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Abstract

Introduction:
The Democratic Republic of the Congo (DRC) bears a great number of cases of poliovirus. The study
aimed to assess the level of immune response to polio vaccines among fully vaccinated children aged
1–10 yeas.

Methods
This cross-sectional study was conducted in two provinces of the DRC and included 348 children.

Results
The mean age was 4.7years ± 2.7 and the median age was 5 years with extremes of 1 to 10 years. The
vaccine failure rate was 56.9% for girls and 43.1% for boys. This rate was 59.3% in the Maniema site and
53.5% in the Ituri site. The difference was not statistically significant (p = 0.278). Considering the age
groups, the vaccination failure rate was respectively 59.4% in children aged between 5 and 54.5% in
those under 5 years of age. There was no statistically significant difference (p = 0.354).

Conclusion
This study showed a significant rate of vaccine failure among fully vaccinated children. This result
requires further studies to investigate the factors associated with this failure.

INTRODUCTION
Polio is a highly contagious infection caused by the poliovirus (1). According to the World Health
Organization (WHO), the incidence of polio is estimated at 37 cases of wild poliovirus, with a disease
that remains endemic with type 1 in Afghanistan and Pakistan (2). However, in recent years there has
been a rise in the incidence of polio cases due to circulating poliovirus derived from vaccine strains in
the African region (3). Nowadays, the Democratic Republic of the Congo (DRC) is among the most
affected countries by polio, with 945 cases reported between 2022–2023 (3).

Strategies to control polio primarily rely on strengthening immunization services through routine
vaccination and supplementary immunization activities. These interventions use oral polio vaccines,
including bivalent oral polio vaccine (bOPV) and novel oral polio vaccine type 2 (nOPV2), as well as the
inactivated polio vaccine (IPV) (4–6). The widespread implementation of these vaccines has proven
highly effective and has contributed substantially to the dramatic reduction in poliomyelitis cases
worldwide (7–9).
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Despite the remarkable success of polio vaccination programs, vaccine-derived poliovirus (VDPV)
outbreaks continue to occur in several countries. Research suggests that factors such as intestinal
infections, immune deficiencies, malnutrition, and disruptions in health services may compromise
vaccine-induced immunity and facilitate the emergence and circulation of VDPVs. These challenges are
particularly prevalent in low-resource settings, where political instability and weaknesses in healthcare
systems can further hinder the effectiveness of immunization programs and disease control efforts (10,
11).

As a consequence, vaccine-derived polioviruses may continue to circulate even in settings reporting high
vaccination coverage. In the DRC, a resurgence of VDPV cases has been documented despite
administrative vaccination coverage exceeding 95% and reports that most affected children were fully
vaccinated. This resurgence has been particularly evident in the provinces of Maniema, Ituri, Haut-
Katanga, Haut-Lomami, and Tanganyika, raising concerns about the adequacy of population immunity
and the factors influencing vaccine responsiveness in these settings (3, 12, 13). Therefore, The study
aimed to assess the level of immune response to polio vaccines among fully vaccinated children aged
1–10 yeas in the provinces of Maniema and Ituri in 2024.

METHODS
Study design 

This was a descriptive cross-sectional study conducted from February 2021 to July 2024.

Study area

This study was conducted in two provinces of the DRC, including Maniema and Ituri. The Maniema
province is located in the central part of the Democratic Republic of the Congo (DRC) and covers an area
of 132,250 km², representing 5.6% of the country's total surface. This study focuses on the Kindu and
Alunguli health zones, specifically targeting the following health areas: Brazza, RVA, Ngezi, and
Lumbulumbu.

The Ituri province, located in the northeastern part of the country, and covers an area of 65,688 km². The
province faces a highly fragile security situation, characterized by incursions from foreign armed groups
into several border villages. This ongoing instability has led to significant internal displacement. Due to
high reported cases of polio, four health zones were selected in the Ituri province: Bora Uzima, Bigo,
Kindia, and Lembao, corresponding to Health Zones 1 and 2 of Bunia.

