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Abstract

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 

probiotics 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 
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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 disease), 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.)

Acute Gastroenteritis Causes Substantial complications and is the second leading cause of 

death worldwide in children younger than 5 years of age.1 Although rarely lethal in the 

United States, acute gastroenteritis in children is burdensome, accounting for approximately 

1.7 million visits to the emergency department (ED) and more than 70,000 hospitalizations 

per year.2 In addition, acute gastroenteritis in children is associated with considerable 

nonmedical costs, including lost earnings for caregivers.2 Current treatment options are 

limited to controlling symptoms, preventing dehydration, and preventing secondary 

infections among contacts.3

Meta-analyses have suggested that probiotics improve outcomes in children with acute 

gastroenteritis4–6 through multiple mechanisms, including host immune response 

modulation.7,8 These trials have prompted recommendations for the use of probiotics in the 

treatment of acute gastroenteritis in children.9–12 However, the trials included 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 concealment 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 benefit in a subgroup of patients who had symptoms that lasted for 48 

hours or longer.14
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Despite the paucity of adequate evidence of the efficacy of probiotics for the treatment of 

gastroenteritis and for other indications, probiotic use is increasing in the United States15 

and in other regions of the world. The global market for probiotics 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 trials that evaluate 

clinically useful and validated outcomes in relevant patient populations to provide 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 

presenting to an ED with acute gastroenteritis, treatment with Lactobacillus rhamnosus GG, 

a commonly recommended and used probiotic,5,9,13,18 administered twice daily for 5 days, 

would result in a smaller proportion of children having moderate-to-severe acute 

gastroenteritis in the 2 weeks after the ED visit than placebo.

Methods

TRIAL DESIGN AND OVERSIGHT

This prospective, randomized, double-blind trial was conducted at 10 geographically diverse 

university-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, management, analysis, or interpretation of the data; in the preparation of 

the manuscript; or in the decision 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 

diagnosis 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., immunocompromised 

status, use of systemic glucocorticoids in the previous 6 months, presence of an indwelling 

catheter, known structural heart disease, or history of prematurity among children who were 

younger than 6 months of age at enrollment) or if they had a chronic gastrointestinal 

disorder (e.g., inflammatory bowel disease). Children were also excluded if they had 
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pancreatitis, 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 antibiotic agents (since these agents might be needed to treat an invasive 

infection caused by L. rhamnosus GG); or if their caregiver did not speak English or 

Spanish. Children who had been receiving 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. rhamnosus 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 maintained at room temperature. Caregivers received oral and written instructions 

for administering subsequent doses. The L. rhamnosus GG and placebo 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 information 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 pathogens 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 independently tested every 6 to 9 months before the 

expiration date to ensure the absence of contaminants and the maintenance of viability.

OUTCOMES MEASURES

The primary outcome was the presence of 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 disease) during the 14-

day follow-up period after enrollment. The Vesikari scale scoring system is used to assess 

the severity of gastroenteritis 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 
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the primary outcome) was based only on symptoms or events that occurred 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 

symptoms of gastroenteritis in previously asymptomatic household contacts). Safety 

outcomes included extraintestinal infection by L. rhamnosus GG (e.g., bacteremia), side 

effects (i.e., anticipated symptoms, as specified in the protocol and the statistical analysis 

plan), and adverse events (i.e., untoward 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 percentage-point difference between the two trial groups in the proportion of 

participants having moderate-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 number to 900 participants to account for the following 

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 insufficient 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 analyses 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 probiotics was initiated,14 we incorporated an enrichment 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 population. We also 

performed a separate as-treated analysis to provide additional insight in the event that 

nonadherence would result in an underestimation 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 

standard methods.32 The primary outcome was analyzed with the use of a Mantel–Haenszel 
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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-enrollment modified Vesikari scale score as a continuous 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 measures. 

