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Gelatin tannate (GT) is a nonabsorbable antidiarrheal agent investigated in
few clinical studies. The aim of this study was to investigate the effects
of GT on children with acute gastroenteritis. This randomized, placebo-
controlled, single-blinded, prospective study involved children aged from six
months to 10 years with acute diarrhea. The study group received GT and
the control group placebo for five days. Stool frequency and numbers of
patients with diarrhea in each group were compared at 12, 24, 48, 72, 96,
and 120 hours. Duration of diarrhea and weight changes after 120 hours was
recorded. Mean stool frequency was lower in the study group at 0-12 hours
(3+1.8 vs. 3.6x1.9, p=0.04). The study group exhibited more weight gain
after 120 hours of treatment and shorter total duration of diarrhea, although
the difference was not statistically significant. Fewer patients in the study
group had diarrhea at the end of 12, 24, 96, and 120 hours. Patients treated
with GT with Bristol scores of 7 at admission exhibited more weight gain
than patients with Bristol scores of 6 (296+38 vs. 137+39, p=0.04). GT
resulted in a decreased stool frequency at 12 hours in children with acute
diarrhea. It shortened total duration of diarrhea and resulted in more weight
gain compared to placebo. It also had a greater effect on weight gain in the
presence of watery, rather than mushy stool.
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Acute gastroenteritis (AGE) is a common cause
of morbidity and mortality worldwide. One
billion new cases and nearly 3 million AGE-
related deaths occur in children under 5 years
of age across the world each year.! Rotavirus
is the most common cause of infectious
diarrhea in children worldwide, followed by
adenovirus and norovirus.? There is not an
effective treatment for viral gastroenteritis,
except for suitable vaccines and implementation
of infection control measures. Although cases
of viral AGE are usually easy to prevent
and self-limiting, dehydration and eventual
hospitalization constitute a significant burden,
especially on pediatric populations. Additionally,
high prevalence and consequences such as poor
growth, impaired cognitive development, and

environmental enteropathy further emphasize
its significance in terms of public health.3

The management of children and infants
with viral AGE mainly depends on oral or
intravenous hydration, breastfeeding, and early
refeeding. Probiotics are also beneficial in acute
infectious diarrhea by shortening duration and
reducing stool frequency.4 There is convincing
evidence of the beneficial nature of some of
these in particular.>6 Gelatin tannate (GT) is
an antidiarrheal medical device that is not
absorbed in the gastrointestinal system. It is
composed of protective gelatin and tannic acid
and possesses astringent, antibacterial, and
anti-inflammatory properties. It precipitates
proinflammatory proteins and prevents local
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inflammation.” GT is a promising alternative
for use alone or in combination with probiotics
because of its relatively safer profile, fewer
drug interactions, and rapid effect on stool
frequency in children.® However, because of
lack of randomized clinical studies, it is not
strongly recommended in guidelines.>

The aim of this study was to investigate the
effects of GT on clinical characteristics of
children with viral AGE, such as the frequency
of diarrhea episodes on each day, total duration
of diarrhea, and changes in body weight.

Materials and Methods

This randomized, placebo-controlled, single-
blinded, prospective study was performed
with children aged from six months to 10
years in our hospital. Children with acute
diarrhea for the previous 12 to 72 hours
were included. Diarrhea was defined as the
passage of three or more loose or watery
stools per day.? Exclusion criteria included
severe dehydration, concomitant use of any
antidiarrheal (probiotics or any drugs affecting
gastrointestinal motility or absorption),
antibiotic or immunosuppressive agents, and
presence of any underlying conditions (severe
malnutrition, immunodeficiency, and chronic
diseases).

