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ABSTRACT

Background: Severe acute malnutrition (SAM) contributes to nearly 1 million deaths annually worldwide, with diarrhea and pneumonia being the
common morbidity associated with mortality.

Objectives: To assess the effect of probiotics on diarrhea, pneumonia, and nutritional recovery in children with uncomplicated SAM.

Methods: A randomized, double-blind, placebo-controlled study was conducted involving 400 children with uncomplicated SAM randomly assigned to
ready-to-use therapeutic food (RUTF) either with (n = 200) or without (» = 200) probiotics. Patients received 1 mL daily dose of a blend of Lacti-
casebacillus rhamnosus GG and Limosilactobacillus reuteri DSM 17938 (dosage, 2 billion colony-forming units; 50:50) or placebo during 1 mo. They
were simultaneously fed with the RUTF for 6 to 12 wk, depending on patients’ recovery rates. The primary outcome was the duration of diarrhea.
Secondary outcomes included diarrheal and pneumonic incidence, nutritional recovery, and transfer to inpatient care rate.

Results: For children with diarrhea, the number of days of disease was lower in the probiotic group (4.11; 95% CI: 3.37, 4.51) than that in the placebo
group (6.68; 95% CIL: 6.26, 7.13; P < 0.001). For children aged 16 mo or older, the risk of diarrhea was lower in the probiotic group (75.6%; 95% CIL:
66.2, 82.9) than that in the placebo group (95.0%; 95% CI: 88.2, 97.9; P < 0.001), but no significant difference of the risk for the youngest. In the
probiotic group, nutritional recovery happened earlier: at the 6th wk, 40.6% of the infants were waiting for nutritional recovery, contrasting with 68.7% of
infants in the placebo group; but the nutritional recovery rate at the 12th wk was similar between the groups. Probiotics had no effect on pneumonic
incidence and transfer to inpatient care.

Conclusions: This trial supports using probiotics for the treatment of children with uncomplicated SAM. Its effect on diarrhea could positively affect
nutritional programs in resource-limited settings.

This trial was registered https:/pactr.samrc.ac.za as PACTR202108842939734.
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Introduction

Severe acute malnutrition (SAM) affects 14 million children aged
younger than 5 y worldwide and directly contributes to nearly 1 million
deaths annually [1,2]. It is also an important underlying contributor to
many other child deaths, especially those due to diarrhea and pneu-
monia [2]. These 2 are the leading complications of SAM associated
with increased morbidity, longer hospitalization, and mortality [3-5].
Long-term effects of SAM include high postdischarge mortality after
inpatient management; and poorer growth, body composition, and
physical and cognitive function; and low probability of attaining a high
level of education [6—10].

SAM in children is classified as uncomplicated or complicated.
Uncomplicated SAM refers to the child who has no clinically obvious
acute infections or other medical complications and has a good appe-
tite. Complicated SAM refers to child who has clinical features of
infection or metabolic and electrolyte disturbance, severe edema, or
poor appetite [11].

Malnutrition is due to a complex set of determinants, such as
inadequate food intake and infections [12]. Recently, a number of
metagenomic studies in undernourished children from Bangladesh,
India, and sub-Saharan Africa provided evidence that microbiota
immaturity was involved in development or maintenance of acute
malnutrition [13-18]. The growing evidence for a causal role of mi-
crobial dysbiosis in child malnutrition warrants intervention studies
using microbiota-targeted therapies to prevent or treat undernutrition.
Probiotics, that is, live microorganisms that confer a health benefit to
the host when administered in adequate amounts [19], provide a po-
tential opportunity to promote a healthy gut microbiota.
well-nourished children with acute diarrhea, recent meta-analyses ev-
idence suggests that probiotics are effective in reducing the duration of
hospitalization [20]. Investigations of strain-specific effects have led to
recommendation of 3 main strains: Lacticasebacillus rhamnosus GG,
Saccharomyces boulardii, and Limosilactobacillus reuteri DSM 17938
[21]. In children with undernutrition, our recent meta-analysis has
shown that probiotics could reduce significantly the hospital stay
duration by approximately 3 d [22].

Probiotic effects have also been investigated in 2 large trials among
children with SAM in Malawi [23] and Uganda [24], and no benefits of
probiotic treatment on clinical outcomes or nutritional recovery were
reported. Nevertheless, these studies demonstrated that probiotics were
safe to use in children with immunodeficient SAM. Indeed, no cases of
probiotic-related bacteremia were identified. Moreover, they showed
trends toward reduced outpatient mortality and outpatient days with
diarrhea in the probiotic group, suggesting possible positive role of
probiotics in community-based management of children with SAM.
Several bacterial species, such as Lactobacillus strains, have been
previously proposed as probiotic candidates as an alternative to fecal
transplantation to address children with SAM [25].

