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Abstract We designed a double-blinded randomized clinical
trial of zinc (10 or 20 mg of zinc sulphate for 2—5 month-old or
6—59 month-old children, respectively, during 10 days) vs.
placebo in otherwise healthy children aged 2 months to 5 years
who presented with acute diarrhoea (i.e. >3 stools/day for less
than 72 h). Eighty-seven patients (median age 14 months;
range 3.1-58.3) were analysed in an intention-to-treat ap-
proach. Forty-two patients took zinc and 45 placebo. There
was no difference in the duration nor in the frequency of
diarrhoea, but only 5 % of the zinc group still had diarrhoea
at 120 h of treatment compared to 20 % in the placebo group

Communicated by David Nadal

P. A. Crisinel (P<) - M.-E. Verga * K. S. A. Kouame - A. Pittet
C. G. Rey-Bellet * E. R. Di Paolo - M. Gehri

Medico-Surgical Paediatric Department, Lausanne University
Hospital, Lausanne, Switzerland

e-mail: pierre-alex.crisinel@chuv.ch

M.-E. Verga
e-mail: marie-elise.dufey@chuv.ch

K. S. A. Kouame
e-mail: alexdesallert@yahoo.fr

A. Pittet
e-mail: pittet.anne@chuv.ch

C. G. Rey-Bellet
e-mail: celine.rey-bellet@chuv.ch

E. R. Di Paolo
e-mail: ermindo.di-paolo@chuv.ch

M. Gehri
e-mail: mario.gehri@chuv.ch

O. Fontaine

Child and Adolescent Health and Development, World Health
Organization, Geneva, Switzerland

e-mail: olivier.fontaine1952@gmail.com

(P=0.05). Thirty-one patients (13 zinc and 18 placebo) were
available for per-protocol analyses. The median (IQR) dura-
tion of diarrhoea in zinc-treated patients was 47.5 h (18.3-72)
and differed significantly from the placebo group (median
76.3; IQR 52.8-137) (P=0.03). The frequency of diarrhoea
was also lower in the zinc group (P=0.02).

Conclusion: zinc treatment decreases the frequency and
severity of diarrhoea in children aged 2 months to 5 years
living in Switzerland. However, the intention-to-treat analysis
reveals compliance issues that question the proper duration of
treatment and the choice of optimal pharmaceutical
formulation.

What is known

* The effectiveness of zinc in childhood diarrhoea has been demonstrated
in developing countries. It helps to decrease the duration and severity
of diarrhoea. There is currently no sufficient data to justify its use in
developed countries, where there is, theoretically, no zinc deficiency.

What is new

* We demonstrated the effectiveness of zinc in diarrhoea of children living
in a developed country. This confirms the result of two studies
(Passariello 2011, and Dalgic 2011) that also reported the positive
impact of zinc in diarrhoea of children living in Italy and in Turkey.
However, our population is wider in terms of age (2—60 months
compared to 3—36 months for Passariello’s study and 1-28 months for
Dalgic’s study) and is not limited to a specific aetiology or to a certain
degree of severity of the diarrhoea. Furthermore, it'’s the first study that
uses a placebo for the control group. The main limitation of our study
is the differences in the intention-to-treat and the per-protocol analyses
that reveal big compliance problems. These could be dealt by changing
the dosage form of the zinc formula and/or by diminishing the treat-
ment duration.

