ;\1ouatassim and Ezzahid. 2012 \vho worked on private health insurance data using

Poisson regression and Zero-inflated Poisson regression. the probability integral transfonn test

and \'uone: ·s test \\ ere used to compare the t\VO models. It \vas found that the mean nun1ber of
--

claims declared b\' one insured 1n I )'ear \v as smaller tl1an the var1a11ce� wl1icl1 indicated a11 o,,cr-

dispers:ion of the data and 111 this regard. the Pois:s:on regression model wa� not appropriate 

FurthcJinore. 11 v. a s:htn• n 1n the histogram that the numher of elai1ns highly peaked nt Tero 

, alue becaus:e of the preponderance of 7ero, 111 the data and large numbers of cla11ns ,verc le,, 

frequent! y obs:cr. cd It •,\ as concluded that the Zero 1ntlated Pol'-<.nn 1nodcl ga, c a hcttc1 

prediction and fit exec s 1cro count� than the Poisson rccrcs:,1nn ! \tlouata,,1111 and F 11,1h1d. 

2012). 
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In addition, Famoye and Si11gh, 2006 conducted a stt1dy 011 domestic violence data using Zero 

Inflated Generalized Poisson Regressio11 (ZIGP). It was found that domestic violence data was 

over-dispersed witl1 66.4°/o ze1·0s. However, tl1e ZfNB regressio11 n1odel did not converge in 

fitting the data. T11e findings i11dicated tl1at tl1e proble1n of fitting ZTNB 1·egressior1 111odel to a11 

observed data set was also observed by La111bert 1992 wl1icl1 led to develop1ne11t a11cl to 

application of ZIGP regression model fo1· modelli11g over-dispersed clata \Vitl1 too 1nany zeros. It 

was see11 tl1at ZIGP regression model is a good competitor of ZINB regression 1nodel titti11g all 

the dataset but a clear co11dition was 11ot stated (Fa111oye and Singh, 2006). 
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CHAPTER THREE 

METHODOLOGY 

3.1 STUDY AREA 

T11e study area comprises tl1e healtl1 facilities in all the 33 local govern111ent areas of Oyo state. It 

is the second largest state i11 tl1e Soutl1-West geopolitical zor1e of Nige1ia wit11 a land area of 
., 

27,148la11-and a population of6 1nillion. Tl1c state was can,ed ot1t oftl1e fo1·n1cr Western State <)r

Nigeria i11 1976. Administratively, tl1e state consists of 33 local govcmtncnt areas \Vl11cl1 arc: 

Akinyele, Afijio, Egbeda, fbada11 Nortl1, Ibadn11 No1·tl1-East, Ibadn11 Nortl1-West, ll1acla11 S<1utl1-

West, Ibadan Soutl1-East, Ibarapa Ccr1tral, Ibarapa East. lcto, Ircpo, Iseyi11, Kajola, Lagclu, 

Ogbo1110s110 Nort11, Ogbomosl10 Soutl1, Oyo West, Atiba, Atigl10, Saki West, Saki East, 

ltesiwaju, lv.1ajo"va, Iba1·apa No1il1, Olo11.1r1sogo, Oluy<)lc, Ogt) Olu,,\'a, SurLtlcrc, Orclo11e, Ori Ire. 

Oyo East a11d Ona Ara. It is bou11ded in tl1c �ot1tl1 l1y Ogt111 State �111<.l i11 tl1e n<.)rtl1 hy K\vr1ra State. 

In tl1e "vest. it 1s partly bou11dcd l1y Ogt111 State a11cl ptt1·tly l1y tl1c Re11t1hlic of Bc11i11, \Vl1ilt.: tl is 

bounded in the East by Osu11 State. Tl1e landscape eo11sists of old l1ard rocks and do111e sl1aped 

hills, wl11ch rise gently fro1 11 about 500 111ctcrs i11 tl1c soutl1e1-11 l)art, reacl1ing a hcigl1t of al1out 

1,219 1netres above sea le\·el in tl1e nortl1en1 11art. Oyo State l1as an equatorial clin1ate \Viti, (!ry 

and \\'et seasons and relati\'ely l11gh l1u111idity. Tl1e dry season lasts from Nove111be1· to Marcl1 

\\'hile the \\'et season starts from April and e11ds in October. Average daily temperature ra11ges 

betv. een 25 "'C (77 .0 °F) and 35 °C (95.0 '"'F). al111ost tl1rougl1ot1t tl1e year. Tl1e \1egetation patte111 

0 f Ovo state 1 s that of rat 11 forest 111 tl1e soutl1 and gt1i 11ca ava1111al1 i11 tl1e 11ortl1. Tl,c sta tc 

operate� a three-tier health care sen. 1cc \\'h1ch are primary, secondary and tertiary health centre 

acros� urban and rural areas There are 1.648 health facilities disaggregated into 631 Prin1ary 

Health Centres <PHCs) 46 Secondary Health Fac1ht1es(SHF,), 5 Tertiary Health Centres (THCs) 

and 96 reg1 "tered pn \ ate }1cal th fact 11 t1 c" ( S \'lo H .2008) 

3.2 STl D\' D ESIG" 

Data for the present analys15 \vas obtained from a long1tud1nalsurveillancedata of the Integrated 

o, �ca,;cs s ur, cill ancc and R c ,pon e ( I D'>R J frn1n < >yo � tntc \,J 1111�trv of H cal th for the ycnr �n 1 n

to 2£) 14. A 
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and ZINBmodels were fitted to assess tl1eannua1 trend in incidence of infectious diseases an1ong 

under-5 children in the 33 local govemn1ent areas. 

3.3 STUDY POPULATION 

The population fo1· the 2007 to 2014 Integrated Diseases Survei l la11ce a11d Response (IDS R), Oyo

State Ministry of Healtl1 was dra"v11 from ot1tpatient and i111Jatie11t aged O to 40 years and above 

from tl1e 764 l1ealtl1 facilities i11 33 local go ve1·11111ent areas i11 Oyo state. For tl1c pt1rpose o f tl1c 

present study� tl1e 11u111ber of cl1ildren aged 0-59111ontl1s \.vl10 \Vere i11fccted witl1 111ala1·ia. 

pneu1nonia, diarrl1oea a11d 111easles f1·0111 2010 to 2014 nre tl1e target 11011t1latio11. 

3.4 DAT A COLLECTION 

Surveillance data was collected 011 a 1nontl1ly routi11e basis on forty cliscascs of· vvl1icl1 32 \vcrc 

comn1unicable diseases and 8 were non co1n111t111icnl1le diseases ti·o111 764 l1caltl1 facilities i11 33 

local govem111ent areas across tl1e state. Tl1e focal pcrso11s (l1ead c)t· l1caltl1 facilities) at tl1cse sites 

reported ascertai11ed cases tl1rougl1 a re\ 1e\v of tl1e <.1t1t11atic11t a11d i11patient rcgisttics to tl1c local 

go\'emment disease survci l la11ce and noti ticatio11 ot1icers. Tl1e T 11tegrated Disease St1rvci I la11cc 

case-based reporting fon11s \\1ere t1sed to c<.1llcct the reported cases fro1n 2007 to 2014. Data on 

age of outpatient and inpatient and deaths (0-:?.8days - 40years and above) were also collected 

The sun·eillance data \\'US tl1en fonvarded to tl1e state e1)idc111iologist at tl1e Ministry of Healtl1. 

For the purposes of the present study. dataon the nu1nber of cases for the four infectious diseases 

(Malana. pneumonia. diarrhoea and measles) v. ere extracted and returned into excelsheets fro1n

2010-2014 amon£ undcr-5 children in the 33 LGA�. tl11s p1-ocess took 3weeks hccaL1sc data wa�
.... 

1n bad fo1·111at.

3.5 SA 1\l PLE IZE 

o, erall. a total of 3. 719 combined cases of the four selectedinfectious diseases v.•ere extracted 

for the present analysis ( ases compnscd on 446 1nalana. 609 pncu1non1a. 143:?. d1arrhoen and

232 measles. 
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3.6STUDY VARIABLES 

3.6.1 Outcome Variable 

The study outcome/dependent variable is the 11umber of cases (Pneu1nonia, malaria, clia1Tl1oea

and measles) per local gove111n1e11t per mo11tl1. 

3.6.2 Explanatory Variables • 

The explanatory variables used i11 this study \\'ere:

l. TI1e season of repo11i11g- defi 11ed as mo11tl1 of rcpo1ii11glabelled Ja11t1ary, Febrt1ary , Marcl1,

April, May, June, July, Aug11st, Septen1ber, October, Novc111l1cr n11d December. 

2. The yearof 1·eporting co11sidcrcd as categorical \'ariablcs labellcdas Year! (20 I 0),

Y ear2(2011 ), Y ear3(201 2) Y ear4(2013) a11cl Y car5(2014)

3. T11e geograpl1ical locations- defi 11cd by tl1e 33 LGs areas i11 Oyc.1 state ar1cJlabcllc<.I LC, 1.

LG2 ... , LG32 and LG33.

3.7 DATA MAN1\GEl\tlENT AND A ALYSIS 

Extract1011 of rele\1ant data i11to tl1e excel spread sl1eet fro111 tl1e l11tegratcd Diseases Sl1rveilla11ce 

and Response \1/as pertonned tor fi\·e )·car� (2010-20 I 4 ). Descriptive statistics tor al I 

independent , ariables ,, ere perfonned such aspercentagc, sa,nple 1nean and sa1nple variance. 

Mean and , ariance \Vere co1nputed to cl1eck for tl1e prese11ce of over-dispersion or u11der

d1spers1on. Th1s \\ as done to confirm \vhether the data fnllo\vcd a nonnal distribution.Thcpattcrn 

of 1nfect10uc;; disease� a1110ng L111der-5 ch1ldre11 O\'er tl1c years i11 tl1e 33 local goven11nc11t areas 

was examined and the1nnc1dence rate rat10s ,vere rcported.M0dcl c0111parisons \Vere perfo1111ed 

bet,\ een ZI>B and ZIP using Vu0ng z-stat1st1c, A JC and B IC selection criteria and the better 

model for the number of case� of malanaa1nong under-5 children was ,elected based on the 

\ alues The zero inflated nee.at, ve b1nom1al \Vas found to better fit the count data and\\·as used tn 

dete, 1n1ne the eftect of seas0n defined asmonth of reporting, year and the geographical location.

deterni,ned b, the 33 local government areas 011 the occurrence of 111 fect1ous discase�. JncidcnLc
• 

rate ratio (IRR J 95'' o c· I Jnd their p-valucs \\'ere reported \1ax1n1um l1kclthood tcch111quc\\ as

used to estimate the parameters of the I\VO models us1nglog1t function The rclcrcncc 111nnth u�L'd

1n the anah �, s "'a� 1\pn I. the ref cren<.:c for the � car \V<IS 2 ll I fl ,ind I he Inca I go\ ernn1cnt l! L ,l 11,l'd
., 
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was Afijio (LG 1 ). This is because the R statistical package uses tl1e lowest counts in the dataset 

and these random choices do not l1ave any incidence 011 the tre11d o·f the data.SPSS versio11 20 

and R statistical package were used for analysis. 

3.8 Over dispe1·sion and. Under-dispersion

Unlike the nor111al distribution, tl1e varia11ce of a Poisso11 rando111 va.riable rest on tl1e 111ean, witl1 

tl1e mean equal to tl1e varia11ce. Count data often depart fro1n tl1e Poisson dist1·ibt1tion due to a 

large freque11cy of extreme observations 1·est1lti11g i11 s11rend (\1ar·ia11ce) greater tl1a11 tl1c 111car1 i11 

tl1e observed distributio11.Under dispersio11 is a situatio11 \vl1crc tl1crc is less varintio11 i11 tl1c data 

than predicted and can be deten11i11cd vvl1en tl1e varia11cc is less tl1a11 tl1e mca11 (Alexa11dcr ct c1/, 

2005). 

3.8.1 Incidence 

Incidence is a 111easu1·e of tl1e 11L1111bcr of 11e\\1 ct1scs of a disease or otl1cr l1ealtl1 outco1nc tl1at 

develop 111 a populat1011 of individuals at risk. dt11-ing a specified ti1ne period. 

3.8.2lncidcncc rate ratio (IRR) 

Incide11ce rate ratio is tl1e ratio of t,vo ir1c1dcncc rates. lncidc11cc rate is tl1e 11u111bcr of' events 

divided by the person time at nsk. To calculate !RR. the incidence rate among the exposed 

portion of the population di,. ided by the incidence rate in the unexposed portion of the 

population. It gi,·es a relati,·e measure (IRR) of the effect of a given exposure and approximates 

the relatt\'e nsk or the odd_ ratio 1f the occurrences arc rare. 

3.9 STATISTIC �L >IODELS 

The stat 1 ,t1cal model� u(.,,ed 1n this "tud)' 1nclt1dc tl1e fc)li<)V.'111g· 

Zero inflated Poisson and Zero inflated negati\e b11101nial regre">sion 1nodels 

3.9.1 ZERO INFL TED REGRESSIO" �lODEf.J 

In a 7cro-inflatcd regression mndcl. for every ohser,. ation there arc l\VO po,<;ihlc data gcncrJting 

processes. For obsef"\ atton i. the fir,t data gcncrnt1ng process 1s p1 ut.c,, I 1vh1ch generate, nnh 

]. 7 
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zero counts and the second d t · a a generat111g process 1s process 2 generates cou11ts fro111 

m1a mo e , w ere process l ts selected w1tl1 probability <p, a11d bothPoisson or negative bino · I d 1 h · · 

a 1 1 Y - <fJ;· T 1e two parts of a zero-111flated model are a binary process 2 is selected with prob b"l't I 1 

model, usually a logit inodel to model wl1icl1 of tl1e two processes tl1e zero outcome is related
with and a count model in tl · p · · · · , 11s case a 01sso11 model a11d 11cgat1ve b11101111al 111odel to n,oclel tl1c 

cou11t process. 

In general, 

Y 
{o \•\7ith probability <p

t
i 

"' 
g ( y 1) \·\'it h prob ab i I it}" 1 - q; "J. 

Tl1erefore, tl1e probability of { t'f - Yi} can be dcsc1·ibcd as 

tor \'. > l 

\\1here g()':)follows eitl,er tl1e Poisson or the 11egati\1C bi110111ial cli tribt1tio11. 

When the probabilit:,, q:,,depends on the charactcn tics of observation,, <p, is written as a function 

of::;; y, ,v here ::; , 1s the I X ( q - 1 )vector of zero-inflated covariates to be estirnated, associated 

,..,1th the kno" n zero-inflated covariate vector .:: ; = ( l, Z 1 , .. , Z a )and 'Yis the ( q - 1) X l vector
• 

of 1ero-inflated coefficient, to be estimated. (The zero-inflated intercept is y 0• the coeffic1cnts

for the q zero-inflated coYanate, are y 1 • ... Y q) \Vhere p ,, the number of covariates not including 

the intercept. and g "' the number of the covariates L ·, not including the intercept.. The 

parameter <Pc- ,vhrch I often referred as the /ero-1nllat1on factnr. 1s the prohahdrt::, of 1crn counts 

from the hrnar) prncc� For C(lmmon choice and si1nplic1ty. <p, rs char,1cten7cd 111 tern,, nf a 

log1st1c. regrc 10n model by '-"- r1t1ng as /r,xrt r <p ii /1 1'·
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zero counts and the second d t · a a generat1ng process 1s process 2 generates counts fro111 

a mo e , w ere process 1 1s selected w1tl1 probability <pr a11d bothPoisson or negative binomi I d 1 h 
· · 

1 1 Y - <p i. e tvvo parts of a zero-111flated model are a b111ary process 2 is selected vvith probab·t·t 1 Th 
· · 

tnodel, usually a logit 1nodel to model whicl1 of tl1e two processes tl1e zero outcome is related

witl1 and a cou11t model in t11 · p · · · · , 1s case a 01sso11 1nodel a11d negat1vc b1no1n1al 111odel to 1nodel tl1c

count process. 

In ge11eral, 

\,\ri th probability· <P
i

\·Vi th prob ab i Ii Pr'" 1 - ,·n - ..,... l

Therefore, tl1e probability of { Yi == Yi} can be dcscnbcd ns 

tor \'. > 1 

,�,here g(}'z)follo,vs either the Poisson or tl1e negative bino111ial clistribt1tio11. 

'N'hen the probability cp,depends on the characteristics of observation,. cp, is written as a function

of:::; y. \vhere ::: '. 1s the I X ( q - 1 )vector of 7ero-in flated covariates to be esti1nated, associated

\\11th the knO\\'O 7ero-1ntlated CO\ariate \'ector =; = (1 Z
1

, . .  , Z c;)and 'i'is tl,e (q - 1) X 1,,cctor
• 

of zero-inflated c.oeffic1ent� to be esumated. (The 7ero-1nflated intercept is y 0• the coefficient� 

for the q zero-1nflated co\ anatc� are y 1• ... y ql \Vhere p 1, the nu1nber of covariates not including 

the intercept. and q i, the numhcr of the en\ ariatc� /, ·, not including the intercept .. The 

parameter <P.- ,, h1ch 1s often referred a th<- /crn-111 flat1nn factPr. 1, the probahil1t\ nf ?crn <-t,unt, 

from the binary' prfJcc 

logistic regression mode) b) i.l. r1t1ng as /r1}.{1t r (P ,I /[ , I 
I 

2?, 
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The function Frelating tl1e product 2;·y(which is a scalar) to tl1e probability q, lis called tl1e zero

inflated link function, 

'Pi
= Fi = F(Zz Y)

The zero-inflated link functio11 Fca11 be specified as eitl1er tl1e logistic ft.1nction, 

exp(Zz }')
• 

1 - exp(Zl Y)

3.9.2 Zero Inflated Poisson Regression Model 

Zero inflated Poisson rcgressio11 is a statistical 111ctl1od for 111oclclli11g count dataset tl1,1t l1,1s 

excess zero cou11 ts "vl1e11 tl1e Po isso11 111odcl is i 11ndcqt1atc a11d vi() Ir1tcs tl1e equ i-d i sr>crsi 011 

assumption (Lambert, 1 992). Tl1e execs 7cros arc gc11cratccl by a separate process t1·01n tl1e 

count values and the excess zeros can be 111odcllcd i11dcr>c11dc11tly. Also, tl1c ZIP 111ocicl l1,1s t\VO

parts, a Poisson count rnodel a11d tl1e log1t n1odcl for J)red1cti11g excess zeros. 

