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Background: Malnutrition is identified as a risk-factor for insufficient polioseroconversion in the context of a vaccine-derived polio
virus (VDPV) outbreak prone region. To assess the prevalence of malnutrition and its link to poliovirus insufficient immunity, a cross-
sectional household survey was conducted in the regions of Haut- Lomami and Tanganyika, DRC.

Methods: In March 2018, we included 968 healthy children aged 6 to 59 months from eight out of 27 districts. Selection of study
locations within these districts was done using a stratified random sampling method, where villages were chosen based on habitat
characteristics identified from satellite images. Consent was obtained verbally in the preferred language of the participant (French or
Swahili) by interviewers who received specific training for this task. Furthermore, participants contributed a dried blood spot sample,
collected via finger prick. To assess malnutrition, we measured height and weight, applying WHO criteria to determine rates of
underweight, wasting, and stunting. The assessment of immunity to poliovirus types 1, 2, and 3 through the detection of neutralizing
antibodies was carried out at the CDC in Atlanta, USA.

Results: Of the study population, we found 24.7% underweight, 54.8% stunted, and 15.4% wasted. With 1C95%, underweight
(OR=1.50; [1.11-2.03]), and the non-administration of vitamin A (OR=1.96; [1.52-2.54]) were significantly associated with serone-
gativity to polioserotype 1. Underweight (OR=1.64; [1.20-2.24]) and the non-administration of vitamin A (OR=1.55; [1.20-2.01])
were significantly associated with seronegativity to polioserotype 2. Underweight (OR=1.50; [1.11-2.03]), and the non-administration
of vitamin A (OR=1.80. [1.38-2.35]) were significantly associated with seronegativity to polioserotype 3. Underweight (OR=1.68;
1C95% [1.10-2.57]) and the non-administration of vitamin A (OR=1.82; IC95% [1.30-2.55]) were significantly associated with
seronegativity to all polioserotypes.

Conclusion: This study reveals a significant association between underweight and polioseronegativity in children. In order to reduce
vaccine failures in high-risk areas, an integrated approach by vaccination and nutrition programs should be adopted.
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Introduction

Malnutrition, mainly in the forms of micronutrient deficiencies, including but not limited to iron, iodine, vitamin A, copper, zinc,
and selenium,' remains a major health challenge worldwide, particularly in low- and middle-income countries (LMIC).>* This
condition not only stands as a direct health issue but also exacerbates other diseases.’ According to the Integrated Food Security
Phase Classification (IPC) Report, around 26.4 million individuals in the Democratic Republic of the Congo (DRC) faced severe
acute food insecurity in 2022, with poverty, conflicts, and inadequate agricultural output as primary contributors.®’

Malnutrition significantly influences mortality in children under five, being a direct or indirect factor in over half of the
10.8 million yearly deaths in this age group, particularly due to infectious diseases. In malnourished children, compromised
immune functions lead to a heightened risk of severe infections, perpetuating the malnutrition-infection cycle.®

Poliomyelitis, caused by one of three poliovirus serotypes 1(PV1), 2(PV2), and 3(PV3), primarily affecting children under
five, is an infectious disease with potentially severe consequences.’ For every 200 cases of polio, only one results in paralytic
symptoms, known as Acute Flaccid Paralysis (AFP), with a mortality rate of 5-10% among these paralytic cases.'”

Despite WHO’s African Region being declared free from wild poliovirus in 2020 and the DRC achieving polio-free
certification in 2015, the country is still to face outbreaks of vaccine-derived polio virus type 2 (cVDPV2) and type 1
(cVDPV1) cases."!

DRC has had cases of polio caused by vaccine-derived polioviruses (VDPVs) documented since 2004.'* Vaccine-
derived poliovirus cases have been documented in the DRC since 2004, with significant outbreaks of various types
occurring in recent years. The country’s participation in global polio vaccination strategy shifts, such as the 2016 switch
to bivalent oral polio vaccine (OPV), aims at enhancing seroconversion rates and reducing disease incidence,'” and some
studies suggest that bOPV leads to significantly higher seroconversion for type 1 and type 3, than tOPV.'* Starting from
May 2017, the DRC has been facing continuous outbreaks of vaccine-derived polioviruses. The year 2021 saw 29
confirmed cases of cVDPV2'>, while 2022 witnessed a significant rise with 290 cases of cVDPV2, 86 cases of cVDPV]1,
and 11 instances where cVDPV2 was detected through environmental surveillance.'!

