Considerations for developing an intervention
plan using probiotics to manage diarrhea in
children from low and middle-income countries

Carolina Bolafios Palmieri
Master of Global Health 2016-2017
University of Barcelona - ISGlobal
Word count: 9453

June 2017

Supervisors
Amador Gémez
Nuria Casamitjana



List of Abbreviations

CFU Colony forming units
DALYs Disability-adjusted life years
EE Environmental enteropathy

ESPGHAN European Society of Paediatric Gastroenterology, Hepatology and Nutrition

FAO Food and Agriculture Organization
GDP Gross domestic product

GRAS Generally recognized as safe

L. Lactobacillus

LMIC Low and middle-income countries
ORL Oral rehydration salts

RUTF Ready-to-Use Therapeutic Foods
S. Saccharomyces

UNICEF United Nations Children's Fund
WASH Water, Sanitation and Hygiene

WHO World Health Organization



Acknowledgements

I would like to express my sincere gratitude to my supervisors for their valuable guidance
throughout the process. To Amador Gomez for sharing his expertise and suggesting the topic
that awoke my interest towards this global health challenge. And to Nuria Casamitjana for her
helpful advice and always encouraging words.

[ also take this opportunity to thank the Ministry of Science, Technology and
Telecommunications of Costa Rica (Micitt) for considering me for their incentives program and
their support to carry out this Master degree.



Executive Summary

Diarrhea is a leading cause of malnutrition in children under five years old and is the second
leading cause of death in this age group. The compelling scientific evidence from developed
countries that has led to the inclusion of probiotics in the European guidelines is not enough to
generalize to other settings. Since studies targeted to children in developing countries have
thrown mixed results. This report aims to explain some of the discrepancies among trials by
the assessment of the operational considerations for developing an intervention plan using
probiotics to manage diarrhea in children in low and middle-income countries.

A total of twenty randomized controlled trials were included, of which fifteen reported some
improvement in subjects that received probiotics compared to controls. The most common
organism evaluated was L. rhamnosus GG, doses varied between 10¢-1012 colony forming units,
most products needed to be dissolved before administration and treatment period varied
between five days and one year. None of the trials included reported any adverse effects from
the use of probiotics. The heterogenicity of the operational variables among trials highlights the
need for the standardization of the methodology regarding strain, dose, duration of treatment
and administration method.

The implementation of a program including both WASH improvement and probiotic
supplementation requires further investigation since it has a possibly high impact at
community level. The utilization of probiotics as a public health tool integrated response to
benefit populations, which carry the highest burden of diarrhea could be key to interrupt the
vicious diarrhea-malnutrition circle.
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I. Introduction

According to the World Health Organization, malnutrition contributes to nearly one-third of the
infant mortality worldwide (1). The nutritional status of a population is influenced by a myriad
of complex factors among which poor access to food, substandard sanitary conditions, a high
incidence of diarrhea and communicable diseases play an important part.

Diarrhea is a leading cause of malnutrition in children under five years old and is the second
cause of death in this age group. The situation is of particular concern in low-income countries
where children experience on average three episodes of diarrhea every year in their first three
years of life (2). Evidence has also shown that a higher burden of diarrhea adversely affects a
child's nutritional status which is associated with stunted growth in early childhood and has a
negative impact on further development (3).

Moreover, undernourished children have weakened immunity, underlying clinical conditions,
and concomitant diseases; making them more susceptible to infections leading to severe and
prolonged episodes of diarrhea (4). Another cause of child undernutrition is environmental
enteropathy (EE), a subclinical disorder of the small intestine caused by the ingestion of fecal
bacteria (5) prolonging the episodes of diarrhea and impairing proper intestinal barrier
functions (6). This highlights the importance of developing safe, efficient and multifactorial
intervention strategies to address malnutrition and enteric infections as major public health
challenges.

In children, particularly those in vulnerable socio-economic environments, the risk of life-
threatening malnutrition as a result of enteropathies is high (4). Improvements in
socioeconomic development with corresponding increases in maternal education, falling
fertility rates, and improved living conditions (with reduced crowding) are important
contributors to reductions in child mortality. However, to reduce childhood diarrhea
interventions are needed that directly lower disease transmission and severity, and promote
access to life-saving treatment once a child becomes sick (7). Evidence suggests the importance
of implementing nutrition sensitive interventions since even when scaling up to 90% coverage
of the proven nutrition specific interventions there is only a reduction of 35% in diarrhea-
specific mortality and 20% in stunting (8).

The WHO & UNICEF Action Plan has set ambitious goals about diarrhea in children under five
years for the world to achieve by 2025: a 75% reduction in the incidence compared to 2010
levels and end all preventable childhood deaths due to this disease. It also aims for a 40%
reduction in the global number of children under five who are stunted compared to 2010 levels
(9).Therefore, it is of great interest to establish an intervention strategy aimed at decrease
prevalence, illness duration, the probability of reinfection and it’s devastating effects.

The current recommendations for diarrhea treatment include replacement of fluid and
electrolytes losses to prevent or reverse dehydration through the use of low concentration oral
rehydration salts (ORS) and zinc supplementation. Nevertheless, supply issues are one of the
challenges to scaling up the coverage of this treatment in some countries (9). Therefore,



strategies that focus on prevention seem more encouraging and dietary modulation could be a
feasible alternative.

In recent years, an increasing body of evidence has shown that adding probiotics to the
rehydration and treatment plan may be beneficial for pediatric patients, providing a viable
avenue for disease management with low associated risk (10,11). FAO & WHO define probiotics
as “Live microorganisms which, when administered in adequate amounts, confer a health
benefit on the host”(12). A Cochrane review analyzed 63 studies (56 pediatric trials) including
8,014 participants and concluded that the average effect of probiotics was a decrease of the
mean duration of diarrhea by 24.76 h (10). The positive effects on prevention and treatment of
diarrhea in children could be attributable to the capacity of probiotics to improve the
indigenous microflora properties, hamper the growth of diarrheal pathogens, and boost
immune response in patients (13). However, efficacy and safety from a probiotic should not be
extrapolated to others since effects are strain-specific (11).

The European Society of Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN)
recognizes the benefit of some strains and recommends their use in previously healthy children
(excludes children with chronic disorders or immunodeficiency) (14). Nevertheless, the WHO
does not (yet) include the use of probiotics in their reccommendations. But then again, studies
targeted to children in low and middle-income countries (LMIC) have thrown mixed results
(1,15), few trials have been developed in community settings and there is insufficient evidence
to extrapolate for global recommendations. However, the choice of probiotic strain, treatment
duration, age group, and other operational variables could eventually explain some of the
discrepancies among trials.

Even if the effects of probiotics are modest at an individual level, it could mean large beneficial
effects in a community-based approach (16) when combined with education programs and
access to better water, sanitation, and hygiene (WASH). Therefore, an accurate intervention
designed for settings in LMICs could have a significant impact on the health systems and
diarrhea-associated costs. However, little consensus exists about approaches to scale up
coverage and about delivery strategies to reduce disparities and provide equitable access to
marginalized populations (7).

The utilization of probiotics as a public health tool integrated response to benefit populations,
which carry the highest burden of diarrhea could be key to interrupt the vicious diarrhea-
malnutrition circle. This project aims to analyze if probiotics could be a viable intervention to
address diarrhea in children from LMICs by evaluating the operational variables that could
influence the outcomes of the trials performed.



II. Objectives

Overall

Assess the operational considerations for developing an intervention plan using probiotics to
manage diarrhea in children from low and middle-income countries.

