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ABSTRACT
Introduction: Ghana recorded the last case of poliomyelitis caused by wild poliovirus in 2008 and the
country was declared polio-free in 2015. Polio-neutralizing-antibody levels in the population of three
geographically representative regions of Ghana was determined, to identify possible immunity gaps.
Methods: Cross-sectional, hospital (1–70 years old) and school (primary, 1–15 years old)-based studies
were undertaken in three regions in 2016. Individuals who visited the three teaching hospitals of the
regions and were referred for haematology investigations were invited to participate in our study.
Neutralizing-antibody titers to polio serotypes P1, P2, and P3 were assayed by WHO-standards. Antibody
titers of ≥8 were considered protective. In the school lameness survey, clinical and epidemiological data
were obtained from parents and their lamed children. Bivariate and multivariate analyses were con-
ducted on subject characteristics, to assess potential factors for failure to seroconvert. P-values < 0.05
were considered statistically significant.
Results: Neutralizing-antibodies against poliovirus types 1, 2 and 3 were detected in 86% (264/307), 84%
(258/307) and 75% (230/307) of the samples, respectively. Overall, 60.1% (185/307) were seropositive for
the three polio serotypes and 2.9% (9/307) were seronegative. Polio neutralizing-antibodies (P1and P2)
decreased with age (p < .001). Low seroprevalence of polio-neutralizing-antibodies was significantly
associated with low school attendance of mothers (p < .001). Prevalence of residual paralysis was <1.0/
1,000 among the school children.
Conclusion: Our study population is moderately protected against the three poliovirus serotypes.
However, immunity appears to be lower with a higher age and low mother’s education. This may
suggest the need for young-adult booster-dose to minimize the risk of wild poliovirus infection.

ARTICLE HISTORY
Received 30 January 2019
Revised 5 June 2019
Accepted 19 June 2019

KEYWORDS
Poliomyelitis;
seroprevalence; neutralizing
antibodies; polio-immunity;
Ghana

Introduction

Poliomyelitis is a highly infectious viral disease which can
have crippling effects. The disease is caused by the poliovirus
serotypes 1, 2 and 3. Polio generally affects children younger
than 5 years, if exposed to the virus. According to Robert,1

paralytic polio is observed in one out of 200 polio infections,
while fatality is normally observed in 5–10% of paralytic polio
cases in developing countries. Fecal-oral route is the primary
mode of transmission and polio is vaccine preventable.

Since the introduction of theGlobal Polio Eradication Initiative
(GPEI) in 1988, polio transmissions still exist in three countries
namely: Pakistan, Afghanistan, and Nigeria. As of December 31st,
2018, 31 wild polioviruses (WPV) and 102 circulating vaccine-
derived polioviruses (cVDPV) had been detected worldwide. Out
of the cVDPV cases, 32.3% were recorded in Nigeria.2 Ghana
recorded the last cases of poliovirus in 2008.3

Seroprevalence is the percentage of persons in a population
who test positive for a specific disease, based on serology (blood
serum) specimens. Important data on the performance of immu-
nization programmes, the status of immunity against polio by

the levels of polio neutralizing antibodies, groups susceptible to
polio infection, and the populations facing at risk of future out-
breaks can be obtained from seroprevalence studies.4-7

In a survey of poliovirus antibodies in 327 subjects in Kano-
Northern Nigeria,8 in terms of risk factors other than low vacci-
nation histories, lower seroprevalence was associated with the
female gender, lower maternal education, and fewer numbers of
children in the household. In Pakistan, evaluated significant risk
factors for failure to seroconvert were, the educational status of
the respondent, stunting, and diarrhea in the past six months.9

Low seroprevalence to poliovirus antibodies in a population,
may contribute to an outbreak of polio in a community.10-12

Evidence of high polio seroprevalence in reducing the risk of
poliomyelitis outbreak also abound.13,14

The sequelae of poliomyelitis are distinctive, and surveys of
lame children can help to estimate the prevalence of the disease.
Studies of lameness attributed to poliomyelitis in developing
countries, have shown a higher prevalence of this problem as
expected from earlier estimates. The prevalence rate of residual
paralysis attributed to polio ranged from 1.05–19/1000 for school-
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aged children fromGhana,15 Burma,16 Egypt,17 Philippines,18

Indonesia,19 Thailand20 and Bangladesh.21

Ghana continues to implement routine and mass immuni-
zation that includes polio vaccination, to prevent poliomyeli-
tis. The country currently uses bOPV, which contains
poliovirus serotypes 1 & 3. Four (4) doses of bOPV (at
birth, 6, 10 and 14 weeks), are given in addition to inactivated
polio vaccine (IPV) at 14 weeks. IPV does not replace the
OPV vaccine but is used with OPV to strengthen a child’s
immune system and to protect him from polio.

