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Background: This study assessed seroprevalence of poliovirus antibodies in children from selected polio-
virus high-risk areas of the Far North region of Cameroon which serves to monitor polio immunization
program.
Methods: This was a community-based cross-sectional seroprevalence survey involving collection of
dried blood specimens (DBS) among children aged 12–59 months (n = 401). Multi-stage cluster sampling
using GIS was applied to select the study sample. Collected DBS were analysed with microneutralization
assays for poliovirus neutralizing antibody levels.
Results: The overall seroprevalence of types 1, 2 and 3 neutralizing antibodies were 86.8 % (95 % confi-
dence interval [CI]: 83.1–89.8), 74.6 % (95 % CI: 70.1–78.6) and 79.3 % (95 % CI: 75.1–83.0), respectively.
Median titers (log2 scale) for type 1, 2 and 3 were 7.17 (6.5–7.5), 5.17 (4.83–5.5), and 6.17 (5.5–6.5),
respectively. There was an increasing trend in median titers and seroprevalence with age, statistically sig-
nificant between the youngest and oldest age groups (p < 0.001).
Conclusion: Though there were several opportunities for vaccination through supplementary immuniza-
tion activities (SIA) and routine immunization (RI), seroprevalence levels were low for all three serotypes,
particularly for type 2. This highlights the need to strengthen RI and SIA quality coverage. Low population
immunity makes Cameroon vulnerable to new importations and spread of polioviruses.
� 2022 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Poliomyelitis, a vaccine-preventable disease caused by polio-
viruses, is targeted for global eradication. Wild poliovirus (WPV)
strains of serotypes 2 and 3 were certified eradicated globally in
2015 and 2019, respectively.[1,2] Since the certification of WPV
eradication of all three types in Africa in August 2020, Afghanistan
and Pakistan are the two remaining endemic countries. However,
there has been a persistent circulation of vaccine-derived polio-
virus (VDPV).[3] VDPV type 2 predominates, largely seeded from
the use of trivalent oral poliovirus vaccine (tOPV) before the
2016 switch and from the use of monovalent OPV (mOPV) to con-
trol circulation of VDPVs in countries with low vaccine immuniza-
tion coverage.[4,5] Globally in 2021, there were six paralytic cases
of WPV1, and 672 cases were due to circulating VDPV type 2
(cVDPV2).[6,7] The primary sites of cVDPV2 transmission occur
in western Africa, with Nigeria as the epicenter. From 2015 to
2019, no cVDPV2 cases was reported in Cameroon, but rather,
seven cases in 2020 and three cases in 2021. These cases were
genetically linked to outbreaks in neighboring Chad and Central
African Republic[7].

Cameroon has a fragile security profile and a weak health care
system, due to a number of factors, including the terrorist and mil-
itant activities of the Islamic group Boko Haram (crossing from
Nigeria to the northern part of Cameroon) and socio-political
unrest [8]. This has resulted in massive displacement of popula-
tions and a significant deterioration of national infrastructures,
hampering optimum healthcare services and immunization cover-
age in these areas.[8,9].

Risk of importation of polioviruses is considerable due to the
refugee influx, especially from Nigeria and Central Africa
(�443,000 in 2020)[9]. Since 2018, internally displaced persons
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(IDPs) have increased from 700,000 to > 1 million at the end of
2020[9]. Displacements were also caused by intense flooding in
the Far North, which in turn affects the population’s nutrition sta-
tus. Overall insecurity, poor infrastructures, difficult terrain, and
population movements resulted in underperforming routine
immunization (RI) and supplementary immunization activity
(SIA) systems in Cameroon, leading to an increased risk of spread
of polio outbreaks.

Since the introduction of injectable poliovirus vaccine (IPV) into
RI in 2015, joint WHO/UNICEF estimates report 22 %, 70 %, 65 %,
67 %, 67 %, and 70 % coverage levels each year between 2015 until
2020.[10] Notably, results from a 2018 DHS health survey report
considerable variability in RI coverage between regions[11]. For
poliovirus immunization, Cameroon heavily relies on supplemen-
tary immunization activities (SIAs) to vaccinate the population.
From 2016 to 2020, there were a total of 29 mass vaccination cam-
paigns with different oral poliovirus vaccines to prevent and miti-
gate spread of poliovirus outbreaks due to importation from
Nigeria. Vaccination through RI is documented via vaccination
cards; however, no records at the individual level are made during
SIAs.

