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a  b  s  t  r  a  c  t

Background:  Poliomyelitis  is  endemic  in  Northern  Nigeria  where  there  is  continuous  transmission  of wild
poliovirus  1 and  3  (WPV1  and  3)  and  circulating  vaccine  derived  poliovirus  2 (cVDPV2)  resulting  in a
high  number  of  cases  of  children  with  acute flaccid  paralysis.  The  seroprevalence  of  antibodies  to polio
serotypes  which  can  be used  to assess  the  immune  status  of  children  and  the  effectiveness  of  the  vaccine
against  poliomyelitis  is  unknown,  despite  its endemicity  in  this  part  of  the  world.
Objective:  This  study  aimed  to determine  the  seroprevalence  of poliovirus  antibodies  in children  aged
1–10 years  in  Zaria,  Northern  Nigeria.
Methods:  A  descriptive,  cross  sectional,  community  based  study  was  undertaken  in Zaria,  North  West-
ern  Nigeria  between  2008  and  2009.  Two  hundred  and  sixty-four  (264)  children  aged  1–10  years  were
enrolled  from  two local  government  in Zaria  by  multistage  random  sampling  method.  Demographic  data
and polio  immunisation  history  were  retrieved  from  parents  and  caregivers  by an  interviewer  adminis-
tered  questionnaire.  Neutralising  antibody  titres  to polioserotypes  1, 2 and  3  were  assayed  according  to
the  WHO  Manual  for the  virological  investigation  of polio.  Antibody  titres  ≥1:8  were  considered  positive.
Results:  The  mean  age  of  the  264  children  studied  was 6.25  years.  Fifty-five  percent  of  the  children  were
protected  against  the three  polioserotypes,  while  86.4%,  76.1%  and  77.3%  of  children  had  neutralising
antibodies  to  P1,  P2  and  P3 polioserotypes  respectively.  5 (1.9%)  of the  children  had  no antibodies  to all
the  three  polioserotypes.  Polio  antibody  seropositivity  was  significantly  associated  with  higher  socioeco-

nomic status  and  immunisation  was  the  single  most  important  determinant  of  seropositivity  to poliovirus
serotypes.
Conclusion:  Seroprevalence  to  poliovirus  serotypes,  though  higher  than  values  found  in previous  studies
done  in  Nigeria,  was  lower  compared  to findings  in  the  developed  world.  The  use  of  more  immunogenic
vaccines  and  the  balanced  use  of  OPV  formulations  in SIAs,  with  further  improvements  in  programme

 nece
quality  could  provide  the

. Introduction

In the 20 years since the World Health Organisation adopted a
esolution to eradicate poliomyelitis globally by the year 2000, the
isease burden has been reduced by more than 99% [1,2]. To date,
he virus is endemic in only three countries; Nigeria, Pakistan and
fghanistan which unlike other countries, have never succeeded

n interrupting the transmission of wild poliovirus [3].  The most
ecent country to halt transmission was India which on January 12,
012 celebrated one full year with no new reported cases [3].
Routine immunisation with the oral poliovirus vaccine was
ntroduced in Nigeria in 1970s with launching of the Expanded Pro-
ramme  on Immunisation in 1979 with an immunisation schedule

∗ Corresponding author. Tel.: +234 8037032424.
E-mail address: drfatimagiwa@yahoo.com (F.J. Giwa).

264-410X/$ – see front matter ©  2012 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.vaccine.2012.09.023
ssary  immune  booster  to make  polio  eradication  in  Nigeria  a  reality.
© 2012 Elsevier Ltd. All rights reserved.

recommended by the WHO  for six childhood vaccines including
the oral polio vaccine [4].  The schedule for OPV is at 6, 10 and 14
weeks of age with an extra dose administered at birth called OPV
zero, including supplementary immunisation activities targeting
children aged less than five years [5].  Nigeria relies on a combi-
nation of routine immunisation services using trivalent OPV (tOPV,
types 1, 2, and 3) and Supplementary Immunisation Activities (SIAs)
to immunise children against polio [6].