Significance levels were adjusted for multiple comparisons with the use of the Holm 

procedure.33 We assessed the consistency of the main trial results in prespecified subgroups 

defined according to age (<1 year vs. ≥1 year), duration 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 software (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

RESULTS

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. rhamnosus GG group and 13 in 

the placebo group were lost to follow-up; among these participants, 5 in the L. rhamnosus 
GG group and 8 in the placebo group withdrew from the trial for various reasons (Table S2 

in the Supplementary Appendix). 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 viruses, 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 pathogenic organisms were detected in 

326 participants (42.8%). The percentage of participants who received antibiotics or 

ondansetron after randomization 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 completion of the follow-up surveys were 

96.0% (932 of 971 participants) for the daily surveys (the f 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 

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. The relative risk of a moderate-
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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 complications associated with 

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, 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 [interquartile range, 2 

to 6]; P = 0.85). Prespecified subgroup analyses of the primary and secondary outcomes 

showed no significant differences between the two trial groups according to age, duration of 

symptoms, use of antibiotics in the 14 days preceding enrollment, and type of enteric 

pathogen identified (Fig. S1 in the Supplementary Appendix). The results of the as-treated 

analyses were similar to the results of the intention-to-treat analyses (Table S5 in the 

Supplementary 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 exception of wheezing, which was reported in five participants in the L. 
rhamnosus group and in no participants in the placebo group (P = 0.03) (Tables 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 potentially 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 assigned. 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-controlled trial involving 971 children showed that 

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 gastroenteritis after an ED visit than placebo. The results 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.
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Our pragmatic trial, conducted in a geographically diverse population, confirms and extends 

the findings of a previous smaller trial that was performed at an ED in the United States.14 

However, our results differ from those of smaller trials included in meta-analyses of trials of 

probiotics in general6 and of L. rhamnosus GG in particular.5 A potential explanation stems 

from our use of a validated composite outcome measure that incorporates multiple aspects of 

gastroenteritis severity25,26 rather than relying on individual symptoms. However, even when 

we analyzed individual symptoms, there were no significant differences between the two 

trial groups. To confirm that our findings were not a result of inadequacy of the trial product,
35,36 we performed 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 benefit (such as those 

who had a longer duration of symptoms) were well represented in our cohort.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 

meta-analyses,39 because even carefully designed meta-analyses are subject to the 

limitations inherent to the nature of included trials. Examples in addition to our trial include 

large trials that failed to show any benefit of probiotics to prevent antibiotic-associated 

diarrhea and Clostridium difficile infection in adults40 and necrotizing enterocolitis in 

preterm infants41 or to reduce pharyngitis symptoms in children and adults.42 Furthermore, 

recent studies show that responsiveness to probiotics may follow highly individualized 

patterns and that their effect, including negative outcomes, may vary according to 

indigenous microbiota and gene-expression profiles.43,44 These examples highlight the 

importance of conducting high-quality studies to systematically assess the efficacy and 

safety of probiotics.45

Although previous trials have suggested that approximately 25% of children with acute 

gastroenteritis would have moderate-to-severe courses after an ED visit,25,26 we observed a 

lower percentage 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. Furthermore, 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 subject to greater recall bias. Hence, our data 

probably present a more accurate portrayal of acute gastroenteritis in children in the United 

States. The possibility exists that we tested the intervention 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 

during 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 
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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 composite 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, although 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 medication refrigerated, it is possible that the medication was exposed to temperature 

extremes in the home or during transport, which could have affected bacterial viability. This 

was a pragmatic trial, however, and commercial probiotic products would be prone to the 

same limitations.

In this randomized, placebo-controlled trial involving 971 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. Treatment with L. rhamnosus GG did not result 

in a smaller proportion 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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CLINICAL TRIAL REGISTRATION

The Journal requires investigators to register their clinical trials in a public trials registry. 

The members of the International Committee of Medical Journal Editors (ICMJE) will 

consider most reports of clinical trials for publication only if the trials have been 

registered. Current information on requirements and appropriate registries is available at 

www.icmje.org/about-icmje/faqs/.
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Figure 1. 
Enrollment and Randomization.
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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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