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Aim: To investigate by meta-analysis the efficacy of gelatin tannate (GT), a mucosal barrier protector, in
children with acute gastroenteritis. Methods: A comprehensive literature search was conducted. Studies
were selected according to PICO: Participants: children aged 0—12 years with acute diarrhea; Interven-
tion: GT, Comparison: oral rehydration solution and/or placebo; Outcomes: diarrhea-related outcomes.
Results: Three published randomized controlled trials were identified of pediatric diarrhea treated with
GT (n = 203) or control (n = 204). GT significantly (p < 0.01) reduced stool frequency at 12 h in two ran-
domized controlled trials. A significant treatment effect (risk ratio = 0.74; p < 0.01) in favor of GT was
found for the exploratory composite outcome of ‘diarrhea or liquid stools at 24 h’ in three studies. Risk
ratios in a single study which reported the percentage of patients with liquid stools at 12, 24 and 48 h
favored GT at all time points. No significant differences were found between GT and control for patients
with diarrhea at 12 or 24 h or for duration of diarrhea. Conclusion: GT improved stool frequency and stool
consistency in children with acute diarrhea, although further well-controlled studies would be useful to
confirm a beneficial treatment effect.
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Diarrheal diseases are common and are a leading cause of preventable death, especially among young children in
developing countries [1]. In 2013, the global incidence of acute diarrheal diseases was 2.7 billion [21. In children
and adolescents, the global number of deaths in 2013 due to diarrheal diseases was 590,607, with the vast majority
occurring in developing countries. Diarrhea was also the most common cause of death among older children (aged
5-9 years), with more than 38,000 deaths estimated globally in 2013 3. In Europe, acute gastroenteritis is the
most common cause of primary care consultations among children less than 5 years of age (4.

There is considerable heterogeneity in pathogen-specific causes of community-acquired diarrhea in developing
countries. Norovirus, rotavirus, Campylobacter species, astrovirus and Shigella species are all common causes of
diarrhea in infants aged up to 2 years [5]. In European countries, rotavirus is the most common cause of pediatric
acute gastroenteritis, although norovirus is fast gaining ground as the leading cause of medically-attended acute
gastroenteritis in countries with high rotovirus vaccination coverage [6]. Adenovirus and Salmonella species are also
responsible for significant morbidity and hospital admissions [6-8].

Dehydration is the most serious consequence of acute gastroenteritis in children [6]. European guidelines recom-
mend oral rehydration with a hypo-osmolar solution as the mainstay of treatment for dehydration (6. If required,
the duration and severity of diarrhea can be reduced by active treatment with specific probiotics such as Lactobacillus
GG or Saccharomyces boulardii or with the antidiarrheal drugs diosmectite or racecadotril [6].

The mucosal barrier protector, gelatin tannate (GT), is a new therapeutic option for treating acute gastroenteritis
and diarrhea. GT is a complex of tannic acid and gelatin which forms a protein-based biofilm on the intestinal
mucosa [9-11]. The antidiarrheal effects of GT have been demonstrated in adults [12] and in children when co-
administered with an oral rehydration solution (ORS) [13]. Future =
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In this study, we performed a systematic review and meta-analysis of randomized controlled trials (RCTs) that
investigated the efficacy of GT in children with acute gastroenteritis.

Methodology

Search strategy

A systematic search of Medline [14] was performed in December 2017 by one reviewer using the search terms
((‘gelati’[MeSH Terms] OR ‘gelatin’[All Fields]) AND ‘tannate’[All Fields]) AND ((‘diarrhoea’[All Fields] OR
‘diarrhea’ [MeSH Terms] OR ‘diarrhea’[All Fields]) OR (‘gastroenteritis [MeSH Terms] OR ‘gastroenteritis’[All
Fields])) AND ((‘child’[MeSH Terms] OR ‘child’[All Fields] OR ‘children’[All Fields]) OR (‘pediatrics’[MeSH
Terms] OR ‘paediatrics’[All Fields] OR ‘pediatric’ [All Fields])). Alternative searches omitted the terms child /children
and pediatric/paediatrics, but filtered the results with ‘humans’ from 0 to 12 years; and searched only with ‘gelatin’
AND ‘tannate’ and filtered the results for ‘humans’ from 0 to 12 years. Searches were restricted to papers published in
English. The search term ‘gelatin tannate’ was then used to search Google Scholar [15], Cochrane Library Plus [16],
and two clinical trials databases: ClinicalTrials.gov [17] and the EU Clinical Trials Register [18]. These searches
identified no additional articles.