Keywords Zinc - Diarrhoea - Developed country - Children -
Randomized clinical trial
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Abbreviations
IQR Interquartile range

ORS Oral rehydration solution

UNICEF  United Nations International Children’s
Emergency Fund

WHO World Health Organization

Introduction

Diarrhoea remains the second leading cause of death due to
infection in children under 5 years of age [9]. Since 2004, the
World Health Organization (WHO) and the United Nations
International Children’s Emergency Fund (UNICEF) have
recommended zinc for the management of diarrhoea in chil-
dren. Its effectiveness on the duration and severity of diar-
rhoea has been demonstrated in studies conducted in the de-
veloping world [8], although the exact mechanisms of action
of zinc in diarrhoea have not been established. However, sev-
eral known zinc-associated effects could explain its impact:
(1) zinc stimulates the immune system [3]; (2) zinc enhances
regeneration of the intestinal mucosa and the level of enzymes
present at the intestinal surface [3]; and (3) the antisecretory
action of zinc in the gastrointestinal tract has been demonstrat-
ed in an animal model [7]. The latter is relevant to developed
countries where, in principle, children show no zinc
deficiency.

Currently, there are no recommendations regarding the use
of zinc in developed countries. A Turkish study published in
2006 did not show a benefit of zinc in a population of children
aged 6 to 60 months [5], yet two other studies have demon-
strated the effectiveness of zinc in specific populations [6, 10].
To determine whether the use of zinc might be beneficial in
the Swiss paediatric population, a randomized clinical trial
(zinc vs. placebo) was conducted with patients aged 2 months
to 5 years with diarrhoea of any severity or actiology.

Materials and methods
Design, setting and patients

A double-blinded randomized clinical trial was conducted in a
tertiary paediatric hospital in Lausanne (Hopital de I’Enfance,
Lausanne University Hospital) between October 2010 and
October 2013. Children aged 2 months to 5 years who pre-
sented to the emergency department with acute diarrhoea (i.e.
3 or more stools per day for less than 72 h) were selected for
participation in this study. Exclusion criteria were children of
non-French speaking parents, severe malnutrition (weight-for-
height was —3 standard deviations from the median specified
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in the WHO Child Growth Standards or oedema of both feet
[14]), ongoing zinc treatment, an overwhelming chronic med-
ical condition, hypersensitivity to a component of the zinc or
placebo pills and phenylketonuria. Note that both the zinc and
placebo pills contained aspartame. Parents or legal guardians
provided written informed consent. Past medical history, his-
tory of present illness and physical findings were recorded in a
standard case report form at the time of recruitment. Dehydra-
tion was classified according to the following WHO criteria
[15]: A, no sign of dehydration; B, moderate dehydration (two
of the following signs: restlessness or irritability, sunken eyes,
drinking eagerly or thirsty, slow skin fold retraction); C, se-
vere dehydration (two of the following signs: lethargy or un-
consciousness, sunken eyes, inability to drink or drinking
poorly, very slow skin fold retraction). This study was ap-
proved by the institutional ethics committee and was conduct-
ed in accordance with the requirements stated in the Declara-
tion of Helsinki, Good Clinical Practice standards and Swiss
regulations.

Intervention

Zinc and placebo were presented at the same dosage and in the
same packaging as dispersible tablets of 10 or 20 mg zinc
sulphate or aspartame (Nutriset SAS, France). The adminis-
tered dose was 10 mg once a day (QD) in children <6 months
and 20 mg QD for children >6 months. Both age groups were
treated for 10 days [15]. If the child vomited within 1 hour
after administration of a dose, the parents were
instructed to repeat the dose once more. Packets of oral
rehydration solution (ORS) were provided by the WHO
(WHO KBI solution), and 3 of these were also given to
each child (equivalent to 3 1). The medical management
of acute diarrhoea was conducted according to WHO
recommendations [15].