Study Population

The study focused on children aged 1-10 years who had been fully vaccinated against polio, using both
oral and injectable vaccines, and who resided in the selected health zones and whose mothers showed
vaccination cards. Children were excluded from the study if they lacked a vaccination card or if parental
consent was not obtained.
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Sample size

A sample size of 408 was estimated assuming a presumed failure rate of 10%, a precision of 5%, and a
Confidence Interval of 95%, and a design effect of 1.2 using the following formula:

 n = [DEFF*Np(1-p)]/ [(d2/Z21-α/2*(N-1) +p*(1-p)] 

Sampling method

Four health zones spread across the two provinces (Maniema and Ituri) were selected, taking into
account reports of cases of VDPV and good performance in terms of vaccination coverage for OPV3 and
IPV. In each health zone, 2 health areas were selected. Within these health areas, the villages housing the
health facilities (FOSA) were selected, and then using the cluster method, the households were selected
to take the samples. In the households, children aged between 6 months and 10 years who had been
correctly vaccinated with OPV and IPV with proof of card and consent obtained from their parents or
guardians were selected and subjected to surveys to collect demographic, anthropometric, and clinical
data on the child and to collect samples of biological data.

Data collection  

Data were collected by a team composed of trained interviewers, specialists in medical biology, and field
supervisors. Prior to data collection, all field staff underwent a three-day training workshop covering the
study objectives, participant recruitment procedures, informed consent process, administration of
questionnaires, anthropometric measurements, blood sample collection, specimen handling, and ethical
considerations. Following the training, a pilot test of the data collection tools and procedures was
conducted in a health area not included in the study. The pretest enabled the research team to assess
the clarity, relevance, and consistency of the questionnaire and to make the necessary adjustments
before the start of the survey.

A structured questionnaire was administered face-to-face to mothers of eligible children. Information
collected included sociodemographic characteristics (child's age and sex, parental education, and
household characteristics), vaccination history verified using vaccination cards, recent medical history,
and other factors potentially associated with immune response. Anthropometric measurements were
also obtained following standard procedures to assess the nutritional status of participating children.
Field supervisors reviewed completed questionnaires daily to ensure completeness and accuracy and
provided immediate feedback to data collectors when necessary.

For biological analyses, eight milliliters of blood were collected from the children in dry tubes (3.5 ml for
hematology and 5 ml for biochemical analysis). Once the samples had been taken, they were placed in
isothermal containers and then sent to the storage laboratories for conservation at +2 and +8 degrees
Celsius. The hematological analyses were immediately carried out using the Mindray BC-5150
automated blood analyzer.  For biochemistry and serology analyses, samples were transferred to the
Kinshasa university clinics laboratory to be stored at -20 degrees Celsius in a PR-5V360 freezer and then
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processed using the Mindray BS-240 automated system. Serological tests for antibodies were carried
out at the Lomo University Research Lomo-Medical laboratory using a branded Elisa COBAS C 311
(ROCHE: HITACHI) with the human poliovirus IgG (PV-IgG) ELISA KIT reagent, and social-demographic
data (sex, age in completed years).

Operational definition of key variables

Children with an IgG antibody titer of 8 IU/L or greater were considered to have an adequate immune
response and were classified as seroprotected. Conversely, children with an IgG antibody titer of less
than 8 IU/L were considered to have an inadequate immune response and were classified as
experiencing vaccine failure. 

Statistical analysis

Data were entered on the computer using Excel version 2013 and analyzed using STATA version 18.
Pearson's Chi-square test was used to compare proportions between categorical variables, the Student's
T-test to compare means of continuous variables, and Pearson's correlation to determine the correlation
coefficient between variables of interest (dependent and independent). A p-value of less than 0.05 was
considered the threshold of statistical significance. 

RESULTS
Sociodemographics of participants

Overall, 408 children were included in this study. More than half of children (54.2%) were aged 5 years
old or younger. The distribution of children was nearly equal between the two provinces, with 50.5% from
Ituri and 49.5% from Maniema. Four out of ten (40.2%) mothers of participating children had no formal
education (Table 1). 

