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Abstract

In low- and middle-income countries, undernutrition often co-exists with intestinal parasites,
especially Soil Transmitted Helminth (STH) infections in children. The collective impact of
both conditions result in undernutrition and can exacerbate the general poor health status of
children. A cross-sectional survey of 422 mother-child (12—-59 months old) pairs from 14 vil-
lages in the District of Ndelele, East Region of Cameroon, was carried out to assess the
magnitude and correlates of undernutrition and intestinal parasites. Socio-demographic
data were collected from mothers and anthropometric data were collected from children.
Parasitological assessment was performed using a combination of direct microscopy flota-
tion, sedimentation and centrifugation techniques. Correlates of undernutrition and intestinal
parasites were identified using multinomial logistic regression at individual and household
levels. 83.77% of the children assessed for undernutrition were undernourished and
66.82% were positive for one or more intestinal parasites. It was not uncommon for the
study participants to be concurrently infected with two or more intestinal parasites. The most
common intestinal parasitic infections detected in the study were A. lumbricoides, E. histoly-
tica/dispar and Hookworm infection. Multinomial logistic regression using Nutritional status
as outcome showed that, children who were not exclusively breastfed were 106% (RR =
2.06; C.I =1.12-3.80) more likely to be underweight compared to those who were exclu-
sively breastfed. The household size of 4 to 6 persons also significantly impacted wasting
(p-value = 0.007) at 7% (RR = 1.07, C.l = 0.49-2.32). Analysis by a logistic regression
model with STH infection as outcome revealed that, Fingernail cleanness (p-value = 0.044;
AOR =1.75; Cl = 1.09-2.78) and household size (p-value = 0.038; AOR = 0.55; Cl = 0.32—
0.92) were positively associated with intestinal parasite infection at the 5% significant level.
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This study reveals that intestinal helminthic parasitic infections (STH) and undernutrition are
serious health problems in children below five in the study area. To address this dire situa-
tion, concerted efforts are needed to improve sanitation, hygiene education access, commu-
nity deworming programs, and improve diets.

Introduction

Child undernutrition is a major public health problem, especially in many low and middle-
income countries [1] where children are at highest risk to die of starvation [2]. For children
below 5 years of age, undernutrition can be compounded by severe or repeated infections,
with intergenerational influences and consequences [3].

Intestinal parasitic infections (IPIs) are a major public health problem affecting vulnerable
populations in low- and middle-income countries [4]. Soil-transmitted helminth infections,
(STHs), are neglected tropical diseases (NTDs) and constitute one of the most important
causal agents of intestinal parasitic infections. The STHs of major concern to humans are:
roundworm (Ascaris lumbricoides), whipworm (Trichuris trichiura), and hookworm (Necator
americanus and Ancylostoma duodenale). Studies on NTDs across the world have shown that
their impacts have severe consequences, especially in children. Approximately 270 million pre-
school children and more than 550 million school-age children live in areas where these para-
sites are extensively transmitted [5]. In Cameroon, more than 10 million people suffer from
intestinal worms with approximately 7.6 million children at risk of STH infection [6, 7]. The
prevalence of A. lumbricoides, hookworm, and T. trichiura in 2011was 28.1%, 9.8%, and 6.3%,
respectively in Cameroon [4].

In low-and-middle income countries, undernutrition often co-exists with STH infections
in children [8]. The cause-and-effect relationship between undernutrition and STH infections
is reciprocal in that undernutrition may be a predisposing factor for STH infections and sev-
eral communicable and non-communicable diseases as it affects the physical fitness of the host
including their immune status. On the contrary, STH infections may result in undernutrition
by consuming nutrients from the host and/or adversely affecting nutrient absorption [9].

Many studies have centered on the prevalence of either undernutrition or intestinal parasite
infections alone, and the association of intestinal parasite infections with undernutrition or vice
versa has received limited attention, especially in Cameroon. Undernutrition is widespread in
Cameroon (35.8%) [10], with prevalence rates among children <5 years of age of 33.0%, 15.0%,
and 6.0% for stunting, underweight, and wasting, respectively [11], rates for stunting are even
higher in the East Region at 37.3%, although rates of underweight and wasting are similar to
national averages [11]. Cameroon has made some progress towards achieving the target for
stunting, but 28.9% of children under 5 years of age are still affected. Cameroon is "on course’
for the target for wasting, with 4.3% of children under 5 years of age affected. This study investi-
gates the prevalence and determinants of both undernutrition as well as intestinal parasitic
infection in children below five in 14 villages in the East Region of Cameroon.

Material and methods
Study area and population

The Municipality of Ndelele is located in the Kadey Division, East Region of Cameroon. It cov-
ers a surface area of 4000 Km? with 45,000 inhabitants divided into 2 health districts, and six
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health areas of 68 villages. The study was carried out in 14 villages in the Ndelele community:
Ngotto, Sobolo, Wosso, Banga, Aito, Mendengueme, Sembe, Ndoumbe, Bekele, Dime,
Mepouta, Belita, Gamago and Sone.