Specific Objectives

e Review the available evidence regarding the efficacy of probiotics as a measure to lower the
incidence of diarrhea in children in LMIC.

e Analyze possible operational considerations that could involve an intervention using
probiotics (safety concerns, administration method, strain and dose of probiotics, quality
assurance methods, cost-effectiveness, acceptability, monitoring, and evaluation).

o Identify gaps in the research that would provide further evidence required to develop
effective interventions.



III. Methodology

A literature review was performed to gather the existing evidence regarding the efficacy of
probiotics in diarrhea treatment. To identify potentially relevant studies to be included, the
electronic databases MEDLINE and Cochrane Library were searched. The keywords of interest
were “probiotics”, “enteropathy” “diarrhoea” and “diarrhea”; in different combinations. Only
studies from peer-reviewed journals were included. Publications in languages other than

English and Spanish were excluded.

To be eligible for inclusion, a study must be a randomized controlled trial of any duration
published between the year 2000 and 30 April 2017 performed in humans. Articles comparing
strains of probiotics, single or combined, administered in any form, in children under five years
of age were considered. The trials were not restricted to a certain strain; however,
interventions where specific probiotic organisms were not identified were not considered. The
outcomes of interest were mean diarrhea duration, effects on disease symptoms, stool
frequency and adverse reactions to treatment. In order to be included, the study had to report
results in at least one of the outcomes of interest.

Countries were categorized according to the World Bank classification (17) and only studies
performed in low and middle-income countries were included. Records of excluded articles in
this stage were saved for future reference. Search was not constrained to a specific diarrhea
etiology since is not usually investigated before an intervention in clinical or public health
practice. An additional search was performed within bibliographies of reviews and trials to
detect other articles fulfilling the above criteria.

From the studies that met the described criteria the following information was extracted: study
characteristics (design, duration of treatment, sample size and country), patient characteristics
(age, and nutrition status, outcome results) and operational considerations (product safety,
administration method, strain, dose, supply chain management, cost effectiveness analysis and
acceptability).

A comparison of operational variables between different studies was performed in order to
develop a series of recommendations for conducting an intervention of this nature, as well as
to identify possible research gaps that could contribute to support the feasibility of the
treatment of enteropathies with the use of probiotics.

Grey literature was considered for project reports, statistics, guidelines, recommendations
from international organisms and technical reports to support findings and formulation of
recommendations.



IV. Results and Discussion

The electronic literature search generated 471 registries, 73 were identified as potentially
relevant studies from which a total of fifteen papers met the inclusion criteria and qualified for
analysis. The exclusion of trials was mainly due to irrelevant location or age of the population
(n=45) and due to being published in a language other than English or Spanish (n= 5). Eight
trials could not be retrieved. A list of the excluded trials is included in Annex 1.

Five additional trials were retrieved from the bibliographies of reviews and trials. A total of
twenty randomized controlled trials were included. Most included studies were double
blinded, placebo controlled and published in English, with the exception of one open labeled
(18). The ages of the children enrolled in the trials ranged from birth to five years and with
different nutritional status. Trials were performed in low and middle-income countries
according to the World Bank classification (17), being India de most common setting (n=11).
Table I summarizes the characteristics of the included trials and each intervention is
described in Table II. No study specifically identified any of the participants as suffering from
antibiotic related or travelers’ diarrhea and just one included EE in their outcome of measure.

1. Scientific evidence regarding the use of probiotics

A meta-analysis performed in 2006, showed probiotics to significantly reduce antibiotic-
associated diarrhea by 52%, the risk of travelers’ diarrhea by 8% and acute diarrhea of diverse
causes by 34%. But then again, this study identified only one trial performed in a developing
country, which makes results unsuitable for extrapolation (13). The increased interest to
understand the role of probiotics at a global level is evident considering the amount of
publication in LMIC that have been published since then.

Fifteen of the trials retrieved showed some improvement in subjects that received probiotics
compared with controls in mean diarrhea duration (18-29) and average number of stools (18-
24). Five trials reported a decrease in hospital stay (19,21,23,24,29); while others failed to see
any change in this matter (18,25,26). Nevertheless, this last indicator might not be directly
associated with intervention results since in some cases caregivers could have influenced the
discharge date if they feared their child would need to be readmitted to hospital and lived far
away from the facility (26).

Five studies failed to find any statistical difference of improvement in the intervention group
(15,30-33). For most of these, operational variables could have influenced the result and will
be discussed later on.

The beneficial effects of probiotics could be dependent on the patient’s health status. Sarker et
al. attributed their negative results to the subjects severe illness compared to other similar
studies (27). In a study performed in Uganda, the difference in outcome between inpatient (no
significant change) and outpatient (reduction of mean diarrhea duration by 2.2 days) could also
be explained by the compromised ability to respond to treatment by more critically ill patients



(34). These differences could suggest that the severity of illness in the patients could be a good
predictor of efficacy of the probiotic during an intervention (27). Galpin et al. also suggested to
give the probiotics before the onset of EE to children under one year of age, since it might
prevent the development of the condition and their trial showed no effect in the treatment
outcome (15).

The variation in the effectiveness of treatment and the broad spectrum of illness severity within
a population could be key variables to consider probiotics as a preventive measure over a
therapeutic treatment. A trial performed by Villarruel et al reported significantly less number
of stools among the patients receiving the probiotic within the first 48 hours of the onset of
diarrhea than those who were administered the product later (35). Moreover, the time needed
by probiotics for multiplication and colonization could be also related to the patient’s recovery.
Basu et al. reported a significant reduction in the duration and frequency of diarrhea only after
the fourth day of therapy (23). Further supporting the need for probiotic treatment initiation
at early stages of the disease for improved efficacy (36).

Unlike the hospital care settings, the community-based studies have shown a consistent
favorable trend on the use of probiotics in the prevention of diarrhea (38,39). Sur et al
documented the occurrence of first episodes of diarrhea and found a protective effect of
probiotics of 14% after 12 weeks of supplementation (38). Congruent with a preview study
performed in Peruvian children that showed 13% fewer diarrheal episodes after a 15 months
intervention(40). While Sazawal et al. reported a 10% lower rate of diarrhea episodes during
one year in children older than 24 months. But did not find a statistically significant reduction
in the children aged 12 to 24 months (39).

This difference in age group could be attributed to different flora composition or a mature
cellular immune system (shifting from extended Th2 at birth to having more Th1 by the second
year). That is why Sazawal et al. hypothesized that the effect of probiotics could be limited in
infants due to intrinsic limitations to produce interferon and other Th1 interleukins (39).

A meta-analysis that compared the efficacy of probiotics in preventing acute diarrhea according
to age group, observed an effect size significantly higher among children when compared with
adults, the overall reduction was 57% and 26% respectively (13). While Ritchie and Romanuk
failed to report any significant difference when analyzing impact in several gastrointestinal
diseases (41). The analysis of the age-stratified outcomes of the studies could help determine
the most effective time to start an intervention with probiotics but most trials do not publish
these data.

The negative results in the Hegar et al. study were attributed to the possible minimization of
the beneficial effects of probiotics in conjunction to the zinc supplementation(30). But yet
again, probiotics were effective in other trials that also included this mineral (18,25,28,39). To
understand the synergetic effect of these treatments could be key given the potential of both
ingredients in diarrhea prevention.

Some reviews have hypothesized that the different outcomes among studies performed in
developed and developing countries could be attributed to the prevalence of malnutrition



among the participants (31,42). The understanding of this interaction would contribute to
make an effective intervention since both malnutrition and diarrhea are closely linked.
Malnutrition predisposes children to a greater incidence of diarrhea and diarrhea exacerbates
nutritional vulnerability (6).