The mass polio vaccination has stalled since 2015 and the
Regional Polio Certification Committee declared Ghana a
polio-free country in 2015.16 Nevertheless, there are a few
areas of inherent transmission in Africa (Nigeria) and Asia
which threaten the global attempt to eradicate polio. The
probability of importation of wild poliovirus to countries
that are almost polio-free still exists.17,18 There were two
major polio outbreaks in 2003 and 2008 and the country
still records polio compatibles, 26 cases in 2017.3

Weaknesses in health system infrastructure, inadequate ser-
vice delivery of oral poliovirus vaccine (OPV), suboptimal
OPV efficacy, social-cultural beliefs and low seroprevalence
to polio neutralising antibodies are some of the possible
explanations for these observations.19-21 Low neutralizing
poliovirus antibodies may lead to polio outbreak that could
result in permanent lameness and possible death. This study
determined the seroprevalence of poliovirus neutralizing anti-
bodies serotypes 1, 2 and 3 in sampled populations selected
from three regions of Ghana prior to the global switch from
tOPV to bOPV. It also explored the factors that predicted low
poliovirus neutralising antibodies among the respondents.
Serological surveys are a useful tool for assessing population
immunity and for identifying areas with low immunity.

Results

Seroprevalence of polio neutralizing antibodies

Of the respondents (307), 153 (49.8%) were females. The
median and intra-quartile age range of respondents was 4
(1–14) years old. There were 85, 123 and 99 samples from
the Northern, Ashanti and Greater Accra regions respectively.

Neutralising polio antibodies against poliovirus serotypes 1, 2
and 3 poliovirus were detected in 86.0% (264/307) [95% con-
fidence intervals CI: 82–90%] for poliovirus type1, 84% (258/
307) [95% CI 79.4–87.9%] for type 2 and 75% (230/307) [95%
CI 70–80%] for poliovirus type 3 of samples. Approximately,
60.1% (185/307) of the sera of respondents were seropositive
for the three polio serotypes and nine (2.9%) sera had no
antibodies to the three poliovirus serotypes.

Distribution of poliovirus serotypes neutralizing
antibodies by sex, age, and place

The proportion of males compared to females was higher among
the seropositive in all the age groups in the three polio antibody
serotypes 1(137/264 = 51.9%,) 2(133/258 = 51.6%), 3 (121/
230 = 52.6%) in all three regions. Neutralizing poliovirus anti-
bodies (PV1) was found in females 92.86% (79.77–97.72) in the
Northern region. PV2 and PV3 were recorded highest among
males 91.83% (79.95–96.95) in Greater Accra and males 83.87%
(72.39–91.16) in the Ashanti region respectively (Table 1).

Children within age group 1–4 years reflecting the seropo-
sitivity rates for the three different polioviruses recorded the
highest (PV1 = 29.2%; PV2 = 27.9%; PV3 = 28.7%) (Figure 2).

Seroprevalence of poliovirus type 1, 2, 3 neutralizing
antibodies by geographical location

The proportion of samples testing positive for polio neutraliz-
ing antibodies of the three polio serotypes (1, 2 & 3) were
higher in the Northern region compared to those of Ashanti
and Greater Accra regions: PV1 = 91.8% (78/85);
PV2 = 82.4% (70/85) and PV3 = 77.4% (66/85) (Figure 3).

Distribution of poliovirus neutralizing antibodies titres by
sex, age and region of residence

There was a significant difference in the median PV1 and PV3
(p-value = 0.0514 and 0.0254 respectively) poliovirus neutra-
lizing antibody titre values between males and females.
Similarly, there was a statistically significant difference in the
median PV1 and PV2 (p-value = 0.0001) titre values among

Table 1. Distribution of polio antibodies that neutralized the three polioviruses with respect to sex and place.