Study design

A cross-sectional household survey was conducted between April and May 2019. This study
was part of a larger project that investigated diets and reliance on fishing around the Kadey
River therefore the villages were chosen based on their proximity to the river and use of fish-
ing. Children aged 12-59 months whose parents gave their consent and who had lived in the
area for more than 6 months were selected for the study. Children who presented with a
detectable handicap that could alter linear growth were excluded from the study. If parents of
selected children withdrew informed consent forms or were absent during the household visit,
those children were replaced. Children of parents who were not residents of the study area,
had moved into the study area within the past 3 months or lacked complete demographic data,
were also excluded from the study population. In addition, children who were outliers for
nutritional status were also excluded from the study. Subjects in each household were regis-
tered and anthropometric, demographic, and parasitological data were collected from each
child while sociodemographic data came from the mothers of the children as principal respon-
dents. Interpreters (who were selected community relay agents, familiar to the people), were
used to translate and interpret the questions on the questionnaires to the kakor dialect for
mothers who had no formal education and could understand neither French nor pidgin
English. The investigational methods included the use of structured questionnaires, clinical
evaluation, and laboratory experiments.

The sample size was determined using the formula by Fisher [12]. In estimating the sample
size (n), 50% prevalence of undernutrition was considered at 95% CI for Z statistics which is
conventionally 1.96 and 5% precision giving a target sample size of 385 mother/child pairs. To
avoid errors due to non-responses, 10% of the initial sample size was added (13), hence mak-
ing an overall sample size of 422.

Ethical approval

This study was approved by the Cameroon Ethics Committee (No. 0977/A/MINSANTE/SES/
SG/DROS) and administrative authorization was obtained from the Divisional Officer of
Batouri. Participation in the study was strictly voluntary with written informed consent
obtained from parents/guardians.

Socio-demographic data

A socio-demographic questionnaire that had been pre-tested in the Muea (a village in Buea)
health area on 30 respondents was used. The rationale for this pre-test was to rephrase poorly-
structured questions and to evaluate the time used per questionnaire. At the end of this pre-
test, some questions were left out and others were rephrased to eliminate any form of informa-
tion bias.

Visits to households to administer questionnaires were done in the afternoon to include
children returning with their mothers from the farms.

Anthropometrics assessment

Height/length and weight measurements of each child were taken by a trained and certified
nurse. A digital weight scale was used to measure the weight of children to the nearest 0.1 kg
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with the child barefoot and wearing light clothing. Children who were unable to stand on the
scale (12-24 months) were weighed with the mother or legal guardian who was thereafter
weighed alone, and the differences were used to obtain the net weight of the children.

The height of the children was measured using a calibrated height measuring board to the
nearest 0.1cm. The height of a child who could not stand erect was measured in the supine
position while that of a child who could stand erect and above 24 months was measured with
the child standing against a calibrated height measuring board. Mid-Upper Arm Circumfer-
ence (MUAC) was measured at the mid-point between the tip of the shoulder and the tip of
the elbow of the left upper arm using non-stretchable tape to the nearest 1 mm. WHO Anthro
version 3.2.2 software was used to convert the anthropometric measures; age, weight, height/
length values into Z-scores of the indices: low Weight-for-Height (WHZ) signifying wasting,
low Weight- for-Age (WAZ) signifying underweight, and low Height-for-Age (HAZ) signify-
ing stunting) taking gender of the child into consideration using WHO 2006 standards [13]. In
all analyses regarding the nutritional status, Z-scores <-6.00 or >6.00 were considered outliers
and excluded from the study. Accordingly, HAZ (n = 0), WAZ (n = 2) and WHZ (n = 1) were
excluded from the study. Undernutrition was diagnosed based on a low weight for height
(below -3 z-scores of the median WHO growth standards) or mid-upper arm circumference
below 11.5cm (MUAC<11.5 cm) or the presence of bilateral pitting oedema based on WHO
definition of Severe Acute Malnutrition (SAM).

Parasitological examinations

Direct microscopy. A clean and dried specimen tube that had an integrated spatula was
handed to the child’s parent or caregiver accompanied by ample instructions and demonstra-
tions on how to get a small portion of fresh stool into the bottles. The parents ensured compli-
ance and the samples collected were immediately examined by a trained laboratory technician.
Approximately 2 mg of faeces were mixed with normal saline (0.85% of Sodium Chloride) on
a microscopy slide and examined for helminth eggs. Another 2 mg of faeces were mixed with a
drop of Lugol’s iodine and examined for protozoan cysts at 10X and 40X magnifications to
identify any larvae or helminthic eggs. STHs like hookworms (N. americanus, A. lumbricoides),
T. trichuria, which had been associated with undernutrition in other studies and were easily
detectable microscopically, were investigated.

Faecal concentration method. Approximately 1.5 g of faecal sample was placed into a
clean paper cup containing 7 ml of 10% formal saline (27.0 ml of 37% formaldehyde in 73.0
mL of 0.85% sodium chloride) and stirred using a wooden stick to form a suspension. The sus-
pension was strained through a wet gauze into a clean 15 ml test tube and, if necessary, was
adjusted to a total volume of 7 ml by topping up with 10% formal saline. A final volume of 10
mL was obtained by adding 3 mL of ether to the suspension. The mixture was vigorously
mixed for 2 min and then centrifuged for 5 min at 2,000 rpm. The centrifugation resulted in
four layers comprising the top ether, a debris plug, formalin and sediment containing parasites
at the bottom. The debris plug layer was freed from the sides of the tube with an applicator
stick and the supernatant was decanted by inverting the centrifuge tube in one smooth
motion.