The Multiple Indicator Cluster Surveys (MICS) from 2017 to 2018 revealed that only 35.0% of children under 12 in
the DRC were fully vaccinated, with variations across regions; Haut Lomami had a slightly higher rate of 35.7%, while
Tanganyika was at 21.2%. Key factors for incomplete vaccination included parental/caregiver lack of awareness (29.0%),
time constraints (18.4%), distrust (16.1%), and service delivery issues (28.7%) such as remote health-care facilities,
unsuitable scheduling, and economic hurdles. The country’s nutritional status, evaluated through weight, height, and
body mass indices, was notably poor, with negative Z-scores indicating widespread undernutrition'®. In the Haut-
Lomami region, the nutritional assessment indicated Z-scores below the norm: —1.2 for weight relative to age, —1.8
for height relative to age, and —0.2 for body mass relative to height.'® In contrast, the Tanganyika region showed slightly
better but still concerning Z-scores: —0.9 for weight relative to age, —1.6 for height relative to age, and a marginal
positive score of 0.1 for body mass relative to height, highlighting nutritional challenges in both areas.'®

WHO, to provide guidance for polio eradication activities, has recommended OPV seroprevalence surveys,'” evaluate
risk of poliovirus outbreaks, and pinpoint where population immunity is lacking. These surveys have been implemented
in the DRC,'® Nigeria,'® India,>® Pakistan®', West Africa,”® and Madagascar®® These activities have prompted adjust-
ments in the approaches to eradicating poliomyelitis. Reduced titers of vaccine-specific antibodies and seroconversion
rates have been identified in children with severe wasting, but there is still very little information on the low effectiveness
of vaccines in countries with a high prevalence of malnutrition.***’

To assess the prevalence of malnutrition and its link to poliovirus insufficient immunity in the context of a cVDPV
outbreak prone area, a cross-sectional study was carried out in two south-eastern regions of the DRC.

Methods
Study Population

In 2018, a community-based, cross-sectional study was conducted in eight districts across the Haut-Lomami and Tanganyika
Regions of the DRC, specifically targeting Butumba, Lwamba, Malemba-Nkulu, Mukanga, Ankoro, Kabalo, Kongolo, and
Manono.
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The methodology of this survey, which aimed to assess various health indicators, follows the protocols outlined by
Halbrook in 2020, briefly, the eight districts with highest number of cVDPV2 registered and highest mass campaign
responses organized were selected. Within each health zone, five villages were selected by stratified random sampling
using settlement feature layers derived from satellite imagery. During the second stage, we selected villages using a GIS
point methodology with buffers. The clusters (health areas) were randomly selected using ArcGIS software based on two
parameters: 1) not being in the same health area and 2) being separated by at least 500 m. Households in which children
aged 6 to 59 months reside formed subgroups of these clusters. Overall, 327 households in Haut-Lomami and 641 in
Tanganyika were investigated by simple random sampling. All households in the cluster were given the opportunity to be
surveyed until the expected sample size was reached. Households that refused to participate were marked as “refused” in
the tablet-based questionnaire.

We reserved the concept “healthy child” to the child who does not present specific signs of serious illness (such as
lethargy, unconsciousness, and convulsion),”’ cough or difficult breathing, dehydration or persistent diarrhea, fever,
oedema of both feet, and palmar pallor at the assessment time. Only 968 children fitted this operational definition.

We reserved the definition of a “healthy child” to exclude those with signs of serious illness (such as lethargy,
unconsciousness, and convulsion),”’ cough or difficult breathing, dehydration or persistent diarrhea, fever, oedema of
both feet, and palmar pallor at the assessment time. Only 968 children fitted this operational definition.

Measurement of this variable, carried out by trained personnel, includes clinical observation of danger signs,
measuring respiratory rate and taking temperature.

Data Collection and Study Variables

Trained interviewers obtained informed consent and conducted interviews in the preferred language of the participants
(either French or Swabhili). The questionnaire, administered orally, gathered essential demographic information, work
habits, health status, and vaccination records of those who agreed to participate. In this survey, standard equipment was
used to perform anthropometry. Height was measured using a wooden stadiometer, weighted using a SECA 874 digital
scale and middle upper arm circumference (MUAC) using MUAC tricolor strips.