The aim of this study was to assess the seroprevalence of polio-
virus neutralizing antibodies in children in selected poliovirus
high-risk areas of the Far North region of Cameroon. This is useful
to inform future programmatic strategies for poliovirus elimina-
tion efforts in the country and identify risk factors associated with
low seroprevalence. Hence the primary objective of the study was
to assess seroprevalence for poliovirus of all three serotypes in
children aged 12–59 months, living in high-risk areas, in the Far
North region. Secondary objectives include the influence of demo-
graphic factors and vaccination history on polio seroprevalence.
Assessing the population seroprevalence for type 2 poliovirus is
especially relevant due to the repeated cVDPV2 outbreaks in neigh-
boring countries and persistent risk of importation.
2. Methods

This was a community-based cross-sectional serological survey
involving collection of dried blood specimens (DBS) to assess sero-
prevalence of poliovirus neutralizing antibodies among children
living in areas considered at high risk for emergence and spread
of poliovirus outbreaks in Cameroon. Eight districts from the
Extreme-North region were selected: Goulfey, Kousseri, Koza,
Mada, Mokolo, Makary, Mogode, and Mora. These districts were
targeted because they have a high number of populations consid-
ered as high risk for poliovirus transmission, including nomads,
refugees and IDPs. The study period was between January and
December 2020.

The study sample was selected using a multi-stage cluster sam-
pling method. Due to high mobility in these areas and limited
country resources, settlement location points were obtained
through existing GIS databases (i.e., Lake Chad Basin initiative).
Through random sampling from all districts, 59 settlements were
selected using a random number generator. Settlement location
points were compared to current high-resolution satellite imagery
to validate that these were not abandoned settlements. Viable
identified structures were then randomly selected for the purposes
of this study. If the chosen structure was a single household and
had eligible children (i.e., age 12–59 months), the surveyors ran-
domly selected one child and conducted the data-collection survey.
If a household was empty, a nearest household was chosen and
child in the age criteria was included for the survey. Inclusion cri-
teria were children in the target age group (12–59 months), living
in the selected 9 districts of the Far North region during the time of
the survey, and parent/legal guardian consent for participation.
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Exclusion criteria included children with any suspicion of blood
clotting disorder, contraindication for venipuncture, and
hospitalization.

Sample size calculation were done using PASS software v.14.
[12] With an assumed type 1 seroprevalence of 80 %, a 95 % confi-
dence interval with a 16 % width (intraclass correlation coefficient
[ICC] = 0.167), a sample size of 188 children was obtained. Using
the WHO recommended ICC of 0.167, selecting 6 children per clus-
ter, we could achieve a sample of 474 (rounded to 500) children
with 58 clusters (design effect 1.833) after adjusting for an attri-
tion of around 20 % (due to low-quality dried blood specimens,
non-responsive households, or refusals). It was estimated that
15–18 structures would need to be selected by GIS to enrol about
6 eligible children in each cluster.

Survey teams collected data on key indicators related to socio-
economic status such as education level of mother and immuniza-
tion history. Vaccination history for OPV and IPV receipt through RI
was assessed from vaccination cards (when available). The number
of OPV or IPV doses received through campaigns was always
obtained by parental recall as no documentation exists. Then, a
trained phlebotomist collected dried blood specimens (DBS) (up
to 80 lg of blood). Centre Pasteur of Cameroon shipped samples
to the Centers for Disease Control and Prevention in Atlanta where
micro-neutralization assays were performed to assess levels of
poliovirus antibodies against all poliovirus types (Reference PMID
26983734). Seropositivity was defined as reciprocal titres of polio-
virus neutralizing antibodies � 8 (�3 in log2 scale).