Nevertheless, the nutritional status is difficult to compare between studies since different
classifications are used for diagnosis (Table II). The use of standardized WHO classification
should be encouraged in trial proposals to assess the relationship of malnutrition and the
efficacy of probiotics. Sazawal et al, performed a stratified analysis according to the nutritional
status and a significant protective effect of probiotics among malnourished children were
reported (OR= 0.88; p: 0.002) but failed to document this in non-malnourished children (OR=
1.12, p: 0.08). Other studies have also associated the effectiveness of probiotics to the lower
nutritional status of the participants (43) or reported favorable outcomes even when 80% of
the population was malnourished (23). Suggesting that malnutrition may not be a barrier for
probiotic effectiveness, but rather could be considered favorable.

Regarding the change in anthropometric measures, even though the impact of diarrheal
episodes on weight and height has been clearly documented (6), most of the trials included
failed to see any difference during the intervention period. Just one study described a higher
weight gain (g/kg body weight per day)in inpatients with probiotic therapy but not in the
overall intervention (34). While others trials did not report a difference between intervention
and control group (15,24,25,28,31,34,38,39).



Table 1. Accepted studies characteristics, arranged by publication date

Country
Malawi

Bangladesh
Indonesia
India

India

India

India

India

India
India

Bolivia
India

India

Egypt
India
Indonesia
Egypt
Egypt
Uganda

India

Design
Randomized, double-blind, placebo-controlled trial

Randomized, double-blind, placebo-controlled trial
Randomized, double-blind, placebo- controlled trial
Randomized, double-blind, placebo-controlled trial
Randomized, double-blind, controlled trial

Randomized, double-blind, placebo-controlled trial
Randomized, double-blind, placebo-controlled trial
Randomized, double-blind, placebo-controlled trial

Randomized, double-blind, placebo-controlled trial
Randomized, double-blind, community-based trial

Randomized, double-blind placebo- controlled trial

Randomized, double-blind, placebo- controlled trial

Randomized, double-blind, placebo-controlled trial

Randomized, double-blind, placebo-controlled trial
Open-label randomized controlled trial
Randomized, double-blind, placebo- controlled trial
Randomized, double-blind, clinical trial
Randomized control follow-up clinical trial
Randomized, double-blind, placebo-controlled trial

Randomized, double-blind, placebo-controlled trial

Participants age

3 -5years

4 - 24 months
<1year

4.1 £ 1.8 years
< 2 years

6 mo - 2 years
3 mo- 3 years
< 3 years

<36 months
1-3 years

1 - 23 months

1-5 years

6 - 24 months

3 - 59 months

6 mo to 5 years

6 - 36 months
1 - 23 months
< 2 years

6 - 59 months

3 mo - 5 years

1 565% weight for age by the standard of the National Centre for Health Statistics of Bangladesh.

2Weight for height Z-score of more than -2 SD based on the WHO - U.S. National Center for Health Statistic (NCHS)

Sample size
161

230
58

235
662
224
80

559
210

624
64

3758

148

108
200
112
50
65
400
60

3 Body weight less than 80% of the expected weight for that age according to Indian Academy of Pediatrics classification

4 Body weight higher than 60% of standard according to National Centre for Health Statistics (NCHS)

5 Stunting: height for age <-2 Z-scores. Wasting: weight for height<-2 Z-scores. Underweight: weight for age <-2 Z-scores

6 Weight for Height at or higher than -3SD according to WHO growth chart

Participants Nutritional Status

Excluded children with severe acute
malnutrition

Well-nourished or moderate malnutrition!
Well-nourished?

90% were malnourished3

69.20% malnourished3

Well-nourished or moderate malnutrition 4
Not reported

60.11% were malnourished3

Moderately malnourished (criteria not detailed)

32% Normal. 16%Wasted and Stunted. 5%
Wasted. 47% Stunted. 5

Well-nourished or moderate malnutritioné

23.5% normal. 31.3% mild undernourished.
31.3% moderate undernourished. 13.1% severe
undernourished 7

Excluded severe malnourished (criteria not
detailed)

Well-nourished or moderate malnutrition 8
Well-nourished or moderate malnutrition ¢
Well-nourished ¢

Well-nourished or moderate malnutrition ¢
Not reported

Severe Acute Malnutrition1®

Well-nourished or moderate malnutrition 6

7 Weight-for-age Z score. Normal (2-1) Mild undernourishment (2-2&<-1) Moderate undernourishment (2-3&<-2) Severe undernourishment (<-3).

8 Weight for age higher than 60% and weight for height higher than 70% not specified parameters.

9 Weight >P3 no classification criteria mentioned

10 Mid-upper-arm-circumference <11.5 cm or weight-for-height/weight-for-Length z score <3 or bipedal pitting edema

Reference
Galpin et al. (15)

Sarker et al. (27)
Agustina et al.(25)
Basu et al (23)
Basuetal. a (32)
Dubey et al (22)

Narayanappa et al. (20)

Basu et al (21)
Misra et al. (31)

Sazawal et al. (39)

Grandy et al. (26)

Sur et al. (38)

Dutta et al. (33)

Riaz et al. (28)
Aggarwal et al. (18)
Hegar et al. (30)
Abou et al. (19)
El-Gendy et al. (24)
Grenov et al.(34)
Das et al. (29)



Table II. Intervention characteristics of accepted studies arranged by publication date

Treatment

Capsules containing L. rhamnosus GG 510 CFU twice a day for 30 days. Content
was sprinkled on maize porridge at ambient temperature.

L. paracasei ST11 5 x 109 CFU Powder mixed with ORS twice daily for 5 days

Low lactose infant formula with L. rhamnosus LMG P-22799 5 x 108 CFU,
prebiotic (inulin) and dietary fiber (soya polysaccharides) and micronutrients
(zinc and iron) supplement. Given for 7 days maximum

Powder containing L. rhamnosus GG 60 x106 CFU dissolved in 100 mL of ORS
twice a day for 7 days

Powder containing L. rhamnosus GG 60 x106 CFU dissolved in 100 mL of ORS
twice a day for 7 days

4 strains of Lactobacilli (L. acidophilus, L paracasei, L. bulgaricus, L. plantarum),
3 strains of Bifidobacteria (Bifidobacterium breve, Bifidobacterium infantis,
Bifidobacterium longum), 1 strain of Streptococcus thermophiles. Sachet with of
90 billion bacteria mixed with breast milk, formula milk, oral rehydration salts,
or water, administered daily for 4 days.

Sachets with Lacto Bacillus Sporegens-50 million and prebiotics (Strep Faeecalis,
Clostridium Butyricum, Bacillus Mesentericus) reconstituted with 20ml of water,
three times a day for 14 days

Powder containing L. rhamnosus GG either x1010 or 10x12 CFU dissolved in 100
mL of ORS twice a day for minimum 7 days

Capsules to be opened and given with liquid or semi-solid foods with L.

rhammosus GG 1x10° CFU for 10 days

Reconstituted fortified milk powder with Bifidobacterium lactis HN019 1.9x107
CFU and 2.4 g/day of prebiotic oligosaccharide for 1 year

Outcome

No significant difference in diarrhea duration 0.4 + 1.42 vs 0.5 + 1.6
(p=0.67)

Undifferentiated diarrhea: no difference in duration 123.8 + 46.0 vs 126.1
+44.8 (p=0.71)

Rotavirus-infected cases: no difference in duration 127.1 + 43.4 vs 126.5
37.0 (p=0.94)

Non-rotavirus cases: reduction in stool frequency 27.9 + 17.0 vs 42.5 +
26.0 (p=0.02) and a higher proportion of cases resolve diarrhea within 6
days 76% vs 49% (p=.03)

Shorten diarrhea duration by one day, 1.63 vs 2.45 days (p<0.05)
No difference in length of hospital stay 3.19 + 1.62 vs 3.70 £ 1.43 (p=0.12)

Reduction in the stools frequency after the fourth day, duration of
diarrhea 5.3+2.1 vs 9.2+2.8 (p<0.05) and hospital stay 7.3+1.6 vs 15.5+1.5
(p<0.05)

No significant difference in diarrhea duration (6.8 + 2.1 vs. 6.6 + 2.3 days)
or mean hospital stay (9.3 + 1.3 vs. 9.2 + 1.3 days)

Reduction in duration and stool frequency. Overall recovery rates were
significantly better 101 vs 44 (p<0.001)

Reduction of around one day in mean duration of diarrhea 4.35 + 1.252 vs
5.45 £ 1.694 (p=0.001) and reduction in daily stool frequency

Frequency, duration of diarrhea 7.23+1.27 vs 5.02+1.32 vs 5.12+1.16
(p=0.00) and hospital stay 9.75+2.06 vs 6.21+1.24 vs 6.24+1.07 (p=0.00)
were significantly lower in both the intervention groups compared with
the controls.