The sediment was withdrawn with a Pasteur pipette and mixed with a drop of iodine solu-
tion on a clean, dry microscope slide. The smear was covered with a coverslip and viewed
under a light microscope using 10X, 20X and 40X magnifications for detecting the presence of
helminth eggs. The morphology of the helminth eggs was confirmed by 2 experienced parasi-
tologists and recorded to their specific genus. Diagnosis was based on the identification of hel-
minth ova in the sample during microscopic analysis.
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Statistical analyses

Data were collected using standardized questionnaires, checked for completeness, and entered
into Microsoft excel version 13 sheet files. The outcome variables were categorical for the
nutritional status (normal, stunting, wasting, and underweight), whereas it was binary for soil-
transmitted helminths infection status (positive or negative) for any species. In addition, the
potential predictors used were socio-demographic (mothers and children’s age, parity, educa-
tion level, marital status, household size, monthly income, water source, and type of toilet),
health status (vaccination and deworming status), as well as feeding and hygiene habits (feed-
ing habits, meal frequency, fingernail cleanness). Before the data analysis, we re-coded some
continuous variables. To this end, children’s age was classified into 12 to 28, 29 to 45, and 46 to
59 months, whereas it was less than 21, from 21 to 30, 31 to 40, and at least 41 years for moth-
ers age, respectively. Likewise, the household size was re-coded into three levels: from 1 to 3,
from 4 to 6, and at least 7 individuals. The sample size considered to assess the risk factors for
helminths infections was 422, whereas it was 419 for all analyses with nutritional status as out-
come due to the exclusion of three outliers.

Similarly, the meal frequency was dichotomized into less than 3 meals per day and at least
three meals. Descriptive statistics were performed using proportions for categorical variables.
Also, chi-square and Fisher exact tests were used to compare child gender and soil-transmitted
helminths infection status proportions. These comparisons were made for intestinal hel-
minths, intestinal protozoa, and different levels of infections. These levels of infections were
single (only one specie), multiple (at least two species), and overall (at least one species) intesti-
nal parasitic infections.

Furthermore, univariate and multivariable logistic regression models were used to assess
the association between soil-transmitted helminths infections status and potential predictors.
To this end, we first performed the univariate logistic regression, and only variables with a p-
value < 0.25 were included in the multivariable regression. The variables included in the mul-
tivariable logistic regression were mother’s education level, marital status, monthly income,
household size, finger cleanness, type of toilet, deworming, water contact and water source.
Furthermore, multinomial logistic regression was performed using the different forms of
undernutrition as the outcome, and the predictors were socio-demographic characteristics.
Also, the children with normal nutritional status were considered as reference for the multino-
mial logistic regression. Stata version 14 IC (Stata Corp, USA) was used for the data analysis,
and a p-value less than 5% was considered statistically significant.

Results
Socio-demographic characteristics of participants

Descriptive statistics. As shown in Table 1, most of the sociodemographic characteristics
(variables) were recorded from the 422 mother and child pairs who participated in the study,
with the exception of maternal parity (N = 367) and possession of domestic animals (N = 419).
Most mothers (33.18%; 140/422) were between 21 and 30 years. However, 64.69% (273/422) of
these women were either married or cohabiting. Their predominant source of income was
farming, with 93.13% (393/422) farmers. Although 25.36% (107/422) of them had a household
size above 6 persons, the majority (54.27%; 229/422) had a household size of between 4 to 6.
Only about 6.16% (26/422) of them always washed their hands before a meal compared to
93.83% (396/422) who sometimes or never washed their hands before meals. It was noted that,
only about 29.38% (122/422) of the participants were found with clean fingernails with sub-
optimal hand washing and shoe-wearing habits. The monthly income of most (71.86%; 303/
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Table 1. Sociodemographic characteristics of participants.

Variables Category N Proportion (%)

Maternal parity 1 165 44.96

2 155 42.23

3+ 47 12.91
Maternal education No Formal education 65 15.40
Primary 354 83.89

Secondary 2 0.47

Tertiary 1 0.24
Maternal age in years <21 80 18.96
21-30 140 33.18

31-40 91 21.56

41+ 111 26.30

Marital status Single 41 9.72
Married/Cohabiting 273 64.69

Divorced/Widow(er) 108 25.59

Religion Christian 405 95.97

Muslim 17 4.03

Occupation Farmer 393 93.13
Housewife 14 3.32

Student 6 1.42

Civil Servant 1 0.24

Private Sector Worker 0.47

Trader 6 1.42

Household size 1-3 86 20.38

4-6 229 54.27

6+ 107 25.36

Water source Public Tap (borehole) 246 58.29
Spring or well 176 41.71

Type of toilet Pit Latrine 129 30.57

No toilet 293 69.43

Possession of domestic animals Yes 265 63.25
No 154 36.75

Average monthly income <68 USD 303 71.80
>68 USD 119 28.20

Age of the child (months) 12-28 37 8.77
29-45 146 34.60

46-59 239 56.64

Gender of the child Male 185 43.84
Female 237 56.16

Vaccination status Complete vaccination 351 83.18
Partial vaccination 60 14.22

No vaccination 11 2.61

Deworming (last 3 months) Yes 122 28.91
No 300 71.09

Feeding habit (when the child < 6 months) Exclusive breastfeeding 223 52.84
Mixed feeding 199 47.16

Meal frequency < 3 times 317 75.12

>3 times 105 27.88

(Continued)
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Table 1. (Continued)

Variables

Hand washing habit (before meal)

Fingernail cleanliness

Shoe wearing habits

Water contact

https://doi.org/10.1371/journal.pone.0278333.t001

Table 2. Nutritional status.

