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BACKGROUND
Acute gastroenteritis develops in millions of children in the United States every year, 
and treatment with probiotics is common. However, data to support the use of probiot-
ics in this population are limited.

METHODS
We conducted a prospective, randomized, double-blind trial involving children 3 months 
to 4 years of age with acute gastroenteritis who presented to one of 10 U.S. pediatric 
emergency departments. Participants received a 5-day course of Lactobacillus rhamnosus 
GG at a dose of 1×1010 colony-forming units twice daily or matching placebo. Follow-up 
surveys were conducted daily for 5 days and again 14 days after enrollment and 1 month 
after enrollment. The primary outcome was moderate-to-severe gastroenteritis, which 
was defined as an illness episode with a total score on the modified Vesikari scale of 
9 or higher (scores range from 0 to 20, with higher scores indicating more severe dis-
ease), within 14 days after enrollment. Secondary outcomes included the duration and 
frequency of diarrhea and vomiting, the duration of day-care absenteeism, and the rate 
of household transmission (defined as the development of symptoms of gastroenteritis 
in previously asymptomatic household contacts).

RESULTS
Among the 971 participants, 943 (97.1%) completed the trial. The median age was 1.4 years 
(interquartile range, 0.9 to 2.3), and 513 participants (52.9%) were male. The modified 
Vesikari scale score for the 14-day period after enrollment was 9 or higher in 55 of 468 
participants (11.8%) in the L. rhamnosus GG group and in 60 of 475 participants (12.6%) in 
the placebo group (relative risk, 0.96; 95% confidence interval, 0.68 to 1.35; P = 0.83). There 
were no significant differences between the L. rhamnosus GG group and the placebo group 
in the duration of diarrhea (median, 49.7 hours in the L. rhamnosus GG group and 50.9 
hours in the placebo group; P = 0.26), duration of vomiting (median, 0 hours in both groups; 
P = 0.17), or day-care absenteeism (median, 2 days in both groups; P = 0.67) or in the rate 
of household transmission (10.6% and 14.1% in the two groups, respectively; P = 0.16).

CONCLUSIONS
Among preschool children with acute gastroenteritis, those who received a 5-day course 
of L. rhamnosus GG did not have better outcomes than those who received placebo. 
(Funded by the Eunice Kennedy Shriver National Institute of Child Health and Human 
Development and others; ClinicalTrials.gov number, NCT01773967.)
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A cute gastroenteritis causes sub-
stantial complications and is the second 
leading cause of death worldwide in chil-

dren younger than 5 years of age.1 Although 
rarely lethal in the United States, acute gastroen-
teritis in children is burdensome, accounting for 
approximately 1.7 million visits to the emer-
gency department (ED) and more than 70,000 
hospitalizations per year.2 In addition, acute gas-
troenteritis in children is associated with consid-
erable nonmedical costs, including lost earnings 
for caregivers.2 Current treatment options are 
limited to controlling symptoms, preventing de-
hydration, and preventing secondary infections 
among contacts.3

Meta-analyses have suggested that probiotics 
improve outcomes in children with acute gastro-
enteritis4-6 through multiple mechanisms, includ-
ing host immune response modulation.7,8 These 
trials have prompted recommendations for the 
use of probiotics in the treatment of acute gastro-
enteritis in children.9-12 However, the trials in-
cluded in these meta-analyses had methodologic 
limitations, including small sample sizes, a lack 
of quality control of the probiotics, outcomes of 
questionable relevance, attrition biases, unclear 
randomization strategies, and inadequate con-
cealment of treatment assignments.5,13 Moreover, 
few trials evaluated ambulatory children, and 
one trial that was conducted at a U.S. ED showed 
no benefit associated with probiotic use, even 
though an exploratory analysis identified a ben-
efit in a subgroup of patients who had symp-
toms that lasted for 48 hours or longer.14

Despite the paucity of adequate evidence of the 
efficacy of probiotics for the treatment of gastro-
enteritis and for other indications, probiotic use 
is increasing in the United States15 and in other 
regions of the world. The global market for pro-
biotics is predicted to expand from $37 billion in 
U.S dollars in 2015 to $64 billion in U.S. dollars 
by 2023.16 Hence, there is a need for high-quality, 
sufficiently powered, randomized controlled tri-
als that evaluate clinically useful and validated 
outcomes in relevant patient populations to pro-
vide guidance to consumers and clinicians.6,13,17 
The Pediatric Emergency Care Applied Research 
Network (PECARN) probiotic trial was designed 
to test the hypothesis that among children pre-
senting to an ED with acute gastroenteritis, 
treatment with Lactobacillus rhamnosus GG, a com-
monly recommended and used probiotic,5,9,13,18 

administered twice daily for 5 days, would re-
sult in a smaller proportion of children having 
moderate-to-severe acute gastroenteritis in the 
2 weeks after the ED visit than placebo.