Outcomes

The main outcome measures were reductions in the duration
and the severity (frequency) of diarrhoea. The impact of zinc
on the frequency of diarrhoea (i.e. the number of diarrhoeal
stools) was measured between day 2 (to disregard spontane-
ous resolution of diarrhoea on the first day of treatment) and
day 4 of treatment (because most diarrhoea will be resolved on
the 5th day). The end of diarrhoea was defined as the time of
the last loose stool before two consecutive normal stools or the
absence of stools for 24 h. A secondary outcome measure was
the occurrence of side effects. Patient tracking information
(i.e. treatment compliance, evolution of diarrhoea and treat-
ment side effects) were reported in a questionnaire filled out
by the parents or guardians each day for 14 days.
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Sample size calculation and randomization

The estimated proportion of patients with spontaneous resolu-
tion of diarrhoea at 72 h was 43 % based on a sample of
patients treated in our institution. We estimated that 200 chil-
dren (100 in each group) would be adequate to detect a 20 %
difference in the proportion of diarrhoea-free patients with
80 % power and 95 % confidence. We asked the WHO to
perform a block randomization, with a block size of &, in a
double-blinded manner. A separate randomization was per-
formed for the 2- to 5-month-old and the 6- to 59-month-old
children. Our institutional pharmacy assigned a study number
to each package of placebo or zinc (plus three packets of ORS)

according to the group to which each patient was randomly
assigned.

Statistical analyses

Fisher’s exact test for categorical data and Kruskal-Wallis or
Student’s ¢ test for continuous data were used to compare
patient characteristics and to analyse zinc or placebo effects
on the studied outcomes. The proportion of patients still hav-
ing diarrhoea at each time point of placebo and zinc treatment
were plotted on Kaplan-Meier curves and analysed with the
log-rank test. Patients lost to follow-up were censored from
the analyses. Intention-to-treat (for all randomized patients not
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Fig. 1 Flowchart of subject selection. Asterisks indicate that the exact number of excluded patients due to non-assessment, language issues, or active
refusal from parents is not known. We estimated that these exclusions represented 4050 % of the potentially eligible population
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lost to follow-up) and per-protocol (for all patients completing
the trial according to the protocol) analyses were performed.
All tests were two-tailed, and a P value <0.05 was considered
statistically significant. All analyses were performed using the
Stata version 11.2 (StataCorp, Texas, USA) software package
for Mac (Apple Inc., California, USA).

Results
Study population statistics

A total of 148 patients were recruited for this study; 74 were in
the zinc group and 74 were in the placebo group (Fig. 1). One
patient was secondarily excluded for being older than 5 years
of age. Sixty patients were lost to follow-up without any avail-
able post-baseline data. Of the remaining 87 patients (42 zinc
and 45 placebo), 65 completed their follow-up (14 days) and
31 were available for per-protocol analysis. The median age of
the remaining 87 patients was 14 months (range 3.1-58.3) and
34 (39 %) were female (Table 1). Only 8 patients were aged
less than 6 months (5 in the zinc group and 3 in the placebo
group). Of these patients, 4 (1 zinc and 3 placebo) were avail-
able for per-protocol analyses. Caucasian was the largest eth-
nic group (32/69, 46 %). The median (IQR) duration of diar-
rhoea prior to consultation was 27 h (12—42.5). The majority
of patients (63/87, 72 %) had WHO stage A dehydration, and
19 patients (22 %) were hospitalized. Overall, good health was
observed for all of the patients, and no clinical (blood and/or
mucous) or diagnostic evidence for a microbial aetiology were
found. Differences in the clinical and demographic

Table 1  Clinical and demographic characteristics of the study
population
Characteristics All subjects  Zinc Placebo P
(n=87) (n=42) (n=45) value
Female gender, n (%) 34 (39) 18 (43) 16 (36) 0.5
Caucasian 32/69% (46)  16/33° 16/36(44) 0.7
race/ethnicity, n (%) (49)
Median age at 14 (3.1-58.3) 13.5(3.1- 1433.6- 08
enrollment 58.3) 49.2)
(months), (range)
WHO stage A 63 (72) 29 (69) 34 (76) 0.5
dehydration
(<5 %), n (%)
Hospitalization (days), 19 (22) 9 (21) 10 (22) 0.9
n (%)
Partial breastfeeding, 8/73% (11) 4/36% (11)  4/44 (9) 1
n (%)
Median (IQR) duration 27 (12-42.5) 284 (12— 26.5 0.8
of diarrhoea prior to 41.1) (13.5-
consultation (hours) 45)

# The number of patients with available data is specified if it is less than
the total number of patients
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characteristics between the zinc- and placebo-treated patients
were not significant (Table 1). Moreover, an evaluation of the
same characteristics between the 60 patients lost to follow-up
and the remaining 87 patients available for outcome analysis
did not reveal any significant differences (data not shown).