Variables (N = 419)

Undernutrition

Forms undernutrition

https://doi.org/10.1371/journal.pone.0278333.t1002

Category N Proportion (%)
Sometimes 371 87.91
Always 26 6.16
Never 25 5.92
Not clean 298 70.62
Clean 124 29.38
Sometimes 340 80.57
Always 68 16.11
Never 14 3.32
Yes 324 76.78
No 98 23.22

422) households was less than 68 dollars. Most of the mothers had had some form of formal
education (attended primary school). About 58.29% (246/422) of the participants used public
taps (boreholes) for drinking and a majority (69.43%; 293/422) did not own a toilet and prac-
ticed open defecation.

The majority (56.63%; 239/422) of the children in the study were between 46 and 59 months
old and slightly more (56.16%; 237/422) were females. Most (83.18%; 351/422) of the children
had had complete vaccination as required on the Extended Program for Immunization (EPI)
vaccination calendar in Cameroon, but many children (71.09%; 300/422) had not been
dewormed in the past 3 months. Although, 52.84% (223/422) were exclusively breastfed,
75.12% (317/422) took less than three meals a day and about three-quarters (76.78%; 324/422)
of the children were in contact with dirty water of rivers, swamps in their daily routine of
swimming and fishing.

Nutritional status

Table 2 shows the health/nutritional status of the children. The most frequent nutritional sta-
tus was undernourished (83.77%; 351/419), while being underweight the most frequent form
of undernutrition (32.94%; 138/419).

Socio-demographic predictors of undernutrition among children 12-59
months

Table 3 presents results after performing multinomial logistic regression with nutritional status
as the outcome and socio-demographic factors as predictors. It was noticed that the mother’s
age, monthly income, and gender had no significant effect on the nutritional status. Among
underweight children, exclusive breastfeeding habits had a significant impact (p-value = 0.012)
on their nutritional status. Children who were not exclusively breastfed were 2.06 (RRR = 2.06;

Category n Proportion (%)
Normal 68 16.23
Undernourished 351 83.77
Normal 68 16.23
Underweight 138 32.94
Stunting 93 22.20
Wasting 120 28.64

PLOS ONE | https://doi.org/10.1371/journal.pone.0278333 December 8, 2022 7/17


https://doi.org/10.1371/journal.pone.0278333.t001
https://doi.org/10.1371/journal.pone.0278333.t002
https://doi.org/10.1371/journal.pone.0278333

PLOS ONE Prevalence, correlates of undernutrition and intestinal parasites in children below 5 years in Ndelele,

Table 3. Undernutrition risk factors among children 12-59 months old.

Variables Category N | n(%) | Chi-square p-value RRR 95%CI
Underweight (n = 138)

Mother’s age 41+ 110 38(34.55) 0.759 Ref
31-40 91 30(32.97) 0.60 0.25-1.43
21-30 138 41(29.71) 0.53 0.24-1.18
<21 80 29(36.25) 1.26 0.47-3.36

Household size 1-3 86 27(31.40) 0.525 ref
4-6 226 71(31.42) 1.23 0.56-2.68
7+ 107 40(37.38) 1.35 0.57-3.26

Exclusive breastfeeding Yes 222 61(27.48) 0.012 ref
No 197 77(39.09) 2.06™* 1.12-3.80

Monthly income >68 117 97(32.12) 0.568 ref
<68 302 41(35.04) 1.29 0.66-2.66

Gender Male 185 52(28.11) 0.062 ref
Female 234 86(36.75) 0.87 0.46-1.61

Stunting (n = 93)

Mother’s age 41+ 110 29(26.36) 0.542 ref
31-40 91 20(21.98) 0.53 0.21-1.32
21-30 138 30(21.74) 0.54 0.23-1.23
<21 80 14(17.50) 0.77 0.26-2.25

Household size 1-3 86 16(18.60) 0.140 ref
4-6 226 46(20.35) 1.15 0.49-2.72
7+ 107 31(28.97) 1.56 0.60-4.03

Exclusive breastfeeding Yes 222 57(25.68) 0.069 ref
No 197 36(18.27) 1.04 0.53-2.01

Monthly income >68 117 65(21.52) 0.595 ref
<68 302 28(23.93) 1.30 0.63-2.66

Gender of child Male 185 49(26.49) 0.060 ref
Female 234 44(18.80) 0.50%* 0.26-0.96

Wasting (n = 120)

Mother’s age 41+ 110 29(26.36) 0.498 ref
31-40 91 23(25.27) 0.69 0.28-1.71
21-30 138 40(28.99) 0.72 0.32-1.63
<21 80 28(35.00) 1.41 0.52-3.84

Household size 1-3 86 29(33.70) 0.007 ref
4-6 226 73(32.30) 1.07 0.49-2.32
7+ 107 18(16.82) 0.54 0.21-1.38

Exclusive breastfeeding Yes 222 63(28.38) 0.900 ref
No 197 57(28.93) 1.57 0.84-2.93

Monthly income >68 117 89(29.47) 0.546 ref
<68 302 31(26.50) 1.12 0.56-2.26

Gender of child Male 185 60(32.43) 0.127 ref
Female 234 60(25.64) 0.53** 0.28-0.99

RRR = Relative risk Ratio, CI = Confidence Interval
**: statistically significant (p-value < 0.05)

https://doi.org/10.1371/journal.pone.0278333.t003
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C.I =1.12-3.80)) times more likely to be underweight compared to those who were exclusively
breastfed, keeping other variables constant. However, breastfeeding a child had no significant
impact on child stunting and wasting. Meanwhile, household size significantly impacted wast-
ing (p-value = 0.007). A child from a household with 4 to 6 persons was 7% (RRR = 1.07, C.