Me thods

Trial Design and Oversight

This prospective, randomized, double-blind trial 
was conducted at 10 geographically diverse uni-
versity-affiliated pediatric EDs in the United 
States that participate in PECARN19 (Table S1 in 
the Supplementary Appendix, available with the 
full text of this article at NEJM.org). Children 
3 months to 4 years of age who presented with 
acute gastroenteritis were randomly assigned to 
receive L. rhamnosus GG (Chr. Hansen), at a dose 
of 1×1010 colony-forming units twice daily for 
5  days, or matching placebo. The product and 
placebo were provided in kind by iHealth, the 
distributors of Culturelle in the United States; 
however, iHealth did not contribute financially 
to the trial or to the investigators, and their 
employees did not have access to the trial data. 
Personnel at iHealth had no role in the design or 
conduct of the trial; in the collection, manage-
ment, analysis, or interpretation of the data; in 
the preparation of the manuscript; or in the de-
cision to submit the manuscript for publication. 
Parents or guardians provided written informed 
consent for their children to participate, and the 
institutional review board at each participating 
institution approved the trial protocol, available 
at NEJM.org. At multiple time points, a data and 
safety monitoring board reviewed participant 
enrollment, trial procedures, completion of the 
case-report forms, data quality, the rate of loss 
to follow-up and the drop-in rate, and interim 
safety and efficacy results.17 The authors vouch 
for the completeness and accuracy of the data 
and for the fidelity of the trial to the protocol. 
Complete details of the trial can be found in the 
protocol and the statistical analysis plan.

Trial Population

Children 3 months to 4 years of age were eligible 
for participation if an ED provider made a diag-
nosis of acute gastroenteritis, which was defined 
as three or more episodes of watery stools per day, 
with or without vomiting, for fewer than 7 days. 
Children were excluded if they or their direct 
caregivers had risk factors for bacteremia (i.e., 
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immunocompromised status, use of systemic glu-
cocorticoids in the previous 6 months, presence of 
an indwelling catheter, known structural heart 
disease, or history of prematurity among chil-
dren who were younger than 6 months of age at 
enrollment) or if they had a chronic gastrointes-
tinal disorder (e.g., inflammatory bowel disease). 
Children were also excluded if they had pancre-
atitis, bilious emesis, or hematochezia; if they 
had a known allergy to L. rhamnosus GG or to 
microcrystalline cellulose or a known allergy to 
erythromycin, clindamycin, and beta-lactam anti-
biotic agents (since these agents might be needed 
to treat an invasive infection caused by L. rham-
nosus GG); or if their caregiver did not speak 
English or Spanish. Children who had been re-
ceiving antibiotics were not excluded because 
probiotics may remain viable and effective in the 
presence of antibiotics.20

Randomization and Intervention

Randomization was performed through a Web-
based system (www​.randomize​.net) with the use 
of permuted blocks with random block sizes. 
Randomization was stratified according to trial 
site and duration of symptoms (<48 hours vs. 
≥48 hours). After assignment to a trial group, 
participants received the first dose of L. rhamno-
sus GG or placebo orally in the ED; ED personnel 
prepared the dose by emptying the contents of 
the assigned capsule into 20 ml of liquid main-
tained at room temperature. Caregivers received 
oral and written instructions for administering 
subsequent doses. The L. rhamnosus GG and pla-
cebo were identical in appearance, texture, and 
flavor. If vomiting occurred within 15 minutes 
after administration of the probiotic or placebo, 
the dose was repeated once. Participants and 
their caregivers, physicians, and personnel who 
assessed the trial outcomes were unaware of the 
trial-group assignments.

Follow-up Procedures

Caregivers were instructed to complete a daily 
diary to record symptoms. Follow-up data were 
collected through email or by telephone on a 
daily basis for 5 days or until symptoms resolved 
(if they had not resolved by 5 days) and again at 
14 days and at 1 month (at 1 month, only infor-
mation on adverse events was collected). Chart 
reviews were performed at the end of the follow-
up period to assess whether any adverse events 

had been missed. All follow-up telephone calls 
were made by research coordinators at the lead 
site who were fluent in both English and Spanish.

Testing of Stool Samples and L. rhamnosus 
GG Testing

Stool specimens for the testing of enteric patho-
gens were obtained by rectal swab (FecalSwab, 
Copan Diagnostics) or by bulk stool sampling, as 
available,21,22 in the ED. A multiplex polymerase-
chain-reaction assay was performed on the 
Luminex xTag Gastrointestinal Pathogen Panel 
platform, which identifies 15 microorganisms.23,24 
Each batch of L. rhamnosus GG capsules was in-
dependently tested every 6 to 9 months before 
the expiration date to ensure the absence of 
contaminants and the maintenance of viability.

