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Abstract

OBJECTIVES: There is uncertainty regarding which hospitalized patients with acute 

gastroenteritis (AGE) benefit from gastrointestinal panel (GIP) testing. Unnecessary testing may 

lead to increased costs, overdiagnosis, and overtreatment. In general, AGE management and 

outcomes are most impacted if an actionable (bacterial or parasitic) result is obtained. We aimed 

to assess which clinical reasons for ordering GIP testing (“order indications”) and patient factors 

were associated with actionable results.

METHODS: This is a cross-sectional study of pediatric patients hospitalized between 2015 and 

2018 at a large pediatric health care system with diarrhea and a GIP performed. Multivariable 

regression analysis was used to determine associations between actionable GIP results and order 

indication, stool frequency, and demographics. Findings were evaluated in patients with complex 

chronic conditions (CCC) and non-CCC patients.

RESULTS: There were 1124 GIPs performed in 967 encounters. Non-CCC patients had more 

actionable results than CCC patients, and reasons for testing differed. Across both cohorts, age 

≥1 year old was positively associated with actionable results. For non-CCC patients, actionable 

results were associated with “diarrhea with blood or pus” order indication and nonwinter season; 

international travel was associated with non-Clostridioides difficile bacteria and parasites. No 

order indications were associated with actionable results for CCC patients.

Address correspondence to Erin Ho, MD, Department of Pediatrics, Section of Infectious Disease, Children’s Hospital Colorado and 
University of Colorado School of Medicine, 13123 East 16th Ave, Aurora, CO 80045. erin.ho@childrenscolorado.org.
Dr Ho conceptualized and designed the study, led data collection, analysis, and interpretation, and drafted the initial manuscript; 
Drs Cotter and Dominguez supervised conceptualization and design of the study, and coordinated and supervised data collection and 
analyses; Mr Thomas conducted data analyses and assisted with interpretation of data; Ms Birkholz designed the data collection 
instruments, collected data, and assisted with interpretation of data; and all authors reviewed and revised the manuscript, approved the 
final manuscript as submitted, and agree to be accountable for all aspects of work.

HHS Public Access
Author manuscript
Hosp Pediatr. Author manuscript; available in PMC 2024 August 12.

Published in final edited form as:
Hosp Pediatr. 2023 December 01; 13(12): 1115–1123. doi:10.1542/hpeds.2023-007273.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CONCLUSIONS: Patient factors and order indications that may help identify children 

hospitalized for AGE with actionable GIP results include older age (regardless of CCC status), as 

well as bloody stools and international travel in previously healthy children. Prospective validation 

of these findings could help improve diagnostic stewardship and decrease unnecessary testing.

Acute gastroenteritis (AGE) is a leading cause of morbidity and mortality in children 

worldwide,1 and accounts for up to 200 000 pediatric hospitalizations and $350 million in 

health care spending a year in the United States.2,3 Given their convenience, fast turnaround 

time, and simultaneous detection of multiple pathogens with high sensitivity and specificity, 

gastrointestinal multiplex polymerase chain reaction (PCR) panels (GIPs) are now a popular 

testing modality for identifying the etiology of AGE.4,5 At our institution, introduction of 

the GIP increased stool testing volume by 20%, but only a small subset (3%) of patients 

tested had improved clinical outcomes, primarily those treated for a detected bacterial 

or parasitic pathogen.6 This discordance emphasizes the need for diagnostic stewardship 

interventions to ensure appropriate use, as studies have demonstrated that unnecessary 

testing can lead to increased health care utilization, increased costs, and overdiagnosis with 

possible subsequent overtreatment.6–9

There is uncertainty regarding which patients and situations truly benefit from GIP testing 

as most AGE episodes are self-limited and due to a viral infection for which treatment is 

supportive.10 Patient management and outcomes are most often affected if an “actionable 

result” is obtained, meaning the detection of a bacterial or parasitic pathogen, which may 

facilitate faster initiation or targeting of antimicrobial treatment or closer monitoring of 

possible associated complications.6,11 Differentiating between viral and bacterial/parasitic 

AGE is difficult; risk factors for nonviral AGE cited in the literature include high 

fevers, bloody diarrhea, summertime, frequent stooling, and international travel, but none 

of these factors are highly discriminatory.10–13 Current AGE guidelines are inconsistent 

when it comes to testing recommendations (though routine stool testing is universally 

not recommended), largely on the basis of low-quality evidence or expert consensus 

opinion, and more robust data are needed to guide testing practices.2,10,11,14,15 To help 

fill this gap and inform future GIP diagnostic stewardship, the aim of this study was 

to evaluate which provider-reported reasons for testing (“order indications”) and patient 

factors, including demographics and stool frequency, were associated with actionable GIP 

results for hospitalized children with acute diarrhea.