I = 0.49-2.32) more likely to be wasted compared to that from a household of size 1 to 3 per-
sons keeping all variables constant. On the contrary, in a household of more than 7 persons
the risk of wasting decreased by 54% compared to a house with 1 to 3 persons. There was no
significant impact of household size on underweight or stunting.

Prevalence of intestinal parasites and multiple infections

Table 4 depicts a descriptive analysis and differences of proportions between groups. An uni-
variate analysis of the different STH infections based on child gender was carried out. Among
the 422 children who participated in the study, 282 (66.82%) were positive for one or more
intestinal parasites. Double and triple infections were also common and more among females;
53 study participants (12.56%) were infected by two or more intestinal parasites concurrently.
The most common intestinal parasitic infections detected in the study were A. lumbricoides
(34.12%), E. histolytica/dispar (27.96%), and Hookworm infection (17.30%). Analysis of the
table according to gender did not reveal gender-related differences with respect to infection.

Correlates of intestinal parasitic infections in children

Analysis by a logistic regression model with STH infection (yes or no) as outcome revealed the
following as shown in Table 5. Fingernail cleanness (p-value = 0.044; AOR = 1.75; CI = 1.09-
2.78) and household size (p-value = 0.038; AOR = 0.55; CI = 0.32-0.92) were positively and
negatively associated with intestinal parasite infection at the 5% significant level, respectively.
Those whose fingernails were not clean were 1. 75 times more likely to be infected with at least
one species of STH compared to those with clean fingernails. On the other hand, the risk of

Table 4. Prevalence of intestinal parasitic infection in children 12-59 months old.

Infection Category Infection by gender
Total n (%) Male (n = 185) n (%) Female (n = 237) n (%) p-value
Overall Intestinal Parasitic Infection Yes 282(66.82) 121 (64.41) 161 (67.93) 0.584
No 140 (33.18) 64 (34.59) 76 (32.07)
Single Intestinal Parasitic Infection Yes 229 (54.27) 93 (50.27) 136 (57.38) 0.146
No 193 (45.73) 92 (49.73) 101 (42.62)
Multiple Intestinal Parasitic infection Yes 53 (12.56) 28 (15.14) 25 (10.55) 0.158
No 369 (87.44) 157 (84.86) 212 (89.45)
Intestinal Helminthes
lumbricoides Yes 144 (34.12) 63 (34.05) 81 (34.18) 0.979
No 278 (65.88) 122 (65.95) 156 (65.82)
Hookworm Yes 73 (17.30) 30 (16.22) 43 (18.14) 0.604
No 349 (82.70) 155 (83.78) 194 (81.86)
T. trichiura Yes 1(0.24) 1(0.54) 0(0)
No 421 (99.76) 184 (99.46) 237 (100) 0.438
Intestinal Protozoa
E. histolytica/dispar Yes 118 (27.96) 53 (28.65) 65 (27.43) 0.781
No 304 (72.04) 132 (71.35) 172 (72.57)
G. lamblia Yes 2(0.47) 2(1.08) 0 (0) 0.192
No 420 (99.53) 183 (98.92) 237 (100)

https://doi.org/10.1371/journal.pone.0278333.t004
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Table 5. Determinants of intestinal parasitic infection among children 12-59 months old.

Variable Category n(%) STH “no” n(%) | STH “yes” n(%) | Chi-square p-value | UOR | 95%CI AOR 95%CI
Age of children 12-28 37 (8.77) 13(35.14) 24(64.86) 0.301 refl ref
29-45 146(34.60) 55 (37.67) 91 (62.33) 0.89 | 0.42-1.90 0.73 0.31-1.69
46-59 239(56.64) 72(30.13) 167(69.87) 1.25 | 0.60-2.60 0.91 0.40-2.08)
Gender of children Male 185(43.84) 64(34.59) 121(65.41) 0.584 refl Ref
Female 237(56.16) 76(32.07) 161(67.93) 1.12 | 0.74-1.68 1.06 0.69-1.63
Education level No Formal education | 65 (15.40) 17(26.15) 48(73.85) 0.090 refl 1
Primary 354 (83.89) 121(34.18) 233(65.82) 0.68 | 037-1.23 | 0.689 | 0.365-1.26
Secondary 2(0.47) 2(100) 0(0) - -
Tertiary 1(0.24) 0(0) 1(100) - -
Marital status Married/Cohabiting | 41 (9.72) 18(43.90) 23(56.10) 0.260 refl 1
Single 273 (64.69) | 85(31.14) 188(68.86) 0.57 | 0.29-1.12 | 0.4950 | 0.234-1.013
Divorced/Widow 108 (25.59) 37(34.26) 71(65.74) 0.86 | 0.54-1.39 | 0.865 | 0.521-1.441
Monthly income > 68 USD 119(28.20) 35(29.41) 84(70.59) 0.303 refl refl
< 68 USD 303(71.80) 105(34.65) 198(65.35) 0.78 | 0.49-0.496 | 0.823 | 0.51-1.3334
Household size 1-3 86 (20.38) 25(29.07) 61(70.93) 0.038 0.82 | 0.43-1.55 | 1.014 | 0.4951-2.089
4-6 229 (54.27) 88(38.43) 141(61.57) 0.54 | 0.32-0.90 A 0.545 | 0.32-0.923
7+ 107(25.36) 27 (25.23) 80(74.77) refl refl
Finger-nail cleanlin-ess Clean 124 (29.38) 50(40.32) 74(59.68) 0.044 refl refl
Not clean 298 (70.62) 90(30.20) 208(69.80) 1.56 | 1.01-2.41 | 1.745 | 1.0910-2.78
Type of toilet Pit Latrine 129 (30.57) 41(31.78) 88(68.22) 0.687 refl refl
No toilet 293 (69.43) 99(33.79) 194(66.21) 1.09 | 0.70-1.70 | 1.259 0.80-2.09
Deworming (last 3 months) Yes 122 (28.91) 45(36.89) 77(68.11) 0.302 ref refl
No 300(71.09) 95(31.67) 205(68.33) 126 | 0.81-1.95 | 1.19 | 0.774-2.04
Water contact Yes 324 (76.78) 102(31.48) 222(68.52) 0.179 ref refl
No 98 (23.22) 38(38.78) 60(61.22) 0.72 | 045-1.15 | 071 | 0.42-1.17
Water source Public Tap (borehole) | 246 (58.29) 80(32.52) 166(67.48) 0.735 ref ref
Spring or well 176 (41.71) 60(34.09) 116(65.91) 0.93 | 0.61-1.40 1.02 0.65-1.60
Meal frequency < 3 times 317 (75.12) 103(32.49) 214(67.51) 0.604
>3 times 105(27.88) 37(35.24) 68(64.76) 1.13 | 0.71-1.79
Hand washing habit Sometimes 371 (87.91) 124(33.42) 247(66.58) 0.845
Always 26 (6.16) 9(34.62) 17(65.38) 0.94 | 0.41-2.18
Never 25 (5.92) 7(28) 18(72) 1.29 | 0.52-3.17

