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ABSTRACT. Background. Previous
studies
have
shown that selected strains of lactobacilli that are administered orally result in a modest reduction of diarrhea
duration. However, duration alone is not considered optimal for therapeutic evaluation of any agent in diarrhea.
Objective. To examine the effect of a new probiotic,
Lactobacillus paracasei strain ST11 (ST11), in acute childhood diarrhea by using evaluation criteria recommended
by the World Health Organization.
Methods. In a randomized, double-blind, placebocontrolled clinical trial, 230 male infants and young children, 4 to 24 months of age, presenting with diarrhea of
<2 days’ duration were admitted to the metabolic research ward of the International Centre for Diarrheal
Disease Research, Bangladesh, and fed 1010 colony-forming units of lyophilized ST11 or placebo daily for 5 days.
Stool output and frequency, oral rehydration solution
intake, and excretion of rotavirus were monitored daily.
Results. No effect of ST11 treatment on severe rotavirus diarrhea was observed. However, the probiotic
treatment did significantly reduce cumulative stool output (225 ⴞ 218 vs 381 ⴞ 240 mL/kg), stool frequency (27.9
ⴞ 17 vs 42.5 ⴞ 26), and oral rehydration solution intake
(180 ⴞ 207 vs 331 ⴞ 236 mL/kg) in children with lesssevere nonrotavirus diarrhea compared with those receiving placebo treatment. A significantly higher proportion of nonrotavirus children receiving ST11 had their
diarrhea resolve within 6 days of therapy (ST11 versus
placebo: 76% vs 49%).
Conclusions. ST11 has a clinically significant benefit
in the management of children with nonrotavirus-induced diarrhea, but it is ineffective in those with rotavirus diarrhea. Pediatrics 2005;116:e221–e228. URL: www.
pediatrics.org/cgi/doi/10.1542/peds.2004-2334; children,
diarrhea, rotavirus, lactobacillus, probiotic.
ABBREVIATIONS. ST11, Lactobacillus paracasei strain ST11;
ICDDR,B, International Centre for Diarrheal Disease Research,
Bangladesh; ORS, oral rehydration solution; ELISA, enzymelinked immunosorbent assay.
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Lausanne, Switzerland; and 㛳Huddinge University Hospital, Karolinska
Institute, Stockholm, Sweden.
Accepted for publication Feb 14, 2005.
doi:10.1542/peds.2004-2334
Conflict of interest: Nestle Research provided Lactobacillus paracasei to
Dr Brüssow.
Reprint requests to (S.A.S.) Clinical Sciences Division, ICDDR,B: Centre for
Health and Population Research, GPO Box 128, Dhaka 1000, Bangladesh.
E-mail: sasarker@icddrb.org
PEDIATRICS (ISSN 0031 4005). Copyright © 2005 by the American Academy of Pediatrics.

F

or more than a century researchers have suggested that live bacterial cultures, such as those
found in yogurt, might be useful in the prevention and treatment of gastrointestinal disorders.1
Lactobacilli belong to the normal commensal bacterial flora of the human intestine and are currently
being investigated extensively as probiotics (healthpromoting bacteria).2,3 Their antidiarrheal properties
have been investigated since the 1960s.4 Several recent controlled clinical trials have shown that selected strains of lactobacilli such as Lactobacillus casei
strain GG,5–9 Lactobacillus reuteri,10 and Lactobacillus
acidophilus11 exhibit both therapeutic and prophylactic effects in children with viral, but not bacterially
induced, diarrhea.12,13 A multicenter trial demonstrated an effect of lactobacilli on rotavirus but not
bacterial diarrhea.8 In addition, Bifidobacterium bifidum combined with Streptococcus thermophilus has
shown prophylactic activity against rotavirus gastroenteritis.14
A meta-analysis15 demonstrated a significant impact of probiotic lactobacilli on the duration of rotavirus gastroenteritis, but the analysis also revealed
significant statistical, clinical, and methodologic heterogeneity within the trials. Duration of diarrhea has
been used as the primary measure of outcome in all
previous studies. However, this measure alone is not
considered optimal. With few exceptions, the studies
did not quantitatively evaluate stool output. Quantitative diarrhea criteria are recommended by the
World Health Organization for the evaluation of
therapeutic agents in the management of acute diarrhea.16
In developing as compared with industrialized
countries, diarrhea in children often runs a more
severe course, and a greater variety of bacterial
pathogens is commonly observed.17
A new probiotic strain, Lactobacillus paracasei strain
ST11 (ST11), which was isolated from stools of a
4-week-old breastfed healthy girl (her name was
Stephanie, and it was the 11th colony isolated from
her stool, hence the name ST11). This strain was
selected for its industrial properties (yield, stability)
and already-shown in vitro antimicrobial activity.
The purpose of this study was to assess if this strain
could significantly reduce overall disease severity
and duration in Bangladeshi children hospitalized
with acute diarrhea or if the effects would be limited
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to subgroups of patients differentiated by rotavirus
diagnosis in the stool.

(step 1), rotavirus-infected patients (step 2), and non–rotavirusinfected patients (step 3).