Outcome Measures

The primary outcome was the presence of mod-
erate-to-severe gastroenteritis, which was defined 
as an illness episode with a total score on the 
modified Vesikari scale of 9 or higher (scores 
range from 0 to 20, with higher scores indicating 
more severe disease) during the 14-day follow-up 
period after enrollment. The Vesikari scale scor-
ing system is used to assess the severity of gas-
troenteritis and is validated for use in pediatric 
patients treated at EDs in North America25,26 
(Table  1). The post-enrollment Vesikari scale 
score (i.e., the score for the primary outcome) 
was based only on symptoms or events that oc-
curred between randomization and day 14 while 
daily symptoms of gastroenteritis persisted (i.e., 
if both vomiting and diarrhea ceased for 24 
hours, subsequent symptoms were not included 
in the score). The highest scores assigned to each 
of the seven component variables were summed 
on day 14 to determine a total score (further 
details are provided in the protocol). Secondary 
outcomes included the frequency and duration 
of diarrhea and vomiting, the incidence of un-
scheduled health care visits for symptoms of 
gastroenteritis within 2 weeks after the index 
visit, the number of days of day care missed by 
participants, the number of hours of work 
missed by caregivers, and the rate of household 
transmission (defined as the development of symp-
toms of gastroenteritis in previously asymptomat
ic household contacts). Safety outcomes included 
extraintestinal infection by L. rhamnosus GG (e.g., 
bacteremia), side effects (i.e., anticipated symp-
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toms, as specified in the protocol and the statis-
tical analysis plan), and adverse events (i.e., un-
toward medical occurrences).

Statistical Analysis

In estimating the sample size, we assumed that 
25% of participants who received placebo would 
have moderate-to-severe gastroenteritis in the 14 
days after presenting to the ED.25,26 Ten content 
experts in the field of emergency medicine and 
gastroenterology determined that a 10 percent-
age-point difference between the two trial groups 
in the proportion of participants having moder-
ate-to-severe gastroenteritis would represent a 
minimal clinically meaningful difference. We 
estimated that enrollment of 670 participants 
would provide the trial with 90% power to detect 
a treatment effect at a two-sided alpha level of 
0.05. We increased the target recruitment num-
ber to 900 participants to account for the follow-
ing assumptions: a loss-to-follow-up rate of 10%, 
a drop-in rate of 3%, and a dropout rate of 5%. 
Furthermore, during the fall of 2015 (15 months 
after initiation of the trial), 36 participants were 
potentially exposed to a batch of L. rhamnosus GG 
capsules that were later found to contain insuf-
ficient colony-forming units of L. rhamnosus GG. 
To maintain the statistical power of the trial 
under a worst-case scenario (while maintaining 
blinding to assigned trial regimen and outcome), 
we assumed that exposure to the lower-count 

capsules would have the same effect as dropping 
out of the trial. Thus, the required sample size 
was increased to 970 participants.17

Because we based our trial design and analy-
ses of statistical power on the assumption of a 
homogeneous treatment effect, and taking into 
consideration previous data that showed a trend 
toward benefit in patients who had symptoms 
for at least 48 hours before treatment with pro-
biotics was initiated,14 we incorporated an enrich-
ment design to restore statistical power in the 
event that a subpopulation with a substantially 
lower treatment effect was identified.28 Analyses 
were performed according to the intention-to-
treat principle, with the exception of side effects, 
which were performed in the as-treated popula-
tion. We also performed a separate as-treated 
analysis to provide additional insight in the event 
that nonadherence would result in an underesti-
mation of the treatment effect.29,30

In cases in which information needed to 
derive the primary outcome was incomplete, we 
applied multiple imputation methods using a 
sequence of regression models31 as well as stan-
dard methods.32 The primary outcome was ana-
lyzed with the use of a Mantel–Haenszel test, 
stratified according to clinical site and duration 
of symptoms. We also analyzed the primary 
outcome using van Elteren’s modification of the 
Mann–Whitney test to evaluate the post-enroll-
ment modified Vesikari scale score as a continu-