There was a resurgence of Acute Flaccid Paralysis cases in
2004–2006 to about 1300–1500 cases worldwide per year as a
result of a decline in community acceptance of vaccination in
Northern Nigeria in 2002. This followed concerns about the safety
of the vaccine raised by influential, political and religious leaders in

the region [7].  This led to an epidemic polio resurgence caused by
both poliovirus 1 and 3 that spread from Nigeria to neighbouring
countries resulting in re-infection of 13 countries and importation
to 21 countries. In 2006, Nigeria had the highest number of polio

dx.doi.org/10.1016/j.vaccine.2012.09.023
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:drfatimagiwa@yahoo.com
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ases worldwide with 675 (38.6%) of the 1749 Global cases [8].
his led to intensive health education campaigns and multiple SIA
National) and Subnational immunisation days with the involve-

ent of political and religious leaders leading to a decline in the
umber of polio cases in the second half of 2006.

The use of monovalent and more immunogenic oral polio vac-
ine (mOPV types 1 and 3) in 2005 [9] has reduced transmission of
he virus, and now the recently introduced bivalent OPV 1 and 3
bOPV) in 2010 will further reduce the transmission of the virus to
ven lower levels in areas where the disease continues to exist and
radication is a challenge [9].

In Nigeria, confirmed WPV  cases decreased by 95%, from 388
n 2009 to 21 in 2010; cVDPV2 cases decreased by 82%, from 154
n 2009 to 27 in 2010 [10]. In 2011 however, there has been a

orrisome upward trend, where Nigeria reported 62 WPV  cases,
 66% increase compared with 21 WPV  cases in 2010 and in 2012
p to date, there have been 48 WPV  cases [3].  The WHO  Executive
oard declared polio eradication as a programmatic emergency for
lobal public health in January 2012 [11]. In response to this, the
igerian Government came up with the Nigerian Polio eradication
mergency plan 2012 which provides specificity (activities, targets,
eadlines, accountability framework and performance metrics)
12] this includes amongst others, scaling up of new interventions
o reach chronically missed children including nomadic popu-
ations, strengthened communication response in key areas to
ddress vaccine resistance, incorporating new approaches includ-
ng GPS and GIS technology in mapping high risk areas and to track

ovement of vaccination, improving national ownership oversight
nd accountability and enhancing surveillance [12,13].

Apart from the data available on immunisation coverage and
isease incidence, and the research done recently by Baba et al.
14] there is lack of sufficient current information on population
mmunity in endemic areas which can be used to evaluate the effec-
iveness of the vaccine through serological surveys and possibly
nterrupt polio transmission. This study determined the seropreva-
ence of antibodies against poliovirus serotypes 1, 2 and 3 by
valuating the neutralising antibodies in children within the age
t risk, rather than the absolute dependence on theoretical evalu-
tion of the success of the Global polio eradication programme in
igeria.

. Materials and methods

.1. Study design and subjects

This was a one year descriptive, cross sectional and commu-
ity based study conducted from 2008 to 2009 and subjects were
ealthy children aged between 1 and 10 years.

.2. Sampling method

A multistage random sampling technique was employed for
ubject selection in this study. The two local governments that
ake up Zaria metropolis, Zaria and Sabon Gari were used as the

rst stage in a multistage random sampling. The next stage was
he selection of wards from the selected local government. Zaria
as thirteen wards and Sabon Gari has eleven wards. Two  wards
ere randomly selected from each and one settlement was  further

andomly selected from each of the selected wards. Panmadina
nd Kofan jatau were randomly selected in Zaria local govern-
ent while in Sabon Gari local government, Palladan and Hayin Ojo
ettlements were selected. The next stage involved was  selecting
ouseholds from the selected settlements. Using a systematic ran-
om sampling, a child was selected per household until the sample
ize was reached. Where there was more than one eligible child per
 (2012) 6759– 6765

household, a ballot was  done to select one child. Where there were
no eligible children in the household, the next available household
was used. Blood samples were collected from children aged 1 to 10
years after parental consent to enroll in the study. A semi structured
questionnaire and child immunisation cards and mothers recall
were used to gather information on child’s immunisation status.
Three trained interviewers carried out interviews with mothers
or caregivers. OPV0 is a birth dose of OPV given to neonates in
polio endemic countries. If a child had sequentially taken OPV0
to OPV3, he/she was  designated as fully vaccinated. If subjects had
missing doses, they were classified as partially immunised. Chil-
dren who  had never received any single dose were classified as
non-immunised.