METHODS

Study Design and Population

We performed a cross-sectional study of hospitalized children aged ≤18 years with AGE, 

diarrhea, or dehydration who had at least 1 GIP performed during their admission, 

including any GIPs collected in the emergency department before admission. Using similar 

methods to previous related studies,16–18 we identified patients with diarrheal illnesses 

using discharge International Classification of Diseases, 10th Revision, diagnosis codes for 

AGE or diarrhea of determined/presumed infectious etiology (A02.0, A02.9, A03.0, A03.9, 

A04.0–0.9, A07.1–0.2, A08.0–0.8, A09, B82.9, B96.20–0.23), diarrhea of undetermined/

presumed noninfectious etiology (K52.29, K52.89, K52.9, R19.7), and dehydration (E86.0). 
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We included hospitalizations between November 1, 2015, and November 1, 2018, across 5 

pediatric hospitals in the Mountain West region of the United States, including a large, 434-

bed academic quaternary care pediatric hospital and 4 affiliated sites. Patient demographics, 

clinical characteristics, discharge diagnoses, and GIP testing information were extracted 

from the electronic medical record (EMR). This study was approved by the university’s 

institutional review board.

Gastrointestinal Multiplex PCR Panel

Our hospital system uses the BioFire FilmArray Gastrointestinal Panel (bioMérieux, 

Marcy-l’Étoile, France), which detects 22 enteric bacterial, viral, and parasitic pathogens 

(Supplemental Table 4). GIP tests are run by our in-house microbiology laboratory, with an 

average of 130 GIP tests performed per month on inpatient samples during the study period.

Given suspected high rates of asymptomatic colonization, our study excluded the detection 

of Clostridioides difficile (C. difficile) in patients aged <1 year19–21 and detection of 

enteroaggregative, enteropathogenic, and enterotoxigenic Escherichia coli in all ages.22,23 

These bacteria are not routinely reported by our laboratory and are not visible to providers in 

the EMR.

Computerized Physician Order Entry Decision Support With Order Indications and Stool 
Frequency

Between 2015 and 2018, medical providers were required to answer 2 questions in the 

EMR when ordering a GIP: (1) order indication (select 1 of a prepopulated list) and (2) 

number of stools in the last 24 hours. The order indication options were “concern for 

C. difficile,” “diarrhea with blood or pus,” “hemolytic uremic syndrome,” “international 

travel-associated diarrhea,” “prolonged diarrhea (>7 days),” “severe water-loss diarrhea and 

dehydration,” “surveillance testing,” “outbreak/epidemiologic testing,” “retesting for return 

to day care or infection control reason,” and “other.” The “other” indication asked providers 

to elaborate in an optional free text box. “Surveillance testing”, “outbreak/epidemiologic 

testing”, and “retesting for return to day care or infection control reason” were grouped into 

“epidemiologic/surveillance testing” given similarities in testing intent. Providers entered a 

numerical value for the number of daily stools on the basis of parental report or number of 

stools charted in the EMR. There were no guidelines or restrictions on GIP usage during the 

study period outside of completing the computerized physician order entry questions.

Outcomes and Statistical Analysis

Patients were analyzed in 2 cohorts on the basis of underlying medical history: Complex 

chronic condition (CCC) (presence of at least 1 CCC as defined by Feudtner et al’s pediatric 

CCC classification system version 2)24 versus non-CCC (“previously healthy”).

GIP results were categorized as “actionable” (defined as any bacteria or parasite detected), 

“nonactionable” (virus only detected), or “no organism detected.” The primary outcome 

was proportion of actionable results, and the prevalence of each result type was calculated 

for each order indication, by CCC status. For each result type (at the encounter level), 
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the median and interquartile range was calculated for the number of stools reported in the 

previous 24 hours, by CCC status.

Bivariable analyses were used to compare clinical and demographic characteristics between 

CCC and non-CCC patients. Wilcoxon rank sum tests were used to compare median values 

of continuous variables, and a Pearson’s χ2 (or Fisher’s exact) test was used to compare 

proportions for categorical variables.

