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Abstract

A target of 90-95% levels of immunization coveragenecessary for the sustained
control of vaccine-preventable diseases. In Nigem@&hieving and maintaining a high
level of 90-95% immunization coverage which is ardication of the effectiveness of
a health care system has remained elusive till dakbis paper is therefore aimed at
exploring the possibility of maintaining high levelof immunization coverage in Edo
state using best subset binary logistic regressiondel and the chi-square test as
validation tool. We found that the obtained logistmodel which constitutes only five
key predictor variables out of eight potential ptietbrs used had a good predictive
performance. In addition, validation of the five kepredictor variables using the chi-
square test shows that all had significant assoimatin relation to a child completion
of immunization schedule.

Keywords: Immunization coverage, best subset, binary lagigtjression model, chi-square test, predictive
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1.0 Introduction

Immunization prevents illness, disability and defittm vaccine-preventable diseases including cahdancer, diphtheria,
hepatitis B, measles, mumps, pertussis (whoopingglthp pneumonia, polio, rotavirus diarrhea, rubelad tetanus.
Immunization currently averts an estimated 2 to iBian deaths every year [1]. But an estimated 18illion infants
worldwide are still missing out on basic vaccingk [In public health interventions, immunization rengone of the most
cost effective strategies to reduce both the mdgbidnd mortality associated with childhood infecis diseases in
developing countries like Nigeria. Immunizatioroften cited as being one of the greatest publittiheahievements of 20th
century [2], but effective immunization requiresppéation coverage levels of 90 to 95% dependingnufi® vaccine-
preventable disease [3]. Achieving high levels mfmunization coverage is, by itself, not a suffitiémdication of the
effectiveness of a health care system, as defigena other areas could be widespread. Howedegek of progress in
moving towards maintaining high levels of immunieat coverage is a strong indication of failure t@\pde essential
services to protect the health of the most vulreraggment of a population [4, 5]. Immunization @@ge refers to
information on the proportion of children who hasexeived specific vaccines or are up to date with recommended
vaccine schedule. This information is essential flanning immunization programmes, identifying \edable groups or
areas that require targeting of increased resouassgssing the acceptability of a programme, aediqiing likely vaccine-
preventable disease epidemics [3].

In Nigeria, the Expanded Program on ImmunizatioRIjHarget eight diseases namely diphtheria, polennatal tetanus,
tuberculosis, hepatitis B, pertussis, yellow fesad measles. Routine immunization of children igd¥ia is carried out
using the following vaccines: (1) Bacilli Calmet®erin (BCG) given at birth or as soon as possifier birth, (2) Oral
Polio Vaccine (OPV) given at birth and at 6, 10d 44 weeks of age, (3) Diphtheria, pertusis, tetg@PT) given at 6, 10,
and 14 weeks of age, (4) Hepatitis B given at bistand 14 weeks of age, (5) Measles given at &msasf age, (6) Yellow
Fever given at 9 months of age, and (7) Vitaminiveg at 9 months and 15 months of age. All thesinas should be
given to children during the first year of thefeli over the course of five visits, including thesds given at birth. Therefore,
children are considered fully immunized if theye®e one dose of BCG, three doses of DPT and pelézine each, and
one measles vaccine.
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Nigeria has a long history of implementation of BRginning with pilot efforts in 1975, and the sdgy revision which was
completed in 1984 with major inputs from United ias Children Fund (UNICEF). In 1983, the governmbegan
increasing their inputs such as funding, logistitansport, power generators, information, educaiad communication
materials, training packages, as well as organigéries of national immunization days (NIDs) aratesimmunization days
(SIDs). Analysis of recent immunization coveragéad&ported in [4] reveals that only 4.6% of theaktmumber of children
12-23 months of age had received all of the recomied doses by one year of age, with only 1.1% énrtiral areas.
UNICEF estimates of coverage per antigen betwe®8 &&d 2011 provide information on only four antigén Nigeria [4].
Further analysis of the UNICEF coverage data pégem shows that between 1995 and 2011, BCG avaraggrage was
52.49%, DPT had an average coverage of 38.06%) pukrage coverage was 37.09%, and measles’ avepageage was
42.92%. Judging from the UNICEF average coverage per antigen from 1995 to 2011 as against theimed) population
coverage levels of between 90 and 95 %, this Istiiles a considerable proportion of children thetutd be targeted if
deaths from the eight killer diseases are to begnted.