Female Male

Polio
serotypes

Northern Region
n = 42

x
%

CI (%)

Ashanti Region
n = 61

x
%

CI (%)

Greater Accra Region n = 50
x
%

CI (%)

Northern Region
n = 43

x
%

CI (%)

Ashanti Region
n = 62

x
%

CI (%)

Greater Accra Region n = 49
x
%

CI (%)

PV1 39
92.86

(79.77–97.72)

50
81.97

(70.13–89.80)

38
76.00

(62.12–85.95)

39
90.70

(77.42–96.52)

52
83.88

(72.39–91.16)

46
93.88

(82.42–98.04)
PV2 35

83.33 (68.67–
91.94)

52
85.25 (73.84–

92.20)

38
76.00 (62.12–85.95)

35
81.40 (66.72–

90.52)

53
85.48 (74.23–

92.33)

45
91.83 (79.95–96.95)

PV3 32
76.19 (60.86–

86.81)

43
70.49 (57.78–

80.66)

54
68.00 (53.77–79.52)

34
79.07 (64.17–

88.85)

52
83.87 (72.39–

91.16)

35
71.42 (57.14–82.42)

X = numerator
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the age groups (<1, 1–4, 5–14 and 15–70). A statistically
significant difference was observed in the median poliovirus
neutralizing antibody titre values of PV2 in the three study
sites (p-value = 0.0046) (Table 2).

The strength and direction of the association between
age and poliovirus neutralizing antibodies The age of the
respondents had a negative relationship on the mean titres of
the neutralizing antibodies against the three polio serotypes
(Table 3). The presence of neutralizing polio antibodies in the
sera of respondents decreased with age.

Risk factors for low seroprevalence of poliovirus
antibodies among respondents

The educational status of mothers played a significant role in
the presence of antibodies against poliovirus serotype type 1 &
2 among the respondents. With poliovirus serotype 1, the
odds of being seronegative among respondents whose
mothers had never attended school was 3.9 times (p < .003)
the odds of being seronegative among respondents whose
mothers had attended school. A similar picture was found
for poliovirus serotype 2 (p < .001) (Table 4).

School lameness study

One hundred and twelve schools were visited, from which
34,217 pupils in the selected primary schools were screened.
One hundred and eight (0.3%) were found with walking disabil-
ities. Out of the 108 pupils, paralytic polio, (defined as flaccid
weakness, muscle atrophy, decreased bone growth in the affected
limb, diminished deep tendon reflexes, normal sensation and a
history compatible with acute poliomyelitis) accounted for
18.5% (20/108) and upper motor neuron disorders (cerebral
palsy, Encephalitis) accounted for 25.9% (28/108) .

The prevalence of residual paralysis of poliomyelitis esti-
mated from the school lameness survey (1–15 years old) was
0.58/1,000 (5.8/10000) [95% CI: 0.33–0.84] (Table 5).

The prevalence of residual paralysis in urban and rural
districts of the studied regions was not the same. The
Bosomtwe district (rural) in the Ashanti region recorded the
highest (4/1000) prevalence of paralytic polio and the lowest
(0.08/1000) was recorded in the Accra metro, which is urban.
Overall, the prevalence of residual paralysis of poliomyelitis in

the rural and urban districts were 2.3 and 0.36/1000
respectively.

Among the study population, 85% (17/20) of children with
residual paralysis from poliomyelitis were in the 10–15-year-
old group (Figure 4). The mean age of the children was
10.65 ± 2.23 years. The majority 60% (12/20) of those with
residual paralysis were males. All the parents of the 20 chil-
dren with residual paralysis were interviewed and they indi-
cated an acute onset of weakness in a previously healthy child
occurring before the age of five years. The right leg was the
most affected limb (30%; 6/20). Residual paralysis was more
in males (55%; 11/20) than in females.

Discussion

It is noted in this study that poliovirus serotypes neutralizing
antibodies are 75%-86% of the sera of the respondents. These
findings from the study confirm that substantial immunity
gaps (differences in the levels of polio neutralizing antibodies)

Figure 1. Map of Ghana showing the study sites.

Figure 2. Seroprevalence of poliovirus antibodies per serotype among respondents in the three regions, by age group, 2016.
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to all three poliovirus serotypes exist in the three regions of
Ghana despite intensive efforts to increase immunity levels
against polio through polio vaccination. In studies conducted
in developed countries: Spain,22 Korea,23 and the USA, neu-
tralising antibodies in the sera of respondents had shown
higher seropositivity compared to those in developing
countries.24 However, respondents in Maiduguri Nigeria,25-28

recorded lower seroprevalence rates compared to the findings
of this study.

Previous polio vaccinations and or infections of wild polio-
virus (WPV) together with the polio outbreak in 2008 in the

Northern region, may account for the levels of polio popula-
tion immunity or the antibody levels in the three regions of
Ghana. These gaps in immunity levels raise concerns of either

Figure 3. Seroprevalence of poliovirus antibodies among respondents in the three regions by place, 2016.