There was no significant difference between the two intervention groups.
No significant difference between groups, stool frequency on day 3
(p=0.95), day 6 (p=0.53), day 10 (p=0.93), duration of diarrhea (p=0.2),
relative risk of diarrhea on day 3 (p=0.63) and day after day 3 (p=0.11)
Prevalence of severe illness was 16% lower (95% CI: 5 to 26%; p=0.004),
6% reduction diarrhea rate (95% CI: -1 to 12%; p=0.08)

Children aged 12 to 24 months: no significant difference diarrhea rate (OR
0.99; 95% CI: 0.89 to 1.11, p=0.91)

Children aged >24 months: 10% lower diarrhea rate (OR 0.90; 95% CI:
00.83 to 0.98, p=0.02)

Fewer diarrhea episodes among malnourished children compared with
controls (OR 0.88; 95% CI: 0.81 to 0.96, p=0.002). No difference among
non-malnourished children.

Reference

Galpin et al. (15)

Sarker et al. (27)

Agustina et al. (25)

Basu et al. 2007a (23)

Basu et al. 2007b (32)

Dubey et al. (22)

Narayanappa et al.
(20)

Basu et al. 2009 (21)

Misra et al. (31)

Sazawal et al. (39)



Treatment

Probiotics dissolved in 20 ml of water given for 5 days twice daily:

GB group: S. boulardii 4 x1010 CFU

GARLB group: L. acidophilus 6.625 x107- CFU L. rhamnosus 3.625x107 CFU,
Bifidobacterium longum 8.75x10¢ CFU, S. boulardii 1.375 x107 CFU

Probiotic drink with L. casei Shirota 6.5 x 109 CFU daily for 12 weeks and 12
weeks’ follow-up

Two tablets contained 60 x106 CFU L. sporogens (B. coagulans) dispersed in 15
ml of water two times a day until recovery or for 5 days (240 million spores
daily)

S. boullardi in packets of 250mg mixed with puffed rice powder twice daily for 5
days

Capsules of L. casei GG 10 x10° CFU daily for five days dissolved in milk

Capsules with L. rhamnosus R0011 1.9x109 CFU and L. acidophilus R0052
0.1x10° CFU daily diluted in a tablespoon of water for 7 days.

Milk formula with Bifidobacterium lactis 14.5 x 106 CFU/100 ml daily for 7 days
One sachet twice daily of 10x10° CFU lyophilized heat-killed L. acidophilus

added to water or yogurt. Given together with a prebiotic formula containing
galactooligosaccharides. Duration was variable: from admission until discharge

1g powder Sachet of maltodextrin with Bifidobacterium animalis subsp lactis and
L. rhamnosus GG (10 x 109CFU, 50:50) administrated between 8 to 12 weeks

Sachets of S. boulardii 500mg/day mixed with 15 ml of normal drinking water
for 5 days

Outcome

GB group 31.4% decreased in mean diarrhea duration compared with
controls 58 (41) vs 84.5 (94) (p=0.04)

GARLB group no statistical difference compared with controls 60 (40) vs
84.5 (94) (p=0.06)

There was no effect on duration of hospitalization (p = 0.31)

GB and GARLB merged: 24-hour reduction in mean diarrhea duration
compared with controls 84.5(94) vs 60(40.5) (p = 0.025)

Protective efficacy for diarrhea prevention was 14% (95% CI: 4-23,
p<0.01)

No statistically significant difference was found in stool frequency 10.8 +
8.3vs 14.1 £+10.3 (p = 0.05), nor diarrhea duration 34.0 + 20.4 vs 36.5 *
21.4 (p=0.5)

No statistically significant difference was found in stool frequency
Duration of post-intervention diarrhea was shorter 52.08+24.57 h vs
64.04+30.43 h (95% CI=-28.13 to -5.43, p=0.031)

Shorter time of appearance of the first semi formed stool 39.48+23.09 h vs
54.13+28.21 h (95% CI -25.4 to -3.87, p=0.008)

Reduction of median duration of diarrhea by 18 hours [60 (54-72) h vs. 78
(72-90) h; p<0.001]

Faster improvement in stool consistency [36 (30-36) h vs. 42 (36-48) h;
p<0.001]

Reduction in average number of stools, difference of 1.91 per day

No significant reduction of hospital stay [95% CI: -0.97 to 25.26]

No statistical difference in the daily stool frequency 5.0 vs. 5.5 (p=0.795)
or median diarrhea duration 68.5 vs 61.5 (p=0.596)

Reduction of mean diarrhea duration 3.12 + 0.92 vs 4.10 + 0.94 (p = 0.02)
Reduction of stool frequency 3.96 + 0.62 vs. 4.46 = 0.85 (p = 0.04).

Shorter hospital stay: 32% discharged before 2 days vs 44% (p = 0.04)
Reduction of diarrhea duration 4.5 + 1.4 vs 6.1 £ 1.4 (p= 001)

Reduction of stool frequency 1.32 + 0.61 vs 2.63 + 1.25 (p=0.001)

Shorter hospital stay 5.5 + 1.9 vs 7.0 + 1.8 (p=0.01)

No difference in duration of hospital stay +0.1 [95% CI: -1.7 to 1.9, p=0.93]
No difference in diarrhea duration in inpatient treatment +0.2 days [95%
CI: -0.8 to 1.2, p=0.69], but a reduction during outpatient treatment -2.2
days [95% CI: -3.5 to -0.3, p=0.025]

The proportion of patients with diarrhea for 20 or more days was reduced
Shorter median diarrhea duration by about 29 h [95% CI: -41.2 to -16.8]
Hospital stay reduced by about 17 hours [95% CI: -33.46 to -0.54]

Reference

Grandy et al. (26)

Sur et al. (38)

Dutta et al (33)

Riaz et al. (28)

Aggarwal et al. (18)

Hegar et al. (30)

Abou El-Soud et al.
(19)

El-Gendy et al. (24)

Grenov et al. (34)

Dasetal. (29)



2. Operational Considerations

2.1 Product safety concerns
Probiotics are considered “generally recognized as safe” (GRAS) products (44) and ESPGHAN
has only advised against the use of one strain (Enterococcus faecium SF68)in children due to
safety concerns from in vivo data (14).

In accordance with the substantial body of evidence that has demonstrated the good safety
profile of probiotics (36), none of the trials included reported any adverse effects from the use
of probiotics. Three studies presented severe medical complications (respiratory failure, severe
pneumonia, shock, dehydration, and septicemia) but there were no differences between
intervention and control groups that could allocate these outcomes to the probiotic intake
(21,32,34). Grenov et al. and El-Gendy et al. reported forty-six and two deaths respectively
among the intervention groups, but all related to complications not attributable to the use of
probiotics (24,34).