Using WHO standards, anthropometric measurements (stunting, wasting, and underweight) were assessed using
Emergency Nutrition Assessment (ENA) software. Data on health, anthropometry (height, weight), vaccination knowl-
edge, and immunization usage were collected through a tablet-based questionnaire”® which might be linked to various
illnesses. Additionally, to aid in data analysis, dried blood spots (DBSs) obtained via finger prick were cataloged with
unique barcode numbers linking them to the questionnaire responses.

We utilized both quantitative and qualitative data, including age, gender, marital status, tribal affiliation, education
level, religious beliefs, primary occupation, nutritional status, and seroprevalence. Household size was assumed to
average six members, based on prior research findings.*®

Z-scores were calculated using the Emergency Nutrition Assessment (ENA) software, applying WHO standards for
infants and children to define underweight, wasting, and stunting when their respective Z-scores fell below —2 standard
deviations from the WHO Child Growth Standards median.

Laboratory Analysis
Tests for neutralizing antibodies against poliovirus types 1 (PV1), 2 (PV2), and 3 (PV3) were performed by the CDC in
Atlanta using a specialized microneutralization assay to evaluate the antibodies’ effectiveness in serum samples. Dried
blood spots (DBSs) were transported at room temperature and then stored at —20°C until analysis. The methodology for
this testing has been detailed in prior publications.”’ About 60 pl of serum were extracted from each card for the
poliovirus neutralization test that requires a small volume of sample.

The assay involved diluting the eluted DBS, mixing it with a set amount of virus before introducing it to cells
susceptible to poliovirus, and then applying a luminescent reagent after 5 days to identify surviving cells, indicating
successful virus neutralization. Neutralizing antibody levels were quantified in log2 titers, with a detection range between

2.5 and 10.5 log2. Titers of 3.0 log2 or higher signify a sufficient immunogenic response.”**
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Statistical Analysis

The study used SPSS 23 for data analysis. Prevalence rates of malnutrition were computed, followed by comparisons of
frequencies via the Pearson chi-square test, with significance set at p < 0.05. Univariate analysis results were presented as
frequency distributions and percentages. Bivariate analysis employed the chi-square test to explore the relationship

between nutritional status and seronegativity.

Ethical Considerations
The ethical clearance was given by the ethics committee of University of California, Los Angeles’ Institutional Review
Broad (IRB#18-000303), and the Kinshasa School of Public Health (approval letter No: ESP/CE/164/2021), University
of Kinshasa, DRC.

Our study complies with the Declaration of Helsinki and verbal informed consent was acceptable and approved by the
ethics committees.

Results

Socio-Demographic Characteristics of Participating Parents or Guardians

In the study, 968 parents or guardians took part, with mothers aged 20 to 35 years representing 71.3% of the participants.
Additionally, 25.4% of these participants had completed secondary education or attended university. Regarding the age and
level of education of the father, the situation is as follows: 57.1% are between 20 and 35 years old; 22.7% attended secondary
school or university. Overall, 92.6% of parents reported that they were employed and 35.3% of households reported having
less than 7 members. Biological parents represented 92% of those interviewed.96.5% of respondent were Luba tribe (Table 1).

Table | Socio-Demographic Characteristics of Participating Parents or Guardians

Characteristics Frequency (n=968) Percentage (%) MeanzSD
Mother ‘s age (years old) 30.4+8.7
<20 228 23.6
20-35 690 71.3
> 35 50 52
Province
Tanganyika 641 66.2
Haut-Lomami 327 338
Mother’s education
Primary school or apprentice 722 74.6
Secondary school and university 246 254
Father’s education
Primary school or apprentice 748 773
Secondary school and university 220 22.7
Father’s age (years old) 34.0x11.2
<20 67 6.9
20-35 553 57.1
> 35 348 36.0
Parent occupation
With remunerative occupation 896 92.6
Without remunerative occupation 72 74
Household density 8.6+4.3
<6 342 353
>6 626 64.7
(Continued)
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Table | (Continued).