2.3. Sites and sample size

A total of 264 blood samples were collected from children from
two villages each in Zaria and Sabon Gari local government areas
that make up Zaria metropolis based on the Fischers formula below
which is used to calculate sample size for populations >10,000

n = Z2pq

d2
(1)

where n is the sample size; Z is the confidence interval (1.96); d
is the precision (0.05); q = l − p; p = prevalence in target population
with characteristic being measured in the study. A prevalence of
80.5% was adopted based on the findings of Aminu [15].

n = (1.96)2 × 0.805 × 0.195

(0.05)2
= 241.214 (2)

Therefore, sample size = 241.
Percentage non/incomplete response was  projected to be about

10% of total sample size, therefore the total sample was  increased
to 264.

3. Collection preparation and storage of blood samples

About 1–2 ml  of blood samples were collected by venepuncture
from each child into labelled sterile plain bottles. Samples were
immediately stored in a cold box with frozen ice packs and trans-
ported to the laboratory. Serum samples were separated by low
speed centrifugation at 1000 rpm for 10 min  followed by direct
removal of the serum using a disposable pipette after retraction
of the clot. About 0.5–1 ml  of serum was  transferred aseptically
into labelled sterile cryovials by aspiration with a pasteur pipette
and stored at −70 ◦C until ready for analysis. The process of serum
separation from whole blood was  done within 24 h of collection.

The samples were inactivated at 56 ◦C in a water bath prior to
use for the neutralisation assay. Virus suspensions of the laboratory
strains of the three poliovirus serotypes (Sabin Strains) were pre-
pared in L20B cell line. Challenge dose of 100TCID50 of poliovirus
serotypes 1, 2 and 3 was  determined and was used for the neu-
tralisation test by the standard method of constant virus, varying
serum dilutions (Beta method) as described in the WHO  manual for
the virological investigation of polio [16].

This assay was carried out at the National Polio Laboratory at
University of Maiduguri Teaching Hospital, Maiduguri.

4. Neutralisation test

Antibodies against poliovirus types 1, 2 and 3 were deter-

mined by a microneutralisation assay with prototype Sabin strains,
according to the WHO  guidelines [16] which measured the ability of
a human serum sample to neutralise the infectivity and cytopathic
effect of each of the three types of poliovirus on cell cultures in vitro.
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Table 1
Demographic data of children aged 1–10 years in Zaria.

Characteristics N = 264 %

Age group
1–5 years 106 40.2
6–10 years 158 59.8
Sex
Female 105 39.8
Male 159 60.2
Tribe
Hausa 227 86.0
Fulani 29 11.0
Ibo 5 1.9
Yoruba 3 1.1
Religion
Christian 7 2.7
Muslim 257 97.3
Local government area
Sabon Gari 146 55.3
Zaria 118 44.7
Settlement
Kofan Jatau 50 18.9
Hayin Ojo 97 36.7
Palladan 49 18.6
Panmadina 68 25.8
Fathers educational status
Quranic 136 51.5
Primary 35 13.3
Secondary 70 26.5
Tertiary 23 8.7
Mother’s educational status
Quranic 215 81.4
Primary 34 12.9
Secondary 11 4.2
Tertiary 4 1.5
Father’s occupation
Civil Servant 59 22.3
Artisan 13 4.9
Farmer 137 51.9
Trader 44 16.7
Others 11 4.2
Mother’s occupation
Housewife 172 65.2
Petty trader 83 31.4
Farmer 2 0.8
Others 7 2.7
Source of water
Well 181 68.6
Tap 80 30.3
Borehole
River/pond 3
0 1.1
0
Type of sewage system
Pit Latrine 252 95.5
Water system 12 4.5

Table 2
Polio antibodies seroprevalence.

Polio serotypes Total %

Single polio
P1 228 (86.4)
P2 201 (76.1)
P3 204 (77.3)
Combined polio
P1 and P2 178 (67.4)
P2 and P3 162 (61.4)
P1 and P3 180 (68.2)
All polio
F.J. Giwa et al. / Vacc

era were heat-inactivated, diluted two-fold from 1:8 to 1:1024,
nd then incubated in duplicate for 3 h at 36 ◦C with 100 × 50%
issue culture infective dose (TCID50) of poliovirus antigen. A cell
uspension containing 2 × 104 L20B cells/0.1 ml  was  added. Cell
ontrols and an in-house reference serum sample of known neu-
ralising activity were included in each batch. After incubation for

 days, the highest dilution of serum that protected 50% of the
ultures was recorded. This was examined with an inverted micro-
cope for the presence of CPE. A serum sample was considered
ositive if antibodies were present at a dilution ≥1:8. Titres were
omputed as geometric mean titres (GMTs).