In this study, we aimed to assess the effect of a combination of
probiotics, Lacticasebacillus rhamnosus GG and Limosilactobacillus
reuteri DSM 17938, on diarrhea, pneumonia, and nutritional recovery
in children treated for uncomplicated SAM in the community.

In

Methods

Study design and participants

The Probiotics for Uncomplicated Severe Acute Malnutrition
(PruSAM) trial was a double-blind, individually randomized placebo-
controlled trial. It was conducted in the Kadutu Health Zone, in the
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South Kivu Province, eastern Democratic Republic of Congo (DRC).
Kadutu Health Zone has 450,000 people, including 85,000 children
aged younger than 5 y, with 24 health centers and 5 referral hospitals.
Furthermore, it encompasses 5 outpatient therapeutic centers where
children with uncomplicated SAM receive routine medical care and a
take-home ration of RUTF once a fortnight, and 1 intensive therapeutic
and feeding unit where all children with complicated SAM are
managed. Both centers receive children of the same age category. The
prevalence of acute malnutrition in this region was estimated to be 3%
in 2018. The PruSAM trial was conducted in 2 of the 5 outpatient
therapeutic centers. Selection of these 2 trial centers was based on
demographic, epidemiologic, accessibility, and logistical criteria.

Children were eligible for inclusion if they were aged between 6 and
24 mo; had a diagnosis of SAM [mid—upper arm circumference of
<115 mm, weight-for-length z-score (WAZ) < —3, and/or grade 1 or 2
nutritional edemal]; passed an appetite test performed as per the national
protocol [26]; and had no medical complications and their parent or
guardian provided written informed consent. Exclusion criteria were a
known allergy to RUTF, congenital or acquired disorders affecting
growth, and grade 3 nutritional edema. Children were enrolled after
their parent or guardian provided written informed consent. Although
these ineligible children were excluded from the study, they were
compassionately enrolled in the standard RUTF therapeutic feeding
program, unless there is another contraindication such as peanut al-
lergy. Those with complicated SAM were referred for inpatient care.
After stabilization, they were returned to standard RUTF therapeutic
feeding program.

Randomization, allocation concealment, and blinding

Children were randomly assigned in a 1:1 ratio, and in computer-
generated blocks of 6, to receive probiotics or placebo. The randomi-
zation codes were created with a computerized random-number gener-
ator according to site; they were kept inside opaque, sealed,
consecutively numbered envelopes and opened by a study team physi-
cian in a numerical order. The codes based on the block randomization
table were provided to the study team by a designated person through
telephone. All participants, caregivers, investigators, and staff involved
in the study were blinded until the database was locked.

Intervention, monitoring, and follow-up

Treatment followed DRC national guidelines [26], which are based
on standard international WHO [27] and Community-based Manage-
ment of Acute Malnutrition (CMAM) guidelines [28]. Patients
received 1 mL of study product daily in single dose, in addition to the
standard treatment of uncomplicated SAM. This 1 mL was picked
directly from the vial using a 1-mL graduated pipette provided in the
box and administered before RUTF. Each milliliter of study product
contained coconut oil with or without a combination of the 2 probiotic
strains, at a dosage of 1 billion colony-forming units of each bacterium.
Lactobacillus strains were chosen because they are one of the most
widely used probiotic strains, which have been studied extensively in
clinical trials and human intervention studies. Study product was
administered for 1 mo, and the first dose was given at inclusion, at the
centers. Probiotic products were manufactured by Ineldea, whereas the
placebo products containing coconut oil were bottled locally in vials
similar to those of probiotics. The appearance, taste, and smell of the
products were indistinguishable, so patients were blind to their group
allocation. Four very small letters printed on the right corner of the
label was the only way to identify the correct group. According to the
manufacturer’s instructions, the product should be stored at ambient
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temperature not exceeding 30 °C. In South Kivu, the mean temperature
is between 20-25 °C. Probiotics were transported to the DRC in a
single batch at an ambient temperature and were stored at an ambient
temperature in South Kivu (Bukavu). Study products were received in
Bukavu in August, 2021. The test to see how many colony-forming
units were still viable on arrival was not performed. Regular quality
control checks performed in December, 2021, and March, 2022,
showed that we prescribed more than 10%mL of live probiotic bacteria
at the time of consumption according to recommendations [29].