End Points
SUBJECTS AND METHODS
The study was conducted between February 2001 and December 2002. Male infants and young children, aged 4 to 24 months,
with a history of acute watery diarrhea (ⱖ4 liquid stools during 24
hours) of ⬍48 hours’ duration, hospitalized at the Dhaka Hospital
of the International Centre for Diarrheal Disease Research, Bangladesh (ICDDR,B), were included in this study. Only male subjects
were selected to ensure accurate stool measurements not mixed
with urine. Those with severe malnutrition (ⱕ65% weight for age
by the standard of the National Centre for Health Statistics),
systemic infection requiring antimicrobial therapy, bloody diarrhea, and those children whose spot sample of stool revealed
Vibrio cholerae by dark-field microscopy or who had antibiotic
treatment in the preceding 2 weeks were excluded from the study.
Written consent was required from parents or guardians for enrollment of each child in the study. The ethical and research
review committees of both the ICDDR,B and Karolinska Institute
approved the study.
After enrollment, children were assigned randomly to receive
either lyophilized ST11 (5 ⫻ 109 colony-forming units) or placebo
(whey-protein/skim-milk powder blend) twice daily for 5 days in
addition to standard therapy with oral rehydration solution (ORS)
and continued feeding.

Case Management
The study was conducted in the metabolic research ward of the
ICDDR,B, which has a total of 12 beds. Children were placed on a
“cholera cot,” and urine collection bags were applied for separate
collections of stool and urine. Initial dehydration was corrected by
ORS, and the same volume of ORS replaced ongoing stool loss.
Intravenous solutions were used if ORS therapy failed to match
ongoing stool losses (unscheduled intravenous therapy) because
of either severe vomiting or high rates of purging with reappearance of the signs of dehydration as assessed by a physician using
World Health Organization guidelines.18 Unscheduled intravenous fluid was discontinued as soon as dehydration was corrected
and administration of ORS was resumed for matching ongoing
loss. Fluid-maintenance therapy was continued until cessation of
diarrhea.
Exclusively breast fed infants continued to receive mother’s
milk, and partially breastfed children received a milk-based formula (294 kJ/100 mL) in addition to breast milk. Nonbreastfed
children were offered 460 kJ/kg per day of milk formula or
semisolid and solid foods appropriate for their age and food
habits.
The output of stool, urine, and vomitus and the intake of ORS
and food were measured by a nurse, who was assisted by a health
assistant, using a balance with a sensitivity of 1 g. Foods were
weighed before serving, and the amount left was weighed to
determine the amount consumed. To count the stool frequency,
mothers were provided with small rounded pieces of metal sheet
and instructed to put one of these in a box for each bowel motion.
Changes in the consistency of the stool (loose or watery, stool that
can be poured from one container to another; soft stool that
conforms to the anatomy of patient’s rectum; or formed stool
having its own shape) were also monitored and recorded. A
case-report form was used to collect and record all information in
accordance with the protocol.
Nurses measured and recorded vital signs every 8 hours, and
body weight was recorded on admission, after correction of initial
dehydration, and daily thereafter. A physician clinically evaluated
all infants twice a day.
Laboratory studies included determination of serum concentration of sodium, potassium, and chloride, total carbon dioxide,
serum specific gravity, total protein, and complete blood count,
and stools were tested for Salmonella, Shigella, and Campylobacter.
The presence of rotavirus was measured by enzyme-linked immunosorbent assay (ELISA) within 4 hours of admission; this test
was repeated daily for the entire study period if the patients’
admission samples were positive.
According to the protocol, we planned to compare the effect of
probiotic versus placebo treatment successively for all children
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The children remained in the metabolic research ward for 6
days or until cessation of diarrhea, which was defined as passage
of the last watery or loose stool before passage of 2 consecutive
soft or formed stools or no stool in ⬎2 consecutive 8-hour periods.

Outcome Measures
The outcome measures were daily and cumulative stool output
(g/kg of body weight), number of stools, ORS intake (mL/kg),
duration of diarrhea from initiation of therapy (hours), and time to
disappearance (days) of rotavirus from stools.

Randomization Schedule
A randomly permutated block design was used for allocation of
patients into the treatment (ST11) or placebo group. All patients
qualifying for entry into the study were assigned a sequential
random number. The master randomization code and 2 sets of
code envelopes detailing treatment allocation of a given patient
were generated by an independent statistician not involved in the
study.
Both placebo and lyophilized L paracasei were packaged in
identical sachets. Powders in both types of sachets were identical
in texture and color, and both were mixed with ORS before
dispensing. The codes were broken only at the end of data collection and after performing a blinded analysis.

Calculation of Sample Size
The sample size was calculated based on 3 outcome measures:
duration of diarrhea, stool volume, and frequency of stool, which
were reported earlier to be 74 hours,19 217 g/kg ever 48 hours,20
and 13.75 per d,21 respectively, in acute watery diarrhea. Assuming that the intervention would result in a ⱖ25% reduction of all
the outcome measures, the sample size was determined to be 78,
102, and 100, respectively, at 5% significance and 80% power. The
largest sample size of 102 patients in each group was therefore
chosen as a desired sample size. To adjust for 10% dropouts for
any reason, the final sample size was determined to be 115 patients in each group.