Inclusion & exclusion criteria

Studies were selected according to PICO (participant, intervention, comparison and outcomes) [19] as follows:
Participants: children aged 0—12 years with acute diarrhea; Intervention: gelatin tannate; Comparison: ORS
and/or placebo; Outcomes: diarrhea-related outcomes.

Exclusion criteria were: duplicate publications; studies without usable data; reviews, letters and single case reports;
and preclinical studies.

Four published clinical studies [13,20-22] and one completed but as yet unpublished clinical study [23,24] investi-
gating GT for the treatment of acute diarrhea in children were identified. The study by Esteban Carretero ez al. [13)
was excluded due to the lack of randomization and high degree of heterogeneity within the study. The study of
Michalek ez al. 23] was excluded due to the absence of clinical data at the time of analyses. A flow diagram of the
study search and selection process is provided in Figure 1.

Data from the three studies included in the quantitative synthesis were extracted independently by two reviewers.
Discrepancies between reviewers were identified and resolved by consensus. Data were extracted for the main design
variables which were: study design; experimental and control treatments; indication; patients’” baseline status; main
inclusion and exclusion criteria; age and gender; sample size in experimental and control groups. Data were extracted
for outcome variables measuring our prespecified evaluation criteria (stool frequency and consistency, and duration
of diarrhea): number of stools at 12 or 24 h (mean % standard deviation [SD]); liquid stools at 12 or 24 h
(proportion of patients); persistence of diarrhea at 12 or 24 h (proportion of patients); and duration of diarrhea in
hours (mean £ SD). Other outcomes data (e.g., symptoms), which were reported in only one or two studies, were
not extracted. In some instances, the required data were not readily available in the text or tables of the articles, but
could be estimated from other documented quantities or graphics:

e In the study of Mennini ez al. [20] the percentage of patients with diarrhea at 24 h was estimated from Kaplan—
Meier curves (Figure 3 of the original article) using WebPlotDigitizer [25].

e In the study of Cagan ez a/. 21], the percentage of patients with diarrhea at 24 h, and the percentage of patients
with liquid stools at 12, 24 and 48 h, was estimated from a graph (Figure 1C of the original article); and the
SD of number of stools at 12 h, which was not provided in Figure 2, was estimated from the baseline SD then
halved because the rate of 12 h to baseline SD values was about 0.5 in the other studies.

e In the study of Kara ez al. 22], the SDs of duration of diarrhea were not documented and, instead, were estimated
by assuming an exponential distribution.

Data analysis

Results from studies were combined using the following methods: for continuous outcomes (number of stools and
duration of diarrhea), the mean difference (MD) and 95% CI were calculated; for binary variables (proportions
of patients with liquid stools or persistence of diarrhea), the absolute frequency (count) was computed from
the reported percentage and sample size. The Mantel-Haenszel method was used to combine study results, and
treatment effects were estimated by calculation of the risk ratio (RR). Heterogeneity between studies was assessed
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Additional records identified

Records identified through through other sources:

database searching (n = 17)

article In Press (n = 1)

Records after duplicates
removed (n = 18)

Full-text articles assessed

qualitative synthesis (n = 4)

Studies included in
quantitative synthesis
(meta-analysis) (n = 3)

Figure 1. Flow diagram of study search and selection process.