All patients were first examined by a pediatrician.
Assessment included anthropometric
measurements, physical examination, and
Modified Vesikari and CDS scores. Eligible
patients with viral AGE were randomized on
the basis of order of presentation, the first to
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Fig. 1. Study population flow chart.
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present being included in the patient group,
and the second in the control group, etc. The
care-givers were blinded to the treatment type.
The study group received GT (Tasectan®,
Onko-Kogsel, Turkey, 250 mg sachet) four times
a day plus oral rehydration solution (ORS)
(glucose 20 g; sodium 90 mEq/L; potassium 20
mEq/L; bicarbonate 30 mmol/L) plus peroral
zinc (15 mg/day) for five days. The control
group received 250 mg maltodextrin containing
placebo sachets four times a day plus ORS
plus peroral zinc for five days. The parents
were given a Bristol stool chart, and stool
frequency and consistency were checked by their
mobile phone on a daily basis. Number of and
consistency of stools were recorded at 12, 24,
48,72, 96, and 120 hours. Duration of diarrhea
was determined according to Bristol criteria,
with a score lower than 5 being described as
normal stool.!? Control examination was carried
out at the end of 120 hours.

Stool samples at admission were evaluated for
Salmonella, Shigella, Campylobacter, Clostridium
difficile, adenovirus, rotavirus, norovirus,
Entamoeba histolytica, and Giardia lamblia. Stool
cultures detected bacterial pathogens while
microscopic examination was performed in
order to determine parasitic infestations.
Clostridium difficile toxin A and B were tested by
a commercial qualitative enzyme immunoassay
method (The Serazym® Clostridium difficile
Toxin A+B ELISA, Pfungstadt, Germany) in
stool specimens. Rotavirus and adenovirus
antigens were analyzed using a combined kit
Ecotest® Rotavirus and Adenovirus Combo
Rapid test device (D-RAC-52) (Assure
Tech, Zhejiang, China), according to the
manufacturer’s instructions. Stool samples were
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Fig. 2. Mean number of stools per day at different time
points according to the groups. Gelatin tannate group had
significantly lower number of stools per day, compared to
controls at 12 hours (3%=1.8 vs. 3.6+1.9, p=0.04). The

groups were comparable for other time points.
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examined for Norovirus using the Rida® Quick
Norovirus test (R-Biopharm AG, Darmstadt,
Germany) in line with the manufacturer’s
instructions. Children not complying with the
study protocol were excluded (Fig. 1).

The primary endpoints were numbers of stools
at 12, 24, and 48 hours. The total duration of
diarrhea (in hours), changes in body weight at
the 120™ hour of intervention, and the number
of patients with diarrhea at each defined interval
were assessed as the secondary endpoints.

The study protocol was approved by local ethical
committee and Turkish Medicines and Medical
Devices Agency. Written informed consent was
obtained from parents of all children.

Statistical analyses

The Kolmogorov-Smirnov and Shapiro-Wilk
tests were used to determine the normality of
the data. Descriptive statistical analysis of the
data was performed using measures of central
tendency (mean and median) and dispersion
(standard deviation and range). Univariate
analysis was performed to compare differences
among the study groups using the chi-square,
independent samples t-test, and Mann-Whitney
U tests. P values of <0.05 were considered
statistically significant. All statistical analyses
were performed on SPSS 17.0 software (SPSS
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Inc.; Chicago, IL).

Results

Seventy-one children were included in the
study group, while 73 children were included
in the control group. No differences were
determined between the children in the
study and control groups in terms of age,
anthropometric measurements, admission
Vesikari and CDS scores, numbers of diarrhea
and vomiting episodes during the previous 24
hours, or duration of diarrhea until admission.
A significant difference was detected between
groups only in terms of gender [male gender,
n=42 (59.1%9 vs. n=31 (42.4%); p=0.04)
(Table I).

The children in the study and control groups
were compared in terms of mean stool
frequencies at time intervals 0-12 hours, 12
— 24 hours, 24 — 48 hours, 48 — 72 hours, 72
— 96 hours, and 96 - 120 hours. Mean number
of stools was lower in the study group than
in the control group at 0-12 hours (3=1.8
vs. 3.6%=1.9, p=0.04) (Fig. 2). Although the
differences were not statistically significant,
the study group exhibited more weight gain
at the end of 120 hours of treatment and a
shorter total duration of diarrhea (Table II).
Additionally, while the difference was again not

Table I. Clinical Characteristics of the Study Population on Admission.