Data Analyses
Data were entered onto a personal computer and analyzed by
using the Statistical Package for Social Science (Version 10.0 for
Windows; SPSS, Chicago, IL). Baseline characteristics and outcome measures, expressed as mean ⫾ SD, were compared between the 2 study groups by using the Student’s t test. Stool
output, ORS intake, and frequency of stools were also compared
with the Student’s t test for normally distributed data and with the
Mann-Whitney test for comparison of data that were not normally
distributed. The 2 or Fisher’s exact test was used to compare
dichotomous variables (eg, proportion of children with resolution
of diarrhea). Differences having a P value of ⱕ.05 were considered
significant.

RESULTS

In total, 272 children were screened for enrollment
into the study. Of them, 42 children were not subsequently enrolled, because they had a positive test for
dark-field detection of vibrios, suspected systemic
infection, or electrolyte imbalance or their parents
declined to participate in the study. Two hundred
thirty children fulfilled the study criteria and were
assigned to treatment regimens. Figure 1 shows the
number of patients in both the treatment and placebo
groups according to rotavirus-infection status. Of the
115 ST11-treated children, 78 (68%) were positive
and 34 (30%) were negative for rotavirus infection as
determined by ELISA. In 3 children, the parents
withdrew consent after enrollment. In the placebotreated group, 73 children (63%) were positive and
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Fig 1. Consort diagram showing the distribution of the patients enrolled into the trial into a treatment and placebo arm and according
to rotavirus and bacterial pathogen detection in the stool samples. RV indicates rotavirus.

42 (37%) were negative for rotavirus by ELISA. Ten
children in the ST11-treated group (3 rotavirus-positive and 7 rotavirus-negative children) and 14 children in the placebo-treated group (8 rotavirus-positive and 6 rotavirus-negative children) also yielded
vibrios in stool culture and were excluded from the
analysis according to the protocol subsequently.
The admission characteristics of the 115 children in
each arm of the trial were comparable, and there
were no differences in clinical features, breastfeeding
status, or biochemical, hematologic, or microbiologic
data between the groups (Table 1). The non–rotavirus-infected patients in the treatment group also did
not differ from those of the placebo group with respect to admission characteristics (Table 2). On the
basis of undifferentiated diarrhea, ST11 treatment
did not result in a significant reduction of daily or
cumulative (days 1– 6) stool output, ORS intake, or
stool frequency as compared with the placebo treatment (Table 3).
In rotavirus-infected patients, excluding those
with vibrios (n ⫽ 75 in the ST11 group and n ⫽ 65 in
the placebo group; Fig 1), there were no differences
in the clinical outcomes between the treatment and

placebo groups. That is, the amounts of ORS and the
duration of diarrhea, stool frequency, and time to
recovery from illness were similar. Also, the daily or
cumulative (days 1– 6) stool outputs between the
groups were similar (Table 4).
After excluding those infected with rotavirus (27
in the treatment group and 36 in the placebo group),
the cumulative ORS intake, cumulative stool output,
and stool frequency were all reduced in the ST11treated group when compared with the placebo
group. These reductions were clinically significant,
and all differences were statistically significant at P
⬍ .05, indicating amelioration of clinical symptoms
in the ST11-treated group. The mean duration of
diarrhea was also reduced in the treated children,
but the difference did not reach statistical significance (Table 5). Resolution of diarrhea by the sixth
day of the study occurred in a significantly higher
proportion of children in the intervention group than
the controls (Table 5; Fig 2).
In rotavirus-infected children, 30 children (12 in
the ST11 group and 18 in the placebo group) had
additional pathogens other than vibrios such as Salmonella, Shigella, and Campylobacter, as indicated in
www.pediatrics.org/cgi/doi/10.1542/peds.2004-2334
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TABLE 1.

Clinical Characteristics of the Study Children on Admission
Treatment Group
(n ⫽ 115)

Control Group
(n ⫽ 115)

P

10.2 ⫾ 3.5
7.7 ⫾ 0.9
70.2 ⫾ 3.8
34 ⫾ 9.8
61/54
105/10
13.5 ⫾ 6.5

9.8 ⫾ 3.5
7.7 ⫾ 1.2
69.8 ⫾ 4.3
32 ⫾ 10.8
50/65
98/17
14.3 ⫾ 6.1

.35
.94
.41
.10
.15
.11
.10

3
108
4

3
108
4

24
57
34

15
65
35

Characteristic
Age, mo, mean ⫾ SD
Weight, kg, mean ⫾ SD
Height, cm, mean ⫾ SD
Duration of diarrhea before admission, h, mean ⫾ SD
Dehydration status on screening, no sign/some, n
Currently breastfed, yes/no, n
Reported stool frequency, no. in previous 24 h, mean ⫾ SD
Serum electrolytes, mmol/L
Sodium
⬍135.0
135.01–145.0
⬎145.0
Potassium
⬍3.50
3.51–4.50
⬎4.50
Total carbon dioxide
⬍10.0
10.01–15.0
⬎15.0
Rectal temperature, °C, mean ⫾ SD
Pathogen isolated
Rotavirus alone, n (%)
Bacteria alone, n
Cholera, n
Shigella sp., n
Salmonella sp., n
C jejuni, n
Other vibrios, n
Rotavirus with vibrios, n
None of the above, n
ELISA not done, n

TABLE 2.