This study received approval from the Ethical Review Commit-
tee of the World Health Organization and from Cameroon’s Min-
istry of Public Health and National Ethics Committee.
3. Results

3.1. Socio-demographic characteristics of the study sample:

There were 804 structures screened of which 777 (96.6 %) were
selected and visited. Of those selected structures with household,
401 (52.0 %) children were eligible and included in the study.
Socio-demographic and geographical distribution characteristics
of the sample are presented in Tables 1a and 1b.
3.2. Vaccination history:

Only 36/401 (9.0 %) parents presented with their child’s vacci-
nation cards during enrolment. Among those who presented with
vaccination cards, 100 % (36/36) had received � 3 doses of bOPV
while 94.4 % received IPV in routine immunization at 14 weeks
of age. Parental recall revealed that 53.9 % of children had
received � 3 OPV doses through SIAs.
3.3. Seroprevalence:

The seroprevalence of poliovirus neutralizing antibodies sero-
types 1, 2 and 3 across all age groups was 86.8 % (95 % CI: 83.1–
89.8), 74.6 % (95 % CI: 70.1–78.6) and 79.3 % (95 % CI: 75.1–83.0),
respectively (Fig. 1). There was an increasing trend of seropreva-
lence of all three types as age increased, although statistically sig-
nificant difference was found only between the youngest age group
children (12–23 months) and children above � 48 months.
Children > 55 months were born before the switch from tOPV to
bOPV that occurred in April 2016. There was no statistically signif-
icant difference in type 1, 2 and 3 seroprevalence between ages
48–55 and > 55 months (P = 0.350; P = 0.358; P = 0.739, respec-
tively for serotypes 1, 2, and 3 serotypes).



Table 1a
Socio-demographic distribution by age groups.

Demographic variables Age of the child Total (N = 401)

12–23 months (N = 57) 24–35 months (N = 111) 36–47 months (N = 113) 48–59 months (N = 120)

% (n) % (n) % (n) % (n) % (n)
District
Goulfey 19.3 (11) 18.0 (20) 15.0 (17) 11.7 (14) 15.5 (62)
Kousseri 3.5 (2) 14.4 (16) 8.8 (10) 14.2 (17) 11.2 (45)
Koza 24.6 (14) 15.3 (17) 15.0 (17) 15.8 (19) 16.7 (67)
Mada 10.5 (6) 9.9 (11) 11.5 (13) 9.2 (11) 10.2 (41)
Makary 26.3 (15) 17.1 (19) 17.7 (20) 20.0 (24) 19.5 (78)
Mogode 7.0 (4) 21.6 (24) 23.9 (27) 16.7 (20) 18.7 (75)
Mokolo 7.0 (4) 3.6 (4) 0.9 (1) 8.3 (10) 4.7 (19)
Mora 1.8 (1) 0.0 (0) 7.1 (8) 4.2 (5) 3.5 (14)
Sample population
Residents 94.7 (54) 94.6 (105) 96.5 (109) 92.5 (111) 94.5 (379)
Refugees 3.5 (2) 0.0 (0) 0.0 (0) 3.3 (4) 1.5 (6)
Internally displaced 1.8 (1) 2.7 (3) 0.9 (1) 2.5 (3) 2.0 (8)
Nomads 0.0 (0) 2.7 (3) 2.7 (3) 1.7 (2) 2.0 (8)
Type of toilet
Individual toilet 36.8 (21) 29.7 (33) 32.7 (37) 31.7 (38) 32.2 (129)
Common toilet 50.9 (29) 50.5 (56) 55.8 (63) 47.5 (57) 51.1 (205)
Open fields defecation 12.3 (7) 19.8 (22) 11.5 (13) 20.8 (25) 16.7 (67)
Religion
Muslim 59.6 (34) 58.6 (65) 55.8 (63) 57.5 (69) 57.6 (231)
Christian 26.3 (15) 29.7 (33) 29.2 (33) 29.2 (35) 28.9 (116)
Animist 12.3 (7) 10.8 (12) 14.2 (16) 12.5 (15) 12.5 (50)
Other 1.8 (1) 0.9 (1) 0.9 (1) 0.8 (1) 1.0 (4)
Education of parent
Primary 10.5 (6) 27.0 (30) 24.8 (28) 20.8 (25) 22.2 (89)
Secondary 10.5 (6) 7.2 (8) 10.6 (12) 7.5 (9) 8.7 (35)
Kuranic school 26.3 (15) 27.0 (30) 23.9 (27) 30.0 (36) 26.9 (108)
Not educated 52.6 (30) 38.7 (43) 40.7 (46) 41.7 (50) 42.1 (169)

Table 1b
Vaccination history by age groups.