Scale component Score on the Vesikari Scale

0 Points 1 Point 2 Points 3 Points

Duration of diarrhea (hr) 0 1–96 97–120 ≥121

Maximum no. of watery stools per 24 hr 0 1–3 4–5 ≥6

Duration of vomiting (hr) 0 1–24 25–48 ≥49

Maximum no. of vomiting episodes per 24 hr 0 1 2–4 ≥5

Maximum recorded rectal temperature (°C)† <37.0 37.1–38.4 38.5–38.9 ≥39.0

Unscheduled health care visit None NA Primary care Emergency 
 department

Treatment None Rehydration with 
 intravenous fluids

Hospitalization NA

*	�In the modified Vesikari scale score, one variable (percent dehydration) in the original score was replaced with the vari‑
able of unscheduled health care visits to better measure the effect of acute gastroenteritis in outpatients, given that the 
ability to perform frequent in-person assessments in an outpatient cohort of children can be challenging. Scores range 
from 0 to 20, with higher scores indicating more severe disease. Children with a score of 9 or more were considered to 
have moderate-to-severe gastroenteritis.25,26 NA denotes not applicable.

†	�Temperatures were adjusted for the location of measurement: 1.1°C was added to axillary temperatures and 0.6°C was 
added to oral temperatures.27

Table 1. Modified Vesikari Scale.*
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ous variable. We analyzed secondary outcomes 
using the Mantel–Haenszel test for dichotomous 
outcomes and van Elteren’s modification of the 
Mann–Whitney test for continuous outcome mea-
sures. Significance levels were adjusted for multi-
ple comparisons with the use of the Holm pro-
cedure.33 We assessed the consistency of the 
main trial results in prespecified subgroups de-
fined according to age (<1 year vs. ≥1 year), dura-
tion of symptoms (<48 hours vs. ≥48 hours), use 
or nonuse of antibiotics in the 14 days before 
enrollment, and type of enteric pathogen (virus, 
bacteria, or undetected). Significance levels were 
adjusted for multiple subgroups. No post hoc 
subgroups were analyzed. We used IVEware soft-
ware (University of Michigan) for imputation and 

SAS software, version 9.4 (SAS Institute), for all 
other analyses. Our findings are reported in 
accordance with 2010 CONSORT (Consolidated 
Standards of Reporting Trials) guidelines.34

R esult s

Participants and Adherence to Trial 
Intervention

From July 2014 through June 2017, a total of 971 
participants underwent randomization, of whom 
483 (49.7%) were assigned to the L. rhamnosus 
GG group and 488 (50.3%) to the placebo group 
(Fig. 1). A total of 15 participants in the L. rham-
nosus GG group and 13 in the placebo group 
were lost to follow-up; among these participants, 

Figure 1. Enrollment and Randomization.

971 Underwent randomization

3143 Children met inclusion criteria
and were assessed for eligibility

2172 Were excluded
744 Met exclusion criteria (multiple exclusion

criteria may have been met)
132 (18%) Had hematochezia in previous 48 hr
129 (17%) Received glucocorticoid in preceding

6 mo
83 (11%) Received probiotic in preceding 2 wk
79 (11%) Had structural heart disease

excluding nonpathologic heart
murmurs

372 (50%) Had other reasons
262 Were not approached

28 (11%) Were withdrawn by physician
62 (24%) Had insufficient resources

172 (66%) Had other reason
1155 Did not consent

11 Did not undergo randomization
2 (18%) Subsequently met exclusion criteria
4 (36%) Had parent or guardian who

withdrew consent
3 (27%) Could not be assigned (randomization

tool unavailable)
2 (18%) Had other reason

483 Were assigned to and received
L. rhamnosus GG

488 Were assigned to and received
placebo

15 Were lost to follow-up 13 Were lost to follow-up

468 Were included in primary analysis 475 Were included in primary analysis
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5 in the L. rhamnosus GG group and 8 in the pla-
cebo group withdrew from the trial for various 
reasons (Table S2 in the Supplementary Appen-
dix). Disease severity at the time of enrollment 
was similar in the two groups, as evidenced by 
similar pre-enrollment modified Vesikari scale 
scores and similar percentages of participants 
who received intravenous fluids and who were 
admitted to the hospital (Table 2). Stool samples 
were obtained from 761 participants. A total of 
347 of the samples (45.6%) were positive for vi-
ruses, including 6 viral coinfections; 116 (15.2%) 
were positive for bacteria that are probable or 
possible pathogens, including 34 viral–bacterial 
coinfections; and 9 (1.2%) were positive for a 
parasite, including 2 parasitic–viral coinfections 
and 1 parasitic–bacterial coinfection. No patho-
genic organisms were detected in 326 partici-
pants (42.8%). The percentage of participants who 
received antibiotics or ondansetron after ran-
domization was similar in the two groups (Table 
S3 in the Supplementary Appendix). The rate of 
adherence to the trial regimen (with adherence 
defined as having received at least 7 of 10 doses) 
was 86.5% in the L. rhamnosus GG group and 
87.8% in the placebo group. The rates of comple-
tion of the follow-up surveys were 96.0% (932 of 
971 participants) for the daily surveys (the first 
5 days) and 95.3% (925 of 971 participants) for 
the 14-day survey. For most of the participants 
(644 of 971 participants [66.3%]), caregivers 
chose to complete follow-up by telephone (Table 
S4 in the Supplementary Appendix).