Intention-to-treat analysis

The median (IQR) duration of diarrhoea in the zinc-treated
children was 65 h (27.8-93.2), and it did not significantly
differ from that of the placebo group (median 68; IQR 25.5—
101.2) (Table 2 and Fig. 2). At 72 and 120 h post-treatment, 79
and 76 patients were assessed for persistent diarrhoea, respec-
tively. At the 72 h timepoint, 36/79 (46 %) patients still had
diarrhoea, and there was no significant difference between the
zinc and placebo groups. At the 120 h timepoint, 2 (5 %)
patients and 8 (21 %) patients from the zinc and placebo
groups still had diarrhoea, respectively (P=0.05). However,
there was no significant difference in the frequency of diar-
rhoea between these groups between days 2 and 4 of
treatment.

Per-protocol analysis

Analysis of the Kaplan-Meier curve data (Fig. 3) revealed that
the median (IQR) duration of diarrhoea was significantly
shorter in the zinc-treated group (47.5 [18.3—72] hours) com-
pared with the placebo-treated group (76.3 [52.8—137] hours).
At 72 h post-treatment, 4 (31 %) zinc-treated patients had
persistent diarrhoea compared with 12 (67 %) placebo-
treated patients (P=0.05). At 120 h post-treatment, the differ-
ence in the incidence of persistent diarrhoea was not signifi-
cant (Table 3). The median (IQR) number of diarrhoeal stools
between day 2 and day 4 of treatment was also less in the zinc

Table2  Duration and frequency of diarthoea in response to treatment,
an intention-to-treat analysis

Characteristic All Zinc Placebo P
subjects value
Persistence of diarthoea at 72 h,  36/79  17/39 19/40 0.5
n/total (%) (46) (44) (48)
Persistence of diarrhoea at 120 h, 10/76 ~ 2/37 (5) 8/39 0.05%
n/total (%) (13) 21
Median (IQR) duration of 67 (27— 65
diarrhoea (hours) 94)
(27.8-93.2) 68
(25.5-101.2)
0.5
Median (IQR) number of 73-9); 55 8(3-9), 0.7
diarrhoeal stools between days2 65 2.5~ 33
and 4 of treatment; number of 9.5);
patients with available data 32

* Statistically significant
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Fig. 2 Persistence of diarrhoea in response to zinc treatment, an
intention-to-treat analysis. Kaplan-Meier curves present the percentage
of patients that continued to experience diarrhoea with respect to the
duration of zinc and placebo treatments. Asterisks indicate the numbers
referring to patients that were censored due to loss to follow-up. Log-rank
test (n=87): P=0.08

group (3 [1-8]) compared to the placebo group (9 [7-9]) (P=
0.02).

Side effects

Vomiting that presented after the start of placebo or zinc treat-
ment was reported for 56/87 (64 %) patients. The proportion
of vomiting patients in the zinc vs. placebo groups (30/42,
71 % vs. 26/45, 58 %, respectively) was not significant. The
median (IQR) duration of vomiting between the zinc-treated
and placebo-treated patients (2 [1-3] days vs. 2.5 [1-5] days,
respectively) was also not significant. Per-protocol analyses
revealed similar results (data not shown). The proportion of
reported difficulties in treatment administration between the

50% 75% 100%
! ! !

25%
!

0%
!