Numerous studies have been published on immunizataverage and the factors associated with full imization in
Nigeria. Majority have considered social demograpfaictors, such as gender, age, mother’s religoother’'s level of
education, place of residence, mother’'s occupatsmyrce of information, region of residence, ilmesf the child,
unawareness of the need for immunization, beingy buth other works, availability of facilities, andelivery by a health
staff as predictors of full immunization covera@elfl]. However, these studies have generally faiteddequately address
the lack of progress in maintaining high levels of immuniaa coverage which is a strong indication of fegldo provide
essential services to protect the health of thet mdeerable segment of a population. According @apmantola et al [7], out of
a total annual cohort of some 29 million infantsoasurvived to their first birthday in African Regi, 8.4 million had not
received their third dose of DPT compared to 7.#lioniin 2010. The majority of these children (mdtean 80%) were
located in only ten of the Africa countries withgeria having over 40% [7]. This is of great con¢ce® Nigeria is regarded
as the most populous in Africa. This means thaeNgwill contain a large proportion of Africa’s inmmunized children.
However, in 2012, among the nine states in the Nigdta region in Nigeria which consists of BayelBelta, Rivers, Akwa
Ibom, Cross River, Edo, Ondo, Abia and Imo Statss,highest proportion of children 12 to 23 mortthet completed their
immunization schedule were in Edo state [6]. A# tthildren in Edo state were either partially diyfimmunized. In terms
of Immunization coverage for vaccines, Edo state tie highest coverage for all the vaccines. Cgerf DPT3 was
estimated to be 75.9% based on card and histody6&#% based on card alone for all the StatessMsa@overage (card +
history) was estimated to be 69.7% across thetsiteS(i.e., Rivers, Bayelsa, Delta, Abia, Akwarth@nd Edo States) with
the highest coverage of 83.4% in Edo state [6]r& s been a rekindled commitment to immunizatioverage in Edo
state, larger budget dedicated to this service, doseer cost of basic vaccines and greater focudogistic and human
resources than ever before. Other key strategiepted to expand immunization coverage include neutmmunization
services in static health care facilities, Natiomamunization Days (NID), and mop-up campaignsdi@l polio. Despite her
enhanced focus on immunization coverage, maintgihier relatively high level of immunization coveeabas been a
challenge to the Government of Edo state. Hentleeses vaccine preventable diseases still remaimtist common cause
of childhood mortality in Edo state.

Though Edo has perform better than her neighbastates in terms of her relatively high levels ofviomization coverage
for all the vaccines, yet achieving and maintairengrget of 90-95% levels of immunization coveragaecessary for the
sustained control of vaccine-preventable disedSen if immunization coverage levels are suffidighigh to block disease
transmission, pockets of susceptibility may acpatential reservoirs of infection [4]. Thus achigyiand maintaining high
levels of immunization coverage must therefore h@iarity for all health systems in Edo state. Thatensuring that all
children given BCG at birth also receives threeedasf DPT , polio vaccine each, and one measlesnaat the age of nine
months. Therefore the purpose of this study ishi@in numerical estimate in terms of the probgbdi a child completing
his/her vaccination schedules, thereby identifyiimgse children who will likely not complete theminunization schedule
from among the children who have received speaificcines. In other words, such numerical estimaile sgrve as
information criterion for identifying children “vokrable to partial immunization” with the aim obpiding special follow-
up programs for their mothers in order to maintagh levels of immunization coverage in Edo state.

2.0 A Brief Overview of Background Theory

Logistic regression model (or simply logistic mgdi part of a category of statistical models ahligeneralized linear
models. This broad class of models includes orgin@gression and analysis of variance (ANOVA), &l &s multivariate

statistics such as analysis of covariance (ANCOWA} loglinear regression. Logistic model is a psing statistical

technique that can be used to predict the likelhoba categorical outcome variable. It has foundespread use in the
epidemiological literature, where often the dependariable is presence or absence of a diseasa 3fe best known
variety of logistic model is the Binary logistic ohal. Generally, the logistic models are appropnigiten the response takes
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one of only two possible values representing sicaees failure, or more generally the presence semte of an attribute of
interest.  Binary logistic regression models, bysige, overcome many of the restrictive assumptiafs linear
regressions. For example, linearity, normality &egial variances are not assumed, nor is it asstina¢dhe error term

variance is normally distributed [12]. To obtaitogistic model, we first define a logistic functiorf (Z) given as:
1
flZ)= 1
(@)=17= @)
The logistic function (1) describes the mathemafiman on which the logistic model is based anddsge is between 0 and
1, regardless of the value 4f. To obtain the logistic model from the logistimfition, we first defineZ as:
Z=a+[ X, +B,X, +..+ B X, &)