1.0
1.0
1.0
.11
.29
.89

1
38
76
37.3 ⫾ 0.7

2
39
74
37.3 ⫾ 0.7

.56
.89
.78
1.0

66 (57)
11
4
3
0
1
3
10
23
3

55 (48)
16
2
2
1
7
4
14
26
0

.14
.41
.67
1.0
1.0
.05
1.0
.38
.62
.24

Admission Characteristics in Non–Rotavirus-Infected Children
Characteristic

Treatment Group
(n ⫽ 27)

Control Group
(n ⫽ 36)

P

Age, mo, mean ⫾ SD
Weight, kg, mean ⫾ SD
Height, cm, mean ⫾ SD
Duration of diarrhea before admission, h, mean ⫾ SD
Dehydration status on screening, no sign/some, n
Currently breastfed, yes/no, n
Reported stool frequency, number in previous 24 h, mean ⫾ SD
Serum electrolytes, mmol/L, mean ⫾ SD
Sodium
Potassium
Chloride
Total carbon dioxide
Rectal temperature, °C

10.6 ⫾ 3.5
7.7 ⫾ 1.1
71.0 ⫾ 4.0
32.0 ⫾ 9.0
13/14
24/3
12.0 ⫾ 6.5

9.9 ⫾ 4.3
7.3 ⫾ 1.3
69.0 ⫾ 4.7
33.0 ⫾ 10.8
15/21
32/4
13.9 ⫾ 6.0

.45
.23
.25
.82
.61
.11
.16

Table 1. We therefore additionally compared the effect of probiotic versus placebo treatment in children
excluding those with additional copathogens (exclusively infected with rotavirus: n ⫽ 66 in the ST11
group and n ⫽ 55 in the placebo group). There were
no significant reductions whatsoever in cumulative
stool output, duration of diarrhea, stool frequency,
or recovery from illness between the groups (data
not shown).
DISCUSSION

In this study we found that ST11 feeding had no
overall effect on the clinical course of acute nonvibrio
diarrhea in children hospitalized with acute disease
e224

136.0 ⫾ 4.0
4.1 ⫾ 0.7
110 ⫾ 5.0
18.3 ⫾ 3.3
37.1 ⫾ 0.7

136.0 ⫾ 3.0
4.2 ⫾ 0.7
110 ⫾ 4.6
17.2 ⫾ 4.1
37.2 ⫾ 0.6

.66
.75
.51
.27
.45

in a large city hospital of a poor, developing country.
Diarrhea is a multifaceted disease with respect to
etiology, and some intervention might only be effective with diarrhea caused by specific pathogens. To
explore this possibility, we separated the patients
into 2 groups: rotavirus-infected patients and non–
rotavirus-infected patients. The latter group in our
study is mainly defined negatively, because we only
did a partial bacteriologic analysis. However, according to previous epidemiologic surveys in the same
hospital, bacteria, especially enterotoxigenic and enteropathogenic Escherichia coli, figure prominently as
the agents of acute childhood diarrhea that lead to
hospitalization. We encountered an increased pro-

LACTOBACILLUS Downloaded
PARACASEI
IN CHILDHOOD DIARRHEA
from www.aappublications.org/news by guest on November 20, 2019

TABLE 3.

Comparison of Outcome Measures of All Children Treated With ST11 or Placebo
Outcome Measures

Cumulative ORS intake, mL/kg, mean ⫾ SD
0–24 h
0–48 h
0–72 h
0–96 h
0–120 h
0–144 h
No. of children required unscheduled intravenous fluid
Cumulative stool frequency, n, mean ⫾ SD
0–24 h
0–48 h
0–72 h
0–96 h
0–120 h
0–144 h
Cumulative stool output, g/kg, mean ⫾ SD
0–24 h
0–48 h
0–72 h
0–96 h
0–120 h
0–144 h
Duration of diarrhea after the first dose of therapy, h, mean ⫾ SD
Total duration (before and after first dose), h, mean ⫾ SD
Cessation of diarrhea
Yes/no, n
Not known, n*

Treatment Group
(n ⫽ 115)

Placebo
(n ⫽ 115)

P

73 ⫾ 46
144 ⫾ 96
208 ⫾ 144
265 ⫾ 197
309 ⫾ 246
334 ⫾ 280
1

84 ⫾ 50
161 ⫾ 100
225 ⫾ 139
278 ⫾ 171
316 ⫾ 200
343 ⫾ 230
4

.10
.20
.37
.62
.82
.81
.18

8.9 ⫾ 4.7
16.5 ⫾ 8.6
23.7 ⫾ 11.7
29.9 ⫾ 14.9
34.2 ⫾ 17.8
37.2 ⫾ 20.6

10.0 ⫾ 5.4
18.9 ⫾ 10.4
26.8 ⫾ 13.7
33.3 ⫾ 16.9
37.6 ⫾ 19.4
41.0 ⫾ 21.8

.11
.06
.07
.12
.18
.19

80 ⫾ 56
158 ⫾ 113
231 ⫾ 170
296 ⫾ 229
341 ⫾ 277
385 ⫾ 330
90.4 ⫾ 45.0
123.8 ⫾ 46.0