Clinical history and examination, anthropometry, blood glucose and
hemoglobin levels, rapid malaria tests, and HIV testing using 2 rapid
antibody tests (Determine and Unigold) were systematically undertaken
at admission. If malarial test showed positive results, an artemisinin-
based combination therapy was prescribed. HIV-positive patients
received further care according to national protocols, which included
referral for antiretroviral medication. Children with suspected tubercu-
losis were referred to the hospital for diagnosis and management.

After admission into the study, all children received a 5-d course of
amoxicillin, a single dose of vitamin A, an anthelmintic, a 2-wk ration
of RUTF, and health and nutrition advice. The RUTF ration was
calculated to provide 200 kcal/kg of bodyweight/d. Children with SAM
normally need 15 kg of RUTF (1 carton) given over a period of 6 to 8
wk for recovery from malnutrition [30]. Considering the length of stay
in the CMAM program in DRC (12 wk maximum) and the risk of
RUTF sharing within and outside the household, 2 cartons of RUTF
were planned per child. All these medications were directly adminis-
tered to the child by the caregivers at admission, supervised by the
nurse. Follow-ups were planned biweekly throughout a period of 12
wk, depending on the nutritional recovery of each child. Breastfeeding
was encouraged throughout the study.

Routine procedures in each follow-up appointment included taking
anthropometric measurements and vital signs and assessing and man-
aging of signs of pneumonia, diarrhea, dehydration, presence of
appetite, other signs of illness, and adverse events. Caregivers were
given a stool diary in which they ticked every time their child passed
stool. Stool frequency and consistency were checked at follow-up
visits. Based on a photograph scale, stool was categorized as watery,
abnormally loose, loose, or normal. A repeat 2-wk rations of RUTF
was provided at the same dosage rate. RUTF were administered for
8-12 wk depending on each child’s nutritional recovery.

Caregivers were contacted by telephone once a week to ask about
the health progress of their infants and to remind them about visit dates.
In case of missed follow-up, a home visit was performed to inquire
about reasons for failure to return for a follow-up visit. Study product
compliance was estimated using the following criteria: /) verbal report
from the caregiver, 2) examination of the amount of intervention
remaining in the medication bottle; 3) the returned empty or unused
RUFT sachets; and 4) differences between visit dates and number of
sachets supplied. Infants were considered compliant to the study
products if they fulfilled the abovementioned 4 criteria during the
whole study period.

Infants identified at any point in the process who did not demonstrate
an appropriate appetite, or had medical complications, or remained
severely malnourished after 4 follow-up visits were referred for inpatient
care. These infants were followed up until 12 wk to correctly allocate
severity of hospital course or death to each study group.

Outcomes
The primary outcome was the number of days with diarrhea. Based
on stool diary data, diarrhea was defined as the passage of 3 or more
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loose or liquid stools per 24 h [31]. A diarrhea episode started when the
diarrhea definition was fulfilled, and ceased when the child passed <3
loose or watery stools per day. If diarrhea re-appeared after <48 h, it
was considered part of the same diarrhea episode, but only days with
>3 loose or watery stools were counted as diarrhea days.

Secondary outcomes were, first, diarrheal incidence, defined as the
proportion of infants with minimum 1 d of diarrhea, and second, pneu-
monic incidence, defined as the proportion of infants with pneumonia.
Pneumonia was defined as the combination of signs, such as fever,
tachypnea, focal crackles, or decreased breath sounds together, with
characteristic radiologic abnormalities [31]. Third outcome was nutri-
tional recovery. Infants were considered to have recovered when they
were without edema, had a WAZ of —2 or higher, and mid—upper arm
circumference of >125 mm at 2 consecutive follow-up visits with a
maximum of 15 d between the visits. Finally, other outcomes such as
weight gain, time to recovery, transfer to inpatient care, death rate, and
RUTF and probiotic safety were assessed. Transfer to inpatient care
included infants referred to inpatient care owing to medical complications.

Statistical analysis

Sample size

We calculated that a sample of 178 children in each group would
provide the study with an 80% power at a 5% significance level to
detect a 1-d reduction in number of days with diarrhea. Allowing for a
10% rate of loss to follow-up, 200 infants were recruited per arm.
Assuming that the standard deviation of days with diarrhea in outpa-
tient therapeutic center was 3 d, it would be possible to detect a 1-
d reduction in days with diarrhea, which is similar to what is found
in meta-analyses [22].