Primary Outcome

The post-enrollment modified Vesikari scale score 
(i.e., the score for the 14-day period after enroll-
ment) was 9 or higher in 55 of 468 participants 
(11.8%) in the L. rhamnosus GG group and in 60 
of 475 participants (12.6%) in the placebo group. 
The relative risk of a moderate-to-severe episode 
of acute gastroenteritis with L. rhamnosus GG was 
0.96 (95% confidence interval, 0.68 to 1.35; 
P = 0.83) (Table 3).

Secondary Outcomes

No significant differences between the groups 
were observed with respect to the frequency or 
duration of diarrhea or vomiting, the proportion 
of participants who had unscheduled health care 
visits for symptoms of gastroenteritis or com-
plications associated with gastroenteritis with-

in 2 weeks after the index visit, the number of 
days of day care missed by participants, the num-
ber of hours of work missed by caregivers, or the 
rate of household transmission (Table  3 and 
Fig.  2). The median post-enrollment modified 
Vesikari scale score and the interquartile range 
were similar in the two groups (median, 4 [in-
terquartile range, 2 to 6]; P = 0.85). Prespecified 
subgroup analyses of the primary and secondary 
outcomes showed no significant differences be-
tween the two trial groups according to age, 
duration of symptoms, use of antibiotics in the 
14 days preceding enrollment, and type of en-
teric pathogen identified (Fig. S1 in the Supple-
mentary Appendix). The results of the as-treated 
analyses were similar to the results of the inten-
tion-to-treat analyses (Table S5 in the Supple-
mentary Appendix).

Adverse Events and Side Effects

No participant had extraintestinal L. rhamnosus GG 
infection. No significant differences between the 
trial groups were observed in the rates of adverse 
events or in the rates of side effects, with the ex-
ception of wheezing, which was reported in five 
participants in the L. rhamnosus group and in no 
participants in the placebo group (P = 0.03) (Ta-
bles S6 and S7 in the Supplementary Appendix).

L. rhamnosus GG Testing

Analyses of batches of L. rhamnosus GG capsules 
identified no contaminants. A sample from one 
batch contained 1.96×109 colony-forming units 
per capsule 5 months before the expiration date, 
and a sample from another batch contained 
1.98×109 colony-forming units per capsule 17 
months before the expiration date; both batches 
were discarded. A total of 36 participants poten-
tially received a dose that was lower than intended 
(17 of these participants were in the L. rhamnosus 
GG group). All 36 participants were evaluated in 
the group to which they were randomly as-
signed. The results of sensitivity analyses of the 
primary and secondary outcomes in which the 
36 participants were excluded were similar to 
those of the main analyses (Table S8 in the 
Supplementary Appendix).

Discussion

This double-blind, randomized, placebo-con-
trolled trial involving 971 children showed that 
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Characteristic
L. rhamnosus GG 

(N = 483)
Placebo 
(N = 488)

Overall 
(N = 971)

Age — yr

No. of participants assessed 482 488 970

Median (IQR) 1.4 (0.9–2.4) 1.4 (0.8–2.3) 1.4 (0.9–2.3)

Male sex — no./total no. (%) 247/482 (51.2) 266/488 (54.5) 513/970 (52.9)

Racial or ethnic category — no. (%)†

No. of participants assessed 362 350 712

American Indian or Alaskan Native 9 (2.5) 0 9 (1.3)

Asian 8 (2.2) 6 (1.7) 14 (2.0)

Black 176 (48.6) 162 (46.3) 338 (47.5)

Native Hawaiian or Other Pacific Islander 1 (0.3) 3 (0.9) 4 (0.6)

White 144 (39.8) 163 (46.6) 307 (43.1)

Multiracial 24 (6.6) 16 (4.6) 40 (5.6)

Hispanic or Latino ethnic group — no./total no. (%)† 168/471 (35.7) 189/476 (39.7) 357/947 (37.7)

Spanish reported as preferred language — no./total no. (%) 91/481 (18.9) 94/484 (19.4) 185/965 (19.2)

Breast-fed exclusively for <6 mo — no./total no. (%) 2/29 (6.9) 3/39 (7.7) 5/68 (7.4)

Modified Vesikari scale score‡

No. of participants assessed 469 480 949

Median (IQR) 12 (10–14) 12 (9–14) 12 (10–14)

Distribution — no. (%)

0 to 8 82 (17.5) 74 (15.4) 156 (16.4)