Characteristics

Frequency (n=968)

Percentage (%)

MeantSD

Relationship of the respondent with the child
Child’s mother

Child’s father
Grandparents

Other relatives

Religion of respondent
Protestant

Catholic

Animist

Revival church
Kimbanguist

Muslim

Others

Tribe of respondent
Luba

Others

598
286
44
40

618
186
37
31
24

66

934
34

62.0
30.0
5.0
4.0

64.0
19.0
4.0
3.0
2.0

1.0
7.0

96.5
35

Characteristics of the Child

In 60.4% of households there were 2 or fewer children under 5 years old. A total of 968 children were assessed of which

47.1% were female and 52.9% were male. In terms of anthropometry, 44% of the children were 72.5cm or taller, 28%

weight 10.5kg or greater, and 67% have an arm circumference of at least 13.5 cm (Table 2).

Table 2 Sociodemographic and Anthropometric Characteristics of the Targeted Child

Characteristic Frequency (n=968) | Percentage (%) | MeantSD
Number of children under 5 years old in household* 814
<2 585 60.4
383 39.6
Child age (month old) 14.9+6.1
611 64 6.6
12-23 134 13.8
24-59 770 79.6
Sex
Female 456 47.1
Male 512 529
Height(cm)
<725 543 56.0
2725 425 44.0
Weight(kg)
= 10.5 267 28.0
<105 701 72.0
MUAC(cm)
<135 321 33.0
=135 647 67.0
Note: *Only one child was included in the study per household.
Journal of Multidisciplinary Healthcare 2024:17 https: 1223
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Table 3 Prevalence of Malnutrition Among Children 6-59 Months per Province

Nutritional Total Haut-Lomami Tanganyika

Status (n=968) (n=327) (n=641)
Frequency (%) Frequency (%) Frequency (%)

Underweight

Yes 239 (24.7) 63 (19.3) 176 (27.5)

No 729 (75.3) 264 (80.7) 465 (72.5)

Stunting

Yes 530 (54.8) 218 (66.7) 312 (48.7)

No 438 (45.2) 109 (33.3) 329 (51.3)

Wasting

Yes 149 (15.4) 34 (10.4) 115 (17.9)

No 819 (84.6) 293 (89.6) 526 (82.1)

Of the enrolled children, 24.7% suffer from being underweight, 54.8% from stunting and 15.4% from wasting
(Table 3). In the Haut-Lomami Region, there was a prevalence of 19.3% for underweight, 66.7% for stunting, and 10.4%
for wasting, while in Tanganyika the prevalences were as follows: 27 0.5%; 48.7% and 17.9%, respectively (Table 3).

Association Between Seronegativity to Polioserotypes and Children Nutritional Status
An association was found between being underweight (OR=1.50; 1C95% [1.11-2.03]) and the non-administration of
vitamin A supplements (OR=1.96; 1C95% [1.52-2.54]) and seronegativity to poliovirus serotype 1. However, no
significant correlation was identified between seronegativity to poliovirus serotype 1 and either stunting or wasting.

(Table 4). The association between underweight (OR=1.64; 1C95% [1.20-2.24]), and the none-administration of
vitamin A (OR=1.55; 1C95% [1.20-2.01]) were also significantly noted with seronegativity to polioserotype 2 (Table 4).

We observed a significant association between underweight (OR=1.50; IC95% [1.11-2.03]), and the non-administration of
vitamin A (OR=1.80; IC95% [1.38-2.35]) with seronegativity to polioserotype 3 (Table 4). Finally, we observed a significant
association between underweight (OR=1.68; IC95% [1.10-2.57]), and the non-administration of vitamin A (OR=1.82; IC95%
[1.30-2.55]) with seronegativity to polioserotype in the presence of all polioserotypes (Table 4).

Discussion

Overall, our study revealed a prevalence of 66.7% for stunting, 19.3% for underweight, and 10.4% for wasting in the
Haut-Lomami region, and successively of 48.7%, 27.5%, and 17.9%, in Tanganyika Region. Stunting was found to be the
most common form of malnutrition, reaching 54.8% of children overall, while one child out of six (15.4%) was
considered wasted. The prevalence of underweight represents a quarter of the population studied, with higher rates in
Tanganyika Region compared to Haut-Lomami Region. The findings align with the national data from the 2013-2014
Demographic and Health Survey (DHS) of the DRC, which reported that 43% of children under five were stunted, 23%
were underweight, and 8% were experiencing wasting,”® as well as the MICS 2017-2018."¢

Our results are similar to those of the studies by Luzingu et al in four provinces of the DRC31 and Mbunga et al in
children from Popokabaka District in the Kwango Region.