0 50 100 150 200
Time (hours)

Zinc Placebo

Fig. 3 Persistence of diarrhoea in response to zinc treatment, a per-
protocol analysis. Kaplan-Meier curves represent the percentage of pa-
tients still having diarrhoea with respect to the duration of zinc and pla-
cebo treatments. Log-rank test (n=31): P=0.009

Table 3  Duration and frequency of diarrhoea in response to treatment,
a per-protocol analysis

Characteristic All Zinc Placebo P
subjects value
Persistence of diarrhoea at 72 h, 16/31  4/13 12/18 0.05°
n/total (%) (52) @31 67)
Persistence of diarrhoea at 120 h,  8/31 1/13(8) 7/18 0.06
n/total (%) (26) 39)
Median (IQR) duration of 71
diarrhoea (hours)
(43.6-95.6) 475
(18.3-72) 76.3
(52.8-137)
0.03*
Median (IQR) number of diarthoeal 8 (3-9); 3 (1-8); 9 (7-9); 0.02*
stools between days 2 and 4 of 29 11 18

treatment; number of patients
with available data

# Statistically significant

zinc-treated (19/42, 45 %) and placebo-treated (20/45, 44 %)
patients also did not significantly differ. Only 5 patients (2
zinc, 3 placebo) required readministration of treatment due
to vomiting. The parents did not report any other notable side
effects.

Discussion

The present study demonstrates the effectiveness of zinc treat-
ment in a paediatric population of a high-income country. The
results of the per-protocol analysis show a reduction of more
than 24 h in the duration of diarrhoea and a diminution in the
frequency of diarrhoea. These results are statistically and clin-
ically significant and demonstrate that zinc should be consid-
ered for the management of diarrhoea in developed countries.
Thus, our study challenges the conclusions of a recent
Cochrane review regarding the use of zinc in our setting [8].
However, the intention-to-treat analysis reveals compliance
issues that question the proper duration of treatment and the
choice of optimal pharmaceutical formulation.

Compared with previously published studies, the present
study has several strengths. One, patients were enrolled with-
out regard for the severity or the actiology of the diarrhoea
manifested. To our knowledge, the present study is also the
first to use a placebo control group in a developed country. Ina
previous study, a positive effect of zinc on diarrhoea was dem-
onstrated in a population of Italian children aged 3 to
36 months who were treated in private paediatric clinics for
acute diarrhoea (for a duration less than 24 h) with mild to
moderate dehydration [10]. The investigators compared 59
patients who were treated with an ORS containing zinc and
prebiotics (Super ORS) to 60 patients treated with a standard
ORS. They showed that 72.9 % of the patients that received
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Super ORS no longer experienced diarrthoea at 72 h post-
treatment compared with 50 % of the patients that received a
standard ORS (P=0.01). They also reported that the mean
number of working days missed by the parents of the patients
taking Super ORS was less than the number of working days
reported missed by the parents of the standard ORS-treated
patients (0.39 vs. 1.45, P<0.001). Another study was conduct-
ed in a population of Turkish children aged 1 to 28 months
who were hospitalized for rotavirus-induced gastroenteritis
(duration<96 h) [6]. The investigators compared 7 groups
(60 patients in each group) that each received a different com-
bination of treatments (Saccharomyces boulardii, lactose-free
formula and/or zinc) to a control group (standard ORS). They
found that the duration of diarrhoea was significantly reduced
in the groups that received zinc alone or zinc plus S. boulardii,
compared to the control group. A significant difference in the
duration of hospitalization was also observed. The mean du-
ration of diarrhoea was 3.41 days in the zinc only-treated
group compared to 5.35 days in the control group. The results
of the present study are in agreement with these two studies.
Moreover, the present results demonstrate the effectiveness of
zinc in a more clinically and age diverse population. While
Passariello’s study [10] was restricted to patients in private
practice clinics that presented with diarrhoea for less than
24 h, the current study included patients exhibiting a wider
range of severity (22 % hospitalization) and that presented
with diarrhoea up to 72 h before recruitment. In addition, we
did not restrict the inclusion criteria of the present study to a
single pathogen as in Dalgic’s study [6] where only hospital-
ized patients were included. Compliance data were also re-
ported in the current study.