Vaccination history Age of the child Total (N = 401)

12–23 months (N = 57) 24–35 months (N = 111) 36–47 months (N = 113) 48–59 months (N = 120)

% (n) % (n) % (n) % (n) % (n)
Vaccination card
Available 22.8 (13) 9.9 (11) 8.0 (9) 2.5 (3) 9.0 (36)
IPV in RI a

Administered 84.6 (11) 100.0 (11) 100.0 (9) 100.0 (3) 94.4 (34)
Birth OPV dosea 100.0 (13) 100.0 (11) 100.0 (9) 100.0 (3) 100.0 (36)
�3 OPV doses in RIa 100.0 (13) 100.0 (11) 100.0 (9) 100.0 (3) 100.0 (36)
Doses of OPV in SIAb

1 3.6 (2) 0.9 (1) 0.0 (0) 0.0 (0) 0.8 (3)
2 50.0 (28) 40.9 (45) 49.1 (55) 43.7 (52) 45.3 (180)
�3 46.4 (26) 58.2 (64) 50.9 (57) 56.3 (67) 53.9 (214)

a Among those who presented with vaccination card.
b From parental recall.
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The median titers by age groups are presented in Fig. 2 and
Table 2 in log2 scale. Type 1 and 3 titers were high and consistent
throughout all age groups (median 6.94 and 5.94, respectively).
The type 2 median titers in 12–23-month age group was 4.2
(95 %CI: <3–7.5) and gradually increased with age reaching 5.8
(95 %CI: 5.5–6.8) in the 48–59-month age group (p < 0.001).
3.4. Risk factor associations:

Bivariate analyses reveal some socio-demographic characteris-
tics were associated with type 2 seronegativity. Younger children
and toilet users (whether at household or community level) had
a significantly higher chance of seronegativity than older children
(p = 0.001) and those who defecated in open areas (p = 0.002),
respectively (Table 3A). There was no other socio-demographic fac-
tor that was associated with type 1 or type 3 seronegativity except
3

for age (Table 3B). Education level of the mother showed a 10 %
level of significance and hence was considered into multivariable
analysis model.

Multi-variable analyses (Table 4) for type 2 immunity demon-
strated that children between 12 and 23 months had 2.2 (1.4–
3.5) odds of remaining seronegative as compared to children above
23 months while children who used common or individual toilet
had nearly 4 (1.7–9.1) times odds of remaining seronegative as
compared to children who defecated out in open areas.
4. Discussion

The overall polio antibody seroprevalence against all three
poliovirus types was low (<90 %), despite multiple rounds of OPV
campaigns between 2016 and 2020 in the far north region for
Cameroon. Seropositivity was the lowest for the youngest age



Fig. 1. Seroprevalence of all types by age groups. Children in the 56–59-month age group were born before the tOPV to bOPV switch.

Fig. 2. Median poliovirus neutralizing antibody titers by age group. Children in the 56–59-month age group were born before the tOPV to bOPV switch.

Table 2
Median titers in log2 scale by age groups.

Age groups (in months) Type 1 Type 2 Type 3

Median 95 % CI Median 95 % CI Median 95 % CI

12–23 7.2 5.8–9.3 4.2a <3–7.5 5.8 3.8–8.2
24–35 6.8 6.2–8.2 4.5a 3.7–5.5 5.5 4.5–6.5
36–47 7.2 6.2–8.7 4.8a 4.5–5.8 6.2 5.5–7.2
48–55 7.3 6.2–7.8 5.8 5.2–6.8 6.2 5.5–7.2
56–59 6.2 4.8–7.9 6.0 4.8–7.8 6.0 4.8–7.2

a Comparison with 48–55 months children is statistically significant.
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group (12–23 months), underlying the programmatic need to be
prepared to respond to outbreaks in this age group and to
strengthen RI.

Seroprevalence surveys in neighboring countries, Chad and
Niger, showed similar trends, with seroprevalence increased with
age for the serotype 2. The reported values in Chad for 12–23,
4

24–35, 36–47, 48–59 age groups was 37 %, 48 %, 65 %, 83 %, respec-
tively.[13] For the same age intervals, Niger reported 85 %, 85 %,
89 %, 92 %.[14] Moreover, median titers for serotype 1 were high
for all age groups and increased with age for serotype 2, again con-
sistent with studies in Chad, Borno, and Yobe provinces of Nigeria.
[13–15].