Records screened (n =18) —

Records excluded (n = 13):

Case report — 1
Reviews — 9
Preclinical studies — 3

Full-text articles excluded:

>
for eligibility (n = 5) Study protocol only (n = 1)
Full-text articles excluded:

Studies included in Non-randomized cohort

study with high degree of
heterogeneity (n = 1)

GT Control
Study Total Mean SD Total Mean SD Mean difference MD 95%-Cl
Kara et al., 2017 71 3.0 18 73 3619 —f—--— -0.6  [-1.2;0.0]
Cagan et al., 2017 108 20 25 100 3025 —m8 +——— -1.0 [-1.7;-0.3]
Fixed effects G . 0.8 [-1.2;-0.3]
Random effects _ -0.8 [-1.2;-0.3]

o [ — (7O _ _ T T T T 1 1
Heterogeneity: 2 = 0%, x21 =0.73 (p = 0.39) 15 -1.0 -05 00 05 1.0 15
Test for overall effect (fixed effect): z=-3.34 (p < 0.01)
GT better Control better

Test for overall effect (random effects): z = -3.34 (p < 0.01)

Figure 2. Stools frequency: mean difference in the number of stools at 12 h in two randomized controlled trials.
Cl: Confidence interval; GT: Gelatin tannate; MD: Mean difference; SD: Standard deviation.
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GT Control

Study Events Total Events Total Risk ratio RR 95%-Cl
Kara et al., 2017 59 71 67 73 : — 0.92 [0.81; 1.05]
Cagan et al., 2017 35 103 67 100 ———— 0.51 [0.37; 0.69]
Fixed effects ) ; - 0.71 [0.61; 0.82]
Random effects —_— 0.69 [0.33; 1.45]
Heterogeneity: /> = 95%, x2 = 20.37 (p < 0.01) 0'5 10 2'0

Test for overall effect (fixed effect): z = -4.53 (p < 0.01) ’ ' '

Test for overall effect (random effects): z = -0.98 (p = 0.33) GT better  Control better

Figure 3. Patients with diarrhea: risk ratio of the proportion of patients with diarrhea at 12 h in two randomized
controlled trials.
Cl: Confidence interval; GT: Gelatin tannate; RR: Risk ratio.

by the %? heterogeneity test and the I? statistic. Both fixed effect and random effects models were run, with the
random effects model used for analysis of studies with high heterogeneity. All analyses were conducted using the R
language (The R Foundation, Vienna, Austria) [26], using the ‘meta’ package [27] for meta-analysis.

Results

Search-identified studies

The systematic search identified five studies investigating GT for treatment of acute pediatric diarrhea. The study
of Esteban Carretero ez al. [13] was excluded following a quality assessment and, at the time of analysis, results were
not yet available for a recently completed study (Clinicaltrials.gov identifier: NCT02280759) (23,24

The design features of the three RCTs included for meta-analysis, and characteristics of the respective patient
populations, are summarized in Table 1. One study compared GT 4+ ORS with ORS alone [20}; one study compared
GT 4ORS with placebo + ORS [21]; and one study compared GT and placebo (with no declared ORS) [22]. The
age range for eligible patients across studies was 3 months to 12 years. Two studies stated acute diarrhea, and one
study stated acute gastroenteritis, as the study indication. All studies specified a minimum stools frequency of 3
movements/day, including the study of Cagan ez a/. which also graded stool consistency according to the Bristol
Stool Scale [28]. Use of other antidiarrheal agents was not permitted in any study. Cagan ez al. allowed use of
antibiotics. A total of 203 and 204 patients were enrolled in the GT and control groups, respectively. Mennini ez
al. reported median age (20 months for GT + ORS; 18 months for ORS) and a range of 3—66 months. The other
two studies reported mean age of about 3.5 years. As Cagan ez al. reported mean (SD) age and gender distribution
for the entire per protocol population instead of by treatment group, the same values are applied to the GT and
control groups in Table 1.