The zero 1nflatcd Poisso11 reg1·cssio11 seco11d data ge11erati11g process 2 is 

Y. 1 
l - \\'here ll r

Thus the ZIP model 1s defined as 

F + (l - F1) exp(-i,,) f 01� _1 1
, = 0 

p 61 J IX; 1 Z l) =

·' 'l .

The cond1t1rJnal mean ,,t ,·. 1s g1\en h\.,

, . 

}0 
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wl1ile the conditional variance of )' t is given by 

The ZIP model exl1ibits overdis·persion since 

V(yi lxi, zi) > E (yi !xi , zi ) 

The Log-Likelil1ood functio11 of tl1e ZIP 1nodel is give11 by 

L= 1 n [ P (}r i I Xi, z z)] 
1= 1 

The ZIP model in wl1ich tl1e probability <p i is expressed witl1 a logistic link functio11, na1nely 

exp(Zz }') 
(fJ, -

1 - exp(Zi }')

The 1og-1ike11l1ood function is 

L == 

{ i: .)1 z. = 0} 

+ 

-

{i:_,·z. >0} 

,V 
• 

t= 1 

I 11( k)] 

k=2 

1, = the number )f case c)f 1nfcct1nus diseases i1mong u11clcr 5 cl11lc.ircn

X 1 = the season defined as month of reporting lahcl led Jan. F ch. VI nr. A pr, \ti a)'. I un. I ul �.

Aug. Sep. Oct. No\ and I)c�

)I. = the vears considered a� catcgnncal \ an ahlc� l.ihcl led 'i' car I ( ;>O I()). Y car, (�()I I l 1 cai 1
, 
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(2012) Year4 (2013) and Year5 (2014) 

X3 = the geographical location deter1ni11ed by the 33 LGs areas in Oyo state, labelled LG 1,

LG2; ............... ; LG32 and LG33 

3.9.3 Zero Inflated Negative Binomial moclcl

Zero inflated negative bino111ial regressio11 is used for tnodelling cour1t variables witl1 excessive 

zeros and it is usually for ove1·-dispe1·sed count outco1nc varinbles. The theory sttggcsts tl1at tl1e 

excess zeros are ge11erated by a sepa1·ate process fron1 tl1e cou11t \1alt1es a11d tl1at tl1e excess 1.cros 

can be 111odelled i11dependently. 

Tl1e Zero-Inflated Negative Bi11omial (ZIN B) rcgressio11 1nodcl nsst1111es tl1ere arc two distinct 

data generatio11 processes. Tl1e result ot� a Ben1ot1ll1 t1·inl ts tisecl to clcter111i11c \Vl1icl1 of tl1c tvvo 

processes is t1sed. For obser.,atio11 i, \\1itl1 probal11l1ty Jritl1e 011ly JJossible response of tl1c first 

process is zero counts, and with probability of l-Jri, tl1c response of tl1c scco11cl process i� 

governed by a negative binomial proces;; \vitl1 111ean )"i. Tl1e ze1·0 counts are generated from tl1e

first a11d seco11d processes, \,,11cre a probab1l1ty is csti1natecl tor wl1etl1cr zero cou11ts at·e froin tl1c 

first or the second process. Zer0-1ntlated "Jcgat1\ e Bir10111ial rv1odcl (ZINB) n1odel tl1at deals witl1 

botl1 over-dispersed and zero-inflated data 

This is obtained by specifying a 11egat1\'e binotnial distributio11 f<.)r tl1c data ge11eration process 2, 

r 
1 + au . 
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Thus tl1e ZINB model is defined to be 

F l 1
1 + (1 - Fi

)(---)a 
1+ aµ z

r 1 + au.
• 1

(1- F) 
0· 

l 1r - ''. r 
a. 

.J , •

Where a is tl1e overdispersio11 para111eter. 

In this case, the conditio11al 111ean of \'. is 
- . ' 

and tl1e conditional variance of _,· r is given by 

• 

.! a.µ. 
) ([ ( 

I 
)j' j 

O.Ll. 1 + a1 L.
• J t" 1 

The logit transfo1111ation is dcfi11cd as lo {T odds a11d it is rcprcsc11tcd as· 
b 

' 

loo {,J) I 

0 

1- CV
I 

where 

{:) = 
I 

= -y log(µL,i )Vi = 1,2,3

r 

�l L ·' 

and 
µL, i =exp(x:P) 

for,, -= 0 
- l 

for J'
z 

> 0 

\\ here x, repre'-ent<. the e"Xplanatory "anahle� (Season defined as month of reporting. year of 

reporting and geographical location detenn1ned hy the 33 local goven11nent areas). 

The ZNB model in•.\ h1ch the prohahilltJ <P, 1s expressed \\Ith a IPg 1 �t1c link function. na111eh 

ex-p(Z Y) 
'Pr =

1 - erpl Z Y • 
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The log-likelihood function is 

£= 

i ·)lz = 0 

+ 

i:}•i >O 

,., "t (] ., l l 

z=l 

}'z - 1 

l =}'l > 0 J = 0

Y1 = the number of cases of i11 fectious diseases a1nong undcr-5 cl1ildre11 

+ ,,. ln(a)
- 1 

Xl = the seaso11 defined as montl1 ofreporti11g labelled Ja11. Fet-,. Mar, Apt·. May, Ju11. JL1I, AL1g, 

Sep, Oct. ov a11d Dec 
, 

X2 = the years considered as catego1·ical \1arial1lcs labcllcci 'r'carl (2010). Ycar2 (201 l ), Yc,tr3 

(2012) Year4 (2013) and Years (2014) 

X3 = the geographical locatior1 detennined by the 33 local gover11111e11t areas, labelled LG l, LG2� 

.............. -� LG32 and LG33 

3.10 i\10DEL SELECTIO'l 

The fol]o\,ring goodness-of-fit tests \Vere used i11 tl1is study for 1nodel selection. 

3.10.1 Chi-square -21og likelihood statistic 

The ma,nnum likelihood. L. for a given model 1s the value of the likelihood function when the 

parameters are <;Ub<;t1tuted \\ 1th the max1mu1n likel ihood est11nated and the statistic -2logL. 

\,·hich is used to compare modeb. 1t ic; important for comparing 1noclels fitted to the �an,e ,ct of 

data as the \ alue of both l depends on the number of ohservat1on, in the data and -2lng:L 1, a 

measure of agreement bet" een the model and the data. The l arger the max 1n1un1 l1kclthood the 

better the agreement bet\•. ccn the model and ohscr. ed dot a C on�cquently. ,111aller the \ ,1luc of -

2logL� the better tt1e n1odcl 
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3.10.2 Akaike Information Crite1·ion (AIC)

Akaike Inforn1ation Criterion: Tl1is is a method of model selection wl1icl1 is based on a

relationship between 1naximu1n likelil1ood esti111ation a11d Kullback-Leibler Infon11atio1 1

developed by Akaike, derived under tl1e assu111ptio11 tl1at tl1e operating 1nodels belong to tl1c

approximati11g family. 

AIC = -2/og l-J(8) + 2K 

\Vhere L(B)is the maximized likelihood fu11ct10 11 ancl K is tl1e number of estimated pnrn1nelcrs 

included in tl1e model (tl1e number of va1·iables "vitl1 tl1e i11tercept). The log Iikelil1ood o f� tl1c 

model of tl1e data is tl1e overall fit of tl1e 111odel. The sn1aller tl1e valt1e of the log likel1l1oo<l 

implies aworsefit of tl1e model. No11etheless, after co1111Jaring different 111odels, the 111oclel witl, 

the 1nini111um ATC value is tl1e best. 

Tn Akaike I nfonnation Cn terio11. tl1e con1pron1 isc occt1rs hetwec11 tl1c 111axi 111ized log Ii kc! i l10<1d 

-2/og L(0). \Vhicl1 is tl1e lack ot� fit co111po11e11t a11d /'-, tl1c nL1111lJcr o t� free para1neters cst11nntcd

witl1in t11e 111odel wl1icl1 is a meast1re of tl1c co1111Jc11sntio11 for tl1e l1ias i11 tl1c lack of fit wl1c11 

maximum estimators are used. Tl1e ten11 l K is tl1e pe11alty tc1111 and the pt1rpose for the pe11al ty 

ter111 is to prevent over fitti11g (Bozdoga11. 2000). 

Akalke Infoc 111ation Criterion (A IC) \\'as first developed by Akaike ( 1973) as a \vay to co111parc 

different models on a given outcome. AIC uses the log likelihood 1.vhich is the probability of 

obtaining the chosen data under the given model: hence 1t is better to choose a inodel that inakcs
..... 

the probability as large as possible. The logarith1n does not affect the value rather the negative 

s1gn affect t11e \'alue. This reduces tl1e \ alue of tl1c statistics. 

3.10.3 Ba,·esian Information Cr·iterion(BIC)
• 

Ba,e�ian lnfonnation Cntcnon 1� similar to Akaike !nfonnat1on Cntcrion; the difference 1s 111

the �econd tenn \\1}1ich depends on the c;amplc s1/e n

B!C= -]log (!�/ - P lr;g (tl)

\\'here 1_ denotes the log !Jkellhond. p 1� the nuinhcr of parnrnctcr� and 11 I\ the nun1hc1 of 1:11111!:!

d In t11c rn()·'cl. the �r11allcr tl1c 81( tl1c helter tl1c 1110<.lcl ·1·11c tier,\ ,1t1<,11 <,1·
of t)h� en at1on u e u 
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BIC assumes equal priors on eacl1 model ust1ally u11inforn1ative priors on tl1e para111eters, gi\1e11

each model (Zuccini, 2000). 

• 

T11e purpose of Bayesian I11for1nation C11tcrion is to find tl1e best 1nodel for predictio11 usi11g 

highest posterior probability wl1ile t11e purpose of AIC is to ide11tify tl1e 1nodel tl1at 111ost 

plausibly generated the data. Botl1 A IC a11d BIC can be used whetl1er tl1e 1nodels are nested or 

not. 

Infonnation criterio11 gives info1111ation 011 tl1e stre11gtl1 of evide11ce for eacl1 n1odcl� it docs 11ot 

make use of a sig11ificance level 1·atl1er it is used 011 n1nxi1nu1n likclil1ood. It l1as a l1igl1 JJOlc11tial 

of selecti11g tl1e best 1nodel as it is i11depe11dent of t11e order i11 wl1icl1 tl1e ,nodels arc co111pL1ted. I11 

this study all selection i-nodels \vere used; tl1is was to e11sL11·c ngrec111e11t bet\veen tl1e two 1noclcl 

selection metl1ods in order to select tl1e best 111odcl. 

3.10.4 \1uong's test 

The Vuong test is designed to co111pare t\\() 1T1L1dcls tit to tl1c satne dataset L1si11g maxi111u111 

1 i kel ihood. S peci fical ly. it tests tl1e nu 11 11) -pl1tl1csi s tl,at tl1e two 111oclels fit tl1c dataset. cqt1al l Y 

we11. The com1Janso11 is based on tl1e predicted prol1abilities C)f t\vo 1nodcls tl1at do 11ot 11cst 

\vhich \\'as introduced Vuong (Vuong. I 989) to co1npare ZIP regression to otl1cr 11011-11cstcd 

model for counts data. 

Let P"(), x,) be the predicted probability of an observed count for case i frotn the tnodel N, m, i,

then defined as: 

( p ( *l X ) 
n1

1 
== Log I p __ ( _\. , )

Thcref ore. the. \ uong , tc t for the h y'Pothe'-1 <; F ( n1 ) = 0 1 c. g1 v en h1 ·

J . = ---;::::======-

L ( Ill - "') 
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under tl1e null hypothesis, the Vuong's statistic is asympto111atically nor 1nally distrib11ted. At 5°/o 

significance level, the first model is preferred if V> I .96. If V< -1.96, the11 tl1e second one is 

preferred a11d tl1e two 1nodels are equivalent wl1en IVI < 1. 96. (VL1ong, 1989). 

A large, positive test statistic provides evidence of tl1e superiority o·f tnodel 1 over model 2, 

wl1ile a large, negative test statistic is evidence of the superiority of 1nodel 2 over model 1. U11dcr 

the null tl1at tl1e 111odels are i11distinguishable, tl1e test statistic is asy1nptotical ly cl1stribL1tccl 

standard nonnal. 

Table 3.1: Vuong Model compat·ison evidence table 

Test statistic Vt1011g decision 

+ Test statistic M ()clcl 1 is supcrif)r tl1a11 111oclcl 2 

-Test statistic Model :?. ts st1pcri<.1r tl1n11 111oclcl I

l 
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CHAPTER FOUR 

RESULTS 

• 

4.1 Descriptive statistics of tl1e selected infectious diseases among under-5 children 

Table 1 below shows tl1e descriptive statistics for eacl1 of tl1e selected infectio,us diseases

(Malaria, p11eu111011ia, diarrhoea a11d n1easlcs) a111ong u11der-S childre11 frotn 2010 to 2014. Tl,c

dataset consist of a large number of zeros: 534 for 1nala1ia. I 3 71 for p11eurno11ia, 548 for

diarrl1oea and l 748 for measles. Also, for 111alaria, tl1e 1nca11 nu1nbcr of' cases was 204.15, tl1c

variance \Vas 158215.404, the n1inimu111 was O (110 case 1·c1Jo1ied) a11d tJ1c 111axi111L1t11 11t1111hcr w,1s

l 0925. For pnet1111onia. tl1e n1ean nu111be1· of cases \Vas 8.69, tl1c varia11cc v\1as 1865.203. tl1c

mini111um nu111ber was O and tl1e 1naxi111L1tn 11u1nl1cr \vas 544. F<1r diarrl1ea, tl1c 1nca11 11u111l1er ot·

cases \vas 48.22, tl1e varia11ce \.vas 6599.938, tl1c n1i11i111t11n 11t1111l1cr of' cases was O ,111d tl1c

maximum 11un1ber \vas 1220. Fi 11ally, for 111caslcs. tl1c 111ea11 11t1111bcr o1' cases was 0.39. tl1c

varia11ce was 4. 95 5 tl1e 1n i 11i 111u1n n t1111 bcr ot� cases \\'a O a11d tl1c 111c1x i 111 L1111 val uc is 49. 

Table 4.1: Descriptive statistics of tl1c selected i11fcctiot1s diseases among tinder· 5 childr·cn 

in 2010 to 2014 

N Mea11 Vnria11cc 

Malaria in under 5 children 1980 104.15 l 58115.404

Pneumonia 1n under 5 

children 1980 8.69 1865.203 

Diarrhea in under 5 ch1ldren 1980 48.22 ()599.938 

Measlec;, 1n under 5 children 19�0 0.39 4.955 
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4.1.1 Distribution of the selected infectious diseases among under-5 children 

The figures 4.1-4.4 below also show and confinned the amount of excess zeros present in the 

dataset. These features of excess zeros i 11 tl1e data st1ggest tl,e use of zero-i11flatcd negative 

binomial and zero-inflated Poisson regression for fitting tl1e models. 

Figure 4.1 below shows tl1e chart wl1icl1 illustrate tl1e nu1nber of cases of 1nala1ia. Tl,e zero cases 

of 1nalaria amo11g under-5 cl1ildren is 27°/o. 

..... 
C 

(I) 
c., 
'
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300% 

�00% 
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I I 
• ., J:,.. 
- CD CD CO O <.,.) 
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- • .) • , J t ' f.,J ,..., • 
� ., •o - w u, ro a rJ � � 
- - r.,;i,J 'J, -J 'D _. -1 • ' .. J 

� � ( / _  , J -.J 

t.) ,jJ O � ,.c, • I .i,.. 1� 

c, r.> t.,.J (.AJ re, t-.) t.) U, 
0 t,) ·1.l:,. - -... 

Ci• - ' ,S;. 

Number of cases of ,talaria among undcr-5 children

Figure 4 .1 b f, ·talana cases ainong under-5 cl11ldrc11 1n tl1e year 20 l Oto 2014
Dii;tn ut1on o v � 

38 

j 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Figure 4.2 below shows the chart whicl1 illustrate tl1e 11umber of cases of pneu1no11ia. Tl1e zero 

cases of pneumonia among under-5 children is 69o/o.