UOR = Unadjusted Odds Ratio, AOR = Adjusted Odds Ratio, CI = Confidence Interval

https://doi.org/10.1371/journal.pone.0278333.t005

being infected was 1.01 times higher for households of 1 to 3 persons than in houses with 4 to
6 persons. All other variables were not associated with the risk of infection at a 5% significant

level.

Association of intestinal parasites and undernutrition, stunting, wasting
and underweight

Table 6 is similar to Table 3, both tables are multinomial logistic regressions performed with

nutritional status as the outcome. However, Table 6 has a different set of predictor variables

with the addition of A.Jumbricoides (which was the most prevalent parasite) infection as one of

the predictors. The aim was to see if infection with this parasite, is a risk factor for one or more
forms of undernutrition. As shown in the table, the presence of Ascaris infection did not sig-
nificantly impact the nutritional status of the child at the 5% significance level. Nonetheless,
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Table 6. Association of intestinal parasites and nutritional status.

Variables Category N | n(%) ’ Chi-square p-value RRR 95%CI
Underweight (n = 138)
Household size 1-3 86 27(31.40) 0.525 Ref
4-6 226 71(31.42) 1.04 0.48-2.26
7+ 107 40(37.38) 1.17 0.49-2.80
Gender of the child Male 185 52(28.11) 0.062
Female 234 86(36.75) 0.90 0.49-1.66
Frequency of meal >3 times 105 31(29.52) 0.390 0.82 0.41-1.63
< 3 times 314 107(34.08) ref
Fingernail cleanliness Clean 124 36(29.03) 0.270 0.69 0.36-1.31
Not clean 295 102(34.58) ref
Type of toilet Pit Latrine 129 40(31.01) 0.575 0.55 0.30-1.03
No toilet 290 98(33.79) ref
A. lumbricoides Infection Yes 144 45 (31.25) 0.595 0.83 0.44-1.56
No 275 93 (33.82) Ref
Stunting (n = 93)
Household size 1-3 86 16(18.60) 0.140 Ref
4-6 226 46(20.35) 1.13 0.48-2.66
7+ 107 31(28.97) 1.49 0.58-3.84
Gender of the child Male 185 49(26.49) 0.060 Ref
Female 234 44(18.80) 0.49** 0.25-0.94
Frequency of meal >3 times 105 23(21.90) 0.934 0.96 0.46-2.01
< 3 times 314 70(22.29) ref
Fingernail cleanliness Clean 124 32(25.81) 0.249 1.02 0.51-2
Not clean 295 61(20.68) Ref
Type of toilet Pit Latrine 129 34(26.36) 0.172 0.74 0.38-1.44
No toilet 290 59(20.34) Ref
A. lumbricoides Infection Yes 144 36(25.00) 0.318 1.12 0.57-2.17
No 275 57(20.73) Ref
Wasting (n = 120)
Household size 1-3 86 29(33.72) 0.007 Ref
4-6 226 73(32.30) 1.01 0.46-2.18
7+ 107 18(16.82) 0.51 0.20-1.32
Gender of the child Male 185 60(32.43) 0.127 Ref
Female 234 60(25.64) 0.55 0.29-1.02
Frequency of meal >3 times 105 33(31.43) 0.465 0.99 0.49-1.99
< 3 times 314 87(27.71) ref
Fingernail cleanliness Clean 124 32(25.81) 0.406 0.70 0.36-1.38
Not clean 295 88(29.83) Ref
Type of toilet Pit Latrine 129 26(20.16) 0.010 0.40 ** 0.20-0.77
No toilet 290 94(32.41) Ref
A. lumbricoides Infection Yes 144 39(27.08) 0.610 0.89 0.46-1.70
No 275 81(29.45) Ref

RRR: Relative risk ratio
** p-value < 0.05

https://doi.org/10.1371/journal.pone.0278333.t006
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the household size (p-value = 0.007) and the type of toilet (p-value = 0.01) had significant
impact on wasting but not on stunting and underweight. Those who had no toilet were likely
(RRR = 0.40; CI = 0.20-0.77) to be wasted compared to those who had pit latrines. Fingernail
cleanness, gender of the child and meal frequency had no significant impact on the nutritional
status.