Our study indicates significant association of underweight and non-administration of vitamin A with seronegativity,
respectively, to polioserotypes 1, 2, to 3 and in the presence of all three polioserotypes. Studies which explored the association
between underweight and polioseronegativity remain very limited with a paucity of recent literature. Our study, describing the
same methods, focused on developing and validating a model for predicting polioseronegativity in malnourished children
from areas in the Democratic Republic of the Congo where poliomyelitis transmission is highly prevalent, marks a significant
contribution to the field.*' Previous studies have examined the causes of the reduced effectiveness of oral vaccines in LIMC
without finding a consistent link with malnutrition.*%* Haque et al study is similar to our findings on this single aspect for
lower polioserotype 3 antibody titers in Bangladeshi children, they revealed a notable decrease in antibody titers against
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Table 4 Seronegativity to Polioserotypes and Nutritional Status of the Child

No

413/477=(86.6)

308/477=(64.6)

307/477=(64.4)

330/477=(69.2)

Nutritional Status All Sl S2 S3

n/N=(%) OR [IC a 95%] | p-value n/N=(%) OR [IC a 95%] | p-value n/N=(%) OR [IC a 95%] | p-value n/N=(%) OR [IC a 95%] | p-value
Underweight
Yes 30/239=(12.6) 1,68[1,10-2,57] 0,02* 152/239=(63.6) 1,50[1,11-2,03] 0.008* 162/239=(67.8) 1,64[1,20-2,24] 0.001* 152/239=(63.6) 1,50[1,11-2,03] 0.008*
No 587/729=(80.5) 392/729=(53.8) 409/729=(56.1) 392/729=(53.8)
Stunting
Yes 442/530=(83.4) | 0,83[0,60-1,16] 0,30 308/530=(58.1) 1,18[0,98-1,53] 0,19 316/530=(59.6) 1,06[0,81-1,37] 0,66 337/530=(63.6) 1,14[0,87-1,48] 0,33
No 354/438=(80.8) 236/438=(53.9) 255/438=(58.2) 265/438=(60.5)
Wasting
Yes 126/149=(84.1) | 0,82[0,50-1,32] 0,42 91/149=(61.1) 1,26[0,88-1,81] 0,19 96/149=(64.4) 1,31[0,91-1,88] 0,14 99/149=(66.4) 1,24[0,86-1,79] 0,24
No 670/819=(81.8) 453/819=(55.3) 475/819=(58.0) 503/819=(61.4)
Receiption of Vit A
Yes 383/491=(78.0) 1,82[1,30-2,55] <0.001* | 236/491=(48.1) 1,96[1,52-2,54] <0.001* | 264/491=(58.8) 1,55[1,20-2,01] 0.001* 272/491=(55.4) 1,80[1,38-2,35] <0.001*

Notes: *Pearson chi-square test at significance level p<0.05; S|= Seronegativity to polioserotype |; S2= Seronegativity to polioserotype 2; S3= Seronegativity to polioserotype 3; All= Seronegativity for the 3 polioserotypes.
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poliovirus serotype 3 among underweight children (with a weight-for-age Z-score < —2), despite receiving at least three doses
of OPV.*>*

Research in India and Pakistan did not identify a correlation between malnutrition and the efficacy of OPV.*” % Other
studies in Bangladesh, Indonesia, and Ghana found that vitamin A supplementation did not markedly influence OPV
seroconversion rates.>*4~*?

The exact reasons behind these immunological issues remain unclear.*’ It has been proposed by some researchers that
the disruption is due to insufficient energy and essential amino acids needed for the production of crucial proteins.**
Infections could account for the observed changes, with evidence suggesting a link between infection, malnutrition, and
their combined impact on immune responses.*> Even if malnutrition and infections seem to bring many immunological
changes, malnutrition appears to be associated with impaired immune system.*