Table 3A
Bivariate analysis for type 2 seronegative children.

Risk factors Type 2 Seronegative P value

n/N %

12–35 months age
>35to < 60 months

57/168
45/233

33.9
19.3

0.001*

IPV administered
IPV not administered

0/34
10/34

0
29.4

1.000

Illiterate parent
Some formal education

50/169
52/232

29.6
22.4

0.106

Nomads/Internally displaced persons
Residents

5/22
97/379

22.7
25.6

1.000

Open defecation
Common / Individual toilet

7/67
95/234

10.4
28.4

0.002*

Note:
* P value < 0.01.

Table 3B
Bivariate analysis for type 1 and 3 seronegative children.

Risk factors Type 1 Seronegative P value Type 3 Seronegative P value

n/N % n/N %

12–35 months age
>35to < 60 months

31/168
22/233

18.5
9.4

0.011* 47/168
36/233

28.0
15.5

0.003*

IPV administered
IPV not administered

3/34
0/2

8.8
0.0

1.000 8/34
0/2

23.5
0.0

1.000

Illiterate parent
Some formal education

19/169
34/232

11.2
14.7

0.371 32/169

51/232

18.9
22.0

0.533

Nomads/Internally displaced persons
Residents

2/22
51/379

9.1
13.5

0.752 5/22
78/379

22.7
20.6

0.789

Open defecation
Common / Individual toilet

6/67
47/334

9.0
14.1

0.325 9/67
74/344

13.4
22.2

0.136

Note:
* P value < 0.01.
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Hygiene and level of parental education are factors that contin-
uously arise as associations with seropositivity.[13,16,17] Using
toilets at both household- and community- level facilities revealed
to be a risk factor in this study; children who defecated in open
fields had a higher chance of being seropositive for type 2 polio-
virus, consistent with reports from Chad[13]. We hypothesize that
open-field defecation can lead to exposure to poliovirus explaining
the higher levels of seropositivity. A report from Vietnam stresses
this idea that hygiene and toilet conditions are an important factor
to control transmission of polio virus[18,19]. On another hand, the
educational status of the mother was likely associated with type 2
seropositivity. A mother’s having formal education has been
reported to influence and promote immunization activities[20].

Cameroon primarily relies on mass vaccination campaigns for
poliovirus outbreak control rather than routine immunization.
[21] SIAs administering mOPV2 have the risk of seeding new
cVDPV2 outbreaks when immunization coverage is not optimum.
Table 4
Adjusted analysis for type 2 seronegative children.

Risk Factors OR 95 % CI P value

12–35 months age vs > 35 months age of the
child

2.20 1.38–
3.50

<0.001*

Illiterate vs some formal education of the parent 1.58 0.99–
2.53

0.055

Open defecation vs individual or common toilet 0.26 0.11–
0.60

0.002*

Note:
* P value < 0.01.
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[4,22] However, SIAs are instrumental for immunization mop-
ups, populations with difficult access (i.e., nomadic lifestyle or hos-
tile terrains), communities with high vaccine hesitancy and coun-
tries with destabilized health infrastructures.

There were some limitations in the study. The required sample
size of the study was near 500 children however there were only
401 children enrolled. This was because households within struc-
tures selected using GIS were empty at the time of data collection.
Although attempts were made to reach out to the nearby house-
holds in the structure, it was not always possible to find children
in the eligible age group. The IPV history was taken only among
those parents who presented with a vaccination card from RI,
which was only the case in 9 % of participants. Moreover, doses
received from SIAs were reported based on parental recall, which
could lead to over/under estimations. The other limitation of the
study was prolonged delay in test results due to delayed enroll-
ment of children into the study due to the COVID-19 pandemic.
5. Conclusion

Our study provides evidence that despite repeated opportuni-
ties for immunization through RI and SIAs with poliovirus vaccines,
the resulting antibody seroprevalence does not exceed 90 % for any
serotype. Cameroon remains at risk of poliovirus importation and
VDPV emergence; if such an event should occur, the spread of
the virus can cause paralytic poliomyelitis outbreaks. Immuniza-
tion program in Cameroon should focus on strengthening RI and,
in case of future poliovirus vaccination campaigns, ensure that
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the vaccine reaches all children in the targeted age groups, espe-
cially those who are hard to reach (IDPs, nomads, refugees).
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