Risk of bias in the individual studies was assessed according to the Cochrane Handbook and is reported in
Table 2. All studies were described as randomized, but the studies of Cagan e 4/. and Kara ez a/. did not mention
allocation concealment, and the limited information provided by the authors about the treatment allocation process
raises doubts as to the adequacy of randomization in these two studies. The studies of Mennini ez a/. and Kara ez al.
were reported as single-blind, although both conducted a blind assessment of study outcomes. The study of Cagan
et al. was described as double-blind. All three studies described dropouts and withdrawals, although Cagan ez al.
did not provide information about exclusions per treatment group.

Outcomes data from the three clinical studies included in the meta-analysis are summarized in Table 3.

Stool frequency

Stool frequency (number of stools) was reported in all three studies, although it was assessed at 24 h in one
study [20], and at 12 h in two studies [21,22]. Analysis of the number of stools at 12 h in two RCTs indicated no
study heterogeneity (I* = 0%), and the results obtained under both the fixed effect and random effects models
demonstrated a significant treatment effect in favor of GT (p < 0.01 for both models; Figure 2), with a difference
in means of -0.8 [-1.2, -0.3] for the fixed effect model.
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GT Control
Study Events Total Events Total Risk ratio RR  95%-CI
Mennini et al., 2017 18 29 23 31 ' 0.84 [0.59; 1.19]
Kara et al., 2017 45 71 s 78 — 0.84 [0.67; 1.05]
Fixed effects . . —<> 0.84 [0.70; 1.01]
Random effects ———— 0.84 [0.70; 1.01]
[ 1

Heterogeneity: /> = 0%, x2 = 0 (p = 0.98)
Test for overall effect (fixed effect): z =-1.83 (p = 0.07)
Test for overall effect (random effects): z = -1.83 (p = 0.07) GT better Control better

0.75 1.0 IE5)

Figure 4. Patients with diarrhea: risk ratio of the proportion of patients with diarrhea at 24 h in two randomized
controlled trials.
Cl: Confidence interval; GT: Gelatin tannate; RR: Risk ratio.

GT Control

Study Events Total Events Total Risk ratio RR 95%-Cl
Mennini et al., 2017 18 29 23 31 —_— 0.84 [0.59; 1.19]
Kara et al., 2017 45 71 55 73 — 0.84 [0.67; 1.05]
Cagan et al., 2017 43 103 67 100 ————+— 0.62 [0.48; 0.81]
Fixed effects . . _ 0.74 [0.63; 0.86]
Random effects _— 0.76 [0.62; 0.93]
Heterogeneity: 2 = 41%, x2 = 3.40 (p = 0.18) 05 10 50

Test for overall effect (fixed effect): z =-3.81 (p < 0.01)

Test for overall effect (random effects): z = -2.64 (p < 0.01) GT better  Control better

Figure 5. Patients with diarrhea or liquid stools: risk ratio of the proportion of patients with diarrhea or liquid
stools at 24 h (composite outcome) in three randomized controlled trials.
Cl: Confidence interval; GT: Gelatin tannate; RR: Risk ratio.

Stool consistency

One study [21] reported the percentage of patients with liquid stools at different time points (12, 24 and 48 h),
which favored GT at all time points. The relative risk of diarrhea decreased from 0.77 (95% CI: 0.63-0.93) at
12 h, to 0.62 (95% CI: 0.48—0.81) at 24 h and to 0.16 (95% CI: 0.08—-0.3) at 48 h.

Patients with diarrhea at 12 or 24 h

Two RCTs reported the number of patients with diarrhea at 12 h [21,22] or at 24 h [20,22]. Neither analysis produced
significant results. Analysis of 12 h data showed significant heterogeneity between studies (I> = 95%; p < 0.01) with
a calculated p-value of 0.33 for the overall treatment effect under the random effects model (Figure 3). Analysis of
24 h data showed homogeneity between studies (I> = 0%) with a calculated p-value of 0.07 for the overall treatment
effect under both the fixed effect and random effects models. The calculated RR was 0.84 (95% CI: 0.70-1.01)
for both models (Figure 4).