. Ethical consideration

Approval to carry out this study was sought from the Ethical
ommittee of ABUTH, Shika and also from the community heads of
abon Gari and Zaria local government areas. A written informed
onsent was also obtained from all caregivers or parents of partic-
pants in the study.

. Statistical analysis

All data were analysed using the SPSS 16 software. Chi square
ests were used to determine the association between sociodemo-
raphics, polio antibody serotypes and immunisation status in a
nivariate analysis. A P value < 0.05 was considered statistically
ignificant for all analysis. A multivariate analysis using a logistic
egression model to investigate the independent impact of each of
he variables was done and was expressed in odds ratio with 95%
I. P < 0.05 was considered statistically significant.

. Results

Two hundred and sixty-four blood samples from children aged
–10 years were collected between 2008 and 2009. Of these, 60.2%
159) were male and mean age was 6.25 years; there was  no sta-
istically significant difference by age between gender (P = 0.079).
46 (55.3%) of the 264 children were from Sabon Gari local gov-
rnment area while the remaining 118 children came from Zaria
ocal government. Fathers and mothers with Quranic Education

ere 136 (51.5%) and 215 (81.4%) respectively while 70 (26%) of
he fathers also had secondary education. More than half of the
athers were farmers and majority of the mothers were housewives
65.2)%. Level of mothers and fathers education differed according
o residential area. This is shown in Table 1.

. Polio antibodies seroprevalence

Antibody titres ≥8 were regarded as positive, indicating immu-
ity to poliomyelitis virus, while titres <8 were regarded as negative

ndicating inadequate immunity to poliomyelitis virus. Out of a
otal of 264 children, 228 (86.4%), 201 (76.1%) and 204 (77.3%) were
eropositive to P1, P2 and P3 polio serotypes respectively at titres
1:8.

With regard to seropositivity to more than one serotype, 178
67.4%) were seropositive to a combination of P1 and P2 serotypes
hile 162 (61.4%) and 180 (68.2%) were seropositive to a combina-

ion of P2 and P3, and P1 and P3 respectively at titres ≥1:8. Using
 titre of ≥1:8 as positive, 5 (1.9%) did not have positive titres to
ny of the three serotypes while 146 (55.3%) had antibodies to all
he three serotypes. Out of the five that did not have positive titres
 (20%) had partial immunisation while 4 (80%) had no history of
mmunisation. A higher percentage of male children (>55%) had
ositive titres of ≥1:8 to all the serotypes than the females (<55%).
his is shown in Table 2.

P1, P2 and P3 146 (55.3)
Any polio
P1 or P2 or P3 259 (98.1)
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Table 3
Relationship between demographic data and antibodies to polio serotypes.

Total population N/% P1 seropositive N/% P value (X2) P2 seropositive N/% P value (X2) P3 seropositive N/% P value (X2)