Table 2. Distribution of respondents’ median neutralizing poliovirus antibody titres.

PV1 PV2 PV3

Titre (95% CI) p-value Titre (95%CI) p-value Titre (95% CI) p-value

Gender
Male 4.2871

(3.341–5.499)
2.8367

(2.221–3.622)
1.3493

(1.098–1.657)
Female 2.864

(2.337–3.510)
0.0514**ⱡ 2.265

(1.828–2.807)
0.2937 0.9582

(0.809–1.134)
0.0254**

Age group
< 1 year 4.629

(3.199–6.698)
4.7911

(3.282–6.994)
1.6055

(1.515–2.2379)
1–4 years 6.796

(4.847–9.52)
3.243

(2.34–4.493)
1.1300

(0.8664–1.4738)
5–14 years 2.504

(1.958–3.201)
0.0001**ǂ 2.1734

(1.651–2.860)
0.0001** 0.993

(0.772–1.279)
0.1995

15–70 years 1.910
(1.471–2.479)

1.222
(0.962–1.552)

0.927
(0.754–1.140)

Residence
Northern 3.275

(2.485–4.317)
1.605

(1.270–2.027)
1.226

(0.957–1.571)
Ashanti 3.118

(2.411–4.031)
0.2823 3.366

(2.539–4.462)
0.0046**ǂ 1.009

(0.831–1.226)
0.4151

Greater Accra 4.301
(3.155–5.865)

2.642
(1.975–3.534)

1.237
(0.947–1.616)

Median neutralizing polio antibody titre; ⱡ is p-value estimate from Wilcoxon rank sum test; ǂ is p-value estimate from Kruskal Wallis. Titre listed in the table were
transformed by log2.

Table 3. Association between age and mean titres of the neutralizing polio
antibodies of the three polio serotypes.

Polio serotype Spearman Rank correlation (rho) p-Value

PV1 −0.2617 < 0.001
PV2 −0.3100 < 0.001
PV3 −0.1099 0.0545
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primary vaccine failure, that is, lack of initial antibody
responses where potent vaccines are used or, failure of the
cold chain and the subsequent use of non-potent vaccines in
the field.29-31 Even though the seropositive rate required for
maintaining population immunity to polio has not been uni-
versally determined by WHO, studies have demonstrated that
the critical vaccination coverage most likely needed to stop
any transmission of poliovirus is 80–85% of the population.32

The herd immunity threshold above which one can guar-
antee the prevention of an outbreak is unclear in Africa and
typically for Ghana. However, it has been documented by
Sutter,33 that with population immunity levels (polio

neutralizing antibody levels) of 66%–80%, polio outbreaks in
developed countries can be prevented. In developing countries
with suboptimal sanitation and hygiene with the potential of
increased poliovirus transmission and greater force of infec-
tion, wild poliovirus outbreaks could, however, occur with
population immunity levels as high as 94%–97%.33

Therefore, until polio is eradicated globally, many countries
including Ghana remain at risk for a poliovirus outbreak.34

Evidence exists that low polio neutralizing antibodies in a
population may lead to polio outbreak whilst high polio
neutralizing antibodies may interrupt transmission of polio-
virus. In an outbreak of wild poliovirus in the Xinjiang Uygur

Table 4. Risk factors for low seroprevalence of PV1 antibodies among respondents.

Variable Seronegative (%) n = 43 Seropositive (%) n = 264 cOR (95% CI) p-value aOR (95% CI) p-value

Mothers schooling status
Attendant 21(48.8) 182(68.9) 1.0 1.0
Non attendant 22(51.2) 82(31.1) 2.3(1.2–4.5) <0.011* 3.9(1.59–9.48) <0.003*
Age group
<1 14(32.6) 63(23.9) 1.0 1.0
1–4 3(6.9) 74(28.0) 0.18 (0.05 − 0.67) 0.29 (0.07–1.08)
5–14 11(25.6) 65(65.6) 0.76 (0.32–1.80) 1.8 (0.6–5.3)
15–70 15(34.9) 62(23.5) 1.1 (0.49–2.44) 0.0466* 2.6 (0.93–7.6) 0.0148*
Sex
Female 26(60.5) 127(48.1) 1.0 1.0
Male 17(39.5) 137(51.9) 1.5(0.9–2.4) 0.14 1.2(0.6–2.6) 0.48

Non-Attendant mother = A mother who has no formal education. aOR adjusted for sex and age

Table 5. prevalence of paralytic poliomyelitis with residual paralysis estimated by school (primary, 1–15 years old) lameness surveys in Northern, Ashanti and Greater
Accra regions of Ghana, 2016.