600% 

C 400% <V 

�00% 

� ,  ( t .i,..:-.:-t W W .l>,.. � .J:- C. 1 1 ' u, ui -... _., tn N _., -"" ,n O W -..1 "-' U"I CO _. .J:- 0) -" .J:- -J .- u, CO _.. u, CO W -.1 .- O'.) t.fl O -�1 ';j a> _.. CO er, t°) tD -"" W 

1 umber of cases of Pneumonia an1ong undc1·-S childr·cn 

Figure 4.2: Distn bution of Pneumonia cases a1nong under-5 chi ldrcn in 20 IO to 20 I 4 
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a1 w 1c 1 ustrate the number of cases of diaarl1oea. Tl1e zeroFigure 4.3 below shows the ch 1 h. h ·11 

cases of diarrhoea amo11g under-5 children is 2 7. 701a.

30.0% 

::!O 0% 

10 0� 

0 0 0 0 0 

• 

,_ ...... __.. __.. 

o o o � � w � m oo 
_. _. U'I ..... , 00 (}'1 W 

Number of cases of Diarrhoea an1ong under-5 childr·cn

h) OJI fJ:> t.) 
__., UI I!) tJ 

0 

F1gure 4 3: D1 ,tn but ion of Diarrhoea cases a1nong under-5 children in the year 2010 to 2014 
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w 1c 1 ustrate tl1e number of cases of measles. The zero cases Figure 4.4 below shows the chart h' h ·11 

of measles among under-5 children is 88.30/o.

QJ 
(.) 
'

d> 

100 0% -
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�o O<\, -
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I I 

6 
-

I 

I I 1 I I T l I • I

8 1 0 1 � 13 15 1 lj 38 39 4� -49 

umber of cases of n1easles among under-5 children 

Figure 4.4: Distnbution of NI easies cases a1nong undcr-5 children in the year 20 IO to 2014 
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4.1.2 Pattern of infectious diseases among under-5 children over the 5 years in the 33 local

government areas 
' 

Figure 4.5 shows the patte111 of 1nala1ia fro1n 20 IO to 2014. Tl1e i11cide11ce of rnalaria cases 

among under-5 childre11 decreased from 35.81 per I 000 in 2011 to 35.64 per J 000 i11 20 I 3. Tl1e 

incidence of 111ala1ia l1owever subsequently inc1·eased i11 2014 to 35. 72 per l 000. 

I 
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0 

� 35.70 
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3S 60 

35 55 
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)012 )01"3 2014 

-- Mcll,1r 1.:l 

I 

• ' 
I 

Figure 4.5: Pattern of malaria cases an1ong undcr·-5 children in 2010 to 2014 
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Figure 4.6 shows tl1e pattern of pneumonia fro1n 20 l O to 2014. The highest incidence rate of 

pnet1monia among under-5 children was in 2012 (7 per 1000) and it decreased ovet· t11e years till 

2014 (0.5 per 1000). 
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Figure 4.6: Pattern of pneumonia among under -5 children in 20 IO to 2014 
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Figure 4. 7 shows the patten1 of dian·l1oea from 201 O to 2014. The 11ighest incidence rate for 

diarrhoea (20.36 per 1000) was observed i 11 2010 and it decreased over tl1e years till 2014 (20.20 

per l 000). 
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Figure 4. 7: Pattern of Diarrhoea among under-5 children in 20 IO to 2014
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Figure 4. 7 shows tl1e patten1 of diarrl1oea from 20 IO to 2014. Tl1e l1ighest incidence rate for

diarrhoea (20.36 per 1000) was observed in 20 IO and it decreased over the years till 2014 (20.20

per l 000). 
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Figure 4. 7: Pattern of Diarrhoea an1ong undcr-5 children in 20 IO to 2014 
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Figure 4. 7 shows tl1e pattern of diarrl1oea fro111 20 IO to 2014. The l1igl1est incidence rate for 

diarrhoea (20.36 per 1000) was observed in 201 O and it decreased over the years ti 11 2014 (20.20 

per l 000). 
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Figure 4.8 shows the trend in the incidence of measles a1nong under-5 cl1ildre11� tl1e incidence 

rate was static at (1.01 per 1000) fro111 201 l to 2013 and tl1ereafter it increase i11 2014 (1.04 JJer 

l 000).
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Figure 4.8: Pattern ofl\leaslcs among undcr-5 children in 2010 to 2014 
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Figure 4.8 shows tl1e trend in tl1e incidence of measles atnong u11der-S cl1ildrer1� the incidc11cc 

rate was static at (1.01 per 1000) from 201 l to 2013 and tl1ereafter it increase i11 2014 (1.04 JJer

1000). 
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4.2 Con1parison of ZINB and ZIP regression models using the AIC, BIC and the Vuong 's

test. 

4.2.1 Test for the comparison of the model for IVlalaria among undcr·-5 children 

Table 4.2 shows the model co1npariso11 ·for 111ala1i a a111011g u11der-5 cl,i ldre11. 

The Vuong z-statistic shows a large negative value lesser tl1an 1.96 (V < -1.96) V= -17.07876, 

AIC = -17 .07876, BTC= -17 .07876. 

Ho: Model 1 & Model 2 a1·e indisti11g11isl1able 

Hi: Model 1 & Model 2 are d1st111gl1isl1ahle 

Table 4.2: Test for the con1pa1·ison of the n1odcl for· l\1 Iala1·ia an1011g ,1nclc1·-S cl1ild1·c11 

Model 1 : Zero-
inflated Poisson 

l\lf oclcl co111pa1·iso11 ,�or I\ li1l�11·ia 

Model 2: Zero-111 tlatcd 

Yt1011g statistic 

AIC con·ected 

cgati\'C 8111f)t111al

• • 

\1 t10112 z-sta t1st1c 

- l 7 .07876

- l 7 .07876

-1 7 .07876B IC corrected 
• 

• . 
• 

Test- tatistic is asymptotical ly d1stnbuted N (0. 1) u11dc1 tl1c 11ull l1ypotl1es1s

• 

p-valuc 

<0.00 I 

<0.001 

<0.00 I 
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4.2.2Test for the comparison of the model for Pneumonia an1ono under-5 childrenb 

Table 4.3 shows the model comparison for pneumonia a1nong u11der-5 children.

The Vuong z-statistic sl1ows a large negative value lesser tl1a11 1.96 (V < -1.96) V= -7.952249,

AIC = -7.952249� BIC= -7.952249

Ho: Model l & Model 2 are i11d1stinguisl1able 

Hi: Model l & Model 2 are distinguishable 

Table 4.3:Test for tl1c comparison of tl1c n1odcl 1·01· Pnct1n1onia n111ong undcr-5 cl1ilcl1·cn 

Model 1 : Zero-
i11flated Poisson 

l\1 loclcl co111pa1·ison for· P11cun1onin 

Model 2: Zcro-l11flatccl 

Vuo11g statistic 

A IC con·ected 

cg at i \' c 8 1 no, 11 i n l 

• • 

,,, ll 011 ! .l-S ta t1st IC

-7 . () 5 2 2 4 l)

-7.952249

-7.952249BIC corrected 
• 

Test-sta tistic is asymptotically distributed N (0. 1) t1ndcr tl1e 11t1ll l1y1Jothes1s

tl 7 

-V�llllC 
-

<0.001 

<0.001 

<0.001 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



• 

4.2.3Test for the comparison of the models for Diarrhoea among under-5 children 
• 

T able 4.4 shows tl1e model comparison for DiatThoea a1nong u11der-5 cl1ildren. 

T11e Vuong z-stat1stic shows a large 11egative value lesser tl1a11 1.96 (V < -1.96) V= -12.37188. 

ATC= -12.3 7188, BIC= -12.3 7188 

Ho: Model 1 & Model 2 are i11distinguisl1able 

Hi: Model 1 & Model 2 are distinguisl1able 

Table 4.4:Test for tl1c con1pa1·ison of the n1odcls fo1· Oiar1·hoca an1ong 11ndcr-5 chilclr·cn 

M odcl co n1pa 1·iso11 1·01· Din 1·1·11 oca 

Model 2: Zero-I11tlatcd cg�1tivc Bi1101n1�1I 

\'ttong z-st.1tistic 
Model l : Zero-

Vt1ong stati tic -12.37188
i11flated Poisson 

A IC corrected -12.37188

BIC corrected -12.37188
• 

• • • 

Test-stattstic is asymptotically d1stnbutcd 1\ (0. I) ltr1dcr the nL1ll l1y1Jotl1cs1s 
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4.2.3Test for the comparison of tl1e models for Diarrhoea among under-5 children 

Table 4.4 shows the model co1npariso11 for Diarrhoea a111ong u11der-5 children. 

The Vuong z-statistic shows a large 11egative value lesser tl1a11 1.96 (V < - I. 96) V= - I 2.3 7188. 

ATC= -12.37188, BIC= -12.37188 

Ho: Model l & Model 2 are i11distinguisl1able 

Hi: Model 1 & Model 2 are distinguisl1able 

Table 4.4:Test fo1· the con1parison of tl1c n1odcls for Diar1·hoca a111ong t111dcr-5 child1·c11 

Model 1 : Zero-
i11f1nted Poisso11 

l\tlodcl con1pa1·iso11 fo1· Dia1·1·l1oca 

Model 2: Zero-I 11 tlated N cgt1ti \'C Bi 1101111al 

Vt1ong statistic 

AIC corrected 

BlC corrected I 

• • • \' tl 0112 z-st,1 t1st1c

-12.37188

-12.37188

-12.37188
• 

• • • 

Test-statistic is asym ptot 1ca11 )' d1 st11 bu ted N ( 0, 1) L111dcr tl1e n LI 11 11 Yl)otl1es1s 

• 

p-valuc 

<0.001 

<0.00 I 

<0,001 
I 

•

• 
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•• 

4.2.3Test for the comparison of the models for Diarrhoea among under-5 children 

Table 4.4 shows the model co111parison for Diarrhoea a1nong u11der-5 cl1ildre11. 

The Vuong z-statistic shows a large negative value lesser tl1an 1.96 (V < -1. 96) V= -12.3 7188, 

AIC = -12.37188, BTC= -12.37188 

Ho: Model 1 & Model 2 a1·e i11distinguisl1able 

Hi: Model 1 & Model 2 are distinguisl1able 

Table 4.4:Test for· the compa1·ison of the n1odels for Diarrhoea an1ong under-5 cl1ilcl1·cn 

Model con1pa1·iso11 fo1· Dia1·1·l1oca 

Model 2: Zero-I11tlatcd C::!_t1t1vc Bi110111ial 

\'uon� z-statistic 
Model 1 : Zero-

Vuong statistic -12.37188
inflated Poisso11 

A IC corTectcd -12.37188 

BIC corrected -12.37188 
• • 

Test-statistic is aS)'11lptot1ca11y d1st1,bL1tcd '(0. l) L1r1dcr tl1e 11ull l1y1Jotl1cs1s 

o-valt1c 

<0.00 I 

<0.00 l 

<0.00 l 

•

• 
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4.2.4Test for tl1c comparison of the model for Measles among under-5 children 

Table 4.5 shows the model comparison for Measles among under-5 children. 

The Vuong 7-stat1st1c shows a large negative value lesser than 1.96 (V < -1.96) \'= -3 655 .... -5. 

AIC = - 3.576543, BIC=- 3.355055 

Ho: Mode) 1 & Model 2 are ind1stingu1sl1able 

Hi: Model 1 & Model 2 are distinguishable 

Table 4.5:Test for the comparison of the model for �I easies among under-5 children 

Model I : Zero-
inflated Poisson 

Model comparison for �'I easies 

Model 2: Zero-l11flated 

Vuong statistic 

A IC corrected 

BIC corrected 

egative 81nom1al

• • 

\'uong z-stat1st1c

-3.655775

-1 -76-41 I - . ) ) � 

-1 1';�0""
_ ...... -- - -

• • 

,. 

Test-statistic is asytnptotically d1str1butcd N ((), I) u11<lcr tl1c null l1yp<1tl1cs1� 
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4.3 The effect of the month y d I I , ear an oca government a1·ea on the occurrence of l\1alar1a
disease among under-5 children using ZINB reg1·ession model

Table 4.6 shows the regression para111eters for ze1·0 inflated negative bi11on1ial rcgressio11 111odcl.
The risk of malaria a1no11g under-5 cl1ildren was l1ighcr by app1·oxi1nately 166.6 °/o ir1 the ycnr
2011 compared to year 2010 (IRR= 2.166, 95°/o CI: 1.953, 2.403). 111 2012, tl1cre \Vas a11 execs�
risk of approximately 155.5°/o co1npa1·ed to year 201 O (IRR =2.555, 95o/o CI: 2.307, 2.829). 111

• 

2013, the risk of tnalaria a1no11g under-5 cl1ildre11 1vvas npJJroxi111ately higher by 2043/o co111pared 

to 2010 (IRR=3.040, 95 °/o CT: 2.714, 3.406). A11d lastly i11 2014, tl1cre was a11 ir1crcasc of 258.9°/ii

co1npared to year 2010 (IRR= 3.589, 95 °/o CT: 3.045, 4.232). 

For t11e mo11 t11s of reporti 11g i 11 tl1c ZIN B 111oclcl. tl1c risk of 111a I aria nr11011g L111clcr-5 cl1 i lclrc11 

i11creased by 28.7o/o in August (IRR= 1.287, 95 °10 CI: 1.087 .. 1.523), 32.2% in Jt1ly (IRR - 1.322,

95 °/o CI: 1.117, 1.564). 25.6 °/o 111 Ju11c (IRR= 1.25() . 05° 0 CI: 1.()()1. 1.484), 28.5'¾> i11 May (JRI�

= 1.285 .. 95°/o CI: 1.086. 1.521). 46.8° 0 i11 Oct()her (IRR 1 . 4()8, 953/o CI: 1.145, l.88J) n11d

28 °/o 1n Septe1nber (IRR= 1.284 .. 95°'<> CI: 1. 070. 1.5-l I) co111parcci to tl1c risk of� 111alari,1 a111011g

under-5 children i11 the n1ontl1 of April. HO\\'e\1Cr. tl1e risk of 111alaria among Linder-5 cl1ilcirc11 111 

reporting montl1s of February a11d Ja11ua1·y dccrca .. ed by 17.63/o (IRR= 0.824, 95% Cf: 0. 701. 

0.970) and 19.6 ° o (IRR = 0.804. 95 °,o CI: 0.685. 0. 944) respecti\1ely co1npared to the 1·1�k of 

malana 1n the month of Apnl. 

In the )ocal go\·ernme11t areas, tl1e ns k of malaria among under-5 cl1ildre11 was higher by 49.8% 

1n Akin)'ele (IRR = 1.498. 95° o CI: 1.129. 1.986) . 366.6°/o in Atiba (IRR = 4.665, 95 °/o CI:

3 51 . 6.186). 204 9°;0 1n Egbeda (IRR= 3.049. 95 ° 1

0 Cl: 2.2 9 1, 4.060). 304. 7°/o i11 ll)ada11 ;\()1111

(IRR= 4 0--1-. 950 0 Cl: 3 022. 5.--120). 162 5° 0 10 Ibadan :S-:0rth East (!RR= 2.625. p<0.001). 

79_70;0 in fbadan '\;0rtli \\'est ( IRR= I .�97. p< 0. 001 ). 171.3 °1
0 i11 fl1acian Sot1tl1 East (IRR 2. 71 �.

2 21 1
. 95 °,o CI: 1 .(165. 2.95 l) and 3 76 8 °/o i11 Saki \\'est 

pr-Q.()01 ). 121 -o o 1n O::'o Ea1;.,t <IRR

. ...  6 9 ,.0 ( (· .. .:;"', 6 �4R) cntnrJrccl to the r1-.,k of rnalarta a1nor1g u11cicr-5 Ll11ltlrc11 111
( I RR 4 . , _"\ � -. 

.,. °> J-1,,,a..c\er the ri,k ()f malar1�1 \\ere ]o\\Cf hy ah()Llt 44 ° 0 111 Il1l11,11,l1
A fiJl() l<)cal go\ emm�nt area. 7 • 

North (IRR 0.558. 95°,, \I c, 41 �- fJ 744J, 10 9fl o to lrcpn (IRR = 0. 691. 9'>0 o Cl: o 51q.

0_886 ). 2 7% i r Ogbomo'-O South /Ip R () 727. CJ'>0 fl ( f · 0.54 6 0 9 6 'I) and 3 7. 7 ° 
fl 111 ()rein pc

so 
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4.3 The effect of the month, year and local go,,ernment area on the occurrence of Malaria 

disease among under-5 children using ZINB 1·egression moclcl 

Table 4.6 shows tl,e regression pa1·a1neters for zero inflated 11egntive bi1101nial rcgressio11 1nodcl.
The risk of tnalaria aino11g unde1·-S cl1ildre11 was l1igl1er by approxi1nately 166.6°/o 111 tl1e year
2011 compared to year 2010 (IRR= 2.166, 95°/o Cl: 1.953, 2.403). 111 2012, tl1crc was an excess
risk of approxitnately 155.53/o cotnpared to year 20 IO (IRR =2.555, 953/o Cl: 2.307, 2.829). 111

2013, the risk of 1nalaria a111ong u11de1·-5 cl1i ldren was aJJJJrox i1natel y l1ig}1er by 204°/o co1n1Jared
to 2010 {IRR=3.040. 95°/o CI: 2.714, 3.406). A11d lastly it1 2014. tl1crc \VDS a11 i11crcasc of258.9

°/o

compared to year 2010 (IRR= 3.589. 953/o CI: 3.045, 4.232).