Our study indicated a significant association of the non-administration of vitamin A with seronegativity, respectively, to
polioserotype 1, to polioserotype 2, and to polioserotype 3 and in the presence of all three polioserotypes. This association
suggests a strong link between nutritional deficiencies and reduced immune response to the polio vaccine. Being underweight
may indicate poor nutrition, negatively affecting the immune system’s vaccine response. Vitamin A, essential for immune health,
when deficient, can reduce immunity to poliovirus. This highlights the critical role of addressing nutritional shortfalls to boost
vaccine effectiveness, especially in high polio risk zones.*® Only one study by James et al in India found that vitamin
A supplementation given at 6, 10, and 14 weeks of age modestly enhanced the immune response to the trivalent oral polio
vaccine, particularly for the Sabin-1 strain. However, this effect was not deemed significant in further multivariate analysis.*’
However, this was not significant in the multivariate analysis.*” However, detection of neutralizing antibody titers is associated

with protection against OPV**4° 1503

serum poliovirus IgA assays are necessary for poliovirus infection detection and its contro
Vitamin A has a beneficial effect on immunogenicity especially since it has been proven to increase the number of
cytokines and helper T cells. These cells contribute to the differentiation of B cells into cells secreting immunoglobulins.>®
However, this effect often appears for antigens, which depend on T-cells.>’
While studies revealed an improvement in the immune response to poliovirus when children are supplemented with
vitamin A, it is not clear why this benefit was restricted only to type 1 poliovirus in the study conducted by James et al.*’
In contrast to the findings of James et al, the study from Indonesia observed a notably higher percentage of children in the
placebo group who had antibody titers exceeding 90% for all three poliovirus types.*' The literature review showed that low

antibody titer’>>’

in infant who received three doses of OPV would not be associated with a weak immune response of the
vaccine.*

Our study contributes to the existing knowledge regarding the association between underweight status and polioser-
onegativity and highlights the potential value of incorporating weight assessment into routine vaccination sessions to
improve our understanding of OPV-related seroconversion. By identifying underweight children, health-care providers
can provide counseling and additional information to caregivers on how to improve the child’s weight, which could in
turn improve their response to polio vaccination. Vitamin A supplementation has been shown to be a significant
intervention for improving polioseroconversion in association with improved weight for age. Vitamin A insufficiency
along with protein-energy malnutrition, iron deficiency, and anemia.®' Supplementation with these essential nutrients has
been found to significantly improve specific antibody responses.®*

This study provides evidence to suggest that eradicating all three types of malnutrition in children under five may not be
necessary to improve polio seroconversion, as proposed by Habyarimana.®® Instead, targeting a single type of malnutrition,
specifically underweight, which affects approximately a quarter of children in the studied population, may be a cost-effective
approach to enhance immunogenicity against polio and promote overall child health. Such an approach could have important
implications for public health programs aimed at improving child immunization coverage and reducing the burden of vaccine-
preventable diseases.

Maintaining high herd immunity against WPV is crucial for achieving global eradication of poliomyelitis. The
effectiveness of OPV varies from one area to another depending on living conditions. Malnutrition has been linked to
reduced immunogenicity to poliovirus.

Our study has some limitations. The design of the cross-sectional study limits our ability to deduce the exact reasons for the
variations in seroconversion rates. Laboratory methods we used did not allow us to know whether the neutralizing antibodies
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are of vaccine or infectious origin. Several vaccination campaigns in response to cVDPV2 epidemics could negatively
influence our findings. Insufficient vaccination cards possessed by 13.1% of participants did not facilitate an in-depth analysis.
Only children accompanied by their parents or guardians at the time of sample collection constituted our study population,
which may have unintentionally biased our sample and underestimated the target population. Finally, information such as
hemoglobin levels, serum retinol levels, place of birth, and early life disease history was not collected.

Our research outcomes have important clinical relevance. They suggest that ensuring adequate nutritional status,
particularly regarding weight and vitamin A levels, is crucial for effective immunization against polio.®* This emphasizes
the need for integrated health strategies that combine vaccination programs with nutritional support, especially in areas
where polio is a risk.®' Health-care providers should be aware of the potential impact of malnutrition on vaccine efficacy
and consider nutritional assessment and intervention as part of immunization campaigns. This approach could improve
vaccine response rates and ultimately contribute to more effective control of polio.

Conclusion

The results of our research highlight a notable link underweight-polioseronegativity among children under five. In high-risk
regions, a comprehensive approach that incorporates both vaccination and nutrition programs may be necessary to address
vaccine failures and enhance immunogenicity against all polioserotypes. In undernourished settings, weight gain tailored to
the age of children, in conjunction with vitamin A supplementation, constitutes critical factors in reducing immune deficiency
and expediting the global eradication of poliomyelitis. Such an integrated approach may prove valuable in overcoming the
challenges posed by poliovirus transmission in areas with poor environments and suboptimal health systems.
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