Region No of children

Residual Paralysis

Number of cases Prevalence/1000 children

Northern
Urban (Tamale Metro) 4695 7 1.40
Rural (Savelugu-Nanton) 2803 5 1.78
Ashanti
Urban (Kumasi metro) 13848 3 0.22
Rural (Bosomtwe) 744 3 4.0
Greater Accra
Urban(Accra Metro) 11760 1 0.08
Rural (Shai Osu Doku) 367 1 2.72
Total 34217 20 0.58

Figure 4. poliomyelitis with residual paralysis cases estimated by school lameness surveys by date of onset of symptoms in Northern, Ashanti and Greater Accra
regions of Ghana, 2016.
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Autonomous Region of China in 2011, a survey indicated that
4.0% of the sample population had no antibodies to the three
poliovirus serotypes.35 In the wild polio outbreak in Finland
in 1984 and 1985, wild poliovirus type 3 was implicated. Prior
to that outbreak in 1982, a seroprevalence survey revealed that
only 30% had neutralizing antibodies to type 3 poliovirus.11

Serological studies have shown that the outbreak of polio in
Kinshasa and Bandundu in the Democratic Republic of
Congo in 2010–2011 was likely due to the immunity gap in
PV1.12 In a series of polio outbreak in Northern Nigeria
between 2012 and 2013, seroprevalence studies indicated
that neutralizing antibody levels among children aged 36–
47 months in the study population, was lower than the
required levels for poliovirus interruption.8 As long as polio-
virus circulation continues anywhere in the world, importa-
tions remain a risk and consequently, there remains a limited
risk of possible outbreaks among unvaccinated subpopula-
tions. Furthermore, not only wild polioviruses but also
cVDPV may spread across countries and reach a susceptible
population causing disease, with the possibility of VDPV
circulation as long as OPV-based immunization programs
are used in high-risk countries like Nigeria and Ghana. It is
observed in this study that the level of neutralizing polio
antibodies of PV3 was the lowest in the sera of respondents.
These results are similar to findings in studies in European
countries such as Greece36 and Germany.37 In similar studies
in South Africa (Natal/KwaZulu) and other developing coun-
tries (Abidjan, Bombay-India and Cuba) low levels of neutra-
lizing antibodies to PV3 had been documented.38,39 These
observations may be explained by a lower potency of polio-
virus type 3 antigens in the vaccine. The low level of neutra-
lizing antibodies of PV3 has also been explained by the fact
that PV1 antibodies are due to both vaccination and natural
immunity, whereas PV2 and PV3 antibodies are mainly due
to vaccine-induced immunity.40 There is, therefore, the need
for a strategy to boost the immunogenicity of PV3 in the polio
eradication programme to avoid any future outbreak of polio
involving WPV3. In the second quarter of 2016, the Expanded
Programme on Immunization (EPI) in Ghana resolved to
switch from the administration of trivalent oral polio vaccine
to bi-valent. This was in conformity to the WHO strategic
plan on polio eradication.41 This policy direction is on the
right path to boost the population immunity levels on PV3.42

The study observed that there is a decline in seroprevalence
with age. This is consistent with what had been detected in
Uruguay43 and South Africa.44 Contrary to this observation,
according to Williams45 in other studies, neutralizing polio
antibodies increased with age. Studies have shown that intest-
inal immunity to poliovirus wanes over time, therefore indi-
viduals could become re-infected and shed poliovirus.46 The
older age groups may contribute to wild polio transmission
without clinical symptoms, and the World Health
Organization has therefore recommended that older indivi-
duals get vaccinated as part of the outbreak response.47

This study underscores the importance of maternal educa-
tion on seroprevalence. A lower seroprevalence of neutralizing
antibodies may be results of lower maternal education. These
mothers may not understand the need for polio vaccination
which may lead to the child not acquiring the needed polio

antibodies for protection against the polio virus. This argu-
ment of lower maternal education supporting lower seropre-
valence has been affirmed by similar findings from a study in
Northern Nigeria.8 However, studies in Egypt34 found severe
wasting and stunting associated with lower seroprevalence,
but these findings were not statistically significant. One of
the key players in the reduction of infant and child mortality
is women’s education. The higher a woman’s level of educa-
tion, the more likely it is that she will marry later, play a
greater role in decision making and exercise her reproductive
rights.