Data management and statistical analysis

Data were double-entered in EpiData v.3.1 (EpiData) and analyzed
using SPSS 25.0 (SPSS). WHO Anthro plus 1.0.4 (WHO) was used to
calculate anthropometric z-scores by applying 2007 WHO References.
In each study trial, the age, sex, presence or absence of bilateral pitting
edema, and anthropometric measurements of infants were imported
into WHO Anthro plus software, which then calculated WAZ, length-
for-age z-score, and weight-for-length z-score and identified outliers:
<—6 and >5 for WAZ, <—6 and >6 for length-for-age z-score, and
<—5 and >5 for weight-for-length z-score. These values were
excluded and the infants subjected to measurements again. Household
Food Insecurity Access Scale was constructed according to Food and
Nutrition Technical Assistance indicator guide [32]. Except for the end
points, all comparisons between the probiotic and placebo groups were
performed using nonparametric tests: X2 test (with Cook correction) for
dichotomous variables, Mann—Whitney rank test for continuous vari-
ables, and Kolmogorov—Smirnov test for continuous and ordinal var-
iables. The number of days with diarrhea was modeled by a
zero-inflated y-Poisson regression. Presence or absence of diarrheal
predisposition and number of days of diarrhea, if any, were simulta-
neously analyzed by the maximum likelihood method. The weight gain
achieved at nutritional recovery was modeled using a y distribution
regression for the weight gain achieved, if any. Data regarding the time
to reach nutritional recovery were truncated by the limitation of the
time of observation and were thus analyzed by a survival statistical
calculation method. A Rényi test was performed to assess the gap
between the time curves waiting for nutritional recovery of the pro-
biotic and placebo groups. To assess the influence of continuous var-
iables on the time to reach nutritional recovery, the Kvaloy rank test
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was used. Cls were measured at 95%. The regression results were
transformations of logarithmic or logistic values, giving asymmetric CI
values. This trial was registered at a Pan African Clinical Trials Reg-
istry as PACTR202108842939734.

Ethics

The study was performed in accordance with the principles in the
Declaration of Helsinki of 1975 as revised in 1983. An independent
Data Safety Monitoring Board, including 1 statistician and 1 pedia-
trician, regularly monitored serious adverse events during the study.
Children were enrolled after verbal and written consent had been
provided by their caregivers. Caregivers were made aware of their right
to withdraw from the study at any time. Ethical approval was granted
by the Université catholique de Bukavu Ethics Committee (Bukavu/
DRC, UCB-CIES 01-05/2020) and the Comité d’Ethique Hospitalo-
Universitaire of the Université catholique de Louvain and Cliniques
Universitaires Saint-Luc (Brussels/Belgium, 04-01-2021).

Results

Between August 2021 and May 2022, 694 children with SAM were
assessed for eligibility in the 2 trial centers. After the exclusion of
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ineligible children, 400 children were randomly assigned to a study
group. The total loss to follow-up was 7 in the probiotic group and 9 in
the placebo group. Finally, 384 children (193 in the probiotic group and
191 in the placebo group) were included in the final analysis (Figure 1).

Baseline sociodemographic, anthropometric, and clinical charac-
teristics were similar in both groups (Table 1).The median age was 16
mo (IQR: 11-20 mo), 212 (53%) infants were boys, 288 (72%) were
currently breastfed, and 236 (59%) had edematous malnutrition
(kwashiorkor). Forty-six (11.5%) infants showed positivity for malaria,
and 7 (1.8%) were HIV seropositive. Moreover, 327 (81.8%) care-
givers were from households with a low socioeconomic level, 231
(57.8%) had a low education level, 163 (40.8%) were currently preg-
nant, and 52 (13%) were undernourished.

Compliance to study product consumption was 98% and 96% for
probiotics and placebo, respectively. Study products and RUTF were
tolerated equally well in both groups. No cases of allergy or anaphy-
laxis were identified. During follow-up, 3 infants died: 1 infant in the
probiotic group and 1 in the placebo group died at home due to un-
known cause; and 1 infant in the placebo group died in hospital of
septic shock. All were HIV-negative children.

