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Abstract

Background: Stunting is a major public health problem in low- and middle-income countries as in Democratic Republic
of the Congo (DRC). Many factors, such as environmental enteric dysfunction (EED), are incriminated in the pathogenesis
of stunting. EED, characterized by intestinal inflammation, can be evaluated by a non-invasive marker, the fecal calprotectin
(FC). The aim of this study was to determine the concentration of FC, to compare the FC of exclusively breastfed infants
with that of mixed-fed infants, and to assess the association between the stunting and the FC in infants aged 4 to 7 months.
Methods: Socio-demographic, nutritional, and clinical data were collected in infants aged 4 to 7 months attending child
welfare clinic activities from eight targeted rural health areas of South-Kivu province, eastern DRC. A single assay of calpro-
tectin was petformed in stool samples by Bihlmann Quantum Blue® Calprotectin Extended device.

Results: A total of 240 infants (median age: 6 months, interquartile range: 5-6 months) were enrolled in this study. Among
them, 41 (17.1%) were stunted. The median FC was 87 pg/g of stool. Exclusive breastfed infants had significantly higher FC
compared to mixed-fed infants (median FC: 108 pg/g versus 79 pug/g, p=0.031). In addition, stunted infants had higher FC
levels (107 pg/g) compared to infants with normal length for age (82 ng/g) but without reaching the statistical significance
level (p= 0.41).

Conclusion: This study shows higher FC levels in exclusively breastfed and in stunted infants living in rural areas of South-
Kivu. Further studies are needed to assess the prevalence of EED and its association with stunting in the DRC.
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adequate psychosocial stimulation'. Stunting remains
a major public health problem in low and middle in-
come countries due to its short- and long-term conse-
quences®. Its prevalence exceeds 30 % in some of these
countries, like in the Democratc Republic of the Congo
(DRC)*. The latest demographic health survey (DHS)
reported a stunting prevalence of 42% in the DRC5. In
this DHS, the province of South-Kivu, in the eastern
part the DRC, had a prevalence higher than the national
average, i.e. 48%°.

The pathophysiology of stunting is not yet fully under-
stood but available evidence points toward a multifac-
torial origin with genetic, maternal nutrition and early
infancy feeding practices factors involved. Recently, it
has been mentioned that a pathological entity called
“environmental enteric dysfunction” (EED), character-
ized by a sub-clinical inflammation of intestinal mu-
cosa, disrupting its digestive and absorptive functions
and also plays a role in the pathogeny of stunting®’.
It was reported that the prevalence of intestinal mu-
cosa abnormalities observed in EED was high in the
South-Kivu region, especially among children suffering
from acute malnutrition®. However, this study did not
include infants under 6 months of age, as the break in
the growth curve generally occurs from the 3rd to 4th
month of age’. Theoretically, at 3-4 months of age,
infants should be protected from EED by exclusive
breastfeeding but early introduction of complementary
foods is still common in DRC>'.

It is now possible to detect the presence of intestinal
inflammation by non-invasive techniques, particularly
by measuring calprotectin in the stool. Despite the con-
troversy over the significance of elevated concentration
of calprotectin in the stools of infants and the effect of
the type of infant feeding on this same level, the deter-
mination of fecal calprotectin (FC) remains among the
reference tests for the evaluation of intestinal inflam-
mation'"'%,

This study aimed to determine the concentration of
FC in apparently healthy infants aged 4 to 7 months, to
compare the FC levels of exclusively breastfed infants
with that of mixed-fed infants, and to assess the associ-
ation between FC levels and the stunting among infants
aged 4 to 7 months living in rural eastern DRC.

Methods

Study design

This cross-sectional study was conducted in Mi-
ti-Murhesa Health Zone (MMHZ) located in the Prov-
ince of South-Kivu, in eastern DRC. The MMHZ. is lo-
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cated in the territory of Kabare, which has agriculture,
livestock, and fishing as its main activities. The study
was carried out in 8 health areas of the MMHZ (Kavu-
mu, Mbayo, Kashusha, Mushunguri, Lwiro, Kahungu,
Buhandahanda and Miti-Mulungu), selected because
of their accessibility from the city of Bukavu, the cap-
ital-city of the province and the accessibility of their
health structures for the target poulation.