For tl1e 111ontl1s of reporting i11 tl1e ZINB 1nodcl. tl1c risk c)f 111alr1r1ri a111011g L111clcr-5 cl1ilclrc11 

increased by 28.7°/o in August (IRR = 1.287, 95°/o CI: 1.087, 1.523), 32.2o/o i11 JL1ly (IRR = I .322, 

95°/o CI: 1.117, 1.564). 25.6°/o i11 June (IRR= 1.25(1. 05° /o CI: 1.0()1. 1.484), 28.5 3/o i11 rvlay (IRR 

= 1 285 .. 95°10 Cl: 1.086 .. 1.521 ). 46.8° o i11 Octol1c1· (IRR l . 4 () 8. 9 5 °/c> CI : 1 . 1 4 5. I . 8 8 J ) a 11 (!

28°10 1n September (IRR= l.284. 95°
0 Cl: 1.()70. l .541) co11111arccl to tl1c risk of1nalaria an1ong

under-5 cl1ildren in the montl1 of April. HO\\'e\ er. tl1e risk ol� n1ala1·ia an1ong under-5 cl1ilclrc11 i11

reporting months of February and January decreased by' 17.6°/o (IRR= 0.824, 95°/o CI: 0.7() I. 

0.970) a11d 19.6°,,0 (IRR = 0.804. 95° o CI: 0.685. 0.944) respecti\'cly co1npared to tl1c risk of 

ma1ana 1n the 111ontl1 of Apnl. 

In the local g0,,ernment areas, tl1e nsk of 1nalaria among under-5 cl1ildre11 \Vas highe1· by 49.8°/4 

in Akin\ ele (IRR = 1.498. 95� o CI: l. 129. l. 986) . 366.6°/o in Atiba (I RR = 4.665, 95o/o CI:
.., 

3.51�. 6.1�6). 204 9°0 1n Egbeda (IRR= 3.049. 95° 0 Cl: 2.291. 4.060). 304.7°/o in Ihadan �<11"1!1

(IRR= 4.0--l-. 95°1) Cl: 3 022. 5 420). 162.5° 0 tn Ibada11 Nortl1 East (IRR= 2.625. p<0.0()1 ).

79.70
0 in Ibadan �c)rth \\ec;;t (IRR= ] ..,97

• p..-0.001}. 171.3° /o i11 fhac.lan Soutl1 East(IRR 2 71>.

p---0.00 l ). l 2 l. 70 0 in Oyo Ea. t /IRR 2 2 I 7. 95° 
n Cl: 1.665. 2. 951) and 3 76.8% tn Saki \\' c�t

(IRR 4 -68_ 950
0 

CJ· -,. :'- 2. 6 :;--1<q comp1rcd to the n,k nt malaria ainong under-5 children 111

flo\t.C\Cr tl1c r1"k ()t malar1<1 \\ere lo\\CI hy ahol1t 44°0 111 fl1l11l1r,�1
A fiJl(l l<)cal g<.1, c:mmcnt area

�orth /IRR 0558. 950, 1·1 0418. <1744). 1n <J"o 111 lrcpo /IRR - 069 1. 9�0
n Cl: O�\()_

0_886,_ 2-o., ir ()_,;hornosn South (IPJ? CJ.727. 9�0 n Cl· 0 �46. 0 <)(18) and 17. 70 n 111 ()rclnp<: 
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(IRR = 0.623, 95% CI: 0.458, 0.848) co1npared to the risk of malaria among under-5 cl1ildren i11 

Afijio local government area. 

For the zero inflated group, i11 201 1, tl1e odds of a 111alaria case being in tl1e ce11ai11 zero group is 

6 ti111es higher by 495.4°/o co111pared to year 20 l O. (IRR = 5.954, 95% Cl: 2.243, 15.801 ). ln

2013, tl1e odds of a 111alaria case being i11 tl1e certai11 zero g1·ouJJ was 3 ti111es ]1igl1er by 242�/o(JR R 

=3.421, 95o/o Cl: 2.641, 4.431) con1pared to year 20 l O. f-{o\vevcr i11 year 20 12, t]1c odcls ot· a 

n1alaria case bei11g in tl1e certain zero groL1p \Vas lowered lJy 99.5 °10 (lRR = 0.005, 95% CJ: 0.()00,

0.115) compared to year 2010. 

In the 111ontl1s February, January and Ma1·cl1, tl1e odds of' a 111olaria case bci11g i11 t}1e cc1iai11 zero 

groups were lov.,ered by 90.1 °/o (IRR = 0.099, 95°/o CI: 0.024, 0.216), by 90.1 '1/o (TRR - 0.099. 

95°/o Cl: 0.024, 0.216) a11d by 97.8o/o (IRR = 0.022, 95'�� CI: 0.078, 0.709) respectively 

compared to tl1e montl1 of April. Co11vcrsely, i11 tl1c 111t,11tl1 of Sc11tc111bcr, tl1e otlds ()fa 1nala1·1a 

case being in tl1e certain zero group \,Vas 4 ti111es h1gl1cr by 297.9�1
0 (IRR= 3.979, 95o/o CI: 1.122, 

14.114) compared to tl1e n1ontl1 of April. 
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• 

Table 4.6: Parameter estimates in the Zero inflated negative binomial for Malaria among 
under-5 children 

Parameters 

Intercept 

2 0 1 0 (Year 1 ) *

2011 (Year 2) 

2012 (Year 3) 

2013 (Year 4) 

2014(Year5) 

April *

August 

Dec 

Feb 

Ja11 

July 
• 

June 

Marcll 

May 

NO\.' 

Oct 

Sept 

Afij10 *

Ak1nyele 

Atiba 

A t1 c:;bo 

Eubeda 
.... 

Jbarapa central 

Ibadan '\;or1h 

fbadan 1\.orth Ea-.,t 

Ibadan North \\' C"1

Ibadan South Ea�t 

(badan S<1uth \\' t.:st 

Ibarapa Ea t 

Ibara pa � ortl1 

ldo 

lrcpo 

lscyin 

Standa1·d 

Error 

0.121 

0.053 

0.052 

0.058 

0.084 

0.086 

0.096 

0.083 

0.082 

0.086 

0.085 

0.0S3 

0.086 

0.094 

0.127 

0.093 

0.144 

0. 144 

0 145 

0.146 

0. 14 .... 

0. 149

(). I -l6 

fJ.146 

() 1 ..t q 

(). 1..l6 

( J 1 4 () 

() 14 7 

, 0. ) ..t (J

() 127 

() 144 

ZINB 

IRR 
95°/o CI for IRR 

P value 

Lo\ver Bound Upper Bou11d 

67 .021 52.87 84. 958 < 0 001 

2.166 1.953 2.403 < 0.00 I 

2.555 2.307 2.829 < 0.001 

3.04 2. 714 3.406 < 0.00 l 

3.589 3.045 4.232 < 0.00 I 

1.287 I .087 1.523 0.00] 

t .399 0.944 1.3 76 0.170 

0.824 0. 70 I 0.970 0.()20 

0.804 0.685 0.944 ()_()08 

l .322 1 . 1 l 7 1.564 r().0()1 

l .25() l .063 I .484 0 0()7 

l).976 0.830 I. 149 (). 77 5 

1.285 1.086 1 .521 0.003 

1. 1 25 0.936 1.353 0.207 

1.468 1. 145 1.883 ().002 

1.284 1.070 1.541 0.007 

l 498 1. 129 1.986 0.005 

4.665 3. 5 l 8 6.186 <0.001 

1.079 0.812 1.434 0.601 

2.291 4.060 <0.0()1 3.049 

1 .091 1 .941 <().00 I 1 455 
3.022 5.420 � 0 001 4 04 7 

' 6? - 1 972 3.494 <'0.0() I -· _.)

l 7 97 1.150 2.392 <-0 001 

2 7 I 3 2.030 3 626 ().001 

I 674 1 ']_C:,7 2.22g < (). 00 l 

I (1(J-l () 75..l l 117 () l)77 

() 55� (J..llS () 744 • (> ()t > I

1 "2 � I . I 48 2 ()14 () ()( )4

0 ()() 1( J {)() 1 n "19 0 RR(1 -

I k �2 (){)")}I 1()7 1 ()"' 
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Itesiwaju 

Iwajowa 

Kajola 

Lagelu 

Ogbomoso South 

Ogbomoso Nortl1 

OgoOluwa 

Olorunsogo 

Oluyole 

Onaara 

Orelope 

Orire 

Oyo East 

Oyo West 

Saki East 

Saki West 

Surulere 

Inf.Intercept 

I11f.2010 0' ear 1) *

Inf.2011 (Year 2) 

lnf.2012 (17 ear 3)

Inf.2013 (Year -t) 

lnf.2014 (Year 5) 

lnf.Apnl *

Inf.August 

Inf.Dec 

Inf Feb 

Inf.Jan 

lnf.J ul, -

Inf.June 

Inf March 

lnf.!v1 a\' 

Inf "'-o\' 

Inf Oct 

Inf Sept 

I n f. t\ fi J 1 o Y.

In f.Ak in\'C le 

lnf.At1ba 

lnf.At1sbo 

lnf.Egbeda 

0.146 

0.146 

0.145 

0.145 

0.146 

0.147 

0.145 

0.147 

0.145 

0.148 

0.157 

0.146 

0.146 

0.145 

0.145 

0.146 

0.145 

1.231 

0.498 

1.60 l 

0.132 

1.365 .,. 

0.887 

0.687

0.561 

0.562 

0.788

0.917

0 562 

0 799 

(), 651 

() 917 

r, f)-46 

1 2()5 

I 2 I {) 

I I CJ .... 

I I Sf> 

0.815 0.613 

0.515 0.387 

0.992 0.747 

1.489 1 . 121 

0.727 0.546 

2.259 1.694 

0.899 0.676 

0.811 0.608 

1.455 l .095

1.998 1.495

0.623 0.458 

l .081 0.812 

2.217 1.665 

1.063 0.800 

0.826 0.622 

4.768 3.582 

0.803 0.604 

0.009 0.000 

5.954 2.243 

0.005 0.000 

3.421 2.641 

0 003 0.000 

0.306 0.054 

3.838 0.998 

0.099 0.024 

0.099 0.024 

0.478 0.102 

0.298 0.049 

0.022 0 078 

0.4""'8 0 100 

} C)l9 0.539 

4 693 0. 748

l . l 22� 9-;9 -

() 2 9 c; 0 02R 

f) I t 2 <' (l I ) 

<J () I l fl () c; X 

I 141 <J I I<> 

53 

1.086 

0.685 

1.3 18 

l .978

0.968 

3.014 

1.194 

1.082 

1 .933 

2.670 

0.848 

1.439 

2.951 

I .41 2 

1.098 

6.348 

1.066 

0.0 I l 

15.801 

0. l 1 5

4.431

0.037

1.741 

14. 754

0.216

0.216

2.240

1.797

0.709

2.287

6.972

29 445 

14.114 

3. 126

1 ""5 

() "8(-) 

l I CJ2 I

• 

0.162 

<0.001 

0.958 

0.006 

0.029 

<0.00 l 

0.461 

0.156 

0.0 I 0 

<0.00 I 

0.003 

0.594 

<0.00 l 

0.674 

0.189 

<().00 I 

0. I 3 I

<0.00 I 

<0.00 I 

r0.0()1 

<0.001 

1.000 

0.182 

l .001

<0.0() I 

<0.001 

0.349 

0.186 

<0.001 

0 355 

1 001 

1 001 

.----o_()() l 

O 1 1 I 

<) I fl\ 

() (l \ I 

() l)( )7 
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Inf.lbarapa ce11tral 1.118 1.958 0.219 17.519 0.548 
Inf.Ibadan North 1.090 3.059 0.361 25.904 0.305 
Inf.Ibadan North East l .156 0.143 0.119 11.021 0.907 
Inf. Ibadan North West l .157 1.142 0.1 18 11.03 1 0.909 
Inf.Ibadan South East 1.090 3.059 0.361 25.904 0.305 
Inf. Ibadan Soutl1 West 1. 156 0.143 0.1 19 11 . 021 0.907 

Inf.Ibarapa East 1.155 l. 196 0.124 I 1 .505 0.877 

Inf. Ibarapa Nortl1 1.125 1.898 0.209 l 7 .219 0.569 

Inf.Ido 1.157 1.139 0.1 18 l 0.998 0.910 

Inf.Irepo 1.020 1. 143 0.155 8.442 0.896 

Inf. lseyi 11 1.205 0.295 0.028 3. t 26 0. 3 I I

Inf. ltesi'vvaju 1 . 161 1. 124 0. l l 5 l 0. 941 0.920 

lnf.Iwajowa 1 . 191 0.600 0.058 6.199 0.669 

Inf.Kajola 1 . 191 0.601 0.058 6.205 0.669 

lnf.Lagelu 1 . 1 91 0.601 0.()58 6.205 0.669 

Inf.Ogbomoso Soutl1 1 . 1 6 l l . \ 24 0. l l 5 10.()41 ().92() 

lnf.Ogbo111oso Nortl1 1 . l l 8 1.954 0.218 1 7 .484 0.54C) 

Inf.OgoOluvva 1 . l 91 0.601 ().058 6.205 0.669 

lnf.Olorunsogo 1.154 1.652 0.172 15.861 0.664 

Inf.Oluyo le l . 1 91 0.601 0.058 6.205 0.669 

lnf.Onaara 1.095 2.951 0.345 25.234 0.323 

Inf Orel ope 2.608 2.362 0.014 395.3 14 0.273 

lnf.Onre 1. 159 l. 13 3 0. 1 1 7 l 0.986 0.914 

Inf Ovo East l. 156 l .1-l3 0. 1 19 11 . 02 1 0.907 
• 

0.669 Inf Ova \\� est l . 1 91 0.601 0.058 6.205 
.. 

0.669 Inf.Saki East l . 191 0.601 0.058 6.205 

Inf.Saki \\' est 1.156 1.143 0.119 1 1 . 021 0.908 

Inf Surulere l . 1 91 0.601 0.058 6.205 0.669 

D1 sperc;1 on 2 l ()6 

* Reference catcgor�·
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4.4 The effect of the month d l , year an ocal government area on tl1e 

Pneumonia disease among under-5 children using ZINB regression model 

occur1·ence of 

Table 4. 7 shows the estimate para111eters of Zero inflated negative binomial regressio11 

model.The risk of pneumonia an1011g u11de1·-S chilclren were lower by approximately 76.2 °/4 i11

year 2011 (IRR = 0.238, 95°/o Cl: 0.150. 0.379), 78.2o/o i11 year 2012 (IRR = 0.218, 953/o CI: 

0.136, 0.347), 79°/o i11 year 2013 (lRR = 0.209, 953/o CI: 0.128, 0.341) a11d 82.7°/o i11 year 2014

(TRR= 0.173, 95°/o CI: 0.092, 0.324) co111pared to tl1e 1isk of i)t1el1n1011ia a1no11g under-5 cl1ildre11 

in year 2010. 

The risk of p11eu1no11ia an1011g t111der-S cl1ildrc11 \.Vere i11crcascd hy 54.9'1/o i11 AL1gl1st (IRl�-1 .549. 

95°/4 Cl: 1.043, 2.302) a11d 75. l 0/o i11 .July (lRR- l .751, 95°/o Cl: l .167, 2.627) co11111nrccf to tt1c

risk of pneu1nonia in tl1e montl1 of 1-\p1-i l.

The risk of pneumonia a111ong tindcr-5 cl1il(lrc11 \\1as appr<)Xi111atcly J1igl1cr hy 225. R 'Yc) 111

Akinyele (IRR = 3.258. 95°/o Cl: I. 113. 9.536). 297.9° 0 in Atiba (!RR - 3.979. 95°'l, Cl: l.252.

12.647) .. 449.6°/o i11 Atisbo (IRR= 5.-l96. q5°o CI: 1.9 18. 15.745). 319.5°/c> in Egbe(la ([RR =

4.195. 95°/o Cl: 1.4 79. l l. 902 ). 34 7 .3 °10 in Ibarapa central ( IRR = 4.4 73, 95% CI: 1.220, 16.403 ).

345.5% in Ibadan North East (IRR=4.455, 95'1/o CI: 1.620, 12.248). 260% in Ibadan South East

(IRR=3 .600. 95°/o CI: 1.322. 9.802). I 75. 7° o 1n !do (IRR=2.757, 95% CI: 1.024, 7.4 I 7), 423 .8%

in Iseyin (IRR= S.238. 95° o Cl: 1.897. 14 968 ). 43 l. 7% in ltcsi\vaju (IRR = 5.3 I 7. 95% CI:

J.79S. 15.750). 2,7.7° 0 for l\vajo\,a (IRR = 3.877. 95% Cl: 1.345, 11.172), 359.9% in

QooOJu\� a (IRR = 4.599. 95° o CI: 1.3 75. 15.384 ). 457 .8% in Oluyole (IRR= 5.578, 95% Cl:

e 

1. 951 . J 5. 95 2). 469 .2° 0 in Ore lope (IRR = 5 .692. 95°:0 CJ: 1.60 l. 20.229) and 3 04. 7% 111 Sak 1

Ea<.t (IRR = 4.04-. 95" 0 Cl: l .5!l'7• 10 868) co1nparcd to the nsk of pncu1nonia 111 AiiJ H) local

go,,ernment area.