Lameness surveys conducted in a given population is a
helpful tool in assessing the poliomyelitis situation in that
given community. This study revealed that the prevalence of
residual paralysis cases estimated by the school lameness survey
was less than one in a thousand (<1/1000) population. This
value is quite low in this study compared to the estimate in
similar studies in Ghana15,48 and Thailand.21 Oral polio vaccine
coverage (OPV3) has increased from as low as 76% in 2003 and
2004 to 94% in 2017 in Ghana. In 2004, Greater Accra, Ashanti
and Northern Regions of Ghana recorded 56%, 66% and 93%
OPV3 coverage respectively whilst in 2017, 94%, 103%, and
117% were recorded.49 The increase in the oral polio vaccine
coverage in these populations in the regions and Ghana as a
whole, may account for the drop in the estimated number of
residual paralysis in the study population.

Studies have indicated that neutralizing polio antibodies of
levels higher than 66–80% is a contributory factor for pre-
venting polio infection.33 In determining the seroprevalence
of neutralizing polio antibodies against P1, P2 & P3 in the
same study population, the levels of neutralizing polio anti-
bodies of polio serotypes P1, P2 & P3 in the sera of respon-
dents were within 75%-85%.50 These results may provide
some biological explanation for the reduction in the observed
number of paralytic polio cases in the study population. This
finding also corroborates the importance of routine and mass
polio vaccinations in developing countries such as Ghana, in
which polio is yet to be eradicated.

Over 50% of all poliomyelitis with residual paralysis
occurred among children less than three years51,52 This was
noted in our study and a similar finding in Cameroon.53 The
age of onset is also noted in this health condition is clearly
different from what is usually encountered in temperate coun-
tries, where the disease tends to occur in older age groups and
may inflict even elderly people.54 This pattern may indicate
individual variation in susceptibility to a disease for different
populations or may reflect recall bias in the interviewees. The
proclivity of polio infection in the tender age group under-
scores the importance of observing adequate sanitary condi-
tions in overcrowded homes and communities to facilitate
interruption of polio transmission in such places.

The majority (60%) of those with residual paralysis were
males. The predominance of cases among males observed in
this study has also been reported in the studies conducted in
Pondicherry, India and elsewhere.55 Males (boys) are more
predisposed to physical activity, which is a risk factor for
paralytic polio and even if both sexes were affected at the
same time, they are most likely to have a higher incidence of
paralytic polio compared to the girls.56
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These findings of the study should be considered in the
light of limitations. First, there was no immunization history
available for adult participants, so it is unclear whether polio
sero-immunity was due to past OPV receipt and/or natural
immunity. Secondly, this study is hospital-based, a situation
which may have resulted in an overestimation of seropreva-
lence of antibody against poliovirus and selection bias, as the
children who are not reached by immunization activities may
be less likely to visit hospitals. In the measurement of the
prevalence of poliomyelitis, the most accurate technique to
measure the prevalence of poliomyelitis is a house-to-house
survey. However, such surveys are time-consuming and are
costly if carried out independently. Since the demographic
and school enrollment data in the study areas suggested that
school attendance was high (greater than 90%) most of the
information needed to complete the prevalence survey could
be obtained from the schools. The results, although not gen-
eralizable will give the Ghana Expanded Programme on
Immunization (EPI) a fair idea as to the status of immunity
in the study population, facilitate innovative strategies to
reach the unreached and acquire the needed herd immunity
to interrupt the transmission of any future importation of
wild poliovirus into the country.

Conclusions

This study revealed a moderate level of seroprevalence of
neutralizing antibodies to the three polio serotypes with
some regional differences. Seropositivity was generally low
with increasing age and the mother’s education level may be
crucial to seronegativity. The prevalence of paralytic polio-
myelitis was low in the study regions, lower rates were found
in the urban districts and cases were more in age group less
than five years with a higher male preponderance. The EPI,
Ghana, may consider young-adult booster-dose of polio vac-
cine. The EPI can also consider a one-time NID to mop-up
build-up susceptible as a result of missed children.

Methods

Study design and setting

The study was made up of two components: hospital-based
seroprevalence and school lameness studies. A cross-sectional
analytical hospital-based study was conducted in three regions
of Ghana. In this seroprevalence study, individuals referred to
the laboratory for haematology at the three teaching hospitals
were recruited into the study. The respondents were inter-
viewed with a semi-structured questionnaire extracting data
on demographic and polio immunization history. The preva-
lence of residual paralysis from poliomyelitis was determined
in a cross-sectional study among primary school pupils in a
supplemental lameness survey. Demographic data and history
of paralysis were retrieved from respondents by an inter-
viewer-administered questionnaire. Data collection was
between April 1st and July 31st, 2016.