There were several limitations associated with the pres-
ent study. First, there were a large number of patients lost to
follow-up despite repeated phone calls at different times
and postal correspondence to the parents of these patients.
It is hypothesized that many of the parents felt uncomfort-
able as a result of poor compliance with the treatment reg-
imen. Indeed, the majority of children stopped having diar-
rhoea after a few days of treatment, and it is speculated that
many of the patients did not maintain their treatment after
the diarrhoea stopped. In addition, we may not have suffi-
ciently emphasized that we were not going to blame the
parents for lack of compliance and it was more important
for us to receive all of the tracking information even if the
child did not complete the treatment regimen. Consequent-
ly, many parents may have deliberately provided no re-
sponse to phone calls, no response to voicemail, and no
response to letters. Secondly, the lack of compliance ex-
plains the intention-to-treat results obtained. There were
some parents who clearly reported difficulties in the admin-
istration of zinc or placebo, and the metallic taste of zinc
certainly played a role. However, there was no significant
difference between the compliance or administration
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difficulties for the two groups. The sweetener that was pres-
ent in the tablets greatly affects the taste of certain foods or
liquids. This can lead to problems in the administration of
the treatment to infants and may also lead to a premature
discontinuation of treatment, especially when the child has
begun to feel better. Thirdly, an insufficient number of 2- to
6-month-old patients were recruited to allow firm conclu-
sions to be made regarding this age group. Moreover, we
were unable to recruit the expected number of patients
based on our calculations. Our goal was to recruit 200 pa-
tients in 2 years. However, a higher proportion of parental
refusals to participate in the study were unexpectedly ob-
tained. We estimate that this greatly contributed to the esti-
mated loss of 40—-50 % of the total eligible patients. More-
over, we could only extend our study for one additional
year due to a lack of manpower. The main reasons for pa-
rental refusal were lack of time and unwillingness to let
their children participate in a clinical drug trial. These rea-
sons are also consistent with the observation that the pro-
portion of patients with persistent diarrhoea at 120 h was
the only significant difference in the intention-to-treat anal-
yses. The absence of significant results in the other outcome
analyses is likely due to a lack of statistical power.

For future studies, it may be important to consider a different
pharmaceutical formulation to improve compliance, and ulti-
mately, the effectiveness of zinc treatment. Zinc can be effi-
ciently incorporated in ORS, as evidenced by Passariello’s
study [10]. However, additional data are needed to provide
clear evidence of the effectiveness of zinc-fortified ORS [2,
12, 13], and compliance issues may persist. For example, it
may be difficult to administer ORS for more than a few days.
Another question to consider is the optimal duration of treat-
ment. In the placebo group, only a minority of patients still had
diarrhoea after 5 days of treatment. Therefore, it seems difficult
to justify a prolonged treatment for 10 days, especially since we
expect there to be fewer secondary benefits in developing coun-
tries, such as a reduced incidence of infectious disease in the 2—
3 months following zinc administration [4]. Some data suggest
that zinc treatments with a shorter duration can provide a ben-
eficial effect [1], although the positive impact of zinc on appe-
tite could represent an advantage of extending a treatment
course [11]. While these issues were not evaluated in the pres-
ent study, they remain to be examined.

In conclusion, the present study provides new evidence that
supports the effectiveness of administering zinc for the treat-
ment of diarrhoea in developed countries. Thus, health author-
ities should consider including zinc in the treatment of diar-
rhoea. Furthermore, administration of zinc in a more simpli-
fied form could potentially maximize compliance, and hence,
the effectiveness of treatment. Additional studies are also
needed to prove the effectiveness of zinc when included in
ORS and the effectiveness of zinc over a shorter treatment
period.
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