This suggests that probiotics could be considered as part of a public health intervention in LMIC
thatinclude children with different baseline characteristics. There are some theoretical adverse
risks (for example; transmigration impact on gastrointestinal physiology, adverse immunologic
effect and the potential for antibiotic resistance transfer within the gastrointestinal tract) that
should be considered especially in vulnerable populations (45). But few cases have been
documented and the inherent health risks are poorly understood. For example, the risk of
Lactobacillus infection is estimated at about one case per 10 million people over a century of
probiotic consumption in France and the risk of lactobacillemia at less than one case per million
individuals (46).

Which is why, even though probiotics have been reported safe in many clinical trials,
interventions should include proven strains and doses, consider the method of administration,
assure quality in the consumer’s hand and implement an active surveillance system to identify
possible adverse effects (45,46).

2.2 Strain and dosage
Scientific evidence points to the fact that the beneficial effects of probiotics are strain
dependent and dose-dependent(10,36,47). Yet again, the inconsistencies among outcomes in
the included trials are not surprising since trials methodologies include probiotics that have
not been recommended by experts or there is still insufficient evidence for their use.

Currently, only L. rhamnosus GG and S. boulardii have a strong recommendation in the
management of children with acute gastroenteritis in addition to rehydration therapy (11,48).
Seven trials included one of these probiotics (15,21,23,28,29,31,32), being L. rhamnosus GG the
most common organism evaluated. Doses among studies varied between 10¢6-1012 CFU and
duration of administration between five days and one year.

The two studies including S. boulardii reported a positive outcome in the intervention group
(28,29), although Riaz et al, described a decrease in diarrhea duration only in the post-
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intervention phase. The beneficial effect of S. boulardii is consistent with a meta-analysis
performed without setting restriction (49).

Regarding the studies using L. rhamnosus GG, dosage seems to be key to determine the outcome.
The optimal dose of the probiotic has not been verified with pharmacokinetic studies (31), but
the threshold dose found to be most effective in a meta-analysis was 10 billion colony forming
units per day (50).

Basu et al. hypothesized that the lack of effectiveness of their intervention could have been due
the low dose of 60 x10¢ CFU used. But yet, is not possible to assume that a higher dose could
have improved colonization and showed improvements in diarrhea outcome (32). And it does
not explain why another paper by the same author analyzing children persistent diarrhea, using
that dose, did report an improvement in duration of diarrhea and stool frequency (23). A study
performed in the same country by Misra et al failed to report any improvement using 1x10°
CFU (31); while other trial using a higher dose (101°and 10!2CFU) was effective to decrease by
two days the average diarrhea duration and by three days the hospital stay (21). That is why is
fair to consider that other operational variable could have influenced the inconsistencies among
studies using the same strain but they are not detailed in the papers.

The studies that used different strains of L. rhamnosus also incorporated other products to the
treatment. Hegar et al. combined L. rhamnosus RO0O11 with L. acidophilus ROO52. This last one,
experts sustain that there is insufficient evidence to make a recommendation yet (48) and
consequently failed to see any improvement in the intervention group (30). While, Agustina et
al. combined L. rhamnosus LMG P-22799 (5 x 108 CFU) with the prebiotic inulin, soy
polysaccharides as dietary fiber and micronutrients, under the concept that could provide
substrate growth and establish water binding capacity and fecal mass in the colon.
Nevertheless, it is not clear if the positive results (shorten in diarrhea duration by one day and
a significantly better recovery in the intervention group) can be attributable to a single
ingredient or to the synergy between them (25).

The other 13 studies used probiotic strains with not yet sufficient evidence to make a
recommendation (48). Positive outcomes were reported using the species L. casei (18,38),
Bifidobacterium lactis (19,39), L. acidophilus (24) and L. paracasei (27). While, L. sporenes at
240 million spores daily did not show any statistical difference (33).

The findings of studies using a combination of probiotics are even more difficult to generalize.
Grandy et al. compared the use of a single probiotic (S. boulardii) against a group receiving a
combination of them. Even though the mean diarrhea duration was reduced compared to oral
rehydration solution alone, the decrease was significant only for the single species group.
Nevertheless, the dosage of each of the probiotics present in the group receiving a combination
of strains could have been insufficient, since the individual contribution is below the amount
described as effective (26). Grenov et al. also failed to report any benefit when combining
Bifidobacterium animalis subsplactis and L. rhamnosus GG (34). While Dubey by the
incorporation of eight different strains reported a reduction in the duration of diarrhea, stool
frequency, and overall better recovery rates (22). The effectiveness of a single strain vs multiple
strains has yet to be determined.



It is unclear which strain should be recommended to obtain the best results. Due to the
heterogenicity of the trials performed in LMIC, it is not possible to attribute differences in
outcome merely to strain selection. Besides, studies analyzing the dose-response effect of
probiotics in human intervention are inconsistent and discordant. There has been convincing
data on dose dependence relationship observed in antibiotic-associated diarrhea, but results
cannot be extrapolated to other etiologies (51).

In addition, the effect of only one dose or partial ingestions should be further researched. It is
hypothesized that the administration of a single dose could result in a better gut colonization
instead of using several doses throughout the day. This could explain the negative results of the
randomized controlled trial performed in Malawi that assessed the effect of probiotics for
severe acute malnutrition (PRONUT study). In spite of efforts to perform regular quality checks
to assure the correct CFU in each package, patients ingested them in divided amounts spread
throughout the day (52).

Nevertheless, since there is sufficient body of evidence incentivizing the use of L. rhamnosus GG
and S. boulardii and a tendency for preference of 10° or 1010 dosage administrated at once,
future studies should consider using these parameters and focus on optimizing other
operational variables that could influence the intervention.

2.3 Administration Method

Besides strain and dose, the choice of administration method of the probiotics could play an
essential role in the intervention outcome since it influences acceptance and stability of the
products. Sur et al. recognized the administration method as part of the exclusion criteria of the
study since children younger than one year would have difficulty in swallowing the 65ml drink
proposed at one time (38). In this sense, administration methods that contain smaller volumes
could help cover a bigger sample of the population. Most of the studies used products that
needed to be dissolved before administration (15,18,20-24,26,27,29-34,39) while the rest
describe a ready to use drink (19,38) or formula (25).

Interventions that delivered drinks could be challenging for the supply chain management, in
terms of volume, safety and storage issues at large scale and household level. These concerns
are highlighted in community-based interventions or outpatient management. The use of
capsules, tablets or sachets could make handling and distribution easier than ready to consume
products, but at the same time could generate new threats since quality water supply in
developing countries tends to be an issue. Studies to assess the probiotic viability in different
levels of water quality should be considered. Yet again, integrating them to food could help the
incorporation of probiotics into a public health strategy without being seen as a medicine.

Misra et al. and Galpin et al. approach to incorporate the capsule content to semi-solid foods
(15,31) might facilitate the consumption across the different age groups and increase
acceptability. Plus it does not rely on the availability of a special separate ingredient to dissolve
the capsule, like in the case of Aggarwal et al trial and the addition of milk(18). But then again,



food composition (fat content, type of proteins, sugar, and pH) could affect probiotic growth
and survival in food (53).

For this reason, a promising approach could be the inclusion of the active ingredients to ready-
to-use therapeutic food (RUTF) were the composition can be monitored, good manufacturing
practices assured and shelf-life conditions established. However, a trial performed in Malawi
with acute malnourished children failed to see any difference in the group receiving RUTF plus
a combination of probiotics. One barrier with this administration method could be the
suboptimal consumption caused by sharing of the product, a possibility that cannot be ruled
out from this study. And also, the fragmented ingestion of dosage during the day as discussed
before (52). In this sense, choosing a product that allows the consumption of the probiotics in
a single dose could improve the acceptability and adherence to treatment.