F h · fl d up In vcar �rJ I l the 0cfd<; 0f a pneL1mo111a case bc1ng i11 tl1e ccrtn111 1cro

or t e 7ero 1n ate grn . � - · 

I d b 9 8 1 o < l R R = o r, 1 9 9 5 ° o C I : fJ . f) 1 o. O f) 3 7 ) c 0111 par c d to y car 2 O 1 () . ·r I, c

group \'-'a o,..,·erc ) . o 

• being 1n the certain 7cro group \.va<-. lo\\Crcd hy 98.4° 0 11,)Car 2()1�

odd of a pneurro111 a case

( LRR _ 0_016_ 950,. ( I. o. no-. o <J3 7 J and In year 20 I I. the odd<; of J pneumonia Lrl<;C hc1 ng in the
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4.4 The effect of the month, year and local gove1·nment area on the occ111·rencc of

Pneumonia disease among under-5 child1·en using ZINB regression model 

Table 4.7 shows tl1e estimate para111eters of Zero i11f1ated negative bino111ial regression

model.The risk of P11eun1onia a111ong under-5 cl1ildre11 were lower by a1Jproxi111ately 76.2 °/o in

year 2011 (IRR = 0.238, 95 °/o Cl: O. l 50. 0.379), 78.2°/o in year 2012 (IRR = 0.218. 953/o CI:

0.136, 0.347), 79°/o 111 year 2013 (lRR = 0.209, 95°/o Cl: 0.128, 0.341) a11d 82.73/o 111 year 2014

(IRR= 0.173, 95°/o CI: 0.092, 0.324) compa1·ecl to tl1e risk of p11et1111011ia amo11g under-5 cl 1ildren

in year 20 l 0. 

The risk of p11eu111011ia a111ong u11der-S cl1ildre11 \Vere i11crcascd l)y 54. 93/o i11 Augt1st (IRR-1.549. 

95°/o CI: 1.043, 2.302) a11d 75. l 0/o i11 JL1ly (IRR= l .751. 95o/o CI· 1. I 67, 2.627) cotnpared to tl1c 

risk of pneu1nonia i11 tl1e 111ontl1 of Ap1il.

TI,e risk of p11eurnonia a111011g L111dcr-5 cl1ildrc11 \\1as �1p11ro'(1111ntcly l1igl1cr hy 225.8 °/o 111

Akinyele (IRR = 3.258, 95° 0 Cl: 1. 113. 9.536). 297.9 ° 0 111 At1ba (IRR - 3.979, 95 °/c, Cl: 1.252.

12.647)� 449.6°/o in Atisbo (IRR= 5.496. 95 ° 0 Cl: 1.()18, 15. 745 ), 319.53/o in Egbeda (IRR =

4. I 95. 95% Cl: 1.4 79. 11. 902), 34 7 .3% in Ibarapa central (!RR = 4. 473 , 95% Cl: 1.220, 16.403 ).

345.5% in Ibadan orth East (IRR =4.455, 95'1/o Cl: 1.620, 12.248), 260% in Ibadan South East

(IRR=3 .600. 95° o CJ: 1.322. 9.802). 1 75. 7° o in !do (IRR=2. 757. 95% CI: 1.024, 7. 417 ). 423 .8%

in Jsey1n (IRR= 5 238. 95°'o Cl: 1.89 7. 14 968). 431. 7% in ltesiwaju (IRR = 5. 317 . 95% CI:

J.795. 15 750). 287. 7% for hvajo\va (IRR = 3. 877. 95% Cl: 1.345, 11.172), 359. 9% 1n

OgoOlu\, a (IRR = -1.599. 95° o Cl: 1.3 75. 15.384 ). 457.8% 1n Oluyole (IRR= 5.578, 95% CI: 

I.951. 15 .952 ). -169 2° 0 in Orel ope (!RR = 5.692. 95 °/o CI: 1.60 I. 20.229 ) and 304. 7% in Snki

East (IRR = 4 o..i-. q 5° 0 CI: 1 . 507. IO s6:-,) co1nparcd to the nsk of pncu1noni a in A fi I in local

go\ emment area.

F h · f1 d up In vear ?011 the odds of a pnct1mon1a ca�e hcin� 1n tl1e ccrta111 1cr(1

or t e zero 1n ate f:."TO . � '- - · 
.... 

I db 9(,,J 10 <IRR= o (J19 9.:;0
0 CI 0.010. 0 037) c01npared to year 2010 Tl1c

group \\'as O\,. ere J .-) . o 
· • 

hcing 1 n the certain /ero gr()llp \\'as lo\\Crcd \1y 98 4° 
o 111\,cnr 2() 12

odds of a pneumonia case 

(IRR , O.OIG. 9500 c·1. o oo-. (J ()1- ) and 1n year 2011. the odds nf a pneu1non1J case being 1n the
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certain zero group was lowered by 93.3°/o (IRR= 0.067, 953/o Cl: 0.039, 0.117) co111pared to yea1·

2010. 

In the 1nonths December, Nove1nber and Octobe1·, tl1e odds of a p11eu1nonia case being in tl1e 

certai11 zero group were 5 times, 4 ti1nes a11d 8 ti1nes respectively l1igher by 397.33/o (IRR =

4.973, 95°/o Cl: 2.158, 1 l .461 ), 302.3°/o (lRR = 4.023, 95°/o Cl: 1.794, 9.021) and 659.1 % (IRR 
=

7.591, 95°/o Cl: 3.236, 17.807) cotnpared to tl1e 1nontl1 of A11ril. However in tl1e n1ontl1 of Marcl1, 

the odds of a pnet1mo11ia case bei11g in tl1e ce1·tai11 zero g1·0L1p \Vas lowered by 60. 7°/o(l RR == 

0.393, 95°/o Cl: 0.168, 0.922) co1npared to tl1e montl1 of April. 

In the local govem111ent a1·eas'I in Tbadan Sot1th West, tl1e odds of a p11et1111011ia case bei11g i11 tl1c 

certain zero group is 7 times l1igl1c1· by 605.7°/o (lRR- 7.057, 95°/4) Cl: 2.478, 20.098), 111 [clo, 

ltesiwaju, l\vajo\va, Lagelu. Ogbo1noso South. Ogbo1noso N orth. OgoOluwa, Oluyolc nnd 

Onaara local goven1me11t area, tl1c odds of a 1111t;t11110111a case l1ci11g i11 tl1e ccrta111 zero groLtJ1

were 4 times. 7 times, 4 times, 4 tin1es. 4 tin1cs. 3 tunes, 4 ti1ncs. 4 tiincs and 3 ti1ncs respectively 

higher by320.3% (IRR = 4.203. 95°0 Cl: 1.844. 14.671 ). by 574.6°1., (IRR = 6.746. 95% Cl:

2 . 04 9, 2 2. 2 1 3 ) . by 3 1 5 8 �1o ( I RR = 4. 1 5 8 . 9 5 ° o C I: I. 3 5 5. I 2 . 7 5 8). by 2 6 2. 2 % ( IRR = 3 . 6 2 2,

95°0 Cl: 1.262. 10.397), by 262.2° 0 (!RR= 3.622. 95°'0 Cl: 1.140. 11.512), by 201 °/o (IRR =

3.01 O. 950,0 Cl: t.049. 8.641 ). by 272.5°,o(IRR=3. 725, 95% Cl: 1.176. 11. 793 ), by 322.5% ((RR = 

4.225. 95% Cl: 1.4 75, I 2.104) and by 224.8 ° o(TRR= 3.248, 95% CT: 2. 980, 3.540) compared to

Afij10 local go'-·emtnent area. 
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Table 4.7: Parameter estimates in the Zero inflated negative binomial for Pneumonia among

under-5 cl1ildren 

Standard 
Parameters 

Error 

Intercept 0.502 

2010 (Year 1) * 

2011 (Year2) 0.236 

2012 (Year 3) 0.238 

2013 (Year 4) 0.249 

2014(Year5) 0.321 

April* 

At1gust 0.202 

Dec 0.257 

Feb 0.205 

Jan 0.201 

July 0.207 

June 0.197 

March 0.198 

Ma)' 0.207 

0.237 
0\ 

Oct 
0.275 

Sept o,,-
. ,,_ -- .)

Afi1io *
0.5--lS 

�k1n,ele 
0.590 

At1ba 
0.53 -,

At1sbo 0 _,, J
Egbeda 

"'I ... - - -

0.663 
Ibarapa central

0 532 
Ibadan �orth 

0 5 I 6 
Ibadan �orth East

O - 11 
· o rtl1 \>.;est .) -

Ibadan 
0 5 I 1 

Ibadan South East
() ,23 

Ibadan South \\' est 
0 ';4..,

lbarapa East 
() { l 4 

[barapa � l1rth 
() 5()5 

Ido 

IRR 

0.274 

0.238 

0.218 

0.209 

O. l 73

l .549

0.872 

0.769 

0.874 

1 . 7 51

1.456 

1.009 

1. 155

1.428

1.366

l .--+6 7

.... J -g _'I. - .) (. 

1 979 - . 

5.496 
..+.195 

-l.473

1.430

4 4'i5

.., ';�7... .  -

1 600

l 554

, ., 71..... J-

\ f)X 1 

.., 7<:., ... -

57 

ZINB 

953/o Cl fo1· IRR 

Lower Bou11d Upper Bou11d 

0.102 0.733 

0.150 0.379 

0. I 36 0.347 

0.128 0.341 

0.092 0.324 

1.043 2.302 

0.527 1.443 

0.515 1. 150

0.589 1.296

1. l 6 7 2.627

0.990 2.143

0.684 1.487

0.770 I. 733

0.897 2.272 

0.797 2.342 

0.944 2.280 

l . 1 1 3 9.536 

t .252 12.647 

1. 91 8 15.745 

1.4 79 1 I . 902 

1.22 16.403 

0.504 4.058 

1 620 12.248 

0.903 7.241 

1.322 9.802 

0 5"8 4 132 

0 795 6 788 

() () 1 � 15 202 

I ()2 .. l 7 41 7 

P value 

<0.00 l 

<0.00 l 

<0.00 I 

< 0.00 l 

<0.()01 

0.030 

().595 

0.200 

().501 

0.007 

0.()56 

0.9()3 

0.485 

0. 133

0.257

0.088

< (). 00 I 

----0.001 

<0.001 

<"O 001 

<0.00 l 

0. 10 I

----o. 00 1 

0.20 l 

< () 001 

0.201 

0. l l I

( ) l l > I 

() ()()} 

UNIV
ERSITY O

F IB
ADAN LI

BRARY

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



Irepo 

Iseyin 

Itesi"vaju 

Iwajowa 

Kajola 

Lagelu 

Ogbo1110s0 Soutl1 

Ogbomoso North 

OgoOluwa 

Olorunsogo 

Oluyole 

I 

011aara 

Orelope 

Orire 

Oyo East 

Oya West 

Saki East 

Saki West 

Surulere 

111 f. lntercept 

lnf.2010 (\' ear 1) *

Inf. 2 0 1 1 (Year 2) 

lnf.2012 (\"ear 3) 

In f 2 0 1 3 (\·ear --l) 

lnf.2014 ('i" ear 5) 

lnf.Apnl *

Inf.August 
..... 

Inf.Dec 

Inf.Feb 

l n f.J a11 

Inf JuJ,, 
.., 

Inf.June 

Inf �arch 

Inf t\1av 
.., 

Inf No\ 

Inf.Oct 

In 1· Sept 

Inf A fi J 1 <> "'

Inf ..\k1n,·clc 
• 

lnf".At1ba 

0.500 

0.527 

0.554 

0.54 

0.516 

0.522 

0.551 

0.516 

0.616 

0.519 

0.536 

1 .613 

0.647 

1. 122

0.537

0.513

0.504

0.504

0.550 
') -, 1__ ) ... 

0.340 

0.408 

0.282 

0.293 

0.390 

0.426 

0.45� 

0 430 

0.391 

0 3 9 

0.435 

0.404 

0 4 I 2 

() 415 

() 4 < J I 

2 sr, l 

2 552 

1.319 

5.238 

5.317 

3.877 

1.025 

I . 3 1 1 

1.8 t 2 

2.408 

4.599 

1.349 

5.578 

7.308 

5.692 

6.404 

2.398 

2.392 

4.047 

1.3 79 

I. 184

0.129 

0.019 

0.016 

0.067 

0.74() 

0.779 

4.973 

0.419 

0 454 

1 062 

0 792 

0.393 

I 154 

4 ()21 
7 ') () l -

I J 5 q

58 

0.495 

1.897 

1.795 

1.345 

0.373 

0.4 7 l 

0.401 

0.876 

1.37 5 

0.488 

1. 951

0.310

I .60 l 

0. 710

0.837 

0.875 

1.507 

0.514 

0.403 

0.00 l 

0.010 

0.007 

0.039 

0.420 

0.363 

2.158 

0. l 71

0. 19(1

0.491

0 3 7() 

0. l 68

0.523 

1 794 

(). -..;c)2 

() () 2 � 

() ()2 c; 

3.515 

I 4.968 

15.750 

11. I 72

2.819

3.648

3.480

6.622

15.384 

3.729 

15.952 

172.514 

20.12() 

57.75 

6.872 

6.537 

1 0. 868 

3.706 

3.480 

l 8. 1 77

0.037 

0.03 7 

0. 11 7

1 .325 

1.673 

1 1 . 461 

1.028 

1.055 

..., 70 -___ c,)

1 .698 

0.922 

2.547 

9,021 

l 7 �( )7

4 297

() 14 124 

<;(), l() I 
• 

0.51 l 

<0.001 

<0.00 J 

<0.001 

0. t O l

0. 1 I l

0.20 l 

0. 1 J l

<0.00 I 

0.181 

<0.00 I 

0.217 

<0.00 I 

0.30 I 

0.101 

0.33 I 

<0.00 I 

0.271 

(). I 2 l 

0.418 

<0.00 I 

<" 0.00 I 

<() ()() I 

0.318 

0.521 

<0.001 

0.058 

0.06(1 

O.X79

0.54() 

0.032 

0.722 

<O 001 

.,. C). 00 I 

0 ()0-l 

() < )S � 

I l I 1 � 

•
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Inf.Atisbo 2.549 4.983 0.034 736.596 0.071 

Inf.Egbeda 2.536 1.446 0.010 208.421 0.334 

lnf. Ibarapa ce11tral 2.589 6.726 0.042 l075.391 0.223 

Inf.Ibadan Nortl1 2.54 5.551 0.038 806.255 0.064 

Inf.Ibadan North East 2.533 l .8 l 7 0.013 260.26 0,070 

Inf.Iba.dan Nortl1 West 2.535 1.366 0.009 196.488 0.066 

Inf.Ibadan Soutl1 East 0.532 1.062 0.3 74 3.012 0.109 

Inf. Ibadan South West 0.534 7.057 2.478 20.098 0.05 I 

Inf.Ibarapa East 1.54 l 4.203 0.205 86. 1 73 0.062 

lnf.lbarapa Nortl1 1 .63 l 4.869 0.199 119.076 0.074 

Inf. Ido 0.529 5.202 1.844 14.671 0.029 

l11f. lrepo 1.524 2.083 0.105 41.307 0.061 

lnf.lse)'ln 0.541 1.236 0.428 3.569 0.097 

Inf. ltesi vvaju 0.608 6.746 2.049 22.213 0.034 

I11f. lwajowa 0.572 4. 158 t .J 55 12.758 (), ()3 5 

lnf.Kajola 2.545 1.0(13 0.()()7 155.898 0. I l 1

Inf.Lagelu 0.53 3 .()22 1.2(12 I 0.397 0.()21 

lnf.Ogbomoso Soutl1 0.590 3.622 l. l 40 1 1.512 0.0 l 8 

lnf. Ogbo1110s0 ortl1 0.538 3.010 1.049 8.641 0.006 

Inf.OgoOlu\va 0.588 3. 725 1 . l 7 6 I l . 793 (). ()4() 

lnf.Olorunsogo 0.569 2.012 0.660 6.136 0. 150 

Inf. 0 l u 't' o 1 e 0.537 4.225 1.4 75 I 2. 104 0.032 

lnf.Onaara 0.044 3.248 2.980 3.540 0.007 

Inf.Orelope 1. 514 2.588 0.133 50.322 0.006 

35.497 0.301 

lnf.Orire 1 739 l . l 7 5 0.039 

Inf 0)0 East 1.545 2 221 0.108 45.888 0.059 

0.129 52.443 0. 1 1 8 

Inf o,,o \\7 est 1 -�.., 2.604 . .) - -

• 0.077 30.903 0.174 

Inf Sak1 East 
1.529 I .543 

Inf. Saki \\. ec;t l.52'3 l .R20 0.088 34.949 0.159 

1.680 4.166 0.155 112.146 0.365 

lnf Surulere 

D1 spers1 c_)n 
1.025 

*Reference categor�·
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45 The effect of the n1onth, year and local government area on the occurr·encc of

Diarrhoea disease among under-5 child1·en t1sing the zero-inflated negative binomial

regression model 

T able 4.8 sl1ows the reg1:ession parameters for ze1·0 inflated 11egative bir10111ial regressio111noclel.

T11e risk of diarrl1oea amo11g u11der-S cl1ildre11 \Vas lovver by 22. 7°/0 in tl1e year 20 I I (IRR =

0.773, 95o/o Cl: 0.688, 0.867) a11d l 9.2°/o in year 2012 ([RR = 0.808, 95% Cl: 0.719, O.C)07)

co1npared to year 20 l 0. 