Discussion

This study was designed to determine the prevalence and correlates of undernutrition and
intestinal parasitic infection in children below 5 years living in the District of Ndelele in the
East Region of Cameroon. The data show that many children in the community experienced a
double burden of intestinal parasitic (most especially STH) infection and undernutrition.

Out of the 419 children whose anthropometric data were collected to assess their nutritional
status in this study, 351 (83.77%) were undernourished, with 32.94% underweight, 22.20%
stunted, and 28.64% wasted, which far exceeded the national estimates for undernutrition
(35.8%), wasting (6%) and underweight (15%) except for stunting (22.20%), which was lower
than the national estimate at (33.0%) (Table 2) [14]. Statistics from Cameroon have demon-
strated the prevalence of undernutrition among children <5 years of age in the East Region of
the Republic of Cameroon to be 37.3%, 15.4%, and 5.9% for stunting, underweight, and wast-
ing, respectively [15]. The prevalence of underweight (32.94%) and wasting (28.64%) were
higher than the prevalence of underweight (30.2%) and wasting (11.3%) in Batouri, the admin-
istrative headquarters of the East region. According to WHO standards, these rates are consid-
ered as of “very high” public health significance [16], needing urgent intervention.

From this study, it was noticed that the mother’s age, household size, and monthly income
had no significant effect on the nutritional status (Table 3). Other studies showed that the low
monthly income of a family plays a big role in child nutrition. Poor economic status may limit
families” access to food and health services [17]. The reason why the low monthly income had no
effect on the nutritional status might be the fact that, families do not depend on that little money
they have for food. They depend on crops from their farms for nutrition. The little income they
have is channeled toward ‘more important’ needs like medication, batteries for torchlights, kero-
sene to light lamps and other need considered to be equally as important as food. Among under-
weight children, breastfeeding habits had a significant impact. Children who were not exclusively
breastfed were 2.06 (RRR = 2.06; 95% CI = 1.12-3.80) times more likely to be underweight com-
pared to those who were exclusively breastfed, keeping other variables constant (Table 3). If com-
plementary feeding is introduced too early, it is not possible for the child to absorb the necessary
nutrients, and if it is introduced too late, the mother’s milk will not be able to supply the nutrients
required for optimal continued growth. It is therefore recommended by the World Health Orga-
nization [18], that complementary feeding be introduced at approximately 6 months of age. In
contrast, authors of a research in Senegal reported that “no correlation was found between exclu-
sive breastfeeding and the nutritional status of children [19].” Studies in Ethiopia and Botswana
showed that exclusive breastfeeding reduced the odds of a child being underweight and wasted
[20, 21]. The results of this study conflict with the results of the longitudinal study conducted by
Fawzi and colleagues, which showed that prolonged breastfed children from poorer and illiterate
mothers had a higher risk of being undernourished [22].

Household size significantly impacted wasting (p-value = 0.007), where a child from a
household of 4 to 6 persons was 7% (RRR = 1.07, 95% CI = 0.49-2.32) more likely to be wasted
compared to that from a household of 1 to 3 persons, keeping all variables constant. This result
was contrary to a study carried out in Nepal where the household size was not associated with
underweight, stunting, and wasting of children [23].
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The high stunting, underweight and wasting rate observed in this study could partially be
attributed to the low socio-economic status of the caregivers. Majority of the caregivers
(71.8%) lived on a monthly income of less than $68. Caregivers’ illiteracy rate was nearly 50%.
Though the household size of between 4 to 6 (54.27%) had no significant effect on the nutri-
tional status in this study, a study carried out in Meerut in India, reported that the size of fam-
ily was a determinant of undernutrition [24]. The larger the family, the more people to feed
making it more difficult for children to meet the required nutritional demands for their
growth. The prevalence of undernutrition was found to be higher in those children who
had > 3 siblings compared to children with 1-2 siblings.

Among the 422 children whose samples were collected to assess the risk factors of soil hel-
minths infections in the study, (66.8%) were positive for one or more intestinal parasites
(Table 4). This prevalence was like the even higher prevalence rate of 70% found in Kwara
State in Nigeria [25]. Such high prevalence may be attributed to poor environmental and per-
sonal hygiene, lack of clean potable water, lack of toilet facilities and open-air defecation.

Double and triple infections were also common and more among females; 53 study partici-
pants (12.6%) were infected by two or more intestinal parasites concurrently. This occurrence
of polyparasitism in this study was in line with previous results reported in Anambra state in
Nigeria [26].

The most common intestinal parasitic infections detected in the study were A. lumbricoides
(34.12%), E. histolytica/dispar (27.96%), and Hookworm infection (17.30%). Poor eating habits,
such as unhygienic handling food, not washing hands before eating (dirty hand and finger-
nails) and lack of potable drinking water could have exposed children to Ascaris. The poor fae-
cal disposal system and lack of toilets/latrines, coupled with the fact that most of the children
played barefooted could have exposed them to the infective stage of the hookworm larvae [27].