The study settings comprised: Northern, Ashanti, and
Greater Accra regions which are located in the three ecologi-
cal zones of Ghana (Figure 1). These regions are the most

populated and have the biggest referral and teaching hospitals
in Ghana. Patients attending these hospitals come from a wide
catchment area with mixed socioeconomic backgrounds.

Study population

In the hospital-based survey, all children less than five years
old and adults referred to the laboratories of the three major
referral hospitals (Tamale, Komfo Anokye and Korle-Bu
Teaching Hospitals) in the Northern, Ashanti and Greater
Accra regions of Ghana from 1st of April to 30th of July,
2016 were screened for participation in this survey. The lame-
ness school survey involved primary school children from one
urban and one rural district in the three study sites.

Inclusion and exclusion criteria

All children of consenting parents and adults resident in the
three selected regions for the past six months were eligible to
participate, except those (a) born or residing outside of
Ghana; (b) those with serious acute illnesses requiring hospi-
talization; (c) those diagnosed or suspected of congenital
immunodeficiency disorder or an immediate family member,
and (d) those with contraindication to venipuncture.

The lameness survey involved the total enrollment of the
selected primary schools in the selected districts. This
included pupils of all ages and all classes in the selected
primary schools. Pupils in the non-selected primary schools
were excluded.

Sample size

The estimated minimum sample size for the hospital survey
was 274, however, 307 respondents attending or using the
laboratories in the three referral hospitals were recruited
into the study. The estimated minimum sample size used for
school lameness survey was 32,588 for school children in
primary schools. However, 34,217 school children, in the
three regions were screened for cases of paralytic poliomyelitis
in the school survey. In both studies, the Fishers formula for
calculating sample size for populations >10,000 was used.57

n ¼ Zα=2 þ Z1�β

� �2
p 1� pð Þ

d2

where for the hospital survey:
p = 90%, assuming a seroprevalence rate (p) of 90%
d ¼ 95% is the desired level of precision (= 0.05)
Zα=2 is the critical value for the standard Normal

Distribution at α= 5% (1.96)
Z1�β is the power of the study (= 0.8), the sample size of

274 respondents was obtained.

For the school survey,

p ¼ 0:4%, the assumed prevalence of lameness in Ghana
(p = .004)

d ¼ the desired level of precision (= 0.001)
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Zα=2, the critical value for the standard Normal
Distribution at α= 5%; (Zα=2 ¼ 1:96Þ

Z1�β, the power of the study (Z1�β ¼ 0:9Þ
The Sample sizes of both studies were distributed across the
three regions by probability proportional to the size of the
population of the study regions.

Screening for the hospital-based seroprevalence survey

The selection of participants for the hospital survey required an
initial screening for age (<1, 1–4, 5–14, 15–70 years old) at the
respective hospitals in each region. After obtaining informed
consent and assent from the participants and the mothers or
caregivers who had been sent for laboratory investigations, the
study procedure commenced. Screening continued until the
sample size of each age group was achieved.

Sampling approach- school lameness survey

A two-stage stratified random sampling design was used in
each selected region, one urban and one rural district was
selected. In each selected district, the district sampling frame
was used to allocate the sample size proportionate to the
population size and rural and urban difference for each zone
(Northern region: 7498, Ashanti region: 14592 and Greater
Accra region 12127.58 A total sample size of 34,217 was
arrived at for all three study sites. Upon obtaining the desired
sample size of school pupils per urban/rural setting, the
schools were sampled by simple random sampling. The
schools in each urban/rural setting were numbered. The sam-
ple elements were selected by rural/urban setting using the
Random Number Generator (Calculator). The first randomly
selected school was visited and the entire primary school
population was screened. This was repeated in the subsequent
randomly selected school until the sample size was obtained.
Where the school population was more than the desired
sample size, the remaining pupils were still screened. In all,
112 schools were visited to obtain the desired sample size.

Data collection technique and tools – hospital-based
study

The technique for data collection was an interview (face to face)
using a semi-structured questionnaire as the tool. The study
team was comprised of a physician, nurses, laboratory scientists,
and field assistants. The study physician explained the purpose
of the study to the parents or caregivers and the adult respon-
dents. After obtaining informed consent from all respondents a
standardized questionnaire was administered to them through a
face-to-face interview. For the children, less than five years,
vaccination history on routine immunization were extracted
from their child health records books, clinic records. Parents or
caregivers’ recall of doses of vaccines the child had received was
acceptable if the parent or caregiver could specify the dose given.
Supplemental vaccinations (vaccinations given during national
or sub-national immunization days), were obtained through oral
histories given by the parent or caregiver.