T11e risk of diarr11oea a111011g_ t111der-5 cl1ildrc11 \,Vas ap1)roxi111atcly l1igl1er by 234°/o 111 Atibn (IRR

= 3 .340, 95°/o CI: 2.494, 4.4 73 ), 84.4°/o in A tisbo (IRR = l .848. 95°/o Cl: I .3 72. 2.489), 257 .2°10

111 Egbeda (IRR= 3.572, 2.657, 4.811), 63.6°/o i11 ll1arn11n ccntr81 (IRR = 1.636, 95 °/4 Cl: 1.209.

2.212), 752.5°/o in Ibadan North (IRR= 8.525, 95 °/o Cl: 6.304, 11.529), 272.So/o in flJnda11 Nc)rtl1

East (lRR = 3.725, 95% Cl: 2.77 l. 5.008), 77.9° 0 in Ibadan North West (IRR 1.779, 95% CI·

1.321, 2.392), 351.3% in Ibadan South East (!RR � 4.513, 95 °/4, Cl: 3.350, 6.079), 92.9% 111

Ibadan South West (!RR = 1.  929, 9 5°10 Cl: 1.455, 2.651 ), I 36. I% in !do (IRR = 2.36 I, 95% CI:

.. 

1.756, 3.174), 102.8% in lseyin (IRR= 2.028, 95 ° 0 Cl: 1.508, 2.726), and 806.1% in Saki West

(9.061. 95% Cl: 6. 753. 12 .158) compared to the risk of diarrhoea in A fijio local govcrn1ncnt 

area. Ho,vever, the risk of diarrhoea a1nong undcr-5 chi ldrcn was lower by about 3 7. 1 % 1 n

Ibarapa North (IRR = 0.629, 95°'0 CI: 0.460. 0.85 9) co1npared to the risk of diatThoea under-5

children 1n AfiJ10 local go,·ernment area.

For the zero inflated group. 111 year 2013. the odds of a diarrhoea case being in the certain zero

group ,vas3 umes higher hy I 88. 6° o(JRR = 2.88 6. 95 °/o Cl: I. 789. 4 .656) coin pared to year 2010.

The odds of a diarrhoea case being in the certain zero group in year 2014 �'as higher by 0.2 °/o

(IRR = 1.002. 950 0 C l  o 597. O 681 ). Hov1e,er in the year 2012, the odds of a diarrhoea ca�c

being in the certain 7ero group "as Io,,·ered by 52 5°10 (IRR = 0 4 75, 95% Cl: 0.466, 0.485)

compared to )ear 2010. 

In the months December. -,;0vemher October and Septcrnber the odd� of a diarrhoea Lase bc1nc

� 1 mes , time<; J 1 t11ncs and � time� rc"pcctt\'elv higl1er l1� I RR ()0 
o

1n the ccrta1 ri 1t.r<J \'- ere 1 · .... 

(IRR= 2 886_ 95"o Cl I -x<J. I )lfi). h: 1111 )",. IIRH 2 Ill� '15 ° 0 (I·l 4,1, :,-2�1. b, 
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1 l 67.9°/o (IRR= 12.679, 95°/o Cl: 7.513, 21.398) and 119% (IRR= 2.190, 95% CI: 1.352, 3.54 7) 

respectively compared to tl1e month of April. However tl1e odds of a diarrhoea case being in tl,e

certain zero group in the months of February, Ja11t1ary and Marci, were lowered by 86.2% (IRR =

0.138, 95°/o CT: 0.056, 0.3 36), 85 .6°/o (IRR = 0. 144, 95°/o Cl: 0.061, 0.341) and 78 .8°/o (I RR � 

0.212, 95°/o CI: 0.101, 0.448) respectively compared to tl1e montl1 of April. 

In the Orelope local goven1 1ne11t area. tl1e odds of a dian·l1oea case bci11g i11 tl1e ce1·tc1i11 ;,cro 

group was l1igher by 5.So/o(IRR = 1.055, 953/0 Cl: 0.479, 0.844) co1nparcd to Afijio locnl

governn1ent a1·ea. 
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Table 4.8: Parameter estin1ates in the Zero inflated negative binomial for Diarrhoea an1ong

under-5 children 

Para1neters 

Intercept 

2010 (Year 1) *

2 0 l 1 (Year 2) 

2 0 1 2 (Year 3) 

2 0 1 3 (Year 4) 

2014 (Year 5) 

Ap1il *

August 

Dec 

Feb 

Jan 

July 

June 

March 

May 

NO\ 

Oct 

Sept 

A fiJlO *

Ak1n\ele 

At1ba 

At1sbo 

Egbeda 

Ibarapa central 

Ibadan 1':orth 

Ibadan :'\ orth East

Ibadan "'orth \\ e"t

Ibadan South East

fbadan South \\' est 

lbarapa Ea,t 

Ibarapa �orth 

ldo 

Sta11dard 

Error 

0.124 

0.059 

0.059 

0.067 

0.099 

0.089 

0.098 

0.085 

0.085 

0.089 

0.089 

0.085 

0.089 

0.095 

0.135 

0.095 

0.153 

0 1-+9 

0.152 

0 151 

0 154 

0 l 5-l 

0. l 5 1

1 -?o. )_

0.152 

0 153 

f). I 56 

0 I 5<) 

<) I 5 1 

IRR 

27.086 

0.773 

0.808 

0.91 l 

1.057 

l. l 04

1. l 07

0.895

0.962

l. 14 7

1 .05 l 

0.959 

l .169

1.043 

1 . l 3 S 

1 .075 

1 . 1 I 6 

3.340 

I 8-+8 

1 c;,7, - - --

1 636 

8.525 
... -, -, -:;;_.. ---
l 779

-l 511

1 929 

1.602 

() ()2() 

2 , r) I 

62 

ZfNB 

95°/o Cl for IRR

Lovver B0L1nd 

2 l .242 

0.688 

0. 719

0.799

0.870

0.927 

0.914 

0.758 
0.814 

0.963 
0.883 

0.812 
0.982 

0.866 

0.873 

O.R92

0.827 

2.494 

1.3 72 
2.657 

1.209 

6.304 

2. 771

I 32 l
1 1" - -

l .455

I l 7C) 

() 460 

l 7 ')fl

Upper Bou11d 

34.53 7 

0.867 

0.907 

1.039 

1.283 

I . 3 14 

1.342 

1.057 

1 .13 6 

1.365 

1.252 

1.13 3 

1.392 
l .256
1.482 

1.295 

1.507 

4.473 

2.489 

4.81 1 

2.212 

11.529 

5.008 
2.392 

6.()79 

2 6" I 

2.1 74 

O.R�Q

1 17--l- . 

P valt1c 

< 0.00 l 

<0.001 

<"Q.<)0 I 

0.!(15 

0.577 

0.2()5 

0.3()() 

0.193 
0.642 
0.122 

0.573 
0.619 

0.080 

0.659

0.340 

0.447 

0.472 
<-0.001 

<O 001

<0.001 
<0.001 
<0.00 l 

< 0.00 l 

----o.oo l 

<0.00 l 
() 00 l 

0.()()� 

().()0\ 

() ()() l 
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lrepo 0.132 

Iseyin 0.151 
• 

ltesiwaJU 0.154 

Iwajowa 0.152 

Kajola 0.152 

Lagelu 0.151 

Ogbo1noso South 0.154 

Ogbon10s0 N ortl1 0.153 

OgoOluwa O. l 54

Olorunsogo 0.153

Oluyole 0.151

Onaara 0.153

Orelope 0.168 

Onre 0.154 

Oya East 0. 1 51

Oyo West 0. 151

Sak1 East 0. 151

Saki West 0. l 51

Surulere 0. 151

Inf. Intercept 0.375

Inf. 2 0 l O (Year 1 ) *

111f.2011 (Year 2) 0.1 51 

Inf.2012 ()'" ear 3) 0.010 

lnf.2013 0
P 

ear 4) 0.244 

Inf.2014 ('tr ear 5) 0.264 

lnf.Apnl *

Inf August 0 265 

Inf Dec 
0.24-l 

Inf.Feb 
O.-l55 

lnf.J an 
0 -l39 

0.265 
Inf Jul, 

0 266 
Inf.June 

0 3� 1 
Inf J\1arch 

0 264 
Inf.�1a\ 

.., 4 -
Inf �O\ 

o._ .) 

().26 7 
Inf Oc.t 

() 246 
Inf.Sept 

Inf At1J10 • 
() ..lf) -

In f.Ak1 n \1elc 
• 

() 4�2 
Inf.A t1ba 

1.259 

2.028 

1.013 

1.034 

1.077 

1. 719

l .246

3.414

0.955

l . I 1 2

2.029

2.201

l .320

2.889

2.507

1.972

2.179

9.061

l .733

0.277

l. 733

0.475 

2.886 

1.002 

0.967 

2.886 

0. 138

0 1-l-l

0.968

0.932 

0.212 

I 002 
"') 1 ().::; - - -

12 6"7()

2 19() 

I ( ,r J l 

'' - I <' 
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0.973 

1.508 

0.749 

0.767 

0.799 

1.279 

0.921 

2.529 

0.706 

0.824 

1.509 

1 .631 

0.950 

2. I 36

l . 8(15

1.467 

l .624

6.753 

l .289

0.133

1.289 

0.466 

I. 789

0.597 

0.575 

1. 789

0.056 

0.061 

(). 5 7 6 

0.554 

0. 10 l

0 597 

1 .42(1 

7 � I 3 

I 3 "� 

() tl() 1 

,, 27R 

l .632 0.081 

2.726 <0.001 

2.726 0.935 

1.392 0.830 

1.451 0.627 

2.312 <0.001 

1.685 0.154 

4.608 <0.00 I 

1.292 0.766 

1 .50 I 0.488 

2.729 <0.001 

2.971 <0.001 

1.835 0.09X 

3.907 <-0.()0 I 

3.3 70 < 0.00 I 

2.()51 , 0.00 I 

2.924 < 0 0() l 

12.158 .---o 00 I 

2.330 -----o. 00 l

0.577 <0.001 

2.330 0.908 

0.485 <0.001 

4.656 <0.00 l 

0.681 <0.00 I

l .625 0 898 

1 .538 <0.00 l 

0.336 <0.001 

0.341 <0.00 l 

1.626 0.901 

1.570 0 792 

0.448 <0.001 

1 .681 0.994 

1 725 < n oo 1 

21 198 <O. ()f) l 

1 .:;4 7 . - < (). 0() 1 

2 �()0 
o l)l)l)

I X42 l) l� \
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Inf.Atisbo 0.462 1.119 0.453 1.019 0.806 

Inf.Egbeda 0.466 1.010 0.405 2.518 0.983 

Inf. Ibarapa central 0.459 1.236 0.503 3.039 0.644 

Inf.Ibadan North 0.453 l .514 0.623 1.303 0.360 

Inf.Ibadan North East 0.466 1.010 0.405 2.518 0.983 

Inf.Ibadan North West 0.466 1.008 0.404 2.513 0.987 

Inf. Ibadan Soutl1 East 0.458 1.242 0.506 3.049 0.635 

Inf.Ibada11 Soutl1 West 0.462 1 . l 19 0.452 2.766 0.808 

l nf. Tbarapa East 0.454 1.502 0.617 3.658 0.370 

Inf.Ibarapa North 0.460 1.433 0.582 3.531 0.433 

I11f. ldo 0.466 t .009 0.405 2.515 0.985 

lnf. Irepo 0.403 l .055 0.479 2.325 0.894 

lnf.lseyin 0.471 0.903 0.359 2.273 0.829 

Inf. Itesiwaju 0.464 l. 103 0.444 2.739 0.833 

lnf.lwajovva 0.472 0.896 0.355 2.259 0.8 I 6 

Inf.Kaja la 0.472 0.897 0.355 2.262 0.8 I 7 

Inf.Lagelu 0.47 l 0.902 0.358 2.271 0.827 

lnf.Ogbomoso Soutl1 0.460 1.226 ().498 3.021 ().658 

Inf.Ogbon10s0 ortl1 0.458 l .244 (). 5 ()7 3.052 0.635 

In f.OgoO\ u,,,a 0.4()4 1 . 1 04 0.445 2. 741 0.832 

l11f.Olorunsogo 0.4(17 1.002 0.401 2.503 ().C)9() 

lnf.Oluyole 0.466 l .008 0.404 2.5 I 3 0.986 

Inf.Onaara 0.459 1.239 0.504 3.045 0.641 

Inf.Orel ope 0.403 1.055 0.479 0.844 <0.001 

Inf.Onre 
0.456 1.3 70 0.561 3.349 0.489 

Inf. Ovo East 0.466 l 009 0.405 2.515 0.984 

� 2.273 0.829 

Inf. o,,o \\1 est 0.4 71 0 903 0.359 

- 0.359 2.275 0.830 

Inf.Saki East O.-l71 0.903 

ln f. Sak1 \\lest 0 466 1 0 1 l 0.406 2.520 0.982 

Inf Surulere 0 -+ 71 0.902 0.358 2.271 0.827 

D1 c;pers1on 2 l 02 

YRefcrcnce categor�
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4.6 The effect of the month, year and the local gove1·nn1ent area on the occurrence of

Measles disease among unde1·-S children using tl1e zero-inflated negative bi11or11ial 

regression model

Table 4.9 shows tl1e regression parameters for zero inflated negative bi11omial regressio11111odcl. 

The risl< of measles among under-5 cl1ildren was lowered by 90.4o/o i11 year 2012 (IRR 0.096. 

95°/o Cl: 0.043, 0.217) and lowered by 62.6°/o i11 yea1· 2013 (IRR = 0.374, 95°/o CI: 0.155, 0.9()6 ) 

compared to tl1e risk of 111easles a1no11g unde1·-5 cl1ildre11 i11 year 20 I 0. 

In tl1e local government areas, tl1e risk ot .. tneasles a111ong t111dcr-5 cl1i ldre11 was l1igl1cr by 462. 9°/o

in Ibadan Nortl1 (IRR = 5.629, 95°/o CI: l .479, 21.428), 578°/4) i11 ll>ada11 SoL1 tl1 vVcst (IRR =

6.780, 95°/o CI: 1.778, 25.860) a11d 283.1°/o tor Snkt West (IRR 3.831, 95°10 CI: l .042. 14. ()76 )

co111pared to tl1e risk of 111easles a111011g L111dcr-5 cl1ilcirc11 i11 Ali_1io local gover11111c11t nr�n. 

Ho\.Ve\1er� tl1e risk of tncasles was lo\ve1·cd l1y al)ot1t 87.9°10 i11 St1rulcrc (IRR 0. 12 l � 95'½i ("I: 

0.025. 0.576) co111pared to the risk of 1ncaslcs :unong undcr-5 children in Afijio local 

govem1nent area. 

For the zero inflated group. in year 2011. the odds of a 1ncaslcs case being in the certain ,cro

group ,,vere Jo\vered by 72.6° 0 (IRR = 0.274. 95°,� Cl: 0.141. 0.530) and lo\vcred by 84.8% in

year 2013 ( IRR = 1 . 002. 95° o Cl: 0.6064. 0.3 5 7) coin pared to year 20 l 0.

In the months August. Jul). October and Septe1nber. the odds of a 1neaslcs case being in the

certain zero group \\ ere 6 tin1es. 4 ti mes. 1 7 tunes and 3 ti1nes respectively higher by 455 .1 °10

(IRR= 5 551. 9500 Cl: 1 6S:6. 18.278). 312.1°10 (IRR = 4.121, 95% Cl: J.148, 14.790), 1627.1°/o

9 �o CJ· -, o..,.:::: Io� -"> 17) and 293.9°'o (IRR =3.939. 95°10 CI: 1. l 02, 14.083)

(IRR= 17.2 ., 1. =' o . - ")_)_,. -·--

re,pectJvel y compared to the month of .-'\ pn I.

. t area the odds t,f J 111caslcs ca�c he111g 1n tl1c cc1ia1r1 1cr0 g.rot1r

ln Saki \\ e,t local gc)'- ernmen · 

-Q ((RR = <,0-;1 95° 0 CI: ().002. 0(192) comparcci to AfiJt0 local

\\ as ]o\s. ertd b) 96. o 
· - - • 

go,,ernment area
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Table 4.9: Parameter estimates i th Z under-5 children 
n e ero inflated negative binomial for Measles an1ong

ZINB 

Parameters Sta11dard 
95°/o Cl for· IRR IRR 

P vnlltC Error Lower Bound UJJper Bou11dIntercept 0.441 3.189 1.344 7 .57 l 0.009 2010 (Year 1) *
2 0 1 1 (Year 2) 0.414 1.244 0.552 2.799 0.598 2012 (Year 3) 0.415 0.096 0.043 0.217 <0.0() I 2013 (Year 4) 0.451 0.374 0.155 0.906 0.029 2014 (Year 5) 1.506 1 . 11 7 0.058 21.387 0.942 
April* 

August 0.437 0.686 0.291 I .615 0.388 
Dec 0.853 0.230 0.043 1.226 0.085 
Feb 0.348 1 . 0 I 1 0. 5 l I 2.000 0.975 
Jan 0.386 0.572 0.2(19 1.220 (). 149 
July 0.49 0.467 0.179 1 .221 0. I :?,()
.June 0 ...,..,? 0.648 0.338 l .242 (). l 9 1. _.,..) -

Marc]1 0.323 1.122 0.596 2.1 13 0.722
May 0.336 0.855 0.442 1.651 0.640
No,, 1.086 0.635 0.076 5.336 0.676
Oct 0.604 0 798 0.244 2.606 0.708

0.507 0.418 0.155 1 .129 0.085Sept 

Afijio * 
2.059 0.491 8.626 0.323 0.731 Akinyele 
0.271 0.065 l. 13 3 0.073 0.729 At1ba 

0.269 4.347 0.912 0. 7 10 1 .081 At1sbo 
5.819 0.689 1.349 0.312 0.746Egbeda 

14.072 0.087 3.432 0.837 0. 720[barapa central 
1.4 79 21 .428 0.0 l l 5.629 0.682Ibadan North 0.785 12.687 0.106 1. 1550.710Ibadan )-orth East

-

0 ---,�
0.321 7.764 ) / 1 578O 8 I 3 Ibadan ,orth \\ est 0.176 5.097 0 951 0.948

0.858 
0 0()5 Ibadan South East I 77� 25.86 6. 780O 681 

1 995 () 2 () � Ibadan South \\' est 
o o�,

o ..io�
0.8 I CJ 2. 951 0. 1 0 l Ibarapa Ea"t 0 19() 

(). 748 
(). 700 

0.101 Ibara pa North 0 023 1 .3 91 
0.179 

1 . ()4 5 13.415 () ( )l)(, Ido 0 XI (l 1 ?<)7 
0.71() - .... 