2.4 Supply management (quality assurance)

The supply management for the use of probiotics should focus in assuring that the products
maintain their viable cell count since it could determine the outcome. Few of the studies
included mentioned something about the supply management of the probiotic during the trial.
Maintenance of the cold chain was the most mentioned matter (27,30,31,38). Hegar et al
acknowledge the challenge to transport and store the products at the suggested temperature
by the label (4 °C). Nevertheless, they did not attribute their negative results to improper
management since the strains used have proven to not change efficacy after stored for one
month at 28-32 °C. Hence, storage of the probiotics in the patient’s home for seven days most
likely did not decrease the viability of the bacteria in the capsule (30).

To assure that the temperature of the product is safe through the intervention could be
especially challenging in tropical countries. And measures taken in certain studies seem
unlikely to be feasible in a setting outside a clinical trial. For example, Sur et al for their study
community health workers delivered the probiotic drink daily to the community in carrier
boxes with ice packs. And were all stored at 4-10 °C in monitored cold rooms (38).

A study analyzed the survival trends of L. rhamnosus GG inoculated in peanut butter under
refrigeration (4 °C), ambient (25 °C), and abusive (37 °C) storage conditions. The rate of
probiotic survival was inversely related to storage temperature and storage time. The initial
dose of probiotic used was 107 CFU/g and after the intervention counts reported to be at least
106 CFU/gin products stored at 4 °C for 48 weeks and at 25°C for 27 weeks (53). Which suggests
that a higher level of probiotics needs to be inoculated in the initial formulation for the final
product to contain the required dosages. Therefore, community-based interventions should
consider performing similar tests to account for the possible loss of CFU according to the setting
and storage conditions in LMIC.

Performing quality checks, as part of an intervention protocol, could be key to control the
supply chain, as performed by Sarker et al. At the end of the study, they analyzed the leftover
sachets to assure that the viable bacterial count was the same that at the beginning (27).
However, it could be useful to perform this analysis in different stages of the intervention in a



scheduled matter as part of the monitoring process to understand how probiotic strains
respond to all conditions that it may be exposed during a clinical investigation. None of the
other included studies had evidence to demonstrate that the product was stable for the
duration of the trial.

Interventions should incorporate probiotics that are easy to prepare, with a reliable production
process, a long shelf life over a wide range of temperatures and resistant to high moisture. For
procurement of the product, validated shipping containers and reliable distribution companies
should be used to assure the quality is maintained in all stages of the supply chain. Random
testing of samples in storage units and at the study participants household would provide
confidence that the product was held appropriately.

2.5 Cost-effectiveness analysis
To our knowledge, there is no published study that describes the cost effectiveness of an
intervention using probiotics in LMIC-to prevent or treat diarrhea cases. And very few have
been performed in other settings using children and ORS therapy as a reference.

A study performed in the ambulatory care in Belgium assessed the cost-effectiveness of using
S. boulardii together with conventional treatment (oral rehydration therapy and intravenous
fluids). For the children receiving probiotics, the duration of diarrhea was reduced by one day
and the need of additional medication during the treatment was significantly lower compared
with placebo. Hence, even though the treatment with probiotics increased the initial cost of the
intervention when add-on medication and extra consultations were taken into account, it
resulted in a reduction of 25% in health care cost (54).

Another study performed in day school children in Mexico showed similar results. By daily
administration of L. reuteri DSM 17938 for three months there was a reduction in the frequency
and duration of diarrheal episodes. Plus, it showed a significant reduction in secondary costs
since the number of doctor visits, antibiotic use, absenteeism from day school and parental
absenteeism from work were significantly reduced (55).

However, these encouraging findings cannot be extrapolated to other settings. Since costs and
diarrhea prevalence would vary across places. A cost-effectiveness analysis should be carried
at a country or sub-regional level to assist policymakers to reach decisions based on a local
analysis.

The analysis should consider using as reference the recommended WHO guidelines, which
includes continual feeding of the child during the episode and maintaining hydration with ORS
and compare it with that therapy plus probiotics. A second analysis should be carried using as
control group ORS plus zinc. The interpretation of the results should be done with the WHO
threshold recommendation, which establishes that an intervention can be considered cost-
effective if each DALY avoided, costs less than three times the per-capita GDP (56).

The outcome could be measured by disability-adjusted life years (DALYs) and for costs should
consider intervention activity (e.g. administration, planning, supervision), supplies (probiotic



and supply chain costs), human resources (hours invested in treatment by health professionals
and costs related to training) and other indirect costs.

But for this study to be performed, it is required to generate stronger evidence regarding the
optimal administration method, type of probiotic and dosage of strain needed. And according
to the willingness to pay determine the cost effectiveness of the use of probiotics.

2.6 Acceptability

None of the studies included reported any problem with acceptability of the therapy nor
significant dropouts in the intervention group. These finding contrast with a randomized
controlled trial undertaken in childcare centers in Australia called the CUPDAY study. This
study included 496 children and reported a 20% reduction in the number of days lost due to
diarrheal disease in the intervention group. The children received a milk product containing
both probiotics and prebiotics over a period of 5 months. Yet, more than one-third dropped out
of the study in the first week, being the most common reason the dislike of the milk product
among the infants. Nevertheless, it was mentioned by the mothers, that this was the most
socially acceptable reason for not wishing to complete all of the records associated with the
trial (57). To properly assess the feasibility of an intervention using probiotics, evaluation of
acceptability should go beyond the tolerability of product by the children but also consider the
perception and burden presumed by the caregivers since influences the adherence to
treatment.

A qualitative analysis is recommended in future interventions to identify possible contextual or
cultural factors that positively or negatively affect behavior related to treatment and perception
of diarrhea in children in these settings. Similar to the Guide to conducting formative research:
“Introducing Zinc in a Diarrhoeal Disease Control Programme” (58); interventions to understand
and improve the local knowledge of diarrhea are needed to effectively include probiotics at a
public health level.

Therefore, it is vital to determine local terms and practices related to diarrhea to develop key
messages for the population and test them. The message must be delivered alongside with the
importance of ORS to treat dehydration and not be perceived as a substitution. Besides, when
used as a preventable measure probiotics need to be promoted as a product to improve gut
health and not as an alternative to nutritious food.

Reactions towards the use of probiotics and method of administration need to be assessed and
tailored to each setting, to assure is appropriate for the children and well accepted by the
caregivers. Behavioral trials, individual interviews, and focus groups could be useful at this
stage. The review and evaluation of this data could help determine whether any changes need
to be made in the way the intervention are carried out or in the messages that are presented to
caregivers (58).



2.7 Monitoring and evaluation

The intervention indicators should use the “SMART” criteria, suggesting that would be: specific,
measurable, attainable, relevant and time-bound (59). Proposed indicators are described in

Table III.

A mix of both quantitative and qualitative indicators is suggested to extend the intervention
evaluation and help understand the possible treatment limitations in each setting. Data for the
quantitative indicators would be collected by the program coordination team and health
workers. While for the qualitative indicator it would rely on the information provided by

caregivers and gather by health workers.

Table III. Proposed indicators for monitoring and evaluating the intervention

Task Purpose
Product quality
assurance
Program
: . Human resources
implementation . o 1
o capacity building
monitoring
Equity and
coverage assurance
Health outcomes
determination
Intervention
outcome
evaluation _
Community
perception
description

Indicator

Viable bacterial count of product in different
stages of the intervention

-Training duration
-Hours and frequency of supervision

-Proportion of at-risk children receiving the
intervention

- Mean diarrhea duration

- Children weight change

- Number of episodes

- Number of patients admitted to health facility
- Inpatient treatment duration

- Caregivers level of perceived risk of the child
contracting diarrhea

- Caregivers level of perception of the benefits of
treatment

- Caregivers perception of the administration
method used (acceptability).