9 or higher 387 (82.5) 406 (84.6) 793 (83.6)

Duration of diarrhea — hr

No. of participants assessed 472 480 952

Median (IQR) 54.3 (29.5–85.3) 52.4 (28.2–79.1) 53.2 (29.0–81.3)

Maximum no. of diarrhea stools in 24 hr

No. of participants assessed 482 485 967

Median (IQR) 7 (5–10) 6 (4–10) 6 (5–10)

Duration of vomiting — hr

No. of participants assessed 474 482 956

Median (IQR) 26.6 (0.0–66.3) 27.9 (3.9–59.1) 27.5 (2.2–61.9)

Maximum no. of vomiting episodes in 24 hr

No. of participants assessed 482 485 967

Median (IQR) 3 (0–6) 4 (1–6) 3 (1–6)

Treatment for acute gastroenteritis — no. (%)

None 401 (83.0) 397 (81.4) 798 (82.2)

Intravenous fluids 59 (12.2) 69 (14.1) 128 (13.2)

Hospital admission 23 (4.8) 22 (4.5) 45 (4.6)

Maximum recorded temperature — no. (%)

No. of participants assessed 482 485 967

<37°C 286 (59.3) 287 (59.2) 573 (59.3)

Table 2. Baseline Characteristics of Enrolled Participants, According to Assigned Trial Group.*
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Characteristic
L. rhamnosus GG 

(N = 483)
Placebo 
(N = 488)

Overall 
(N = 971)

37.1 to 38.4°C 31 (6.4) 24 (4.9) 55 (5.7)

38.5 to 38.9°C 35 (7.3) 37 (7.6) 72 (7.4)

≥39°C 130 (27.0) 137 (28.2) 267 (27.6)

Dehydration score§

No. of participants assessed 480 481 961

Median (IQR) 0 (0–1) 0 (0–1) 0 (0–1)

Distribution — no. (%)

0 347 (72.3) 348 (72.3) 695 (72.3)

1 to 4 124 (25.8) 124 (25.8) 248 (25.8)

5 to 8 9 (1.9) 9 (1.9) 18 (1.9)

Duration of symptoms <48 hr — no. (%) 175 (36.2) 197 (40.4) 372 (38.3)

Receipt of antibiotics in previous 14 days — no./total 
no. (%)

39/478 (8.2) 36/480 (7.5) 75/958 (7.8)

Receipt of any dose of rotavirus vaccine — no./total no. (%) 210/313 (67.1) 206/319 (64.6) 416/632 (65.8)

Stool sample for multiplex polymerase-chain-reaction assay

No. of participants from whom stool sample was 
obtained (%)

379 (78.5) 382 (78.3) 761 (78.4)

Result — no. (%)

Negative 153 (40.4) 173 (45.3) 326 (42.8)

Norovirus GI or GII 79 (20.8) 70 (18.3) 149 (19.6)

Rotavirus A 75 (19.8) 60 (15.7) 135 (17.7)

Adenovirus 40 or 41 28 (7.4) 41 (10.7) 69 (9.1)

Clostridium difficile toxin A or B 25 (6.6) 31 (8.1) 56 (7.4)

Shigella 23 (6.1) 15 (3.9) 38 (5.0)

Campylobacter 5 (1.3) 4 (1.0) 9 (1.2)

Salmonella 4 (1.1) 3 (0.8) 7 (0.9)

Escherichia coli O157 2 (0.5) 4 (1.0) 6 (0.8)

Enterotoxigenic E. coli LT or ST 2 (0.5) 3 (0.8) 5 (0.7)

Shiga toxin–producing E. coli stx1 or stx2 2 (0.5) 3 (0.8) 5 (0.7)

Giardia 2 (0.5) 2 (0.5) 4 (0.5)

Cryptosporidium 2 (0.5) 1 (0.3) 3 (0.4)

Entamoeba histolytica 1 (0.3) 1 (0.3) 2 (0.3)

Vibrio cholerae 0 1 (0.3) 1 (0.1)

Yersinia enterocolitica 0 0 0

*	�No significant differences were observed between the two groups in the above characteristics, with the exception of racial 
or ethnic category (P = 0.02). We used Kruskal–Wallis tests for between-group comparisons of continuous variables (age, 
modified Vesikari scale score, duration of diarrhea and vomiting, maximum number of episodes of diarrhea and vomiting, 
and dehydration scores) and chi-square tests for comparisons of all other variables. IQR denotes interquartile range.