90 ⫾ 64
172 ⫾ 116
245 ⫾ 157
304 ⫾ 191
370 ⫾ 237
389 ⫾ 259
94.2 ⫾ 43.3
126.1 ⫾ 44.8

.21
.37
.53
.78
.91
.93
.52
.71

81/28
6

73/34
8

.40

* Patients left against medical advice during the study.
TABLE 4.

Comparison of Outcome Measures in Rotavirus-Infected Children Treated With ST11 or Placebo
Outcome Measures

Cumulative ORS intake, mL/kg, mean ⫾ SD
0–24 h
0–48 h
0–72 h
0–96 h
0–120 h
0–144 h
Cumulative stool frequency, n, mean ⫾ SD
0–24 h
0–48 h
0–72 h
0–96 h
0–120 h
0–144 h
Cumulative stool output, g/kg, mean ⫾ SD
0–24 h
0–48 h
0–72 h
0–96 h
0–120 h
0–144 h
Duration of diarrhea after the first dose of therapy, h, mean ⫾ SD
Total duration (before plus after first dose), h, mean ⫾ SD
Cessation of diarrhea
Yes/no, n
Not known, n*

Treatment Group
(n ⫽ 75)

Placebo
(n ⫽ 65)

P

82 ⫾ 46
163 ⫾ 101
235 ⫾ 148
297 ⫾ 203
339 ⫾ 253
370 ⫾ 288

91 ⫾ 54
184 ⫾ 105
256 ⫾ 142
315 ⫾ 176
350 ⫾ 206
366 ⫾ 229

.29
.23
.40
.59
.80
.94

9.8 ⫾ 4.7
17.8 ⫾ 8.9
25.5 ⫾ 12.2
32.0 ⫾ 15.6
36.3 ⫾ 18.6
39.0 ⫾ 21.3

10.6 ⫾ 5.4
20.6 ⫾ 10.1
29.0 ⫾ 12.7
35.8 ⫾ 15.6
39.2 ⫾ 17.4
41.8 ⫾ 19.5

.33
.09
.10
.16
.36
.45

93 ⫾ 59
183 ⫾ 120
265 ⫾ 182
335 ⫾ 242
378 ⫾ 292
421 ⫾ 345
94.0 ⫾ 43.0
127.1 ⫾ 43.4

106 ⫾ 73
203 ⫾ 125
287 ⫾ 166
352 ⫾ 202
380 ⫾ 235
417 ⫾ 273
95.0 ⫾ 37.9
126.5 ⫾ 37.0

.28
.34
.47
.67
.97
.94
.94
.94

56/18
1

45/15
5

.88

* Patients left against medical advice during the study.

portion (65%) of rotavirus-infected subjects in this
study. The factors for increased proportion of rotavirus-infected subjects might be related to the stringent enrollment criteria used in this study, which
favored severe diarrhea and, hence, perhaps rotavirus infections. The first factor is that the age of the
children, which was in the 4- to 24-month category, is
an age at which the rate of rotavirus infection is

rather high (⬃50%) in the study setting (ICDDR,B,
surveillance report, 2002). The second factor is the
nutritional status: we enrolled relatively nourished
children, among whom the rates of rotavirus infection are at large more common than those with malnutrition.22 The third factor is the exclusion of children suspected to have been infected with cholera
and invasive diarrhea on enrollment by using clinical
www.pediatrics.org/cgi/doi/10.1542/peds.2004-2334
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TABLE 5.

Comparison of Outcome Measures in Non–Rotavirus-Infected Children Treated With ST11 or Placebo

Cumulative ORS intake, mL/kg, mean ⫾ SD
0–24 h
0–48 h
0–72 h
0–96 h
0–120 h
0–144 h
Cumulative stool output, g/kg, mean ⫾ SD
0–24 h
0–48 h
0–72 h
0–96 h
0–120 h
0–144 h
Cumulative stool frequency, n, mean ⫾ SD
0–24 h
0–48 h
0–72 h
0–96 h
0–120 h
0–144 h
Cessation of diarrhea, yes/no, n
Not known, n*
Duration of diarrhea after first dose, h, mean ⫾ SD
Total duration (before plus after first dose), h, mean ⫾ SD

Treatment Group
(n ⫽ 27)

Placebo
(n ⫽ 36)