Table 2 summarizes main study outcomes. Compared with that of
the placebo group, the number of days with diarrthea was multiplied by

694 SAM children assessed for eligibility

A 4

294 children excluded

e 118 had medical complications

e 73 failed appetite test

e 59 were unable to comply with visit schedule
e 44 Other

A 4

400 randomly assigned

\4

200 assigned to the probiotic group

I—»{ 7 defaulted*

A 4

193 included in analysis

A 4

200 assigned to the placebo group

A 4

9 defaulted*

A 4

191 included in analysis

FIGURE 1. Trial profile. SAM, severe acute malnutrition. *Default was defined as 3 or more consecutive missed weekly visits. Children who defaulted did not

recover and withdrew from trial follow-up before 12 wk.
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TABLE 1
Baseline characteristics

Probiotics (n = 200)

Placebo (n = 200)

Sociodemographic characteristics

Age (y) 16 (12-20) 16 (11-20)
Male 107 (53.5) 105 (52.5)
Vaginal birth 182 (91.0) 185 (92.5)
Birth weight (g) 3035 (2900-3600) 3200 (2940-3700)
Born at full-term 194 (97.0) 195 (97.5)
Currently breastfed 142 (71.0) 146 (73.0)
Age of introduction of 5(3-6) 5 (4-6)
CFs (months)
No. siblings 3(2-5) 3 (3-6)
Child lives with both 151 (75.5) 148 (74.0)
parents
Mother education primary 116 (58.0) 115 (57.5)
school or lower
Mother with undernutrition 25 (12.5) 27 (13.5)
Mother currently pregnant 83 (41.5) 80 (40.0)
Household size 7 (5-9) 7 (5-9)
Household with low 162 (81.0) 165 (82.5)
socioeconomic level

Anthropometric
characteristics
Weight (kg) 6.7 (6.0-7.4) 6.6 (5.7-7.2)
Length (cm) 70 (67-73) 69.5 (65-73.1)
MUAC (mm) 118 (110-125) 117 (110-123)
Head circumference (cm) 45 (43-46) 45 (43-46)

Weight-for-age z-score

Length-for-age z-score

Weight-for-length z-score
Medical characteristics

at admission

~3.6 (—4.2 to —3.1)
~33 (—4.2to —2.5)
~2.6 (=33 to —1.9)

~3.6 (4.4 to —3.1)
~3.6 (—4.3 to —2.6)
—25(-331t0 —1.7)

Fever 12 (6.0) 11 (5.5)
Cough 138 (68.0) 133 (66.5)
Diarrhea 88 (44.0) 91 (45.5)
Vomiting 45 (22.5) 49 (24.5)
Had a malaria 22 (11.0) 24 (12.0)
Hemoglobin (g/dL) 9.1 (8.4-10.2) 9.0 (8.0-10.1)
HIV-positive 4(2.0) 3 (1.5)
children (serology)

Kwashiorkor 116 (58.0) 120 (60.0)

(edematous malnutrition)

Values are given as n (%) or median (IQR).
CF, complementary food; MUAC mid—upper arm circumference.

0.615 (95% CI: 0.550, 0.689) in the probiotic groups, corresponding to
a reduction of 38.5% (95% CI: 31.1, 45.0), regardless of age (P <
0.001). There was a trend toward a decreased risk of diarrhea in the
probiotic group, but the bivariate analysis, including age and probiotics
usage, showed a significant interaction, so that the probiotics had more
influence on the risk for the oldest infants (P < 0.001). This obser-
vation required separated regressions by the age level. For children
aged 16 mo (the median) or older, probiotics decreased the risk of
diarrhea by 19.3% (P = 0.006) and, in case of diarrhea, decreased the
duration by 34.3% (P < 0.001). For the youngest, the risk was not
modified by the probiotics, but in case of diarrhea, the duration was
reduced by 47.0% (P < 0.001). The magnitude of the effect on the
duration of diarrhea was not significantly different in these 2 groups (P
= 0.099), in contrast with the difference between the 2 groups
regarding the risk (P = 0.003). With equal treatment, age increased the
risk of diarrhea (P < 0.001) with only a slight increase in duration.
Overall, 292 (76.0%) infants enrolled in the trial recovered from
SAM. There was no significant difference between groups in the fre-
quency of nutritional recovery at 12 wk (P = 0.77), but the curves of
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TABLE 2
The outcomes of infants with SAM randomly assigned to probiotics or
placebo

Placebo P
(n = 191)

Probiotics
(n = 193)

Average duration of
diarrhea, if any' (d)