Child recruitment process and data collection

The recruitment process included community sensitiza-
tion and information about the study, securing the con-
sent from the community, identification of eligible chil-
dren by the local community volunteer and the referral
of eligible infants to the nearest health centers used as
study sites for clinical examination and stool sampling,
To ensure the representativeness of the population of
MMHZ, 25-35 of the eligible infants were selected per
village of the targeted health areas. Sample size was not
calculated but rather defined by practical limitations re-
lated to lack of financial resources. Indeed, only a total
of 300 FC assays could be performed. And to be as-
sured of the consistency of the results, 60 samples (25
% of samples) were tested in duplicate. Since the FC
values obtained appeared consistent, only the values of
the first measurement were retained for these 60 (25 %)
samples, and only one measurement was performed for
the remaining 180 (75 %) samples. Thus, the sample
size of this study was limited to the 240 infants whose
stool samples could be assayed.

The eligibility criteria were: age between 4 and 7 months,
birth weight = 2500g, being partially or exclusive-
ly breastfed, and attending the monthly child welfare
clinic activities. Infants suffering from chronic pathol-
ogies (heart disease, HIV infection, congenital malfor-
mation), those born with low birth weight, those never
breastfed, and twins were excluded. Never breastfed
infants were excluded since they are more likely to ac-

13,14

quire gastrointestinal infections'>'*, which can increase

FC levels®.

For each household, demographic and clinical data were
collected, as well as data on hygiene (drinking water and
hand washing). For each enrolled infant, the following
parameters were collected: households socio-demo-
graphic characteristics (parent’s education level, nutri-
tional status of the siblings, water and sanitation param-
eters), child demographic data (age, sex), child nutrition
data (birth weight, weight, length, Middle-Upper Arm
Circumference (MUAC), type of feeding), child mor-
bidity (symptoms and signs of diseases within two
weeks before the visit).
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Weight, length, MUAC and Head circumference (HC)
were measured using standard procedures. Weight was
measured using a SECA hanging mechanical scale (pre-
cision: 50 g; SECA GmbH & Co, model: 310, Ham-
burg, Germany). Length was measured using a SECA
measuring board (precision: 1 cm; SECA GmbH &
Co, model: 210, Hamburg, Germany). MUAC was
measured using a flexible non-stretchable MUAC tape

(precision 0.1cm; IndoSurgicals Private Limited, New
Delhi, India).

Laboratory procedures: Fecal calprotectin.

Under the supervision of community volunteers, moth-
er or caregiver collected the infant’s morning stools us-
ing a sterile plastic jar provided by the research team the
day before the study team visit. Community volunteers
as well as mothers had been previously instructed on
the proper methods for collecting the stools to avoid
any contamination of the sample and the collection jar.
Stools were collected on absorbent diapers before being
collected in the sterile plastic jars to minimize stool con-
tamination by urines. The stool samples were then col-
lected by the laboratory technician, labelled, stored in
insulated boxes, and analyzed at the health center within
four hours of collection.

The BUHLMANN Quantum Blue® fCAL Extended
device BUHLMANN Laboratories AG, Schénenbuch,
Switzerland) was used for the determination of fecal
calprotectin levels following manufacturer’s instruc-
tions'®". Briefly: Using the prefilled stool extraction
tube CALEX- Cap, stool dip sampling was performed
3-5 times. The mixture was then vortexed for 30 sec-
onds and incubated for 10 minutes at room tempera-
ture. After incubation, 60 uL stool extract was aspirated
and placed on Calprotectin Lateral Flow Test Cassette
Quantum Blue® fCal (reading range: 30 - 300 pg/g)
which was introduced into Quantum Blue® Reader
and the result was read after 12 minutes. In the present
study, we used a FC assay kit that was limited to ranges
of 30 to 300 ng/g of stool. FC values less than 30 and
greater than 300 were respectively truncated at 30 and
300 pg/g of stool.

Operational definitions
Nutritional status was assessed using the weight-for-
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length (WLZ), length-for-age (LAZ), and weight-for-
age (WAZ) indices, with values < -2 Z-score based on
the 2006 WHO curves defining respectively wasting,
stunting, and underweight'®.