3. Research Gaps

Regardless of the increasing body of evidence being developed in LMIC, there are still some
gaps that need to be addressed before a recommendation at a global level can be made.
Replication and consistency are two of the features missing to translate the evidence-based
interventions into effective policies.

There is a need for study designs explicitly performed to compare community-based
prevention protocols since most of the studies identified were therapeutic and hospital based.
By directing probiotics as a preventive tool instead of therapeutically, could help intervene
earlier in the epidemiological chain.

In addition, future hospital-based randomized control trials might consider incorporating
measurement of biomarkers alongside clinical outcomes. Better knowledge about immune
markers and changes in the microbiota and gut barrier function can contribute to the
understanding of the possible working mechanisms of probiotics in infectious diseases.

Studies in vulnerable groups are lacking; interventions in children with chronic disorders or
immunodeficiency need to be performed to evaluate the efficacy and safety of probiotics in at-
risk populations. There is also a need for better-aligned study designs and methodology that
allows reaching strain, dose and duration standardization. Studies in LMIC should focus on
utilizing already proven safe and effective probiotics to optimize the rest of the operational
variables and pharmacokinetic studies should be developed to determine the correct dose. We
recommend variables as diarrhea definition, nutritional status classification and measure of
outcomes to be homogenous among studies to facilitate analysis and the formulation of
effective generalizable recommendations.

It would be interesting for future studies to consider stratifying the result analysis according to
nutritional status and access to WASH to further contribute to the design of a holistic
intervention and consider the potential of the use of probiotics in different environmental
conditions.

Moreover, the interaction of probiotics with zinc therapy and other medications needs to be
addressed. Even though this report did not focus in a particular diarrhea etiology, further
studies need to consider the role of probiotics in norovirus acute gastroenteritis and the validity
of including them together with the rotavirus vaccine in settings with a high burden of disease.
From a public health approach this could be crucial since the efficacy of oral rotavirus vaccines
is lower in some developing world countries (60) and probiotics supplementation could
improve vaccine performance and maximize the effects (61).

Country-specific reports need to examine the acceptability and cost-effectiveness of using
probiotics at different doses and administration methods. From a qualitative point of view,
there is a need to understand the caregiver’s perception of diarrhea and probiotics in each
setting since various interventions rely on their report of the outcome, this could influence the
data collection. Plus, culture appropriate health education and public health messages need to
be tailored to seek changes in preventive diarrhea behaviors.



4. Integrated Approach of a Nutritional-Sensitive Intervention

Reviews have shown that nutrition-specific interventions are likely to be insufficient by
themselves and programs that include a multi-sectorial approach seem to be more successful
(62). The studies included in this report were all nutrition-specific and, to our knowledge, there
are no interventions performed with probiotics that have combined other strategy in
conjunction at LMIC.

The most frequently incorporated plans to reduce stunting are nutrition education, growth
monitoring and promotion, immunization, WASH, and social safety net programs (cash
transfer, social insurance, universal health care). There is no specific combination of programs
that have been recommended to address malnutrition and the design could vary from one
country to another (62).

Investments in WASH coverage and maintenance translate in improved nutrition outcomes.
Hand washing with soap, improved sanitation, and water supply reduce diarrhea by 40%, 28%,
and 34% respectively(63). Hence, for the scope of this study, the combination of probiotics with
WASH could be potentially beneficial.

As part of a nutrition-sensitive intervention, WASH programs could interrupt specific pathways
for fecal-oral transmission while probiotics could contribute to support a healthy microbiota,
and theoretically potentiate a reduction in the risk of diarrhea in children. In addition,
unsanitary practices have been related to the occurrence and persistence of EE (15).

It is stated that for WASH programs to be more nutritional-sensitive, interventions should go
beyond the evaluation of clinical disease appearance (for example, diarrhea) and instead also
consider nutritional outcomes (stunting, anemia). Consequently, evaluations should be planned
with enough time frames to permit changes in nutritional outcomes. Also, target the first 1,000
days after conception since it is the time that has been identified as critical for development
(64) and providentially could go jointly with the hypothesis that probiotics could be more
effective before the progression of the condition.

This combination of strategies seems increasingly pertinent considering the rise in evidence
regarding the involvement of EE in nutritional status. EE is characterized by a gut and systemic
inflammation, alterations in gut barrier function, and absorptive capacity. There are still gaps
in the knowledge about the effect of the condition on gut physiology, but the significant public
health implications (undernutrition, stunting, reduced immune response to oral vaccines, and
cognitive development deficiencies) justify an increase in research investment (65).

Poor WASH practices have been associated with the prevalence of this condition (15) and
probiotics have the potential to participate in EE modulation (66). Jointly they could tackle the
underlying causes of malnutrition without waiting for the onset of symptoms especially
considering that a child with EE might not present diarrhea. Therefore, a strategy that combines
WASH improvement and probiotics supplementation are among the approaches considered
viable to prevent EE (65).



The lack of encouraging results from the first reported trial using probiotic for the treatment of
EE further highlighted the need for better understanding of the pathogenesis of this condition
to identify and test potential therapeutic strategies. This intervention failed to see any change
in the intestinal integrity of the group receiving L. rhamnosus GG 5 x 1010 CFU for 30 days (15).

Nevertheless, the authors highlighted the need to perform trials with larger doses or different
strain combinations and not reject the potential of probiotics altogether. Also, future
interventions could consider targeting the population group under one year old, as including
probiotics before the onset of the condition could help prevent it (15). And supplementation at
early stages of the disease has proven increased effectiveness of treatment for other
pathologies (36). Further studies to understand the timeline of EE development could be key
to design effective intervention strategies.

The implementation of a program including both WASH improvement and probiotic
supplementation would require strong political commitment and multi-sectorial collaboration
since it involves a diverse range of experts. Nevertheless, since this nutrition-sensitive
intervention is focused on prevention and early child development the investment could be
significantly cost effective in a long-term.

5. Limitations

This report is an effort to analyze the operational variables that should be considered when
implementing an intervention using probiotics in children from LMIC. It contributes to translate
past experiences and evidence into well-defined interventions and influence the diarrhea
management policies later on.

Nevertheless, this review does have limitations. By only including studies from peer-reviewed
journals, it may have missed important unpublished data. All the studies were published in
English and most were performed in India, which could introduce language and location bias
respectively. There is also the possibility of reporting bias since not all the trials described the
operational variables included for the study. Besides, the identification of potentially relevant
studies, eligibility assessment, and analysis was performed by a single person and not
compared with another reviewer. Which also forbids to perform the GRADE assessment of the
quality of the evidence (67).



V. Conclusion

The clear link between diarrhea and malnutrition is a defining factor for the increased interest
for interventions such as probiotics supplementation. The use of probiotics as a public health
strategy in LMIC is an attractive approach because of its safety profile and potential to prevent
diarrhea occurrence and progression, particularly in high-disease endemic areas. The
compelling scientific evidence from developed countries that has led to the inclusion of
probiotics in ESPGHAN guidelines is not enough to generalize to other locations. Since most
studies are hospital based, results may not be a fair reflection of cases in different settings and
community-based trials are scarce.

The heterogenicity of the operational variables among trials prevents from formulating a policy
recommendation based on this report. Nevertheless, this is the first attempt to describe the
influence of these variables in studies performed in LMIC and provides recommendations built
from the gathered evidence.