(). I , R 4 ()()(, (l XlllIrepo 
0.823 

(). 9 l 1 
Iseyin 
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I 
l 

t 

I 

• • 

Ites1waJU 
1waJowa 
Kajo1a 
Lagelu 
Ogbomoso South 
Ogbo1noso N ortl1 
OgoOluwa 
Olorunsogo 
Oluyole 
Onaara 
Orelope 
Orire 
Oyo East 
Oyo West 
Saki East 
Saki West 
Sun1lere 
lnf. Intercept 
Inf.2010 (Year 1) *
Inf.2011 (Year 2) 
lnf.2012 (\' ear 3) 
Inf.2013 (Year 4) 
lnf.2014 (Year 5) 
lnf.Apri1 *

Inf.August 
Inf.Dec 
Inf.Feb 
Inf.Jan 
Inf.Julv -
Inf.June 
Inf \1arch 
Inf.Ma) 
lnf.!'.O\' 
Inf.Oct 
Inf. 5ept 
Inf A fiJ 10 �

Inf Ak1n\1clc 
* 

lnf.At1ba 
Inf.At1sbo 
lnf.Egbcda 

1.087 0.455 
0.818 0.739 
0.862 0.405 
0.747 0.748 
0.719 1.369 
1.027 0.438 
1.241 0.689 
0.830 1.498 
0.774 3.397 
0.684 0.634 
0.897 0.687 
0.747 1.322 
0.750 1.3 79 
0.760 2.664 
0.859 2.092 
0.664 3.831 
0.796 0. 121 
0.432 2.965 

0.337 0.274 
17.201 0.001 
0.437 0.152 
1 . I 1 3 4.988 

0.608 5.551 
1.012 5.419 
0.486 1.652 
0.526 2.312 

0.652 4.121 
0.510 0.868 

0.487 1.23 7

0 -?7 . ) -- 1 223 

I . I 44 1 320 

0 922 1 7 2'71 

(J 6 -:;o 1 919 

() An 'i 
I 1 -3 

0 ()(JI 
<J.<) I (J 

,,.11 <) 
I " CJ l 

() 52() 
1 1()6 

67 

0.054 3.833 0.469 
0.149 3.670 0. 71 I 
0.075 2. 'l 96 0.295 
0.173 3.232 0.697 
0.334 5.603 0.662 
0.059 3.280 0.422 
0.061 7.849 0.765 
0.294 7.620 0.626 
0.745 15.488 0. I 14
0.166 2.422 0.505
0. 1 1 8 3.987 ().676
0.306 5. 715 0.709
0.3 I 7 6.00 I 0.()68
0.601 11.818 0.197
0.388 I 1 .264 ().391
1.042 14.076 0.043
0.025 0.576 0.008
1 .272 6.915 0.() 12 

0. 14 1 0.530 ""0.()01 

0.001 0.01 I 0.()78 
0.064 0.357 <0.00 l
0.563 44.189 <O.101 

1.686 18.278 0.005 
0.746 39.39 0.808 
0.637 4.283 0.3()2 
0.825 6.482 0. 1 l 1
l . 148 14. 79 ().03() 

0.32() 2.360 0. 781 
().4 76 3.214 0.662 
0.435 3.435 0.7()� 

0.140 12.432 0.404 

2 815 l 05 227 0.002 

1 l () 2 l 4 0" 1 () (),� 

().()(17 ()' ()" \ () .... > \ 

0 ()() l ()_()ll () (){ )l) 

(). ( )() ') 2 ()l)() l) I � l

() ( ,,t () () 711 () (, 1 7 
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Inf.Ibarapa central 1. 111
0.747 

Inf. Ibadan North 0.085 1.091 0.323 
6.590 0.793 

Inf.Ibadan Nortl1 East 0.038 1.106 
1.225 

2.738 0.300 

[of.Ibadan North West 0.140 I 0. 706 1.369 0.854 
l. 1 16

Inf.Ibadan Soutl1 East 0.076 16.334 0.936 l .358 1.800 
Inf. Ibadan Soutl1 West 0.126 25.782 0.665 1.064 

0.931 
Inf. Ibara pa East 0.1 16 7.489 0.946 1.694 0. 111 
lnf.Ibarapa Nortl1 0.004 3.069 0.194 

1.010 1.162 0.160 8.412 0.219 Inf.ldo 2.000 0.536 0. 0 I l 27.004 0.755 Inf.Irepo 1.201 0.395 0.038 4.162 0.440 Inf.Iseyi11 1.352 1.866 0.132 26.388 0.645 Inf.ltes1waju 1.858 1.412 0.037 53.876 0.852 
Inf.Iwajowa 1.312 l. 13 9 0.087 14. 902 0.921 
Inf.Kajola 1.863 0.214 0.006 8.244 0.408 
lnf.Lagelu 1.876 0.079 0.002 3 .149 0.1 78 
Inf.Ogbon1oso South 1.310 0.314 0.024 4.098 0.3 77 

Inf.Ogbomoso North 1.671 1 .63 I 0.062 43.127 (). 770 

Inf.OgoOlu\va 1.667 3.659 1.282 882.995 0.964 

Inf.Oloru11sogo 1.333 I. 198 0.088 16.341 0.892 

lnf.Oluyole l . 141 2.326 0.248 21. 766 0.460 

Inf.Onaara 1.352 1.865 0.132 26.388 ().645 

Inf.Orelope 1.508 2.282 0. 119 43.846 0.584 

Inf.On re 1.445 0.296 0.017 5.019 0.399 

Inf.Oyo East 1.240 0. 70 l 0.062 7.968 0.775 

16.775 0.737 
lnf.Oyo West 1.228 1 . 5 l 1 0.136 

0.198 29.868 0.488 
Inf.Sak1 East 1.280 2.430 

1.553 0.033 0.002 0.692 0.028 
Inf.Saki \\' est 

0.024 4.098 0.999 
l .3 10 0.314 Inf.Surulere 

Dispers1on 0.457 

*Reference categor�
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CHAPTER FIVE

n1scuss10N

5.1 PATTERN OF MALARIA AMONG UNDER-s CHILDREN FROM 2010 TO 2014 The incidence of malaria amo11g under-5 h · Id c. c 1 re11 1ro111 2010 - 2014 appears to have a fluctuati 11gttem Tl1is pattern rnay be affected by I 1 f . 1 pa · eve o reporting of new cases and the health-seeking behaviour of the caregivers of the affected children as well as inconsistencies in the use ofmalaria preventive strategies. This pattern is similar to findings in a study conducted an1ongsympto1natic patients who sought medical attention at the hospital in Minna by Olaye1ni ct al• (2009) who de1nonstrated that the mean annual ,nalaria incidence rates were significantly
different over the 4 year study period \vitl1 a drastic clecli 11c i11 111,1l,1rin cr1scs fi·c1111 2005 tl1roL1gl1
2007. In addit1on, Ukpong et al (2015) working an10 11g i11di,1iclt1,1ls witl1 111alnria cases fro111 13
years and above in Obudu cattle rancl1, Nige1�i,1, rccordccl ,1aryi11g i11ciclence rates <lf 111,1lnr1a
\vitl1in the years of study. Finally, 011\vtte111clc (2() I J) ct1111111c11t1r1g 011 tl1e 11attc1·11 of' 111,1l,11 in
infection in Nigeria noted that 111al aria i 11 fectio11 rate across space depe11ds 011 d y11,ltn 1c 11rocc"'scs
i11volving climat1c, cnvi1·0111nental, 11hysical a11d ocial ,·ariables operati11g dit'ferc11tly ir1 space.

5.1.1 PATTERN OF PNEUl\'IONIA Al\tlONG UNDER-5 CHILDREN FROM 2010 TO

2014 
f ·a atnong under-5 cl1ildre 11 \vl1icl1 peaked 111Th , ha nse in tl1e incidence o pneu111on1 

. . 
ere \\ as a s rp 

b d . n 2014 Tl1e relatively sl1arp r1se in tl1c . d decline to tl1e levels o serve I 2012 follo\ved by a rap i 

. b d to the general poor li\·ing . n under-5 ch1ldre11 may e ue incidence of pneumonia amo g 
. 1 . Nigeria and India hy Akanh 1 ct al . t identified in a stuc yin i ._ cond1tJons and hazardous en, iron1nen 

G t la ha\ c associated high inc1dencc 
01-+) Al"o S1n1tl1 cl al (2011) in ua c1na ' 

. ft I i 
(2009) and S1ng]1 (2 . lluttoi, doinc�tic fires bt1n11r1g 1c � a11c 

t I factorc; st1ch as a1r po of pneumonia '" 1th en,,ironmen a 
d e C)f 11neu1no111a ohi.,cr, cd 111 2() 14 

d dccrca<;,c 111 the ir1c1 e11c 
traffic-related air pc)])ution. The rapt

. ,� tr) \acc111at1011 a11(i tnn�c.., LJlllpatgi 1 tt)

ma\ be attnbuted to tl,c prngrc<;;s tn ,rn pro,:t r,g access 
� 

crnrncnl 
h · 1gcr1an go\ deli, er ne\\. \ acc1ncs h: t c 
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5.1.2 PATTERN OF DIARRHOE. A AMONG

?014
UNDER-S CHILDREN FROM 2010 TO

The pattern of diarrhoea in ui1dei·-s 1 .

. . 

c 11 ldre11 revealed a d 
pattern of diarrhoea observed in tl .

owiiward tre11d in 201 o up to ?O 14 Tlie
11s study · . . 

- · 

h 
is s11n1lar witl1 t7 d' 

(1992) w o recorded relatively low . in ing from a stt1dy by Be1·11 ct al 
est1mate of diarrl1oe . 

Gerald et al (Chapt.9), highlighted th . . 
a incidence before 1980. Also, a study by

. . 
at the 1nc1de11ce of d

. 
I . .

developing countnes has not chan d . 
iarr ioea 111 under-5 children in 

ge n1ucl1 since tl1e earl . . 

Saharan Africa remain among the h. 1 . 
Y 1990s and the 1nc1dence rates in Sub-

1g lest in tl1e vvorlcl Tl d 
study could be as a result of method 0. 

. 

• ,e ownward trends revenled in the.
01001cal dtffcrc11ce · t · · 

(199?) and improved I . . 
in s atist1cal research stated by Bern et al

- 1yg1ene pract1ces and gover1 . . ,.. . 

d 

ltnetit 111tervetit1011 to 11n11rovccl water Slll)tJly to

affecte areas. 

S.I.3 PATTERN OF MEASLES 1-\MONG UNDER-5 CIIILDREN FROl\1 2010 TO 2014

TI1e pattern of n1easles an1011g under 5 l · 1d ·"' 1 t · - c 11 t c11 s 1<..1\vec tl gradt1al Llp\varcl trcncl fro111 20 I() to

2014. The pattern obse1-ved is simila1· to a stt1cf1, l1y FatircgL111 c>f c1I (2014) ir1 S<)t1tl1wcst N1gcr1[1,

who recorded a rise in the annual i11cidence of� 111casles fro1n 1 case per 111il lio11 i11 20()7 to 2J

cases per million in 1011. Also, tl1e patte111 of n1easlcs ol,scrved in tl1is tucly is s1111ilar to

findings of a fi\1e-year sun1eillancc stt1dy in Saudi Arabia by Ziad et al (2014) V\
1l10 recorded a

peak of 12.8 in the incidence of measles 1n 2011, in 2010 and on\vards. Tl1e up\vard trc11d

obsen1ed tn this study could be explained by tl1c 33°/o i1n1nu11izatio11 coverage of 11c\v-bor11s a11cl

infants 1n the rural areas in Nigeria as estimated by the 2008 De1nograpl1ic Health Survey. 

5.2 l\JODEL SELECTI0'.'-1: ZERO INFLATED :--!EGATIVE BINOl\IIAL AND ZERO

l�FLATED POISSO:'\ REGRESSION i\IODELS.

Thl
.
, 

model and the ZIP re�rcss1011 1nodel in the pre,cncc of

... tudy compared the Zf"' B re!:,rrc,s1on ' --
. 

t of the malaria pneu1non1a, d1arrl1ca ancl r11ca"lc-...

over-d1 sper�1on. The d1�per�1on parame er�

d Jue<-. tl,nt \-.ere {!renter tl1,1111ero \\)11cl1 111cn11� tl1�\t tl1c

among under-5 ch I ldrcn 1ncldcl s sho\'- e \ a 

I l ( l J� B) helter �1cc1)t11111n(it1tc:"' ()\ cr-<.l1"11cr 1;,1,)11 

7ero inflated negall \ c hi nom1al regress inn rnnc c 

rc�rcss10n ITI()(lcl (llP). f l11s l111Llttl� ,� 111 ltlll'

in the outcnmL data than the ;:cro inflated Poisson - · · 

<l . J \farl()ll", 1rr rcgrc�"'l()!l tll()(\cl<-. 1<,r ,111 'r'J'IL'

h / ( I <J98 J v:h<J c<>ns1 ere, 
\a.1t a stud�, b1 Rtd<lUt el a · ' 
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shoot propagation data and conclud d h 
. . 

e t at the ZIP models w . 
\Vas still evidence of  over dispersion d 

ere inadequate for tl1e data as tl1erean then fitted zero-i . . 
the data. nflated negative b1nomial 1node1s to

The model selection metl1ods used w h ere t e Vuo11g z-statistic AIC d diseases 1nodels showed a 11egative v 1 
, a11 BIC. Tl,e fot1r i11fcctioL1s 

a ue for tl1c three test crite . 
denotes tl1at model 2 is t11e b tt 

na ai1d were lesser tl1an 1.96. Tl11se er inodel tl1an 111odel 1 . . 
gression model is tl1e b t d 

· The teSl cnte1•1a estal)l isl1ed tl1at ZfN B
re es ino el  to detenni11e tl1e f·fi 

h. 1 1 
. e ects of tl1c seaso11, year of reporti11g a11cl

geograp 1ca ocat1on on tl1e nuinber ·f 0 cases of i11fcctious diseases (n1alaria, JJ1 1ct1111011ia,
diarrhea a11d 111easles) amo11g under-5 cl"lildret1 The fi d' · 111 111g agrees \V1tl1 a stt1(ly conclt1ctccl by
Muniswamy et al (2015) who used Wald . . . , scoie a11d l1kel1l1ood ratio tests to cotnpare ZINB a11cl
Zf P models and recorded tl1at Z INB 111odel is a l)ette d l t1 ZI p c r 1110 e 1ar1 111oclel. 

5.3EFFECT OF SEASON, YEAR OF REPORTING ANI) Tl-IE GEOGRAPIIICAI,

LOCATION ON TI-IE OCCURRENCE OF I\11-\L1-\RIA ;-\1\'IONG UNDER-5 CIIILDREN

The incide11ce of malaria amo11g under-5 cl1ildrcn i11crcascd i11 year 2011 to 2014. Tl1c yea re:; 

under re,,i e,v l1ad a si g11 i fi cant effect 011 tl1c occt11Tc11ce of 111,1laria a111011g u11der-5 cl1 i lctrcr,. Tl, i �

finding agrees \vith a study by Olaye111i et al (2009) i11 Mi11na. Niger state. \Vl10 dc1no11strated 

that the mean a11nual 111alaria incidence rate \vcre significantly different over 5 ycarc:; <;tuci):

period. The cause of cliange in pattern is L111k110\\'n but 111ay be due to tl1e influc11ce cl1111at1c

change on the transtni ssion pattern idet1tified i11 a stud)' in Cross River by Ukpong et al (2015).

Th h f M J J 1 A Ust Septernbcr a11d October \Vere foL111d to l1a\'C a11 ct'fcct <)11
e n1 on t s o · a\'. u n e. u )'. u g . 