Statistical analysis

Stata version 14 (StataCorp LLC, College Station, Tex-
as, United States of America) was used for data analysis
and WHO Anthro software version 3.2.2 (WHO, Gene-
va, Switzerland; Available online: http://www.who.int/
growthref/tools/en/) was used for the computation of
the anthropometric indices. The standards quantitative
descriptive statistics were used to summarize the differ-
ent variables. Frequencies and percentages were used to
summarize categorical variables and medians with inter-
quartile range (IQR) were used to summarize continu-
ous variables. We The Mann-Whitney test was used for
the comparison of medians. The statistical significance
level was set at p < 0.05.

Results

General characteristics of study population

A total of 240 infants (median age: 6 months, IQR: 5-6
months) were included in this study. Table 1 describes
the characteristics of their households and their nutri-
tional parameters. Of notice, just over half (52%) of
the infants were female and 59.2% were = 6 months
old. Approximately three quarters of mothers (74.2 %)
have attended no formal education or just completed
primary school, while only 25.8 % have reached second-
ary education or university. Most households of studied
infants (61.7 %) had access to improved water sources
but only less than half of them had hygienic toilets or
appropriate hand washing practices. Two hundred and
sixteen infants (90 %) had reportedly illness symptoms
within the two weeks prior to the survey. Fifty-five (22.9
%) infants enrolled in the present study were exclusively
breastfed. Complementary feeding was introduced be-
fore three months of age in 61.1 % (113 out of 185) of
infants on non-exclusive breastfeeding,

Overall, 47 infants (19.6 %) had a compromised nutri-
tional status (either stunting, underweight, or wasting,
alone or in combination), with the prevalence of stunt-
ing (17,1 %) and underweight (6,7%) being close to the
threshold for considering the condition to be of public
health importance.
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Table 1. Demographic, anthropometric, and nutritional characteristics of the study

population (n=240)

Continuous data’
Age (months)
Birth Weight (g)
Weight (kg)
Length (cm)
Mid-Upper Arm Circumference (mm)
Head circumference (cm)
Weight for age Z-Score
Weight for length Z-score
Length for age Z-score

Categorical data?

Sex
Male
Female
Age
4 - 5 months
> 6 months
Exclusive breastfeeding
Yes
No
Age of complementary food
< 3 months
> 3 months
Mother’s level of education

No formal education or primary school

Secondary school or university
Water source

Improved?

Unimproved*
Undernutrition

Any type’

Stunting alone

Underweight alone

Wasting alone

Median (IQR)

6.0 (5.0-6.0)

3200.0 (3000.0 — 3600.0)
7.1(6.5-17.8)

64.0 (62.5—-65.5)

132.0 (125.0 — 139.0)
43.0 (42.1 - 44.0)
-0.35(-1.14 - 0.41)

0.51 (- 0.50 — 1.26)

-0.77 (-1.70 — -0.26)

n (%)

115 (47.9)
125 (52.1)

98 (40.8)
142 (59.2)

55(22.9)
185 (77.1)

113 (61.1)
72 (38.9)

178 (74.2)
62 (25.8)

148 (61.7)
92 (38.3)

47 (19.6)
41(17.1)
16 (6.7)
4(1.7)

! Data are median (IQR); 2 Data are n (%); 3 “Improved water source” refers to a built water source; *
“Unimproved water source” refers to rain water and water drawn from rivers; ¥ “Any type” refers
to infants with either stunting, underweight, or wasting, alone or in combination.

Comparison of fecal calprotectin levels in different
conditions

The median (IQR) FC of the 240 infants included in
this study was 87 (36.5 - 192) pg/g of stool. Of no-
tice, the 193 apparently healthy infants (i.e., those with a
normal nutritional status) had a median (IQR) FC level
of 79 (37 - 163) ug/g of stool. Exclusively breastfed in-
fants had a median FC significantly higher than that ob-
served in mix-fed infants [108.0 (40 - 245) versus 79.0
(34 - 156) pg/g of stool, p=0.031]. As well, FC levels
were relatively higher in infants for whom complemen-
tary feeding was introduced before 3 months and those
for whom it was initiated between 4 and 6 months of
age, but the difference was not statistically significant
[82.0 (35.0 - 175.0) vs 77.5 (33.0 - 147.5) pg/g of stool,
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p= 0.637]. Stunted, underweight, and wasted infants
tended to have higher median FC levels [respectively:
107.0 (32.0 - 223.0) ug/g, 103.0 (42.0 - 249.5) ng/g, and
262.0 (134.0 - 296) pg/g| compared to infants with nor-
mal LAZ [82.0 (37.0 - 165.0) ug/g], WAZ [83.5 (36.0
- 188.0) ng/gl, and WLZ [85.5 (36.0 - 181.0) ug/g], but
the differences did not reach the statistical significance
(Table 2). As well, no statistically significant difference
was found between infants with versus without a com-
bination of different types of undernutrition: stunting
+ underweight [11 infants, median FC level: 95 (40.0 —
2306.0) pg/g versus 86 (36.0 - 189.0) ng/g, p=0.87], un-
derweight + wasting [3 infants, median FC level: 292.0
(36.0 - 300) ng/g vs 87.0 (37.0 - 185.0) ng/g, p=0.87],
or stunting + wasting + underweight [1 infant, FC level:
30.0 ug/g vs 87 (37.0 - 193.0) ug/g, p=0.14].
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Table 2. Levels of fecal calprotectin in different conditions