Where X'S are the independent variables of in'[er«é?ét;andﬁi are constant terms representing unknown paramatets

Z is an index that combines th€'S. Substituting the linear sum expression #r(2) in the right-hand side of (1), we get

1
f(z)_1+éz .
1 3)

= 1+€—ia+2/jxij

To view this expression as a statistical modelwaEfirst have observed independent variabl)§§ X, .y X, ON @ group

of subjects, for whom we have also determined taitecondition status as either 1 if “with the citimh” or O if “without
the condition”. This information can be used toald® the probability that the certain conditionllvdevelop during a

defined study period, safj, to T, in a condition-free individual with independentriadle values X; X, ,..., X,

which are measured af,. The probability being modeled can be denoted H®y tonditional probability statement
P(Y =1] X;, X, o X, ). If we define
1
p(lel,xz,...,xk)——(—;lw_mzﬂxi (4a)
and we denote the probability statemé?(tY =1 X, Xy e Xk) as simply 72 (X), where the bolX is a shortcut notation

for the collection of variablesX; X, ,..., X, . The logistic model (4) may be written as

1
)= eax) (4b)
Thus, if we knew the parametefsand the 5, and we had determined the valuesXf X, ..., X, for a particular

condition-free individual, we could use this motteplug in these values and obtain the probahifisy this individual would
develop the condition over some defined follow-upet interval.

Logistic regression model has been a useful statigbol in public health interventions. In the=arof routine immunization,
it has proven useful in assessing the determirgdritdl immunization coverage in Nigeria. To thesbef our knowledge, its
usefulness in obtaining numerical estimate (in seohthe probability of a child completing his/hexccination schedules)
which will serve as information criterion for idéging children “vulnerable to partial immunizatiorwith the aim of
providing special follow-up programs for their meth in order to maintain high levels of immunizaticoverage has not
been studied by any substantive researcher.

3.0 Materials and Methods

Study area

The study was carried out in Edo state located ithWestern Region of Nigeria. With an estimated ydapion of 3,218,332

made up of 1,640,461 males and 1,577,871 femakksagrowth rate of 2.7% per annum [13], as welbtaltlandmass of

19,187 square kilometers, the state has a populdeosity of about 168 persons per square kilomekdto state could be
defined as a collection, gathering or nation ofgde®f united yet diverse identity. It was createdAugust 27, 1991 with its
capital situated in Benin City, and currently magbeof eighteen (18) local government areas (LGAajtered around three
senatorial districts. The main ethnic groups in Etide are: Edos, Afemais, Esans, Owans and Akdks.EEdo state health
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system is divided into two, the private and pulblealth sector. The private health sector is madefugrivate hospitals,
clinics, maternity homes, and private individudghile the public health facilities are owned and hy either the federal,
state or local governments. The state primary heate (PHC) encompasses family planning, immuiozaprevention and
control of health problems and environment forwled being and health of its citizens.

Data collection

The data for this present article was obtained fidarld Health Organization office, Edo State, NigefThe data were
collected in 2011 from six of the eighteen locatggmment areas of Edo state, with two LGAs chosemfeach of the three
senatorial districts. A house-to-house survey udgilegigned questionnaire and examination of vadoimatards was
conducted in two wards (1 Urban, 1 Rural) from eaftthe selected LGAs which include Oredo, Uhunmeydglsan West,
Esan North East, Etsako West and Etsako East. Wotifechild-bearing age who had at least one clidd administered a
guestionnaire by trained interviewers in order ltain maternal characteristics and child immunarathistory. Children
were considered to have completed their immuninafithey had received BCG, three doses of DPTedhdoses of OPV,
three doses of Hepatitis-B vaccine, one dose ofsMsavaccine and one dose of Yellow Fever vacdimall, 811 eligible
mothers were successfully interviewed about the umzation status of their children 12-23 monthagé.