Whole population’ 4.11 (3.37,4.51)  6.68 (6.26,7.13)  <0.001
Half youngest infants® 3.44 (2.88;4.09) 6.48 (5.76,7.29)  <0.001
Half oldest infants* 4.45 (4.00,4.96)  6.77 (6.26, 7.33)  <0.001
Risk of diarrhea (%)
Whole population 61.6 (54.4,68.2)  70.8 (63.9,76.6)  0.063
Half youngest infants 45.9 (35.6, 56.3)  45.8 (36.0, 55.6)  0.99
Half oldest infants 75.6 (66.2,82.9)  95.0(88.2,97.9)  <0.001
Still waiting for nutritional 17.8 (12.6,23.7)  19.6 (11.1,25.7)  0.58
recovery at week 12° (%)
Still waiting for nutritional
recovery at year 6 (%)
Whole population 40.6 (33.4,47.6) 68.7(61.4,75.0) <0.001
Infants with diarrhea 33.7(24.1,43.5)  70.0 (59.4,78.3)  <0.001
Infants without diarrhea 342(23.7,45.1) 463 (32.7,58.8) 0.22
Weight gain, if any 4.34 (4.09,4.56) 4.01 (3.37,4.51)  0.069
(whole population)®’
(e/kg/d)
Frequency of 7.8 (4.4, 12.5) 9.4 (5.7, 14.5) 0.57
pneumonia (%)
Transfer to 6.2 (3.3, 10.6) 52(25,94) 0.69

inpatient care (%)

Value given in parentheses are 95% CII.

' The number of days with diarrhea was modeled by a zero-inflated
y-Poisson regression. Presence or absence of diarrhea predisposition and
number of days of diarrhea were simultaneously analyzed by the maximum
likelihood method.

2 With probiotics, the mean of placebo is multiplied by 0.615x/1.059 (95%
CI: 0.550, 0.689).

3 With probiotics, the mean of placebo is multiplied by 0.530x/1.114 (95%
CI: 0.430, 0.655). Half youngest infants were defined as younger than the
median (16 mo); n = 184.

4 With probiotics, the mean of placebo is multiplied by 0.657x/1.071 (95%
CI: 0.575, 0.752). Half oldest infants were defined as equal or above the
median; n = 200.

5 Data regarding the time to reach nutritional recovery were truncated by the
limitation of the time of observation and were thus analyzed by a survival
statistical calculation method. A Rényi test was performed to assess the gap
between the time curves waiting for nutritional recovery of the probiotics and
placebo groups.

® The weight gain achieved at nutritional recovery was modeled using a y
distribution regression for the weight gain achieved, if any.

7 With probiotics, the mean of placebo is multiplied by 1.083x/1.043 (95%
CI: 0.996, 1.117).

time hindsight while waiting for nutritional recovery were different (P
< 0.001, Rényi test). In the probiotic group, nutritional recovery
happened earlier for a large proportion of infants (Figure 2): At the 6th
wk, 40.2% of infants were waiting for nutritional recovery, contrasting
with 68.7% of infants in the placebo group. Logistic regressions
showed a significant interaction between treatment allocation and
presence of diarrhea on the percentage reaching nutritional recovery at
6 and 8 wk. The effect of probiotics was restricted to infants with
diarrhea. In these children, probiotic use was associated with an earlier
nutritional recovery (P = 0.010, Rényi test), whereas for infants
without diarrhea, this effect was not demonstrated (P = 0.43, Rényi
test). The age was not associated with weight gain (P = 0.26) nor with
earlier nutritional recovery (P = 0.35, Kvaloy test). The weight gain,
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FIGURE 2. Time before nutritional recovery.

the risk of transfer to inpatient care, and the risk of death were similar
between the placebo and probiotic groups.

Discussion

This trial investigated the efficacy of probiotics on diarrhea, pneu-
monia, and nutritional recovery in infants with uncomplicated SAM in
the CMAM. Probiotics reduced the number of days corresponding to
39% of the mean number of days with diarrhea.

In the Probiotics for Severe Acute Malnutrition (ProbiSAM) study
[24], a randomized, double-blind, placebo-controlled trial in Uganda to
assess the effect of probiotics on diarrhea during inpatient and outpa-
tient treatment of children with SAM, the probiotics had no effect on
diarrhea during inpatient treatment but a significant 26% reduction in
days with diarrthea during the outpatient treatment. An earlier
double-blind efficacy randomized controlled trial in Malawi [Probiotics
and prebiotics for severe acute malnutrition (PRONUT) study] [23] to
assess the clinical and nutritional efficacy of a probiotics during
inpatient and outpatient treatment of children with SAM, reported
trends toward less severe diarrhea in outpatient treatment in the pro-
biotic group.