P

45 ⫾ 35
81 ⫾ 64
111 ⫾ 97
140 ⫾ 132
179 ⫾ 181
180 ⫾ 207

73 ⫾ 45
129 ⫾ 91
183 ⫾ 129
232 ⫾ 156
285 ⫾ 189
331 ⫾ 236

.01
.02
.02
.02
.03
.02

40 ⫾ 26
79 ⫾ 53
118 ⫾ 82
151 ⫾ 118
188 ⫾ 167
225 ⫾ 218

68 ⫾ 43
130 ⫾ 91
189 ⫾ 127
248 ⫾ 155
318 ⫾ 193
381 ⫾ 240

.01
.01
.01
.01
.01
.01

6.2 ⫾ 3.8
11.7 ⫾ 6.4
17.1 ⫾ 8.5
21.5 ⫾ 10.7
25.5 ⫾ 13.6
27.9 ⫾ 17.0
19/6
2
77 ⫾ 48
109 ⫾ 49

8.9 ⫾ 5.6
16.8 ⫾ 11.3
24.2 ⫾ 15.4
31.0 ⫾ 19.5
37.3 ⫾ 23.1
42.5 ⫾ 26.0
17/18
1
99 ⫾ 51
131 ⫾ 54

.04
.04
.04
.03
.02
.02
.03
.09
.10

* Patients left against medical advice during the study.

Fig 2. Percentage of nonrotavirus children with diarrhea at the
indicated day of hospitalization in the treatment and placebo
arms.

judgment, which further increased the proportion of
enrollment of children with rotavirus infection.
ST11 also had no effect on rotavirus diarrhea. This
negative outcome was not the result of a too-low
lactobacillus dose or a titer decrease because of improper storage. In fact, the dose was as high as in
previous studies.2,3,6–9 In addition, we maintained
the cold chain for storage, and analysis of the leftover
sachets at the end of the study showed the same
viable bacterial count as that at the beginning of the
study. What factors could explain the discrepancy
between our findings and those of previous studies
in rotavirus-induced diarrhea? One difference might
relate to the severity of the illness. In the previously
published studies, the children were affected less
e226

severely than those in our study. The duration of
illness after intervention in 5 previous studies was
1.6 to 3.8 days compared with 4.0 days in the control
patients of the present study. Similarly, the stool
frequency at the second day of hospitalization was
2.5, 3, 3.8, and 7 in the previous studies compared
with 10 in the controls of the current study. In fact,
the only other study investigating the affect of
probiotics in severe acute dehydrating diarrhea was
conducted in Brazil,23 which also revealed a lack of
efficiency of Lactobacillus GG in pediatric patients
hospitalized with rotavirus gastroenteritis. It is therefore likely that neither Lactobacillus GG nor ST11 is of
clinical benefit in the management of severe rotavirus gastroenteritis that leads to hospitalization in
developing countries. It is possible that lactobacilli
only have a beneficial effect in the treatment of mild
forms of rotavirus gastroenteritis in developed countries. There is another difference that might explain
the discrepancy. Previous studies, with the notable
exception of the Brazilian trial,23 used less-stringent
criteria of diarrhea by counting stools and judging
the form of the stool, raising methodologic questions
for the former studies.
Finally, when non–rotavirus-infected patients
were considered, ST11 feeding had a positive impact
on quantitative diarrhea outcome parameters when
compared with placebo recipients. Here we should
stress that the analysis of rotavirus-infected and non–
rotavirus-infected patients was predetermined in the
clinical protocol and not a post hoc analysis. The
difference in cumulative ORS intake, cumulative
stool output and stool frequency, and resolution of
diarrhea was statistically significant despite the relatively small number of non–rotavirus-infected patients in our study. It was surprising that a decreased
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need of ORS, a decreased stool output, and decreased stool frequency was already seen after a
single day of ST11 application. However, a similarly
rapid effect was also previously observed with rotavirus-specific bovine colostrums in rotavirus-infected acutely diarrheal children. These results were
obtained in a trial conducted in the same setting with
a comparable study design.24 Although it is difficult
to explain the mechanisms of rapid action of these 2
therapeutic applications on 2 different forms of pediatric diarrhea, we must conclude that successful
antidiarrheal interventions can rapidly ameliorate
the clinical symptoms of the patients. Before prematurely concluding that the probiotic bacterium was
effective against nonrotaviral, probably bacterial diarrhea but inefficient against rotaviral diarrhea, we
should consider 3 limitations of the study. One limitation concerns the difference in severity between
rotavirus and nonrotavirus diarrhea as evident from
separate analysis comparing the day-wise and cumulative stools of 2 placebo groups as shown in Tables
4 and 5 (rotavirus-infected children versus non–rotavirus-infected children; P ⬍ .05). This difference
could suggest that the severity of disease as measured by stool output in the first 3 or 4 days after
enrollment may be an as good or even better predictor of efficacy of the probiotic as is the etiology of the
diarrhea. This interpretation is consistent with prior
studies, in which a multi-European study of children
with very mild rotavirus disease demonstrated probiotic efficacy8 but a study of Brazilian children with
severe disease showed no probiotic efficacy.23 Another limitation concerns the diagnostic procedures:
we did not screen for other viral etiologies (eg, norovirus), nor were some of the most common bacterial causes of diarrhea (eg, E coli) tested for. Already
with the limited analysis we realized that some rotavirus-infected patients showed also a bacterial copathogen. In a comparative analysis of children with
nonrotaviral infection and those with rotaviral infection along with coinfection with bacteria, a significant difference in cumulative stool outputs, ORS intake, and stool frequency was observed between the
2 groups (data not shown). One therefore might
question whether our decision to separate the patients according to rotavirus detection in the stool
neatly split the patients into 2 distinct diarrhea
pathophysiologies. A third limitation concerns the
number of patients. Previous epidemiologic surveys
conducted in the same hospital diagnosed rotavirus
infection in ⬃30% of the children, which is as much
as enterotoxigenic and enteropathogenic E coli infections combined. However, the current study demonstrated a much higher rate of rotavirus infections.
This higher figure probably reflects our exclusion
criteria that apparently decreased the number of bacterial infections in the enrolled patients. This exclusion led to a relatively low number of non–rotavirusinfected patients in our study. Despite being backed
by statistical significance, the results should therefore be interpreted with caution, because they are
based on a small and perhaps selected patient collective.
We previously tested other therapeutic agents (bo-