Majority (93.13%) of the participants are farmers who carry their children to the farms.
Loose humus soil as suitable environmental conditions for the survival of hookworm eggs and
larvae, it is possible that the longevity of hookworm eggs and larvae in soil and on vegetation
might enhance it’s transmission. Children are in the habit of eating whatever they come across
while crawling and this exposes them to E. histolytica/dispar.

About three-quarters (76.78%) of the children were in contact with dirty water of rivers,
swamps in their daily routine of swimming and fishing. This activity exposes them to the lar-
vae of soil transmitted helminths thereby exposing them to infections. Children playing bare-
footed in the field and in the rain are more liable to infection by the filariform lavae of
hookworm. The high prevalence of intestinal parasites in a community reflects the level of per-
sonal hygiene and fecal contamination of the environment.

Opverall, in this study, females were more infected with at least one of these species of STH,
compared to males (Table 4). This result was similar to results from a study carried in the
Southwest of Ethiopia, where the prevalence rate in females was slightly higher than in males
[28]. The cause of this is unknown in this study. This result was contrary to results from a
study carried out in Loum in the Littoral region of Cameroon where, the prevalence of STH
was significantly higher in male children than in females. The reason given was that boys play
more outdoors bringing them in frequent contact with soil, feces, dirt and unclean water [29].
However, the possible explanation for sex as a predictor is that high intensity Ascaris infection
is associated with other intestinal nematodes [28].

Analysis by a logistic regression model with STH infection as outcome revealed that: finger-
nail cleanness (AOR = 1.75; CI = 1.09-2.78) and household size (AOR = 0.55; CI = 0.32-0.92)
were positively and negatively associated with intestinal parasite infection at the 5% significant
level, respectively. Those whose fingernails were not clean were 1. 75 times more likely to be
infected with at least one species of STH compared to those with clean fingernails (Table 5).
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Fingernail carries large amounts of parasites as children crawl and play with their hands. Fin-
gernail biting also increase the risk of soil transmitted helminth infection. These results were
similar to those in a study carried out in Tachgayint Woreda in Northcentral Ethiopia, where
fingernail status was found to be significant predictors of STH infection [30].

Household size (AOR = 0.55; CI = 0.32-0.93) was negatively associated with intestinal para-
site infection at the 5% significant level (Table 5). This finding was a with previous studies con-
ducted by other researchers, Ostan et al. [31] and Maia et al. [32] who reported that an
increased number of household members and overcrowded conditions are associated with a
higher frequency of parasitic infections. Our results agree with these findings. Large house-
holds increased the risk of infection which may be attributed to the close contact within the
crowded houses and lead to a high risk of intra-family transmission. On the other hand, the
risk of being infected was 1.04 times higher for households of 1 to 3 persons than more (4-6)
persons in the house. All other variables were not associated with the risk of infection at a 5%
significant level.

The household size (p-value = 0.007) and the type of toilet (p-value = 0.01) had a significant
impact on wasting but not on stunting and being underweight. Those who had no toilet were
more likely (RRR = 0.40; 95%CI = 0.20-0.77) to be wasted compared to those who had pit
latrines.

Most children defecated indiscriminately in the backyards and bushes around dwelling
places due to lack of latrine facilities. These results were in agreement with a study carried out
by Fink et al. [33] where children with “low quality” toilet access had significantly and substan-
tially higher odds of being stunted compared to children with “high quality” sanitation, even
with adjustments for a range of covariates. It was also stated in this study that, a range of other
factors might also influence stunting and thinness, not simply access to improved water and
toilets.

Limitations of the study

A limitation of this study is that it was part of a larger study whose main objectives were not
those of the sub-analysis which made it difficult to account for some unknown confounding
variables. Secondly, due to the cross-sectional nature of the study, we could only discuss the
association rather than causation. Thirdly, the present study was conducted only in one of the
many health districts of Cameroon. Therefore, generalization of the results is difficult owing to
the influence of regional characteristics on all aspects of the study. Fourthly, the faecal concen-
tration technique employed for processing faecal samples do not yield data on parasite inten-
sity but only on the prevalence rate. The methods were chosen for their efficiency and cost-
effectiveness but are less sensitive than other commonly used procedures. Additional tech-
nique such as Kato-Katz would have been able to provide useful data on the relative intensity
of infections. Lastly, another important limitation of our study is that the generalizability of
our finding is limited to young children (12-59 months), which might result in different risk
factors in other age groups.

Conclusion

There is a double burden of undernutrition and STH in the district of Ndelele among children
below 5 year which are both public health problems of great importance. Children who were
not exclusively breastfed, were more likely to be underweight. Children from large households
were more likely to be wasted. The household size and the type of toilet had a significant
impact on wasting but not on stunting and underweight. Fingernail cleanliness and household
size were positively associated to STH infection. A mechanism could be proposed which points
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at poor breastfeeding habits, large household size and lack of toilets as risk factors for undernu-
trition and fingernail cleanliness and household size a risk factors of intestinal parasite infec-
tion. These risk factors are responsible for the different forms of undernutrition in children
between 0 and 59 months. Public policies are therefore needed to guarantee clean water, sani-
tation, hygiene and nutrition education, and community deworming programs.

Recommendations

Parents and caregivers should be given practical lessons on the amount and the quality of food
recommended for infants and children, the importance of potable water, proper hygiene, and
sanitation. There is a need for nutrition programs to liaise with other sectors such as health,
water and sanitation, mother and childcare, and education to curb the high prevalence of
undernutrition and parasitosis in the study area.
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