The discrepancy between our findings with ProbiSAM and PRO-
NUT trials may be due to several factors. The first one is the patient
population. Compared with the ProbiSAM and PRONUT trials in
which children aged 6 to 59 mo and 5 to 168 mo were included,
respectively, we included children aged 6 to 24 mo. Indeed, the life
cycle contains windows of opportunity in which microbiota-targeted
therapies may be more amenable to intervention. The 1000-d period
represents a period of microbial assembly in which the microbiome
could be targeted to optimize healthy composition [33].

The second is the type of children with SAM: ProbiSAM and
PRONUT trials enrolled children with complicated SAM with multiple
life-threatening conditions. Furthermore, the PRONUT study included
a large proportion (45%) of HIV-infected children. More severe illness
and a compromised gut barrier in children during hospitalization may
have affected their ability to respond to probiotic treatment. In a follow-

up of the ProbiSAM trial, Castro-Mejia et al. [34] investigated gut
microbiome evolution during rehabilitation from SAM and the effect of
probiotics supplementation on the gut microbiome during inpatient and
outpatient treatment of SAM. In addition, they assessed whether gut
microbiome composition and development were linked to the observed
reduction in days with diarrhea when administered probiotics during
the randomized controlled ProbiSAM trial. The findings suggested that
gut microbiome diversity and composition change over the course of
rehabilitation from SAM and approach the gut microbiome of appar-
ently healthy subjects as treatment progresses. Furthermore, probiotic
treatment reduced the cumulative incidence of diarrhea during the
outpatient phase, with the strongest effect in children where the
administered probiotics could be detected in the gut microbiome [34].

Third one is the trial design. We performed a community-based trial
to reduce the risk of possible contamination between the study groups.
Indeed, in PRONUT study, freeze-dried symbiotic powder was factory-
mixed into RUTF. The possible contamination between the groups by
sharing RUTF while patients were living closely together during
inpatient care could not be formally excluded.

Finally, a fourth factor worth considering are the antimicrobials
used. Indeed, in PRONUT trial, all inpatients received co-trimoxazole,
and 50% also had parenteral antibiotics. Children who were HIV
seropositive continued on long-term co-trimoxazole prophylaxis af-
terward discharge, during and after outpatient treatment. However, in
vitro testing showed sensitivity to co-trimoxazole in 2 of the 4 probiotic
organisms used in this trial. Antibiotics might have decreased the
viability of the probiotics and, hence, their efficacy.

This study found that in older infants, probiotic treatment reduced
the risk and duration of diarrhea, and in infants with diarrhea, it resulted
in a greater percentage of early nutritional recovery and probability of
weight gain. The shorter time to reach the nutritional recovery, favor-
able to probiotics, is an interesting finding for low-income and middle-
income countries. Indeed, these countries experience high prevalence
of SAM among children aged younger than 5 y (13 million) contrasting
with low treatment program coverage, with at least 75% of children
with SAM aged 6—59 mo not accessing care [35,36]. The main reason
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for low access to SAM treatment is related to CMAM programs
considered to be expensive, and therefore largely underfunded, owing
to the cost of RUTF [37]. The high cost and large quantity of RUTF
administered during nutritional treatment in outpatient therapeutic
centers [38] have prompted attempts to optimize product formulation
and use. In a noninferiority, randomized controlled trial performed in
DRC, Cazes et al. [39] assessed whether a single protocol for moderate
and SAM management, using only RUTF and reducing the dose as the
child improves [the optimising malnutrition treatment (OptiMA)
strategy], could achieve similar or higher individual efficacy, increase
coverage, and minimize costs compared with the current programs
(standard strategy).The findings suggested that the OptiMA strategy
was superior to the standard one regarding favorable outcomes (being
alive, not acutely malnourished, and with no further episodes of acute
malnutrition throughout the 6-mo observation period), time to nutri-
tional improvement, and treatment cost.