†	�Race and ethnic group were reported by the caregiver.
‡	�Moderate-to-severe gastroenteritis was defined as gastroenteritis with a modified Vesikari scale score of 9 or higher; 

scores on the Vesikari scale range from 0 to 20, with higher scores indicating more severe disease.
§	� A score of 0 indicates no dehydration, scores of 1 to 4 indicate some dehydration, and scores of 5 to 8 indicate moder‑

ate-to-severe dehydration.

Table 2. (Continued.)
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a 5-day course of L. rhamnosus GG, administered 
twice daily at a dose of 1×1010 colony-forming 
units, did not result in a smaller proportion of 
participants having moderate-to-severe gastro-
enteritis after an ED visit than placebo. The re-
sults were also similar in the L. rhamnosus GG 
group and the placebo group in analyses of 

secondary outcomes and in subgroup analyses 
of the primary and secondary outcomes.

Our pragmatic trial, conducted in a geograph-
ically diverse population, confirms and extends 
the findings of a previous smaller trial that was 
performed at an ED in the United States.14 How-
ever, our results differ from those of smaller 

Outcome
L. rhamnosus GG 

(N = 468)
Placebo 
(N = 475)

Relative Risk 
(95% CI) P Value†

Primary outcome‡

Modified Vesikari scale score of 0 to 8 — no. (%) 413 (88.2) 415 (87.4)

Modified Vesikari scale score ≥9 — no. (%) 55 (11.8) 60 (12.6) 0.96  
(0.68–1.35)

0.83

Secondary outcomes and individual components of 14-day 
modified Vesikari scale score

Median modified Vesikari scale score (IQR) 4 (2–6) 4 (2–6) 0.85

Diarrhea

Median time to the last watery stool (IQR) — hr 49.7 (18.8–86.4) 50.9 (25.0–88.2) 0.26

Median total no. of diarrheal episodes (IQR) 7 (3–12) 7 (3–14) 0.43

Vomiting

Median time to the last vomiting episode (IQR) — hr§ 0.0 (0.0–21.9) 0.0 (0.0–17.8) 0.17

Median total no. of vomiting episodes (IQR)§ 0 (0–2) 0 (0–2) 0.20

Receipt of intravenous fluids — no. (%) 19 (4.1) 22 (4.6) 0.59

Hospital admission — no. (%) 15 (3.2) 15 (3.2) 0.93

Repeat health care visit within 2 weeks after the index visit — no. (%) 57 (12.2) 80 (16.8)   0.03¶

Repeat emergency department visit within 2 weeks after the 
index visit — no. (%)

32 (6.8) 37 (7.8) 0.55

Median no. of days of day care missed (IQR)‖ 2 (1–3) 2 (1–3) 0.67

Median no. of hours of work missed by parent or guardian (IQR) 0 (0–8) 0 (0–8) 0.52

Household transmission — no. (%)** 43 (10.6) 59 (14.1) 0.16

*	� Outcomes were evaluated from randomization through the time that symptoms lasted, up to 2 weeks after the index visit (i.e., up to the 
time of the daily survey that recorded that vomiting and diarrhea had ceased or at the time of the day 14 survey), except for repeat health 
care visit and repeat emergency department visit. Outcomes of receipt of intravenous fluids and of hospital admission do not include re‑
ceipt of fluids at the enrollment health care visit or hospital admissions that were associated with the enrollment health care visit unless 
the hospitalization lasted longer than 48 hours. Participants who had no follow-up were excluded; data for participants who had partial 
follow-up were multiply imputed.

†	� P values were calculated with the use of Cochran–Mantel–Haenszel tests (outcomes for which the number and percentage of participants 
are reported) or Van Elteren tests (outcomes for which median and interquartile range are reported), stratified according to trial site and 
duration of symptoms at enrollment (<48 hours vs. ≥48 hours).

‡	� A modified Vesikari scale score of 9 or higher indicates moderate-to-severe gastroenteritis.
§	� The denominator for this variable was 457 participants (218 in the L. rhamnosus GG group and 239 in the placebo group) who had had at 

least three vomiting episodes within 24 hours before enrollment.
¶	� The difference between the two groups was not significant after significance levels were adjusted for multiple comparisons with the use of 

the Holm procedure (a P value of 0.008 was considered to indicate significance).
‖	� The denominator for this variable was 353 participants (175 in the L. rhamnosus GG group and 178 in the placebo group) who attended 

day care.
**	� Household transmission was defined as the development of symptoms of gastroenteritis in at least one previously asymptomatic house‑

hold contact after enrollment of the participant. The denominator for this variable was 826 participants (407 in the L. rhamnosus GG group 
and 419 in the placebo group) who were surveyed about sickness among members of the household.