Table 1. Sociodemographic characteristics of participating children and their mothers’ education
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Variables  n %

Age 

    <5 years 221 54.2

    ≥5 years 187 45.8

Sex

    Girls 211 51.8

    Boys 196 48.2

Province

    Ituri 206 50.5

    Maniema 202 49.5

Mother's education

    No formal education 164 40.2

    Primary education 85 20.8

    Secondary education 139 34.1

    University education 20 4.9

     

Serology among participating children

Figure 1 shows the distribution of serology among children. Overall, the mean IgG titer was 8.98 IU/L (SD
= 5.05). Most observations are concentrated between approximately 5 and 15 IU/L, with fewer
participants exhibiting values above 20 IU/L (Figure 1).

Level of immune response to polio vaccines

Figure 2 shows a slightly higher proportion of participating children with polio vaccine failure (55.9%). 

DISCUSSION
This study assessed the immune response to polio vaccination among fully vaccinated children aged 1-
10 years from the provinces of Ituri and Maniema in the DRC. More than half of the participating children
were younger than five years, the sex distribution was nearly balanced, and a substantial proportion of
mothers had no formal education. The mean anti-polio IgG titer was 8.98 IU/L, with most children
exhibiting antibody concentrations between 5 and 15 IU/L. Most importantly, more than half of the
children (55.9%) were classified as experiencing vaccine failure, indicating inadequate immune
protection despite vaccination efforts.
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The predominance of children younger than five years is consistent with the epidemiology of polio
infection and with global immunization strategies, which prioritize this age group because of its
heightened susceptibility to poliovirus infection and paralysis (14,15). Similar age distributions have
been reported in post-vaccination serological surveys conducted in other LMICs, reflecting the focus of
routine immunization and supplementary immunization activities on younger children (16,17).

A notable finding was that approximately 40% of mothers had no formal education. Maternal education
has consistently been identified as a key determinant of childhood vaccination uptake and completion of
immunization schedules (18,19). Studies from several Sub-Saharan African countries have
demonstrated that children born to mothers with higher educational attainment are more likely to receive
all recommended vaccine doses and to access preventive health services (20,21). Educated mothers
may possess greater awareness of vaccination benefits, better health-seeking behaviors, and improved
ability to navigate healthcare systems. Therefore, the low educational level observed among many
mothers in this study may have contributed indirectly to inadequate vaccine-induced immunity through
reduced adherence to vaccination schedules or missed opportunities for immunization (18,20).

The distribution of anti-polio IgG titers revealed considerable variability among participants. Although
most children demonstrated measurable antibody concentrations, the relatively wide dispersion of titers
suggests heterogeneous immune responses. Such variability has been documented in previous studies
and may be explained by differences in vaccine exposure, timing of vaccination, nutritional status,
concurrent infections, genetic factors, and environmental conditions (22–24). The mean IgG
concentration observed in this study indicates that many children mounted an immune response;
however, antibody levels alone may not guarantee adequate protection if seroconversion thresholds are
not achieved (25).

The most concerning finding was the high prevalence of vaccine failure, affecting nearly six in ten
children. This proportion is substantially higher than the seronegativity levels reported in many countries
that have achieved high routine immunization coverage (26,27). Studies conducted in India and Nigeria
have generally documented seroconversion rates exceeding 80–90% following complete vaccination
schedules, although lower rates have occasionally been reported in settings characterized by
malnutrition, poor sanitation, and high enteric disease burdens (28,29). Similarly, investigations in
Pakistan and parts of Sub-Saharan Africa have shown that vaccine effectiveness may be reduced in
populations exposed to chronic infections, environmental enteropathy, and socioeconomic deprivation
(30,31). The high prevalence of inadequate immune response observed in the present study therefore
raises concerns regarding the effectiveness of vaccination delivery and the persistence of immunity
gaps in eastern DRC.