Parameter Study group Control group P
(n=71) (n=73)

Age (months) 44.2+35.7 44.1+31.8 0.79
Z-score of weight -0.77 (-6.40-2.33) -0.59 (-4.04 - [-0.59]) 0.10
Z-score of height 0.15 (-7.97-2.52) 0.19 (-4.69-3.89) 0.33
Z-score of BMI -1.21 (-3.88-2.29) -0.70 (-5.47-1.51) 0.06
CDS score 0 (0-4) 0 (0-4) 0.35
Modified Vesikari score 8.2+2.9 8.3+2.6 0.60
Duration of diarrhea until admission (hours) 38.6+23.3 35.4+19.1 0.51
Number of diarrhea” 6.3+3.3 5.7+3.2 0.19
Number of vomiting” 2 (0-20) 3 (0-20) 0.22
Diarrhea etiology, n (%)

Rotavirus 10 (6.9%) 20 (13.8%)

Adenovirus 2 (1.3%) 4 2.7%)

Norovirus 4 (2.7%) 0 (0%)

Unidentified* 55 (38.1%) 49 (34.0%)

Data is presented as mean =*standard deviation or median (min-max), according to the distribution of variable.
*: number of episodes during the previous 24 hours; #: stool samples negative for Salmonella, Shigella, Campylobacter,
Clostridium difficile, adenovirus, rotavirus, norovirus, Entamoeba histolytica, and Giardia lamblia

BMI: body mass index, CDS: clinical dehydration scale
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Table II. Duration of Diarrhea and its Impact on Body Weight During the Study Period.

Parameter Study group Control group p
(n=71) (n=73)

Total duration of diarrhea (hours) 42 (6-260) 44 (8-360) 0.38

Weight gain at 120 hours (grams) 200 (-500-1380) 100 (-1000-1100) 0.12

Data is presented as median (min-max)

significant, fewer patients had diarrhea at the
end of 12, 24, 96, and 120 hours in the study
group than in the control group (Table III).

The study patients with a stool consistency
compatible with a Bristol score of 7 at admission
exhibited greater weight gain at 120 hours than
those with a stool consistency compatible
with a Bristol score of 6 at admission (296 +
38 g vs. 137 = 39 g; p=0.04). However, no
significant difference was found between the
control patients in terms of stool consistency
or weight gain at 120 hours.

An etiological agent was determined in stool
samples from 40 patients (Table I). Rotavirus
was the agent in the majority of these.
Nevertheless, no further statistical investigation
was able to be performed due to the scarcity
of case numbers.

No adverse events were recorded in any
patients.

Discussion

In this study, children with viral AGE who
were treated with GT had fewer diarrhea
episodes at the end of the first 12 hours of
treatment than children treated with placebo.
No differences were determined between
the groups in terms of age, anthropometric
measurements, admission dehydration scores,
numbers of diarrhea and vomiting episodes or
duration of diarrhea until admission. Esteban
Carretero et al.® reported similar results in
children. However, they described a significant
difference between the numbers of stools at
admission. That study also showed that the
stool decrease index [(number of frequency
of stools at 12 hours — number of frequency
of stools at admission)/frequency of stools
at admission] was significantly lower in the
group of children treated with GT plus ORS.
Allegrini et al.ll also examined the effects of
GT in adult AGE patients and reported that the
GT group produced a similar daily number of
watery stools on day 1, but a reduced number

on day 2, compared with the placebo group.
Probiotics, a well-established choice for diarrhea
treatment, have been reported to reduce the
total duration of diarrhea in approximately one
day and to lower stool frequency on day 2.4
Meta-analyses regarding the use of S. boulardii
in the treatment of acute infectious diarrhea
revealed that it shortened the initial phase of
watery stools and started to reduce the mean
number of stools on day 2, a longer time than
exhibited by GT.1213 Similarly there is strong
evidence that Lactobacillus GG reduces the
duration of diarrhea in children with AGE.1*
These probiotics both receive a strong degree
of recommendation in the ESPGHAN Working
Group for Probiotics and Prebiotics report.!>
Other probiotics, such as Lactobacillus reuteri
DSM 17938, have been reported to exhibit
promising effects in reducing the incidence
and duration of acute diarrhea in AGE in
children.16.17 Nevertheless, and similarly to
GT, no strong recommendation for their use
has yet been published.