Age group
1–5 106 (40.2) 90 (84.9) >0.05 68 (64.2) <0.0001 78 (73.6) 0.035
6–10  158 (59.8) 138 (87.3) 133 (84.2) 126 (79.7)
Sex
Male 105 (39.8) 87 (82.9) >0.05 86 (81.9) >0.05 82 (78.1) >0.05
Female 159 (60.2) 141 (88.7) 115 (72.3) 122 (76.7)
Tribe
Fulani  29 (11.0) 23 (79.3) 18 (62.1) 19 (65.5)
Hausa 227 (86.0) 197 (86.8) 176 (77.5) 177 (78.0)
Ibo  5 (1.90) 5 (100) >0.05 4 (80) >0.05 5 (100) >0.05
Yoruba 3 (1.10) 3 (100) 3 (100) 3 (100)
Religion
Christian 7 (2.7) 7 (100) >0.05 6 (85.7) >0.05 7 (100) >0.05
Muslim 257 (97.3) 221 (86) 195 (75.9) 197 (76.7)
LGA
Sabon  Gari 146 (53.3) 130 (89.0) >0.05 126 (86.3) <0.0001 120 (82.2) 0.034
Zaria  118 (44.7) 98 (83.1) 75 (63.6) 84 (71.2)
Settlement
Kofan  Jatau 50 (18.9) 47 (94.0) 40 (80.0) 37 (74.0)
Hayin  Ojo 97 (36.7) 89 (91.8) <0.006 82 (84.5) <0.0001 84 (86.6) 0.044
Palladan 49 (18.6) 41 (83.7) 44 (89.8) 36 (73.5)
Pan  madina 68 (25.8) 51 (75.0) 35 (51.5) 47 (69.1)
Fathers  education
Quranic 136 (51.5) 111 (81.6) 93 (68.4) 96 (70.6)
Primary 35 (31.3) 32 (91.4) >0.05 27 (77.1) 0.012 23 (65.7) 0.0001
Secondary 70 (56.5) 64 (91.4) 62 (88.6) 66 (94.3)
Tertiary 23 (8.7) 21 (91.3) 19 (82.6) 19 (82.6)
Mothers education
Quranic 215 (81.4) 182 (84.7) 159 (74) 160 (74.4)
Primary 34 (21.9) 32 (94.1) >0.05 31 (94.1) >0.05 30 (88.2) >0.05
Secondary 11 (4.2) 10 (90.9) 9 (81.8) 11 (100)
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Tertiary 4 (1.5) 4 (100) 

. Relationship between demographic data and antibodies
o polio serotypes

The relationship between demographic data and antibodies to
olioserotypes is shown in Table 3.

.1. P1 antibodies seropositivity

The table shows that the children’s settlement, water source
nd immunisation status were the only variables significantly asso-
iated with antibodies to P1 serotype. Children resident in Kofan
atau and Hayin Ojo, had higher P1 antibodies seropositivity of 94%
nd 91.8% respectively which was significant (P value 0.006). Chil-
ren using well water had a higher P1 antibodies seropositivity of
8.9% which was  significant (P value < 0.0001). The highest seropos-

tivity to P1 was found in children with complete immunisation
97.3%) and the least in those with no immunisation (43.8%). These
ifferences were significant (P value < 0.0001).

.2. P2 antibodies seropositivity

The variables significantly associated with antibodies to P2
erotype were age group, local government area, settlement,
ather’s education, water source and immunisation status. Children
n the older age group had higher P2 antibodies seropositivity of
4.2% which was significant (P value < 0.0001). A higher P2 anti-
odies seropositivity of 86.3% was found in children in Sabon Gari
GA and Palladan and Hayin Ojo (P value < 0.0001). Children whose

athers had secondary education and were civil servants had higher
2 antibodies seropositivity of 88.6% and 89.8% respectively. The
ighest P2 antibodies seropositivity was found in children with
omplete immunisation (96.0%).
2 (50) 3 (75.0)

9.3. P3 antibodies seropositivity

Age group, LGA, settlement, father’s education, father’s occu-
pation, water source and immunisation history were significantly
associated with antibodies to P3 serotype. Children in the older
age group had a higher P3 antibodies seropositivity of 79.7%
which was significant (P value < 0.035). Children in Hayin Ojo and
Kofan Jatau, had higher P3 antibodies seropositivity of 86.6% and
74.9% respectively. Fathers with secondary education and civil ser-
vants had higher P3 antibodies seropositivity of 94.3% and 88.6%
respectively, which were significant (P values < 0.0001 and 0.016)
respectively. The highest seroprevalence rate to P3 was found in
children who  were fully immunised (97.3%), this value was  signif-
icant (P value < 0.0001).

10. The relationship between vaccination history and
antibodies seroprevalence to polio serotypes

The relationship between the vaccination history of children and
antibodies seroprevalence to all polio serotypes (P1, P2 and P3) and
combinations of polio serotypes is shown in Fig. 1. This showed
an increasing trend in all polio serotypes with highest seropreva-
lence in children that were fully immunised and lowest in those
that received no immunisation. These differences in all groups were
statistically significant (P < 0.0001). Out of the 5 children that were
seronegative for all the three polio serotypes, 4 were not immu-
nised while 1 had partial immunisation.