Blood collection procedure-hospital based study

Two-five (2–5) ml of venous blood was collected through veni-
puncture into a vacutainer tube by a phlebotomist. Blood sera
were separatedwithin six hours at the hospitals and stored at −20
°C in a deep freezer. After the data collection, blood samples
(sera) were stored in airtight tubes and transported to the
Noguchi Memorial Institute for Medical Research for laboratory
analysis in a reverse cold chain at a temperature of +2 to +8 °C.
Sera were tested in triplicate for levels of neutralizing antibody
titers against poliovirus types 1, 2 and 3, respectively, using
modified micro-neutralization assays.

Quality control measures consisted of training research
assistants, pretesting the questionnaire and procedures, as
well as quality checks of data.

Micro-neutralization test for polio antibodies

Antibodies against poliovirus types 1, 2 and 3 were deter-
mined by a microneutralization assay with prototype Sabin
strains, according to the WHO guidelines,59 which measured
the ability of a human serum sample to neutralise the infec-
tivity and cytopathic effect of each of the three types of
poliovirus on cell cultures in vitro. Antibody titers of ≥8
were considered protective.

Data collection technique and tools- school lameness
survey

Permission was sought from the Ministry of Education, the
Ghana Education Service, and selected schools’ authorities.
The survey method was adapted from LA Force’s method of
school lameness survey with some modifications.60

On reaching each class in a selected primary school, the
teachers were primarily asked if there was any child with walking
disability or any kind of weaknesses in the limbs in the class
present or absent from school on that day. After that, all children
in each class were asked to walk past the survey team, and
children with walking disabilities or lamed were identified. The
team then sought permission from the class teachers and the
headmaster of the school to invite all such pupils to come to the
school with their parents the following day. This included all
children who were lamed and absent from school on the day of
the visit. These children were also made to walk past the survey
team for assessment. Clinical and epidemiological data of the
children were obtained from the parents using a semi-structured
questionnaire by trainedmedical officers and research assistants.
The questionnaire elicited information on gender, date, and
place of birth, date of onset of paralysis, residence or place of
onset of paralysis, the character of paralysis, history of onset of
paralysis and sensation.

The child was further examined clinically in a sitting posi-
tion. The muscle tone was determined in both legs by passive
range of motion. The muscle mass was determined by physi-
cal examination and palpation. With an aid, knee jerks deep
tendon reflexes were observed and subsequently, sensation, by
the ability to distinguish sharp and blunt ends of a pin.
Finally, the degree of disability was estimated. Based on the
information from the parents and children and the necessary
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physical examinations, the child’s lameness was attributed to
one of these etiological factors: residual paralysis from polio-
myelitis, congenital defects, upper motor neuron disorders
(e.g., cerebral palsy), trauma due to road traffic accident,
post-infection complications such as osteomyelitis or a septic
joint, Guillain-Barré syndrome and traumatic neuritis.

Training of research assistants and pretesting of the
questionnaire in a primary school in the Ashanti region
(Asawasi L/A primary school) and procedures were per-
formed to ensure that quality and relevant data were col-
lected from the field.

Data analysis

Categorical and continuous data were cleaned, coded and
entered into Microsoft Excel. Data were then exported to
STATA version 13 for analysis. A descriptive analysis of polio
neutralizing antibodies was performed by person and place.
Univariate analyses were expressed as frequency distributions,
percentages, and mean± SD as appropriate. Seroprevalence of
poliovirus neutralizing antibodies serotypes 1, 2 and 3 were
determined as the proportion of poliovirus neutralizing antibo-
dies among the blood (serum) samples. Wilcoxon rank sum test
was used to compare differences in median titres by sex and
Kruskal–Wallis test was used to compare by age and residence.
The strength and direction of the association between age and
poliovirus neutralizing antibodies were determined by simple
correlation analysis with a non-parametric, Spearman Rank
correlation test for statistical significance. Binary logistic regres-
sion models were used to determine factors significantly asso-
ciated with seroprevalence with independent variables as sex,
education status, age, and residence. P < .05 was considered
significant. In the school lameness survey, the prevalence of
lameness (residual paralysis) was determined by the proportion
of children with flaccid paralysis and intact sensation among the
total number of children screened.
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