Patients with diarrhea or liquid stools at 24 h

As diarrhea and liquid stools are highly related variables, an analysis was conducted on the proportion of patients
with diarrhea at 24 h, using liquid stools at 24 h as a proxy for studies in which numbers of patient with diarrhea
were not reported. Despite marked heterogeneity between the three studies (I* = 41%; p = 0.18), both the fixed
effect and random effects models indicated a statistically significant treatment effect (p < 0.01) in favor of GT,

with a RR = 0.74 (95% CI: 0.63-0.86) for the fixed effect model (Figure 5).
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Figure 6. Duration of diarrhea: mean difference of the duration of diarrhea (h) in two randomized controlled trials.
Cl: Confidence interval; GT: Gelatin tannate; SD: Standard deviation.

Duration of diarrhea

The duration of diarrhea, which was reported in two RCTs [20,22], showed a high degree of heterogeneity (I> = 90%;
p < 0.01), and the random effects model failed to demonstrate a significant treatment effect (p = 0.25), despite an
estimated MD of -16.9 h (95% CI: -45.6-11.7) compared with control (Figure 6).

Discussion

Oral rehydration therapy using a hypo-osmolar solution is the mainstay of treatment for acute gastroenteritis in
children, and both the duration and severity of diarrhea may be reduced by additional active therapy as required [6].
The meta-analyses conducted here included three RCTs comprising two studies which compared GT + ORS with
placebo = ORS [20,21] and a third study which compared GT and placebo (with no declared ORS) [22].

Meta-analyses demonstrated treatment effects in favor of GT for reduction of stool frequency. Analysis of stool
frequency at 12 h in two RCTs showed a significant (p < 0.01) MD of -0.8 in favor of GT compared with
control [21,22]. The probability of patients having ‘diarrhea or liquid stools at 24 h’ was significantly lower with GT
than placebo (RR = 0.74; p < 0.01) [2022], although the result can be regarded as exploratory only as this composite
outcome was not prespecified but was selected after data extraction in order to maximize the available information.
A single study which reported on patients with liquid stools at 12, 24 and 48 h favored GT at all time points, with
a consistent pattern of increasing effect (shown by decreasing relative risk) from 12 to 48 h [21].

Conversely, analyses of the proportion of patients with diarrhea at either 12 h or at 24 h, with the study of
Kara et al. 1221 being common to both, showed no statistically significant differences. Studies which reported on
patients with diarrhea at 24 h [20,22] had relatively small sample sizes, with implied low power and imprecision of
the estimated overall treatment effect. It is possible that the p-value attained (p = 0.07) in this analysis may have
reached statistical significance with larger sample sizes.

The high degree of study heterogeneity evident in two analyses necessitated use of the random effects model.
Specifically, there was significant heterogeneity (p < 0.01) between the studies of Cagan ez al. and Kara ez al. [21,22)
for proportion of patients with diarrhea at 12 h, and near-significant heterogeneity (p < 0.06) between the studies
of Mennini ez al. and Kara et al. [20,22) for duration of diarrhea. Unfortunately, the small number of studies included
in the analysis precluded any opportunity to explain heterogeneity through meta-regression.

Although the safety of GT was not formally examined in this meta-analysis, the complex appears to have a good
safety profile based on the absence of adverse events reported in any of the three RCTs analyzed (20 22]. This likely
reflects its mechanism of action, as GT acts as a mucosal barrier protector and is not systemically absorbed (9 11].