Table 3. Trial Outcomes, According to Assigned Trial Group.*
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trials included in meta-analyses of trials of pro-
biotics in general6 and of L. rhamnosus GG in 
particular.5 A potential explanation stems from 
our use of a validated composite outcome mea-
sure that incorporates multiple aspects of gas-
troenteritis severity25,26 rather than relying on 
individual symptoms. However, even when we 
analyzed individual symptoms, there were no sig-
nificant differences between the two trial groups. 
To confirm that our findings were not a result 
of inadequacy of the trial product,35,36 we per-
formed a product analysis of the recommended 

dose of the probiotic5,9 and adjusted the sample 
size when inadequate batches were identified.17 
Furthermore, we used an enrichment design to 
ensure that patients who were most likely to ben-
efit (such as those who had a longer duration 
of symptoms) were well represented in our co-
hort.37,38 Thus, the rigor of our research design 
calls into question recommendations to use 
L.  rhamnosus GG in the treatment of children 
with acute gastroenteritis.

It is not uncommon for large, randomized, 
controlled trials to contradict results of previous 

Figure 2. Mean Number of Episodes of Diarrhea or Vomiting per Day, According to Assigned Trial Group.

Data from all participants who completed any follow-up were included in the analyses. Daily surveys that reported no 
diarrhea or vomiting episodes and daily surveys that were not completed because of previous resolution of symptoms 
contributed a value of zero when each daily mean was calculated. I bars denote 95% confidence intervals.
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meta-analyses,39 because even carefully designed 
meta-analyses are subject to the limitations in-
herent to the nature of included trials. Examples 
in addition to our trial include large trials that 
failed to show any benefit of probiotics to pre-
vent antibiotic-associated diarrhea and Clostridium 
difficile infection in adults40 and necrotizing en-
terocolitis in preterm infants41 or to reduce 
pharyngitis symptoms in children and adults.42 
Furthermore, recent studies show that respon-
siveness to probiotics may follow highly indi-
vidualized patterns and that their effect, includ-
ing negative outcomes, may vary according to 
indigenous microbiota and gene-expression pro-
files.43,44 These examples highlight the importance 
of conducting high-quality studies to systematical
ly assess the efficacy and safety of probiotics.45

Although previous trials have suggested that 
approximately 25% of children with acute gastro-
enteritis would have moderate-to-severe courses 
after an ED visit,25,26 we observed a lower per-
centage of such events in both groups. This 
finding may reflect a smaller percentage of 
children with rotavirus infection in our cohort 
than in earlier cohorts46 and clinical trials,6 
many of which were restricted to children with 
rotavirus infection or were conducted before rota-
virus vaccine use had become widespread. Fur-
thermore, our follow-up procedures were more 
detailed than those in previous trials involving a 
similar population,25,26 in which outcomes were 
based on a single interview conducted 14 days 
after enrollment and thus might have been sub-
ject to greater recall bias. Hence, our data prob-
ably present a more accurate portrayal of acute 
gastroenteritis in children in the United States. 
The possibility exists that we tested the interven-
tion in healthier populations, but 82% of the 
participants in our trial had moderate-to-severe 
disease at presentation, and 5% in each group 
were hospitalized, findings that are similar to 
those reported in previous trials.25,26

Despite these attributes, our trial has several 
limitations. First, we enrolled participants dur-
ing days and evenings when research staff were 
available, but we did not collect data on eligible 
children who were missed because they presented 
after hours or on children whose caregivers 
chose not to participate. Second, we relied on 
parental reports of adherence and symptoms, 
and inaccurate recall cannot be excluded. Given 

the large sample size across many centers and 
the fact that the trial was blinded, systematic 
enrollment biases or systematic differences in 
recall between groups would not be expected. To 
reduce the effect of the latter, we used a com-
posite validated outcome measure, provided care-
givers with diaries to record daily events, and 
used a standardized data collection survey, and 
we achieved excellent follow-up rates. Third, al-
though we conducted chart reviews at each site 
to assess potentially missed health care visits 
that occurred after randomization, families may 
have sought care elsewhere. Fourth, although care-
givers were instructed to keep the trial medica-
tion refrigerated, it is possible that the medica-
tion was exposed to temperature extremes in the 
home or during transport, which could have af-
fected bacterial viability. This was a pragmatic 
trial, however, and commercial probiotic prod-
ucts would be prone to the same limitations.

In this randomized, placebo-controlled trial 
involving 971 preschool children with acute gas-
troenteritis, those who received a 5-day course of 
L. rhamnosus GG did not have better outcomes 
than those who received placebo. Treatment with 
L. rhamnosus GG did not result in a smaller propor-
tion of participants having moderate-to-severe 
gastroenteritis and failed to show benefit with 
respect to the duration or frequency of vomiting 
or diarrhea, the rate of household transmission, 
or the duration of day-care or work absenteeism.
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