11. Factors associated with polio antibody seropositivity

using multivariate analysis

Using an unconditional multinominal logistic regression model,
independent determinants of antibodies seropositivity to the
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Fig. 1. Seroprevalence to polioserot

hree polioserotypes were assessed. Table 4 shows the significant
ndependent variables that were independently associated with
ntibodies seropositivity to the three polioserotypes.

Immunisation status and settlement were the only significantly
ndependent determinants of antibodies seropositivity to the three
olioserotypes.

2. Discussion

Results from this study on antibody response to polio serotypes
mongst children in Zaria, shows that 55.3% of the children had
ntibodies to all the three poliovirus serotypes, 1.9% had no anti-
odies at all to the three poliovirus serotypes and 86.4, 76.1 and
7.3% had antibodies to poliovirus types 1, 2 and 3 respectively.

Seropositivity to the three polioserotypes in this study was

ound to be higher than the rates found in similar studies done
arlier in Nigeria, but lower than the rates reported from stud-
es done in other countries. Studies done in Nigeria [15,16] found
eropositivity rates of 66.7, 71.4, 65.5% and 77.3, 86.4 and 76.1% to

able 4
actors associated with polio antibody seropositivity using multivariate analysis.

Variables Serotype O

P1
Children’s settlement

Kofan Jatau 

Hayin Ojo 

Palladan 

Pan  Madina 

Immunisation History
Complete 2
Partial 

None  

P2
Settlement

Kofan Jatau 

Hayin Ojo 

Palladan 

Panmadina 

Immunisation History
Complete 4
Partial 

None  

Age  group
1–5 

6–10  

P3

Immunisation history
Complete 18
Partial 2
None
n relation to immunisation history.

polioserotypes 1, 2 and 3 respectively while similar studies carried
out in Egypt [17] and Saudi Arabia [18] found seropositivity rates
of 99, 99 and 91% and 98, 96 and 94% to polioserotypes 1, 2 and
3 respectively in the studied population; with seroprevalence of
1 > 2 > 3 for the polio serotypes.

This study however, showed a seroprevalence of 1 > 3 > 2 for the
polio serotypes amongst children aged 1–10 years in Zaria.

The new trend seen in this study could most likely be attributed
to the recent introduction of monovalent vaccines by WHO  in
endemic countries to wipe out wild poliovirus types 1 and 3. WHO,
introduced in 2005 more immunogenic and type specific monova-
lent vaccines mOPV type 1 (mOPV1) and mOPV type 3 (mOPV3) to
combat outbreaks in countries where the wild type virus was  still
endemic [19]. The monovalent vaccines give a seroconversion of
>80% with a single dose, which is a marked contrast to the conven-

tional trivalent OPV t (OPV) [20] which requires at least three doses
to achieve that same level of protection.

The low seroprevalence of type 2 antibodies is indicative of
low routine immunisation coverage with tOPV. tOPV SIAs are the

R (odds ratio) 95% CI P value

4.57 1.18–17.5 0.027
1.17 0.379–3.62 0.05
1.165 0.43–3.15 0.05
1 1

7.6 4.58–166.8 <0.0001
6.17 1.98–19.2 0.002
1 1

5.850 2.13–16.1 <0.0001
2.811 0.95–8.3 0.061
8.764 2.6–30.1 <0.0001
1 1

1.7 6.8–256.9 <0.0001
6.3 1.7 0.006
1 1

0.3 0.2–0.7 <0.002
1 1

0.8 19.4–1689.8 <0.0001
2.2 4.2–117.2 <0.0001
1  1
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rimary sources of PV2 immunity for the at risk population in the
orthern states because the WPV  type 2 has not been in circulation
ince 1999. PV2 immunity gaps widened with the emphasis on the
se of mOPV1 and mOPV3 in SIAs [21] giving rise to the emergence
nd spread of cVDPV2. These findings are in line with recent
tudies suggesting that the key risk factor for cVDPV emergence
nd spread is low population immunity [22–24].  This is further
orroborated by the findings of Wassilak et al. [21] which shows
hat the largest reported outbreak of cVDPV2 occurred in Northern
igeria between July 2005 through June 2010, a period when 23 of

he 34 SIAs used monovalent or bivalent oral poliovaccines (OPV)
acking Sabin 2.