vine milk antibodies) for their antidiarrhea properties at the same hospital. It is interesting to note that
oral administration of specific antibodies showed an
impressive clinical efficiency against rotavirus diarrhea24 but no impact on E coli–induced diarrhea.25
Because these 3 studies were conducted with a similar protocol and the patients showed comparable
admission characteristics, the divergent effects are
interesting and suggest an antiviral effect of oral
antibodies and a possible antibacterial effect of an
oral probiotic bacterium. Both results are biologically
plausible. However, there are also parallels: the beneficial effects of both biological agents are manifested
rapidly (first day of treatment), excluding in both
cases action mechanisms that take some time to develop.
CONCLUSIONS

The current trial suggests an effect of ST11 on
nonrotavirus diarrhea, but a confirmation of this result with a greater number of children and a better
definition of the etiology is clearly warranted. This
might allow the targeted feeding of ST11 to patients
who are likely to profit from this treatment.
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the L paracasei ST11 strain used in this trial.
We thank Dr M. A. Salam, Director, Clinical Sciences Division,
ICDDR,B, and Professor Ivan Roitt, University College (London,
United Kingdom) for reviewing and editing the manuscript, and
Mrs Azmira Begum, Rekha Chanda, Rownock Ara, and the nurses
of the metabolic research ward of the Dhaka Hospital of ICDDR,B
for their hard work in executing this study. We also thank Dr
Goutom Poddar and Ms Sharifun Nesa for their help in ELISA
testing and antibody measurement, and Dr J.-C. Maire for clinical
monitoring.

REFERENCES
1. Metchnikoff E. The Prolongation of Life: Optimistic Studies. New York, NY:
Putnam; 1908
2. Reid G, Jass J, Sebulsky MT, McCormick JK. Potential uses of probiotics
in clinical practice. Clin Microbiol Rev. 2003;16:658 – 672
3. Servin AL. Antagonistic activities of lactobacilli and bifidobacteria
against microbial pathogens. FEMS Microbiol Rev. 2004;28:405– 440
4. Beck C, Necheles H. Beneficial effects of administration of Lactobacillus
acidophilus in diarrheal and other intestinal disorders. Am J Gastroenterol.
1961;35:522–530
5. Isolauri E, Juntunen M, Rautanen T, Sillanaukee P, Koivula T. A human
Lactobacillus strain (Lactobacillus casei sp strain GG) promotes recovery
from acute diarrhea in children. Pediatrics. 1991;88:90 –97
6. Isolauri E, Kaila M, Mykkanen H, Ling WH, Salminen S. Oral bacteriotherapy for viral gastroenteritis. Dig Dis Sci. 1994;39:2595–2600
7. Majamaa H, Isolauri E, Saxelin M, Vesikari T. Lactic acid bacteria in the
treatment of acute rotavirus gastroenteritis. J Pediatr Gastroenterol Nutr.
1995;20:333–338
8. Guandalini S, Pensabene L, Zikri MA, et al. Lactobacillus GG administered in oral rehydration solution to children with acute diarrhea: a
multicenter European trial. J Pediatr Gastroenterol Nutr. 2000;30:54 – 60
9. Raza S, Graham SM, Allen SJ, Sultana S, Cuevas L, Hart CA. Lactobacillus GG promotes recovery from acute nonbloody diarrhea in Pakistan. Pediatr Infect Dis J. 1995;14:107–111