Data Analysis

The sex of respondent’s child, religion, level diueation, age, place of residence, occupation,csoaf information and
region of residence are considered as potentidigogs in the analysis. The immunization statughefrespondent’s child is
treated as the response variable, Y. The respdosesriable Y are coded as O for “children who diot take measles
vaccine” indicating incomplete immunization schedahd 1 for “Children who took measles vaccine’idgating completion
of immunization schedule. All the predictor varie®l Xs are coded according to their number of caieg) To determine the
key predictors that distinguish between childrest ttompleted their immunization schedule and thilen who did not
complete their immunization schedule, a stepwiseraninant analysis (SDA) was performed using SE&# Windows. In
order to confirm the selected key predictor as libst subsets of the predictor, we then used an palisible-subsets”
approach which gave the same result [14, 15]. iflsisdes mothers’ religion, level of education,aaod residence, source of
information and region of residence.

To obtain numerical estimate in terms of the prdbglof a child completing his/her vaccination schules, a binary logistic

regression model was employed. Given the five kegliptors variablesX :{Xl, Xy yeens X5} and the response variabfe
(which is a binary variable indicating whether aildhcomplete immunization scheduleY(=1) or do not complete
immunization scheduleY( =0)), the probability of developiny given the X 'Sdenoted as1 is
=Y =1 X =%,% %), 1=77= plY = 0] X = X, X5 ooy X5 )
The above expressions or conditional probabilitens be model as follows;
IT(X) - exdﬂo tBx t.t 155)(5}

L+exq 5, + B% + ..+ B}

_ 1
1_ﬂ(x)_1+exp[ﬁo + X+t LX) ©

Where{,ﬁ’o,,ﬁ1 ,...,,35} are the unknown parameters to be estimated.

(%)

If we denotesias the probability that a child complete immunizatschedule, the ratid /(1— 72) which is called thedd
ratio for completing immunization schedule is given as

7
Ty =X Byt BX, * ot BeXe} )
(L-7)
Taking the natural logarithm of both sides of (¥, obtain the logit transform of (5) in terms afas
g(xv-"’xs):ﬂo+ﬂ1X1+---+/85X5 8

To estimate coefficientiﬁ’j S) of the predictor variables we apply the maximukellhood method (MLE). The log-
likelihood function for n individuals is given as

(B0 )= YW B+t )= Y Infi+ expl B +..+ 5 ) ©

Differentiating the log-likelihood equation w.r,t(5+1),6’j 's, results in 5+1 likelihood equations, which coblel solved
simultaneously or with special purpose software.hWeever used SPSS 16 in Windows for this analysis.
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Further Validation of Predictor Variables
To further assess the statistical significance ssioaiation between each of the identified predigtmiables (discriminate

factors) and the binary dependent variable (respwasable), the chi-square teﬂ’f) of independence was used.

Judging the Fit of the Model

In standard regression, R (Squared R in Particgiags you an idea of how powerful your model iprgdicting the variable
of interest. However, Statisticians have come up wséveral R-like measures for logistic regressimmuel such As Cox and
Snell's R-square, Pseudo-R-square and Hagle andh#its Pseudo-R-square. These measures are ntitupemnly
informative. Base on their common drawback, wedfme consider a simple but efficient approach dynting the number
of the fitted probabilities for each observatiom ¢bild) that is greater than our 0.5000 cutoff dimnein compare it with the
base level for correct classification. A measuréhefbase level for correct classification is giaesn

Max(r%, ”% ) =( 056,044) (10)

Where n is the sample sizd) is the number of cases in Group 1 (children who i complete their immunization

schedule) andn, is the number of cases in Group 2 (children whogleted their immunization schedule

4.0 Results and Discussion

The SPSS 16 outputs for the Logistic model (9) gi¢ie five key predictor variables, the chi-squast of independence, as
well as the confusion matrix for the actual anddped categories of children immunization statiess ahown in Tables 1, 2
and 3 respectively.

Table 1:Output from Logistic Model Using the Five Key Pretdir Variables
Variable Coef. S.E Z-test P-Value Odd 95% C.I
Ratio _Lower Upper

Constant 4.027 0.527 7.64  0.000

Mother’s Religiorfx,) -0.638 0.191 -3.35 0.001 0.62 0.36 .770
Mother's Educatiofx,) 0.535 0.131 4.08  0.000 1.48 1.32 2.21

Area of Residendgs) 1.006 0.223 4.52 0.000 2.38 1.77 4.23
Source of Informatiofx,) 0.238 0.075 3.19 0.001 1.31 1.10 1.47

Region of Residen¢gs) -2.532 0.182 -13.92 0.000 0.55 0.06 0.11
Log-likelihood= -323.425 G=464.82 df=5 p<0.000

In Table 1, the constant and coefficients are shmaeolumn 2. Substituting these values in (9),ok¢ain the fitted Logit
model given by:

9(X, ... X ) = 4027- 0638, + 0535x, + 1006x, + 0238x, — 2532,  (11)

Column 4 headed by Z-test which is sometimes refeto as thaVald Statisticis the ratio of the coefficients and the
standard errors in columns 2 and 3 respectivelth tieir corresponding-valuesin column 5. Considering the results in
column 5 of Table 1, we may conclude that all the fkey predictors are significant for predictingetlogits of the
observations at 5% level of significance. The odai®os and the 95% confidence intervals of the matibs are given in
columns 6 and 7 respectively. The values of thesadtlos represent a unit change of a particuleabke while the others
are held constant. For example, the value of ttés gdtio for area of residence (which is a binaayiable) is 2.38. This
value is a measure of the change in the log-oddsabfild completion of immunization schedule amonigan mothers with
respect to rural mothers. Therefore, the interpimtaof this value is that child completion of imnimation schedule is
approximately 2 times as likely among mothers ibhamr areas compared to mothers in rural areas. iAlSable 1, we
observed g-valueof 0.000 for the G statistic (which has a chi-ggudistribution) with a value of 464.82 which is$ethan
our 0.05 cutoff. This indicates that the prediatariables collectively influence the logits.
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Table 2:Chi-Square Test of Independence for Disthiution of Mothers by Demographic
Characteristics and Children Immunization Status
Measles Vaccination

Characteristics

Yes No Total Chi-Square Test
Mother’s Religion
Christians 429 261 690 x° = 69630
Islam 13 66 79 p < 0000
African Tradition 14 28 42
Mother’'s Education
No Education 23 50 73 X = 42976
Primary 168 140 308 p < 0000
Secondary 203 154 357
Higher 62 11 73
Area of Residence
Urban 208 110 318 X2 =17919
Rural 248 245 493 p < 0000
Source of Information
TV 24 66 90
¥? = 89996
Radio 70 6 76 p < 0000
Print Media 7 1 8
Health Worker 239 215 454
Friends/Neighbors 74 54 128
Religious Leaders 25 12 37
Traditional Leaders 17 1 18
Region of Residence
Central 222 37 259 Xx° = 3916
South 234 103 337 p < 0000
North 0 215 215

In Table 2, we notice that all the predictor valésbconsidered independently using the chi-squese df independence
showed a significant association in relation tchddccompletion of immunization schedule. Thesaultssagree reasonably
well with the Z-test results (see Table 1) for indual predictors that all the coefficients havgngiicant independent
contribution in predicting the response variabldsoAin Table 2, looking at the percentage distidrutof children
completing their immunization, the values showeelgdifferences in the distribution of children 22-months completing
their immunization schedule by mother’'s religiomueation, area of residence, source of informatmd region of

residence.

Table 3: Confusion Matrix for Actual and Predicted Categories of Children Immunization Status
Group Predicted Group Membership (Y) Total
0 1
Original Count (Y) O 277 78 355
63 393 456
% 0 78.03 21.97 100
1 13.82 86.18 100

Overall Percentage = 82.11 Cutoff value 0.5000

From Table 3, we observed that the fitted modettified correctly 78.03% of the mothers whose atgitddid not complete
their immunization schedule and 86.18% percenhefothers whose children completed their immuitinatchedule. This
amounts to overall correct identification of 82.118ince this percentage of correct identificatigrthe fitted logistic model
is much higher than the base level rate of 56%, (0§ indicates that the obtained model in (113 hagood predictive
performance.
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5.0 Conclusion

The overall high percentage of correct identificatrate achieved by the fitted model in this stadyseen in Table 3, shows
that the logistic model can be used in identifythgse children who will likely not complete theminunization schedule
from among the children who have received spedsificcines. This study tends to illustrate the ldgicand wisdom in
examining related statistical models useful for plepose of identification. The use of logistic mbth this manner that is,
obtaining numerical estimate in terms of the praligbof a child completing his/her vaccination sctules will enable
Health Workers to identify likely defaulters of inumization from among the children who have receispdcific vaccines
(or BCG at birth).

Therefore, to maintain high levels of immunizaticnverage in Edo state, the Government should enstuiegegic
communication is established with the mothers eftiied children with high probability of defauitj, as well as provide
such mothers with targeted information. If for exdensuch mothers are constantly reminded (throegh messages and
emails) of their children next appointment date] also constantly provided with adequate healttcation tailored towards
the dangers of partial immunization on every apmoént date, will in no doubt significantly redute tdrop-out rate.
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