Tannic acid and gelatin are the components
of GT, which is not absorbed, and which
is excreted from intestines without causing
any systemic effects. In vitro studies have
shown its protective effects on membranous
barriers against chemical erosion.!8 It acts as
a mechanical barrier in the intestinal walls,
thereby stabilizing intestinal permeability,
mucus layer integrity, and colonic microbiota
variety.!? This barrier blocks increased tight
junction permeability in AGE with no effects on
enterocytes. In the present study, the patients
in the study group with a Bristol score of 7 at
admission exhibited greater weight gain at the
end of the 5th day of intervention than the
study patients with a Bristol score of 6. This
finding can also be interpreted as GT being
particularly successful in preventing loss of
water or possibly some catch-up weight gain
in the study patients.

Although the difference was not statistically
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Table III. Percentages of Children with Diarrhea During the Study Period According to Groups.

Study Group* Control Group* RR (CI 95%) p

Time (n=71) (n=73)

At 12 hours 59 (83.0%) 67 (91.7%) 0.91 (0.80-1.03) 0.11
At 24 hours 45 (63.3%) 55 (75.3%) 0.84 (0.67-1.05) 0.11
At 48 hours 31 (43.6%) 25 (34.2%) 1.27 (0.84-1.93) 0.24
At 72 hours 13 (14.0%) 13 (17.8%) 1.03 (0.51-2.56) 0.93
At 96 hours 7 (9.8%) 10 (13.6%) 0.72 (0.29-1.79) 0.47
At 120 hours 2 (2.8%) 7 (9.5%) 0.27 (0.05-1.36) 0.47

*: data is presented as n (%), CL: confidence interval, RR: relative risk

significant, the mean total duration of diarrhea
was shorter and weight gain was greater in
the GT group in this study. Unfortunately, no
comparable results are available from previous
GT studies regarding these parameters.811 S.
boulardii has been reported to reduce the number
of stools and risk of diarrhea at days 2, 3, and
4.1213 In the present study, fewer patients in
the study group had diarrhea at the end of 12,
24, 96, and 120 hours of the treatment than
control patients, which may also suggest the
efficacy of GT.

Rotavirus was the most frequently detected
etiological agent in this study, and is also the
most common cause of diarrhea in children
worldwide. Approximately 95% of children
experience rotavirus gastroenteritis by the age of
5 years, and the agent exhibits no predilection
for developed or developing countries.20 The
positive effects of probiotics have previously
been shown to reduce the duration of acute
rotavirus diarrhea compared with control
patients.1421 Nevertheless, a comparison could
not be performed between the groups in this
study in terms of rotavirus etiology.

There are a number of limitations to this study.
First, it was not a double-blinded clinical trial,
and the design of the study made it necessary
for parents to perform the evaluation of stool
frequency and consistency. This may not have
resulted in an optimal assessment and may
have yielded lower accuracy. The outcome
measurements were a comparison of the groups
in terms of stool frequencies and weight gain
during the study period, as in most clinical
trials in AGE. It would have been preferable to
have included other parameters, such as stool
volume, frequency of vomiting, and changes
in appetite. Additionally, AGE cases due to

non-viral pathogens were excluded in order to
avoid treatment bias. Although, only a limited
number of viral agents were determined in this
study, the rest of all included diarrhea episodes
were compatible with viral AGE with respect to
stool properties and symptoms of the patients.
It was known that the antigen detection EIA
or ELISA of the enteropathogenic viruses has
some limitations in sensitivity and specificity
rather than molecular testing, but the patients
were compared with regard to rotavirus and
pathogen-specific effects of GT for other viruses
could not be evaluated.

This study provides evidence that GT exhibits a
rapid ability, in as little as 12 hours, to reduce
stool frequency. It shortens the total duration
of diarrhea and results in greater weight gain
compared to placebo in children with AGE.
Additionally, it exhibited a clear therapeutic
effect in AGE in terms of weight gain in the
presence of watery stool, rather than mushy
stool. The results of the study should now be
confirmed with larger scale clinical studies.
Further studies addressing pathogen-specific
effects of GT, cost-effectiveness of intervention
with GT, and therapeutic effects of GT when
combined with prebiotics should also be
designed.
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