www.pediatrics.org/cgi/doi/10.1542/peds.2004-2334

Downloaded from www.aappublications.org/news by guest on November 20, 2019

e227

10. Shornikova AV, Casas IA, Isolauri E, Mykkanen H, Vesikari T. Lactobacillus reuteri as a therapeutic agent in acute diarrhea in young children.
J Pediatr Gastroenterol Nutr. 1997;24:399 – 404
11. Simakachorn N, Pichaipat V, Rithipornpaisarn P, Kongkaew C, Tongpradit P, Varavithya W. Clinical evaluation of the addition of lyophilized, heat-killed Lactobacillus acidophilus LB to oral rehydration therapy
in the treatment of acute diarrhea in children. J Pediatr Gastroenterol
Nutr. 2000;30:68 –72
12. Oberhelman RA, Gilman RH, Sheen P, et al. A placebo-controlled trial
of Lactobacillus GG to prevent diarrhea in undernourished Peruvian
children. J Pediatr. 1999;134:15–20
13. Szajewska H, Kotowska M, Mrukowicz JZ, Armanska M, Mikolajczyk
W. Efficacy of Lactobacillus GG in prevention of nosocomial diarrhea in
infants. J Pediatr. 2001;138:361–365
14. Saavedra JM, Bauman NA, Oung I, Perman JA, Yolken RH. Feeding of
Bifidobacterium bifidum and Streptococcus thermophilus to infants in hospital for prevention of diarrhoea and shedding of rotavirus. Lancet.
1994;344:1046 –1049
15. Szajewska H, Mrukowicz JZ. Probiotics in the treatment and prevention
of acute infectious diarrhea in infants and children: a systematic review
of published randomized, double-blind, placebo-controlled trials. J Pediatr Gastroenterol Nutr. 2001;33(suppl 2):S17–S25
16. World Health Organization. The Rational Use of Drugs in the Management
of Acute Diarrhoea in Children. Geneva, Switzerland: World Health
Organization; 1990
17. Albert MJ, Faruque AS, Faruque SM, Sack RB, Mahalanabis D. Casecontrol study of enteropathogens associated with childhood diarrhea in
Dhaka, Bangladesh. J Clin Microbiol. 1999;37:3458 –3464

e228

18. World Health Organization, Program for the Control of Diarrhoeal
Disease. A Manual for the Treatment of Diarrhoea for Use by Physicians and
Other Senior Health Workers. Geneva, Switzerland: World Health
Organization; 1990. Report No. WHO/CDD/SER/80.2ev.2
19. Azim T, Zaki MH, Podder G, et al. Rotavirus-specific subclass antibody
and cytokine responses in Bangladeshi children with rotavirus diarrhoea. J Med Virol. 2003;69:286 –295
20. Alam NH, Meier R, Schneider H, et al. Partially hydrolyzed guar
gum-supplemented oral rehydration solution in the treatment of acute
diarrhea in children. J Pediatr Gastroenterol Nutr. 2000;31:503–507
21. Faruque AS, Mahalanabis D, Hamadani J, Hoque SS. Hypo-osmolar
sucrose oral rehydration solutions in acute diarrhoea: a pilot study. Acta
Paediatr. 1996;85:1247–1248
22. Mpabalwani M, Oshitani H, Kasolo F, et al. Rotavirus gastro-enteritis in
hospitalized children with acute diarrhoea in Zambia. Ann Trop Paediatr. 1995;15:39 – 42
23. Costa-Ribeiro H, Ribeiro TC, Mattos AP, et al. Limitations of probiotic
therapy in acute, severe dehydrating diarrhea. J Pediatr Gastroenterol
Nutr. 2003;36:112–115
24. Sarker SA, Casswall TH, Mahalanabis D, et al. Successful treatment of
rotavirus diarrhea in children with immunoglobulin from immunized
bovine colostrum. Pediatr Infect Dis J. 1998;17:1149 –1154
25. Casswall TH, Sarker SA, Faruque SM, et al. Treatment of enterotoxigenic and enteropathogenic Escherichia coli-induced diarrhoea in children with bovine immunoglobulin milk concentrate from hyperimmunized cows: a double-blind, placebo-controlled, clinical trial. Scand J
Gastroenterol. 2000;35:711–718

LACTOBACILLUS Downloaded
PARACASEI
IN CHILDHOOD DIARRHEA
from www.aappublications.org/news by guest on November 20, 2019

Lactobacillus paracasei Strain ST11 Has No Effect on Rotavirus but Ameliorates
the Outcome of Nonrotavirus Diarrhea in Children From Bangladesh
Shafiqul A. Sarker, Shamima Sultana, George J. Fuchs, Nur H. Alam, Tasnim Azim,
Harald Brüssow and Lennart Hammarström
Pediatrics 2005;116;e221
DOI: 10.1542/peds.2004-2334 originally published online July 1, 2005;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/116/2/e221

References

This article cites 22 articles, 3 of which you can access for free at:
http://pediatrics.aappublications.org/content/116/2/e221#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Infectious Disease
http://www.aappublications.org/cgi/collection/infectious_diseases_su
b

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on November 20, 2019

Lactobacillus paracasei Strain ST11 Has No Effect on Rotavirus but Ameliorates
the Outcome of Nonrotavirus Diarrhea in Children From Bangladesh
Shafiqul A. Sarker, Shamima Sultana, George J. Fuchs, Nur H. Alam, Tasnim Azim,
Harald Brüssow and Lennart Hammarström
Pediatrics 2005;116;e221
DOI: 10.1542/peds.2004-2334 originally published online July 1, 2005;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/116/2/e221

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
60007. Copyright © 2005 by the American Academy of Pediatrics. All rights reserved. Print ISSN:
1073-0397.

Downloaded from www.aappublications.org/news by guest on November 20, 2019