Parameters

Sex
Male
Female
Age
4 - 5 months
> 6 months
Exclusive breastfeeding
Yes
No
Time of initiation of complementary food
< 3 months
> 3 months
Mother’s level of education
No formal education or primary school

Secondary school or university
Water source
Improved
Unimproved
Undernutrition
Any type
Yes
No
Stunting
Yes
No
Underweight
Yes
No
Wasting
Yes

No

n Fecal calprotectin (png/g) * P
115  80.0(37.0-185.0) 0.709
125  94.0 (36.0 - 193.0)
98 80.0 (36.0 - 193.0) 0.490
142 89.0(38.0-191.0)
55 108.0 (40 - 245) 0.031
185  79.0 (34 - 156)
113 82.0(35.0-175.0) 0.637
72 77.5 (33.0 - 147.5)
62 77.5 (34.0 - 145.0) 0.217
178  94.0 (38.0 -203.0)
92 75.5(36.0 - 162.0) 0.498
148  93.5(36.5-205.0)
47 108.0 (36.0 - 236.0) 0.220
193 79.0(37.0 - 163.0)

0.484
41 107.0 (32.0 - 223.0)
199  82.0(37.0-165.0)
16 103.0 (42.0 - 249.5) 0.458
224 83.5(36.0-188.0)
4 262.0 (134.0 - 296) 0.109

234 85.5(36.0 - 181.0)

* Data are median (Interquartile range)

Impact of recent diseases symptoms on fecal cal-
protectin levels
No symptoms had significantly influenced the FC lev-

el, although the median of FC was relatively higher in
infants who had presented diarrhea, vomiting, and ab-
dominal colic two weeks before the visit, as compared
to asymptomatic infants (Table 3).

Table 3. Symptoms of diseases within two weeks and their impact on the level of fecal calprotectin

Symptoms within two weeks n (%)
Any symptoms
Yes 216 (90.0)
No 24 (10.0)
Rhinorrhea
Yes 157 (65.4)
No 83 (34.6)
Cough
Yes 140 (58.3)
No 100 (41.7)
Fever
Yes 109 (45.4)
No 131 (54.6)
Diarrhea
Yes 96 (40.0)
No 144 (60.0)
Abdominal pain diversification
Yes 86 (35.8)
No 154 (61.2)
Rashes
Yes 89 (37.1)
No 151 (62.9)
Vomiting
Yes 49 (20.4)
No 191 (79.6)

Fecal calprotectin (pg/g) *

p
740 (6.3 2239 0802
540 (902120 0376
0.3 (6.0 156.0) 0554
50.0 6702210 0412
75G30- 1739 0069
795 (37.0-207.0) 0797
80,0 (3602070 0506
80.0 (30.0 - 185.0) -

87.0 (39.0 - 196.0)
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Discussion

In the present study, the median FC was 87 pg/g of
stool in 4-7-month-old infants. Compared to FC lev-
els found in other studies in infants under 7 months,
the median FC value found in our study is lower than
278 ug/g reported in urban areas in Uganda', and then
217.9 ng/g and 420 pg/g found respectively in urban®,
and rural®! areas in China. However, it was close to 79
ug/g of stool described in Norway>.