-

d 5 children co11111arcd to tl1e 1nontl1 of' April. Tl1e
the occurrence of malar1a among u11 er-

d 5 ct11 ldren in tl1e obscr�cd months correlates \\'itl1 a
increased incidence of malana among tln er-

d (�001
) who found higl1est 1nalaria incidence in tl1c

study 1n Benin citv b\ Enosolease and A \VO u - -' 
· - .,, 

er and October aiid }o\\-cst in the 1no11th ot� June Tl1c
months of \11a\'. Ju],,. August. Septernb . _ - · 

. f rnalarta to tl1e l1e1gl1t of tl1c ra111y "ca�011 111

d b ed 1ncrea<;c tn incidence o 
Stu )' attnbuted the <l �en 

II , re 0rted Jo\v 1nctclencc ot· di,easc 111
to October and add1t10na y r 

'-:1gena \\'h1 ch lasts frc)m �la: 

h f '()\cmhcr to ·\pr1l
t c. dl) seascln heg1nn1ng rclm

<)I. tlic <)CCLJti·c11L·c <)I 111,,l,lr1,1 .1111,,11g

he SI ,n1 ficr111t rrccJ1ct<lfS

The LG As "' ere alscl found to g 
1 ,,ccltTT t.:t1cc <)f 111.11,111,1 '' ''" '' l·ll

l . J I < l C.: ;1 t I < l fl < I I 
. t' gc<lgr�1r ,,ca 

under-5 ch i ldren. ·r11c effect ''
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• 

)1ighlig11ted in a study conducted b o Y nwueinele (2013) who co1nmented on tl1e pattern ofmalaria infection in Nigeria and d d l recor e t 1at the rate of malaria infection across space dependson dynan1ic processes involving co l 1· · · 
· · · mp ex c 11nat1c, env1ron111ental, phys1cal and socio variables.

The certain zero group predicts the odds of a cascof 1nalaria amo11g u11der-S cl1ilclrc11, it prcclictsthe likelihood of being in tl1e ''al\vays O'' group. Tlie years o·f reportitig atid 1n011tlis ai1d tl1e localgovernnient areaswas found to be }Jt·edictors for 11on-cases of 1nalarin.Tl1e 11on-cases ot, 1nalnrin 111
tl1e montl1 111ay be due to onset of d1y7 season with reduced mosquito transmissio11. Tl1is t111di11g is
in li11e witl1 a study by Enosolease a11d Awodu (2003) vvl10 docL1111ented that i11 tl1c dry sc,1so11
malaria transmission and infection arc relatively lo\v het\\1ee11 Novc111l1cr to A11ril. The 11011-cascs
i11 tl1e years may be explai11ed by tl1e Oyo state 111i11istry of l1caltl1 i11tc1-vc11tio11 progra1n111c to
combat tl1e disease among u11der-5 cl1ildre11 wl1icl1 \Vas in1plc111c11tcd i11 2011 to correct lo\v
access to ACTs a11d to prevent tl1e develo1)1nc11t of'rcsi.;;ta11cc to r1rtc111isinin l1ased tl1cra11ics. /\lsc)

tl1e d 1 stri button of IT s 111ay l1n\'C i 11 t1 uc11ccc\ t 11c 11011-ca. cs a111(111g L111clcr-5 cl11 ltlrc11. (Ni gert a

Malana Fact Sl1eet, 201 1) 

5.3.1 EFFECT OF 

LOCATION 0� 

SON YEAR OF REPORTING AND Tl-IE GEOGRAPI-IIC.J.\I..,SEA ., 

Tl-IE OCCVRRENCE OF PNEUl\10NIA AlVIONG UNDER-5 

CHILDREN 

· der-5 cl1ildren sl1owcd a sustained decrease fro111The an11ual incidence of pnet1mon1a among un 
. . . . .. 1014 Tliis reduction 1n 1nc1dence (\i.. l1c11 tl1c ?Q 10 on\i..·ards \\1th the greatest decrease 1 n year � . 

. . . 
-

. 
f 868 000 uncler-5 childre11) appears to co1nc1de w1tl1 tl1c . 

d a neumon1a i11ortal1ty o l .  \\, HO reporte P 
b h 1 llv and glohall1, sucl1 as tl1e a1111L1al comhat pneumonia ot oca -

increased rneasurec; to 

E 1 . k ct al :?.() l l ), atid tl1c introduct1011 of Pneumonia Da) ( rc 11c . 
Obser\

1ance of \\ orld 
1 ( 1 1sc:-1s) It 1s 

• , 
I and \Vhoo111ng cot1g 1 11c1 t" , . L . H h pneumocc)ccu�. n1eac; c<; 

1mmun11at1on aga1nc.t 1 • 

. 1 "<l tl1c pct1ta\'ale 11t \ acc111c. \\ l11cl1 protcLt, .,(J 1, � igcna 1 ntrnc LJCc 

,t<.. tl at 1n June - -· important to n< 
h, _1 ltllio<)tl ,nfccttt)LIS c.l1c;ca"cs

·us arnc,n g c,t er l: 11 
against 1--11 b and pncum<)co<.:c 
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The analysis of the montl1 of report· 
· · 

ing showed tl1at
1nc1dence of new cases of p 

tl1e niontl1 l1ad significant effect on tl1e 
neumonia 

. 
a1no11g u11der-5 cl 

. 
ld 

. 

peak of the rainy season a fi d
. 

11 ren. This restilt co1Tespo11ds witl1 the 

. . 
, in ing corroborated b s 

observation 1n their studies ti t 
Y everal workers who have 1nade the same 

1a pneu1nonia illness is in . 

greatest incidence during th . 
OSt coininon 111 the winter months and the 

e ra111y season (Pa t 
geographical locations were t . 

yn er et al, 2010 and Dowell ct al, 2003 ). The 
s ro11g predictors of d h d 

of pneumonia amoi,g ui,der-S 1 
. 

. . 
ai, a ati 111crcnsi11g et�fect 011 tl1e occt1rrc11cc 

c 11ld1en. S1ngl1 a11d s· l 
environ1nent in the · · d 

ing 1' (2014 )also have identified a ha7ardou� 
inc1 ence of pneun1011ia and 1 

. . . 

11oted by Akanbi et l (20 
. 

scasona var1nt1011 111 p11eu111011ia i11 fcctil)tl \\'as 

a , 09) to 111crease episod 
· . . es 111 occLt11·111g dttnng tl1c rr1iny scasor1. 

Tl1e certain zero group JJredicts tl, dd f 
. 

c O s O a CJsc of 1111ct1111(1111G n111011g t111clcr-5 cl1i l(irc11, it 

predicts the likelihood of being 1 11 tl,e \, 1 0 
.. 

a \\'nys grt1t111 fl1e ycl1rs ()f rc1)0rti11g, 111<111tl1s a11cl tl1c 

local goven1n1e11t areas were fou11d to b ... d· - . -
· e pre 1ctor l<.11 11t111-cascs of pneL11110111a. Tl1c 11<.)11-cascs 

of pneumo11ia in the years tl d 1 I .. � tnon 1s an oca go\ cn1111c11t areas 111ay l1c cxplai11ecl l1y tl1c 

1ge11a o 11111)r0\1 t11g access to \',1cci11atio11 111 recent years. Tl1e extrao·rdinary 111easures taken in · · t · 

coverage for \'accines l1ave increased . t1bsta11t1ally 0\1cr tl1c 2000 to 20 IO decade. N1gcr1a 

introduced 1n 2012 tl1e pe11ta\·a1cnt \'acc 1ne \\ l1icl1 protects agai11st p11cumo11ia a1nong Ltnclcr-5 

children. 

5.3.2 EFFECT OF SEASON, YEAR OF REPORTING AND THE GEOGRAPIIIC,,-'\L 

LOCATION ON THE OCClTRRENCE OF DIARRHOEA Al\'IONG UNDER-5 

CHILDRE� 

The annual incidence of diarrhoea among undcr-5 cl11ldrc11 clccrc�1t;C(i i11 years 2011 tc) 20 I 2. Tl,c

finding 1 � different from a �tudy bJ Gerald ct al ( ch apt 9). who noted a high I ncidcncc (> f

diarrhoea arnon!.! under-5 children 1 n de� elop1ng countnes 111 the i 990, \\ ith the highe�t figures

._ 

b d c b Sh 'fincan TJ1c dc<.,rcac;c ohc;crvcd 1n tl11c; stL1cly 111ay he nttrihutcci tt1

o sen'e In ·"' u - a a ran '"""' 

h d ) I d ff n Statistical re�c.1rcl1 1tlc11t1fic<I hv Bc111 c·t rrl, ( 19()2) 111 tl1c l1t1llct111

met Cl o oe1ca 1 ercnces 1 · 

h O t n ·rhc mnr tl1c; of repnrt111g \\ ere 11c)t stat1�t1call\ c;1g111 l1c�111t ,111tl._ 

of the \\1 c)rl d Heal t rgar11 �,1 1<1 

h > 

cncc of cl,an·t,oca among tinctcr-5 cl1ilclrc11 �01 11c of tl1c l<)L',tl

had no 1n flucncc on t � <)ccurr 

fi _, t ·t·fcct5 <)n tl1c c)cc11rrcncc ol cl1nrrl1ocn ;1111<)t1g t1t1llc1-" Ll11llitL'tl

go\e111mcnt areas l1acJ s1gn1 1cun c 
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The significant effect observed tn some of the geogra l 
. 

identified by tl1e National D . 
P 11cal locat1onsmay be related to the factors 

emograpl11c Healtl1 Surv 
and unhygienic practices in f, d . 

ey 10 2008, thatuse of contaminated water 
oo preparation a11d di . . . . . 

of diarrhoea. 
sposal Of exct eta can 111 fl uence the 111c1dcncc

T11e certain zero group predict tl s 1e odds of a f d · 
d

. 
t tl 1·k l"h . 

caseo tatTl1oea a111011g under-5 cl1ildrcn, it 
pre tc s 1e t e t ood of be111g i11 tl1e '�alv ,, vays O groLlJJ. Tl1e ycarof re1Jorti11g, 1no11tl1 a11cl loc[1I
governme11t a1·ea were fouiid to b . d

. 

. 
e l)t e tctors for 11011-cascs ot' dian·l1oea. T11c no11-ca�c of

d1arrl1oea 111ay be attributed to tl,e itit . 
. 

et vei1t1011 }Jrogra1111ne hy tl1c N igcrin Co11trol <)f Diarl1ocal
Diseases (CDD) in 1988 on 11rev- t· e11 1011 a11d treat111cnt of dcl1ydrntio11, l1si11g oral rel1ydrl1tic>11
tl,erapy ORT use l,avc greatly reduced the incider1ce of dinrrl1ocn.FMol-l ( 1991 ).

5.3.3 EFFECT OF SEASON, YEAR OF REPORTING 1-\ND Tl-IE GEOGRAPIIIC1\l, 

LOCA TIO ON TI--IE OCCURRENCE OF l\1 lE1-\SLES Al\10NG UNDER-5 Cl-lILDREN 

The a11nual incidence o f  1neasles a111ong u11der-5 cl1ildre11 sl10\vcd dccreasc(l odds i11 cliscc:1sc

occurrence for the years 2012 to 2013. Tl1c t\\'O ),'Cars l1ad a significa11t effect 011 tl1c occl11Tc11cc

of measles among under-5 children. T11e fi11di11gs is co11trary to tl1e results obtai11cd frotn a fi\ c

year retrospectl\'e sunreillance study in Sat1cii Arabia by Ziad et al. (2014) \vl10 recorded a J1cak

of 12.6 1 n 2()11 a11d a sli!!ht fall to 9.9 1n 2012 ar1d conclt1ded tl1at tl1e l1igh i11ci(lc11cc ot·111cnslcs
..... 

\\rere among un\. acc 1nated infants. WHO and AFRO. (2008) recorded tl1at 1nost outbreaks t)ccur

in the first quarter of the year w h1ch affected mostly undcr-5 children. Reduction in incidence

may be due to the a\ a1 !ability o f  a safe and effective vaccine throughout the year \vhich

drasticall, reduces the number of cases of measles occurrence reported (WHO, 2007) The

h t stat15t 1cally c;1gn1ficant: l1ence l1ave no effect on the occurrence of
reporting mont s ,\·ere no 

d � h Id thic; could he expla1ncd by tl1e 1ntcn ent1rln on tl1c 1ntcgrat�cl

mea�les among un er-_, c t ren.

I Paig.n of tt1c "-l-it1<1nal Progra1n1nc on l1nmuni1at1<)t1 111 �<)L1tl1

catch-up and fol l<J\", -up meas cs cam 

h I al and state go\'Cmmcnts \Vl�O (2007) The g.et,grn11l11c:1I

and north 1 n col lahorat 1 <>n \._ 1 t <)C 

fi. l rrc<J1ct,,r� <)fl tllC (lCCllTTCtlCC <lf� t11Caslcs l1111011\! lllllll't'-�

locations v.1crc fc1uncJ o be s,g,11 ,can 

h t (l\t f r,1111 r )clt,I �,,,tc h\ f ;1t1rCL!llfl iJl1<1 ( )(il'!_!,I ( 2() I,.)\\ I,,,

chi ldren.'[ t11s fir1<l1r1g •� 1'1 line'·'- it ;J � LJ 1 
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recorded 53o/o increase of measles c 
. ases amo11g tl1e 1 

. 
found geographical locations to 8. 

.
1ospital records i11 a single location a11d 

igruficantly predict th e outbreak of measles incidence.

The certain zero group pt·edicts th 
. . 

e odds of a ca.se of 111 l . 

the hkehhood otbeing in the "alwa ,, 
cas es among under-5 ch1ldrc11. it predicts 

ys O groL1p. Tl1e yea f 
local government area we f. 

r O · reporting. n1011th of reporting and the 
re ound to be predictors for 11 

years, months and local 
on-cases or ineasles. The non-cases in the 

goven11nent areas ina b 
Programme on I · . 

y e attributable to the intervention by the National
n1n1u11 1zat1on to greatl . d y I e uce meaSles outbreak by rot1tine vaccinatio11.

5.4 LIMITATIONS OF THE STUDY

The study used survei 11 a11ce data and tl1e reliability of tl1c cases docu1nc11ted by tl1c l1caltl1

,vorkers who \Vere i 11 cl1arge of tl1e ·d , . . 
recot s at tl,c l1c�1ltl1 fnc1l1t1cs tnay be li111itc(l. fL1rtl1cr 

analysis of tl1e data received could t h t, 110 e per 0111,ccl l1ccat1�c sex \\'ns J1()t rec<.1rctccl 111 tl,c (latn�ct 

and tlierefore tl,c soc1 0 demograpl1ic varial1lcs cot1ld 11ot l1c tlsscssccl. 

5.5 CONCLUSION 

This study exa1nined t11e pattern of tl1e four ir1fcct1ot1s diseases a11d clcter111incd tl1e effects of

month of reporting. year of repotiing and the geograpl1ical locatio11 011 the occurre11cc of 1nalar1a •

pneumonia. diarrhea and measles among u11dcr-5 children. Tl1e study selected tl1c rcgressio11

analysis that best models the count data for tl1e 11urnher of cases of 1nalaria. pn ct1111011ia.

d1arrhoea and rnea�}e, 111 tl1e prese11ce of O\ cr-d1�pcrs1011 a11d ft)t111d Zero inflated 11cgat1, c

binomial to be the he�t model descnhing tl1e occurrc11cc of 1nfcctiol1s diseases an1ong l111clcr-5

children. The 1 nctdence of malana among undcr-5 cl1il(lren 1ncrcascci O\'er tl1e stt1died years 201 ()

to 2014 The effect of month ,eac;on of reporting. the year of reporting and the geographical

location \\'ere strong predictors and had a c;ign1 ti cant effect 011 the occurrence of malann ainong

under-5 childn:n. The non-cascc; 1n the ah\ a� s O group had decreac;ing effect 011 the occurrence nf

I · d " h ldren The 1nc1clc11cc c)f pncL11n<)111a �11nong undcr-5 c.l11lclrc11 l1l\1.l �,

ma ana among un er-_.. c 1 

f ,(J 1 (J ( O\" ard and h1ohcst 1n 2() 14 Tl1c year. rnor1tl1 of rc11ort1ng ,111cl tl1c

sustained decrease rom - ' c 

h d ni ficant effect on tl1c f,ccurrcncc 01· P11ct1111<lt1 in cl1scl1"c" n111()lll!

geographical location a a s1g 
... 

lrlcld,.,.nc'· c,f diarr}1,,ca ;1111,,11g t111clcr-� �l11lclrc11 \\,IS <iL'ltl·;1,L'<I �()I I tl,

under-5 children. 1�}1c " " 
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20 I 4. The year, month of reporting and tl 1e geograpl11cal locatio11 had a decreasing effect 011
diarrhoea incidence amo11g under 5 h"ld - c 1 ren 1n Oyo state. The incidence of measles among
under-5 cl1i ldren 111 the state takes d d a ownwar trend througl1 the study years and also so1ne local

government areas in Oyo state contributed to the disease occurrence. The months of reporting

did not contribute to the occurrence of n1easles a111ong t111der-S cl1i ldre11.

5.6 RECOMMENDATlON

In view of observed i11crease i11 tl1e i11cide11ce of 1nalaria o\1er tl1e years ai1d locr1tio11s of stt1cly,

the govem111e11t should intensify i11te1-ve11tio11 J)roccdt1rcs to coml1c:1t tl1c disease. 

Furthennore, tl1e sustai 11ed decrease obsc1-ved in tl1e cl iscasc i 11ciclc11cc of p11cL1111t)11 i a, d ia1Tl1oc�1

and measles in t111der-5 cl1ildren sl1ould e11cot11·age tl1c govc1111ne11t to co11tinL1c w1tl1 tl,c 

intervention measu1·es tl1at have brot1gl1t about tl1is degree ot· sL1cccss so fur attai11ccl. 

Lastly, zero inflated 11e gative bino1nial regi·cssio11 l1ns hce11 pro\'en tl1e l1est for analyzii1g colit1t

· d d' d !"lt'cl ]1,·11c,, sl1ould l1c co11siclcrcd as tl1c stc:1ti"tic,1\
data l1av111g excess zeros an over- 1spcrsc �l , "' "' -

metl1od of cl1oi ce for a11a 1 yzi ng  sucl1 data. 
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