The main limitation of this meta-analysis is the small number of studies and the poor methodological quality
of some studies. A degree of caution is advised in interpreting the results as the study of Cagan ez al. was not truly
randomized, and the study of Kara et a/. was limited by a potential high risk of selection, performance and/or
attrition bias. Since these analyses were conducted, a fourth RCT investigating GT in the management of acute
gastroenteritis in children has been published [29]. This study randomized 72 children to receive GT or placebo as
adjunct to ORS for 5 days, and found no significant differences between treatment arms for duration of diarrhea
(primary end point) or any other study end point. The reasons for the lack of agreement between this more recent
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study and previous RCTs are not fully understood. An important methodological difference in Kolodziej ez al. was
the inclusion of children with diarrhea lasting up to 5 days prior to enrollment compared with 3 days in earlier
studies, possibly limiting the ability of GT to show a treatment effect. Although further well-controlled studies are
clearly required to reach a definitive conclusion about the efficacy of GT in pediatric acute diarrhea, the bulk of
evidence suggests that GT can improve certain symptoms more effectively than control.

European guidelines for the management of acute gastroenteritis in children make several recommendations about
adjunctive treatment to ORS. Specifically, the guidelines recommend that selected probiotics, notably Lactobacillus
rbamnosus GG and Saccharomyces boulardii, can be used as adjunctive therapy (strong recommendation; low-quality
evidence); and indicate that the adsorbent, diosmectite, and antisecretory drug, racecadotril, can be considered
in the management of acute gastroenteritis (weak recommendation; moderate-quality evidence) (], although this
latter recommendation has not gained international consensus [30]. The European guidelines, published in 2014,
do not recommend GT for the management of children with acute gastroenteritis (6]. However, the strength of this
recommendation was assessed as weak, and was based on very low quality evidence from a single publication [13].
In light of more recently published evidence for GT, as analyzed and referenced herein, a re-evaluation of the role
of GT in the management of acute gastroenteritis in children would be timely. Three of four RCTs indicate that
GT, as adjunct to ORS, can improve symptoms of acute diarrhea and has a good safety profile in young children.

Conclusion

The multiple meta-analyses conducted in this study show that GT can improve symptoms of acute diarrhea in
young children as evidenced by significant reductions in stool frequency at 12 h, and in the proportion of patients
with a composite outcome of diarrhea or liquid stools at 24 h. One study showed improvement in stool consistency
with GT versus placebo over time. A trend in favor of GT was observed in the meta-analyses of stool frequency at
12 or 24 h and duration of diarrhea, but high study heterogeneity and/or small sample sizes likely limited the power
of the analyses to show a treatment effect. Although the quality of the included studies was not high, collectively
the results suggest benefit with GT in attenuating the symptoms of acute diarrhea in children.

GT is known to form a biofilm in the gastrointestinal mucosa, providing mechanical protection and causing pre-
cipitation of proinflammatory proteins (31]. This unique mechanism, together with the lack of systemic absorption
of GT, make this device an interesting addition to the current armamentarium for treating acute gastroenteritis in
children. In light of a recent RCT failing to show benefit versus placebo, further studies would be useful to confirm
the efficacy of GT in this clinical setting.

Summary points

e In Europe, acute gastroenteritis is the most common cause of primary care consultations among children less than
5 years of age.

e Gelatin tannate (GT), a mucosal barrier protector, is a new therapeutic option for treating acute gastroenteritis
and diarrhea.

e A systematic review identified three published randomized controlled trials (RCTs) of pediatric diarrhea treated
with GT (n = 203) or control (n = 204).

e Meta-analyses showed that GT was effective in reducing symptoms in children with acute diarrhea.

e GT reduced stool frequency at 12 h in two RCTs (p < 0.01).

e GT reduced the composite outcome of diarrhea or liquid stools at 24 h in all three studies (risk ratio [RR] = 0.74;
p < 0.01).

e Asingle study which reported the proportion of patients with liquid stools at 12 (RR = 0.77), 24 (RR = 0.62) and 48
(RR = 0.16) h favored GT at all time points.

e GT did not differ significantly from control for proportion of patients with diarrhea at either 12 or 24 h or for
duration of diarrhea.

e No adverse events were reported in any of the RCTs analyzed.

e The unique mechanism and lack of systemic absorption of GT make this device an interesting addition to the
current armamentarium for treating acute gastroenteritis in children, although further studies are needed to
confirm a beneficial treatment effect.
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