Exclusively breastfed infants had significantly higher FC
compared to those with a mixed feeding. This was con-
sistent with the findings of the majority of studies con-
#-%_The higher FC reported in young
exclusively breastfed infants (as compared to mixed-fed

ducted elsewhere

infants) is thought to play a protective role against var-
ious attacks on the immature intestinal mucosa up to
maturation and regulation with age of epithelial tight
junction proteins and other factors of intestinal immu-
nity?"*’, However, the fact that FC, used as a marker
of intestinal inflammation, is higher in breastfed infants
creates a paradoxical phenomenon in the literature, and
several controversies still persist about this phenome-
non. Some studies found no difference between FC and
type of feeding’'. Eatly artificial feeding of infants is
thought to lead to increased transepithelial migration
oneutrophils, cells in which calprotectin represents
around 60% of the cytoplasmic proteins™.

In this study, we found a low rate of stunted infants
compared to the high rate described in our region. The
rate of stunting is high in under five years’ children
and increases with age in our study area5. We believe
that the low rate of stunting observed in the popula-
tion included in this study may largely be explained by
that we included only infant who were still breastfed.
In fact, previous study has demonstrated that exclusive
breastfeeding protects young children from stunting in
low-income populations®™. FC was elevated in stunted
infants in our study population. Indeed, several mark-
ers that can be measured in the stool, in particular cal-
protectin, myeloperoxidase, and neopterin, are used as
non-invasive markers of intestinal inflammation in chil-
dren in various studies?** 3, These studies described
intestinal inflammation in EED which is at the root of
stunting in children.

Despite the association found between high FC levels
and stunting in children®, there is no consensus in the
literature whether this increased FC in infants is associ-
ated with a deletetious effect on height and/or weight
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growth or it rather has a protective role on the intestinal
mucosa regarding various attacks, particularly microbi-
al in young infants'***!. The pathogenesis of stunting
remains multifactorial and EED would be one of these
factors****, Indeed, EED is a chronic inflammation
of the small intestine characterized by villous atrophy,
crypt hyperplasia and increased intestinal permeabili-
ty*. Chronic intestinal inflammation is believed to be
linked to a vicious cycle between undernutrition, infec-
tion, and poor environmental conditions.

In young infants living in low- and middle-income
countries, this vicious cycle is thought to be due to
continued exposure to fecal-oral contamination by mi-
crobes, the repeated intestinal infections they cause, and
undernutrition®. Indeed, in EED, it has been described
an increased bacterial proliferation in the small intes-
tine leading to local inflammation and to an alteration
of the intestinal barrier, digestion and nutrient absorp-
tion functions***. In addition, intestinal inflammation
in children defined by high fecal calprotectin has been
associated with a low level of Insulin Growth Factor-1
in infants under 18 months in Zimbabwe®, with a low
height for age index age in Kenya and Bangladesh®".

Some limitations should be considered when interpret-
ing the findings of this study: Due to logistical and fi-
nancial constraints, the study sample size was limited to
240 infants as only 240 stool samples could be assayed
for FC. Thus, the relatively small sample size, especially
the small number of stunted infants (only 41 infants
were stunted), may have influenced the findings of this
study. In addition, FC measurements were done in du-
plicate for only 25 % of stool samples, while only one
FC measurement was done for the remaining 75 % of
samples. As well, inflammatory blood tests or parasitic/
microbiological investigations were not performed on
collected stool samples in order to rule out potential
still ongoing infections in infants whose mothers or
caregivers reported some symptoms within two weeks
before the medical visit. Finally, the fact that symptoms
were reported by infants’ mothers of caregivers may
have been source of misinterpretation of some symp-
toms. For example, 4 to 6-month-old infants are prone
to physiological gastro-esophageal reflux which can be
difficult to distinguish from vomiting, especially for par-
ents/caregivers with no medical training. Despite these
limitations, to our knowledge, this study is the first to be
conducted in the DRC in infants under seven months
of age to determine the concentration of FC, to com-
pare the FC levels in breastfed and mixed-fed infants,
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and to assess the association between FC of stunting
in infants of in this age-group. A study with sequential
dosing of FC throughout the height-weight growth and
the gradual dietary diversification of infants may help
to better understand the influence of breastfeeding and
of stunting on infants’ FC levels.

Conclusion

This study shows higher FC levels in exclusively breast-
fed and in stunted infants living in rural areas of South
Kivu, in the East of the DRC. Further studies are need-
ed to better understand the influence of breastfeeding
and of stunting on infants’ FC levels and to assess the
prevalence of EED in our region.
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