Several factors may explain the observed vaccine failure. First, incomplete vaccination schedules remain
a common challenge in resource-limited settings. Children who miss one or more recommended doses
may fail to develop adequate protective immunity (32). Second, vaccine potency may be compromised
by weaknesses in cold-chain management, particularly in remote areas where transportation
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infrastructure and electricity supply are limited. Maintaining the integrity of the cold chain remains
challenging in many parts of the DRC and may contribute to reduced vaccine effectiveness (33,34).
Third, nutritional status may play a critical role in shaping vaccine responses. Malnutrition remains a
major public health problem in the DRC, particularly in eastern provinces affected by poverty, food
insecurity, and recurrent humanitarian crises. Protein-energy malnutrition and micronutrient deficiencies
have been associated with impaired immune function and reduced responses to several childhood
vaccines (35,36). Evidence suggests that undernourished children may exhibit lower antibody production
following vaccination than their well-nourished counterparts (37). Consequently, nutritional deficiencies
may have contributed to the inadequate immune responses observed in this study.

Study strengths and limitations

This is the first study to quantitatively assess the anti-polio immune response of apparently healthy
children fully vaccinated with b OPV, nOPV2, and IPV vaccines in Maniema and Ituri provinces. The study
provided relevant data to guide vaccination strategies in areas at high risk of polio transmission in the
DRC. Unlike studies that have relied exclusively on vaccination records, this study directly assessed
immune response through serological measurements, providing a more objective evaluation of
protection against poliovirus. Furthermore, the inclusion of children from two provinces enhances the
relevance of the findings for eastern DRC.

However, this study had some limitations. The descriptive cross-sectional design does not enable us to
investigate associations and draw causal inference. In-depth information on vaccination history,
nutritional status, socioeconomic conditions, and exposure to conflict-related disruptions was not
available, limiting the ability to identify the specific mechanisms underlying inadequate immune
responses. Also, the contextual realities of Ituri and Maniema should also be considered when
interpreting these findings. Both provinces have experienced prolonged periods of insecurity, population
displacement, and disruption of health services. In Ituri in particular, armed conflict and recurrent
humanitarian emergencies have affected healthcare infrastructure and reduced access to routine
immunization services. Population movements may increase the number of missed vaccinations, while
insecurity can limit outreach activities and the ability of healthcare workers to reach vulnerable
communities. Such conditions have been recognized as major obstacles to achieving and maintaining
high vaccination coverage in fragile settings. Finally, the required sample size was not reached. This
could have introduced the selection bias and limited the generalizability of the results. 

Implications for public health, policy and interventions

The findings have important implications for polio eradication efforts. The presence of a large proportion
of children lacking adequate immunity creates conditions favorable for the circulation of poliovirus,
including vaccine-derived polioviruses, especially in areas with suboptimal sanitation and vaccination
coverage. Achieving and sustaining herd immunity requires not only high vaccination coverage but also
effective vaccine delivery capable of inducing protective immune responses. Consequently,
strengthening routine immunization systems, ensuring uninterrupted cold-chain maintenance,
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conducting periodic supplementary immunization activities, and integrating nutritional interventions into
child health programs may help improve vaccine effectiveness and population immunity.

Conclusion
This study reveals a high prevalence of poor response of polio vaccines among fully vaccinated children
aged 1–10 years in Maniema and Ituri provinces. Despite measurable antibody levels in many
participants, more than half failed to achieve adequate immune protection. This study highlights
persistent immunity gaps that may threaten polio control and eradication efforts in the DRC. Further
studies are needed to investigate associations between polio vaccine failure and specific exposures.
Strengthening routine immunization services, improving cold-chain systems, addressing childhood
malnutrition, and ensuring access to vaccination in conflict-affected communities are essential to
enhance vaccine-induced immunity and reduce the risk of future poliovirus transmission.
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Figure 1

Distribution of Serology (IgG titer, IU/L) among participating children.
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Figure 2

Distribution of participating children according to polio vaccine status
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