There is a need for the standardization of the methodology regarding strain, dose, duration of
treatment and administration method. Besides a further understanding of the gut microbiota,
evidence of the probiotics interaction with other agents and qualitative studies are needed. The
implementation of a program including both WASH improvement and probiotic
supplementation requires further investigation since it has a possibly high impact at
community level.



VI. Recommendations

Future studies

Even though there are still some research gaps that need to be addressed, with the available
information we can recommend that future studies use probiotics that have been proven
efficacious in other clinical trials and are strongly recommended by ESPGHAN (L. rhamnosus
GG and S. boulardii) in a dosage between 109 and 1010 CFU. Interventions using probiotics we
suggest should be aimed at prevention of the condition and choose products in which the
manufacturer process has been closely regulated. Different quality assessment controls should
be performed during the supply chain to assure the correct dosage is delivered. The
administration method might be of small volume and incorporate the probiotic content in one
single dosage. The analysis should be stratified by age and nutritional status to determine if
there is a response difference and contribute to determine the best introduction time. The trial
we suggest should be performed parallel to a qualitative assessment and cost-effectiveness
analysis to help determine local feasibility. An intervention conceptual proposal is described in
Annex 2.

Industry

The challenges that arise from quality control, supply chain and acceptability of administration
method highlight the opportunity for researchers and industrial leaders to work together
against one of the biggest health threats for children worldwide. The development of a product
including probiotics that is stable at different temperatures, with a long shelve life, and with an
easy supply chain could be key for the success of a probiotic intervention in LMIC.

Policy makers

Financing programs that aim to treat the underlying causes of malnutrition, such as WASH and
probiotics as a potential preventive measure for diarrhea could maximize returns on
investments. Political engagement towards policies that work double-duty is key to address
nutritional challenges. Integration of WASH to nutrition-specific interventions is required to
achieve the global commitment assumed in the Sustainable Development Goals to end all forms
of malnutrition by 2030. The execution of integrated programming would need the
collaboration of governments, donors, civil society organizations, and businesses at
international and national level.
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Annex 2. Conceptual proposal of an intervention to prevent diarrhea in
children under 5 years old using probiotic supplementation and WASH
improvement

TITTLE OF THE PROJECT
Probiotic supplementation and WASH improvement to prevent
diarrhea in children under 5 years old

OVERVIEW
Project Duration 3 years
Intervention area Low middle-income country to be determined
The overall objective of the project is to contribute to the reduction of
Project Objective mortality related to malnutrition among the children under 5 years
old
Budget Pending until setting is determined
1. Context

According to the World Health Organization, malnutrition contributes to nearly one-third of the
infant mortality worldwide (1). Diarrhea is a leading cause of malnutrition in children under five
years old and is the second cause of death in this age group. The situation is of particular concern
in low-income countries where children experience on average three episodes of diarrhea every
year in their first three years of life (2).

Evidence suggests the importance of implementing nutrition sensitive interventions since even
when scaling up to 90% coverage of the proven nutrition specific interventions there is only a
reduction of 35% in diarrhea-specific mortality and 20% in stunting (3).

As part of a nutrition-sensitive intervention, Water, Sanitation and Hygiene (WASH) programs
could interrupt specific pathways for fecal-oral transmission while probiotics could contribute
to support a healthy microbiota, and theoretically potentiate a reduction in the risk of diarrhea
in children. This combination of strategies seems increasingly pertinent considering the rise in
evidence regarding the involvement of environmental enteropathy (EE) in nutritional status. EE
is characterized by a gut and systemic inflammation, alterations in gut barrier function, and
absorptive capacity. Poor WASH practices have been associated with the prevalence of this
condition (4) and probiotics have the potential to participate in EE modulation (5). Jointly they
could tackle the underlying causes of malnutrition without waiting for the onset of symptoms
especially considering that a child with EE might not present diarrhea.

The utilization of probiotics as a public health tool integrated response to benefit populations,
which carry the highest burden of diarrhea could be key to interrupt the vicious diarrhea-
malnutrition circle.



Outputs and Indicators

1. Prevent diarrhea episodes through probiotics supplementation
- Proportion of at-risk children receiving the intervention

- Product quality assurance by analysis of viable bacterial count

- Health outcome: mean diarrhea duration, children weight change, number of episodes, number
of patients admitted to health facility, inpatient treatment duration, malnutrition rate

- Community perception: caregivers level of perception of the risk of diarrhea occurrence,
benefits of treatment and acceptability of the administration method

2. Increased access to improved WASH practices
- Number of community members trained on management of water, sanitation and hygiene

service

- Number of water points that are built or fixed

- Proportion of people with adequate domestic sanitation facilities

- Proportion of people provided with sustained access to safe water supply
- Number of households receiving a hygiene kit

3. Appropriate knowledge of WASH practices and probiotics use
- Number of community members trained on management of WASH services

- Number of hygiene awareness campaigns conducted
- Number of people receiving direct hygiene promotion and correct probiotics usage messages

Means of Verification

Output 1. Laboratory records of viable bacterial count of product. Health workers and
hospital records.

Output 2. Training attendance records, work completion forms and water quality testing
reports. Kit distribution reports.

Output 3. Education sessions attendance records. Awareness campaigns reports.

Activities

Output 1. Recruitment community health workers. Test viable bacterial count of product in
different stages of the intervention at main storage and household level. Weekly visits to the
houses and health facility. Distribution of the probiotic and usage guide. Individual interviews,
and focus groups.

Output 2. Recruitment of a WASH team in the community. Instruction of local mechanics to
maintain infrastructure and distribute the necessary tool kit. Test water quality water at
distribution source and household. Distribution of hygiene kits and sensitization campaigns for
their usage.

Output 3. Training of hygiene promotion leaders. Conduct tailored hygiene promotion campaigns
and messaging. Creation of mother-to-mother groups to facilitate information exchange.
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5. Methodology

Recruitment will be performed using hospital records, children under five years old will be eligible
for the intervention. Supplementation of L. rhamnosus GG in a dosage of 5 x 1010 colony forming
units will be provided once a day through the length of the study. The probiotic product will be
delivered in sachets from a reliable source, from which the manufacturing process has been closely
regulated and supply chain closely monitored. Distribution of product will be performed alongside
the hygiene kit. Caregivers will be instructed on how to incorporate the sachet content into semi-
solid foods and storage practices. Each child will receive weekly visits from the community health
worker. In each visit diarrhea surveillance, anthropometric measures and evaluation of clinical
outcomes will be assessed. Children who develop complication will be referred to the nearest
health outpost for management by medical officers.

WASH improvements will be performed by a specialized team with support of local authorities and
community groups. Most of the infrastructure activities will be completed in the first months of
the project. Both interventions will be performed parallel to WASH practices and probiotics usage
education and sensitization programs.

Beneficiaries

Direct beneficiaries: children under five years old
Indirect beneficiaries: the community and the national Health programs

Monitoring and Evaluation Approach

Field staff and supervisors are responsible for daily monitoring of activity process. Weekly
reports will be performed by the WASH supervisor and the Nutrition specialist. Monthly
interventions reports are assessed by the project coordinators. Financial reports are performed
monthly and communicated to investors every six months. Independent auditors will assess the
overall cost-effectiveness of the intervention.

Posible Partners

Local: Ministry of Health, NGOs, community groups, universities, hospitals, research centers
International: World Bank, UNICEF, OXFAM, ACF

Sustainability

Throughout the project implementation, the participating agencies will apply a community-
empowerment approach for future sustainability. Community groups will be established to
manage the physical infrastructure, services provision, and education programs in target
areas. The maintenance of effective information exchange systems between the community,
local organizations, public officials and international actors will help to promote the
ownership of the project.
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