In this study, as in most CMAM programs in DRC, 2 cartons of
RUTF ($92) were planned per infant for 12 wk of nutritional treatment.
In addition, the cost of probiotics for 1 infant was $36. Our study
showed that a larger percentage of infants (>60%) in the probiotic
group received only 1 carton of RUTF ($46) because of the short time
to reach nutritional recovery in this group (6—8 wk). Finally, the
combined cost of RUTF and probiotics in the probiotic group was
lower than the cost of RUTF in the CMAM program in DRC ($82 and
$92, respectively). The overall cost of RUTF is a major cost driver in
malnutrition treatment programs, and the global community is already
struggling to pay for all RUTF that is needed. In addition to the indi-
vidual benefits for children regarding the reduction of the number of
days of diarrhea, the probiotic intervention seems to hold major ad-
vantages from a programming perspective because it allows more
children to access treatment at a lower cost. Thus, the probiotic inter-
vention and the OptiMA strategy seem to be promising strategies to
facilitate increased coverage of SAM treatment in a resource-
constrained environment.

The WHO [27] and a recent meta-analysis [40] support the use of
oral amoxicillin in children with uncomplicated SAM because of the
high risk of mortality and the significant reduction of mortality rate
among children with uncomplicated SAM treated with antibiotics.
Antibiotic-associated diarrhea is a potential consequence of prescribing
broad-spectrum antibiotics for the outpatient treatment of children with
SAM. Regarding the ambivalence of antibiotics in children with un-
complicated SAM, probiotics seem to be useful in this population
because of its protective effect for preventing antibiotic-associated
diarrhea, as suggested in a recent meta-analysis [41].

Implementing and scaling up the use of probiotics in low-income
and middle-income countries to address childhood malnutrition re-
quires several logistical considerations: The need for vigilant safety
monitoring, owing to the effects of malnutrition on the child’s immune
system; strengthening local manufacturing and storage capacities to
ensure product viability despite infrastructure, financial, and climatic
challenges; using existing distribution networks to ensure accessibility
to those most in need of the treatment; and gaining acceptability by
cultures that might not be inclined to add live microbes to dietary and
medical practices [42]. Many of these concerns might be circumvented
by using locally sourced dietary approaches to target the gut microbiota
and associated pathologies. Recent data have provided promising ev-
idence for the potential of microbiota-directed foods to improve child
growth. Gehrig et al. [43] conducted a pilot randomized controlled trial
to compare the efficacy of microbiota-directed complementary food
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with the traditional rice-based and lentil-based ready-to-use supple-
mentary food used in the treatment of moderate acute malnutrition.
Findings suggested that such microbiota-targeted foods enhanced
biomarkers of growth, bone formation, neurodevelopment, and im-
mune function in both experimental animals and undernourished
children. Hence, microbiota-targeted therapies pose potential as
promising alternatives to standard therapeutic and complementary
foods in settings with a high prevalence of child undernutrition.

Our study has several strengths. First, the study was a randomized,
double-blind controlled design, with low default rate after admission.
Second, the follow-up and the compliance to study products and
associated measures were excellent despite the challenging postconflict
context. The study was implemented by well-trained and experienced
research staff, and home visits were performed by well-involved and
committed community health workers. Follow-ups were close and
meticulous.

The study has some limitations. First, data on diarrheal etiology are
lacking. Because diarrhea in children with SAM is triggered by in-
fectious (bacterial, viral, fungi, or parasitic) or noninfectious (malab-
sorption or enteropathy) agents, probiotics are likely to have different
effects based on these agents. Second is the lack of metagenomic and
culturomic data. This approach could enable the analysis of the gut
microbiota evolution during rehabilitation from SAM and the effect of
probiotics supplementation on the gut microbiota. Third is the selection
bias. Only 384 of the 694 subjects assessed for eligibility were
analyzed, and they may have different characteristics from those of the
unanalyzed or those lost to follow-up. Nevertheless, we believe that
this would not have significantly altered our main conclusions because
the characteristics at admission did not differ between the excluded/lost
to follow-up and analyzed subjects. Fourth, the multiple secondary
outcomes tests might lead to increase in type I error and should
therefore be interpreted with caution. Finally, the study interventions
were performed by well-trained and supervised medical staff. These
features may not be generally representative of standard care provided
in many outpatient therapeutic centers. Our findings should be
confirmed in studies designed to reflect real-life conditions of nutri-
tional programs.

In conclusion, the current findings support using probiotics for the
treatment of children with uncomplicated SAM. Its effect in reducing
the number of days of diarrhea and the time to reach nutritional re-
covery has potential for impact in resource-poor settings. Future
research is needed for an economic analysis of scaling up probiotic
use nationally and internationally, for exploration of local products
(e.g., yogurts and fermented foods), which might have similar ben-
efits, and to support breastfeeding, a free, widely available but
much undersupported source of probiotic immunologically active
compounds.
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