The study also showed significant differences in seropositivity to
he polioserotypes amongst the two local government areas. Sabon
ari LGA had a higher percentage of children seropositive to all

he three polioserotypes as compared with Zaria local government.
mongst the settlements, Panmadina which is located in Zaria local
overnment had children with persistently low seropositivity to all

he three polioserotypes. There were however, regional differences
ith regard to settlements with high seropositivity.

The low seropositivity of children in Zaria LGA could be
ttributed to socio-cultural and religious beliefs, and fear of the
ealth consequences of the OPV vaccine on children. In a study
one in Northern Nigeria, using Zaria as a case study [25] the
esistance to the polio campaign was discussed in a broader socio-
ultural and political context. Obadare [26] found that many people
ere genuinely afraid to risk having their children vaccinated, in
art, because of the lack of trust in their government. The fact
hat the vaccine was provided free of charge and distributed by
overnment to even the most remote communities heightened sus-
icions, as parents wondered why medicines and medical services
or more common and deadly illnesses like malaria, cholera and
iarrhoeal diseases were neither free nor easily accessible [27]
hile wariness is not uncommon in the developing world, this

ear was further compounded in the aftermath of a controver-
ial drug trial where Olusanya [28] noted in addition also, lack of
nformed parental consent, which occurred with the trial antibiotic
rovafloxacin mesylate developed by Pfizer during the 1996 CSM
pidemic which resulted in the death of eleven children in Kano
29]. This reinforced a distrust of western pharmaceutical compa-
ies and western biomedicine. In Zaria, the consequences of these
ifferent opinions on the benefits and risks of the oral polio vaccine
ave been low turn outs for immunisation leading to high rates of

ncomplete or no polio immunisations. There was no significant dif-
erence in the sex distribution of polio antibodies amongst children
n the study area. William and David-West [30] observed a sim-
lar pattern in their study of a population of vaccinated children
n the southern and northern parts of Nigeria respectively. Thus,
ender may  not be important in determining immune response to
oliovirus serotypes.

Socioeconomic status of parents (fathers’ education and occu-
ation) had a significant relationship with seroprevalence and
ntibody titres. Fathers who  had secondary education had the high-
st percentage of children seropositive to the three polioserotypes.
n Nigeria, more specifically in rural northern Nigeria, where most

others are housewives with little or no formal education, what
appens on the home front is solely determined by the fathers,
ith little or no contributions by the mothers. Thus, because of

he knowledge and better understanding of the importance of
mmunisation, the tendency to accept and allow their children
o be immunised is higher which is reflected in the results seen.
athers who were civil servants also had the highest percentage of

hildren seropositive to the three polioserotypes. Sabon Gari LGA
hich had a higher percentage of fathers with secondary education

nd fathers who were civil servants also had children with a higher
eropositivity.
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In the logistic regression table (multivariate analysis), immun-
isation status and settlement appeared to best predict high
seroprevalence to the three polioserotypes. The data also suggests
that immunisation status can predict OPV performance.

Fig. 1 shows that more than 90% of children who were fully
immunised had antibodies to all the three polio serotypes and the
different combinations (P1 and P2) (P2 and P3) (P1 and P3) of polio
serotypes than those who  had partial or no immunisation. All the
children who  had antibodies to at least one of the polio serotypes
had complete immunisation. Out of the five children that did not
have detectable antibodies to any of the 3 polio serotypes, 4 (%)
had no history of immunisation and 1 (%) had partial immunisa-
tion. The finding above suggests that immunisation is the single
most important determinant of seroconversion and antibody titre
levels.

13. Conclusions

Antibody titration results from this study showed that less than
two-thirds of the children studied in Zaria had antibodies to all the
three polio serotypes. Seroprevalence to polioserotypes 1, 2 and
3 were 86.4%, 76.1% and 77.3% respectively and about 2% had no
antibodies at all to the three poliovirus serotypes. There were pock-
ets of under immunised and non-immunised children at the risk
of infection with one or more poliovirus serotypes. Immunisation
status and socioeconomic status of parents (fathers education and
occupation) had a significant relationship with seroprevalence and
antibody titres. High routine immunisation coverage with tOPV is
necessary to prevent emergence and transmission of cVDPV2.
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