Separate multivariable analyses were performed for CCC and non-CCC cohorts using 

Poisson regression with robust error variance to calculate adjusted relative risks (RR) 

comparing covariates to an actionable result indicator (yes or no). A full data model (with 

CCC and non-CCC patients) was considered, but CCC status had significant interaction 

with multiple covariates, and therefore analyses were stratified by CCC status to make 

results more manageable/interpretable. Several covariates were determined a priori: Age, 

seasonality, ICU admission any time during hospitalization, and number of daily stools. 

Age was analyzed in 4 age buckets: <1 year, 1 to 2 years, 2 to 5 years, and ≥5 years. 

Individual order indications were included in the model if they were associated with 

actionable results in bivariate analyses with a P value <.2. Poisson regression with robust 

error variance was chosen to allow us to calculate RR, rather than odds ratios, with improved 

accuracy of the SE with increasing outcome incidence. To address the possibility of some 

C. difficile detections representing asymptomatic colonization in age groups >1 year, we 

conducted sensitivity analyses in which multivariable regression analyses were performed 

by sequentially excluding C. difficile as an actionable result in patients <2 years old, <3 

years old, and in cases when a virus was codetected with C. difficile. We also performed 

a regression analysis to evaluate risk factors for non-C. difficile bacteria and parasites. The 

number of daily stools was missing for a small subset (n = 14 of 1124) of GIPs, and these 

tests were excluded from regression analysis; there were no other missing data.

Data were analyzed using SAS version 9.4 software (Cary, NC). All statistical tests were 

performed with a level of significance of α = .05.

RESULTS

There were 1124 GIP tests performed for 967 hospital encounters in our study (Table 

1). Almost half of encounters were from patients who had at least 1 underlying medical 

condition (CCC), and 55% of GIP tests performed were from the CCC cohort. More than 1 

GIP was performed in a higher proportion of CCC encounters (13.7% vs 5.6%).

GIP Results

One-fourth of tests had an actionable result (versus 19.4% when excluding C. difficile as an 

actionable result for <3 years old and 19.0% when excluding C. difficile in cases with viral 

coinfection), and 8.5% had >1 type of pathogen detected. Overall, viruses were the most 

common pathogen type detected (positive on 38.6% of tests), followed by bacteria (24.2%) 

and parasites (2.0%) (Supplemental Table 4). C. difficile was the most common bacteria 

detected (14.5%) and was more prevalent in the CCC cohort (16.3% CCC versus 12.3% 

non-CCC) and in younger age groups (26.2% 1–2 years, 17.4% 2–5 years, 15.9% >5 years). 
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The prevalence of non-C. difficile bacteria was lower in CCC patients than non-CCC (3.6% 

CCC versus 17.0% non-CCC). Almost half of C. difficile-positive tests showed a coinfection 

with another pathogen type, with viruses as the predominant codetected pathogen type (Fig 

1).

GIP Order Indications and Proportion of Actionable Results

The most common GIP order indication (besides “other”) for both cohorts was “severe 

water-loss diarrhea and dehydration” (Table 2). “Diarrhea with blood or pus” and 

“international travel-associated diarrhea” were more commonly selected for non-CCC 

patients, whereas “concern for C. difficile” and “epidemiologic/surveillance testing” were 

more common indications for CCC patients.

Overall, GIPs from non-CCC patients had a higher percentage of actionable results (29.7% 

non-CCC versus 20.6% CCC) but a similar percentage of nonactionable results (Fig 2). In 

both cohorts, “diarrhea with blood or pus” had the highest yield for actionable results. 

“Hemolytic uremic syndrome” and “international travel-associated diarrhea” had high 

percentages of actionable results but very small sample sizes. Conversely, “severe water-loss 

diarrhea and dehydration” and “epidemiologic/surveillance testing” had higher proportion of 

viruses.

Multivariable Logistic Regression Analysis of Actionable Results

For non-CCC patients, we found positive associations between actionable results and all 

age buckets ≥1 year old versus <1 (RR range 3.33–4.49, P < .001 for all), order indication 

“diarrhea with blood or pus” (RR 1.52, P = .015), and summer/spring versus winter (RR 

range 1.56–1.92, P value range .002–.039) (Table 3). In sensitivity analyses, regression 

results did not materially change when sequentially excluding C. difficile as an actionable 

result in patients aged <2 years, <3 years, and in viral coinfection cases (Supplemental Table 

5). When evaluating detection of non-C. difficile bacteria and parasites, all age buckets ≥1 

years remained positively associated with actionable results for the non-CCC cohort, though 

with mild decreases in RR. Conversely, RR for “diarrhea with blood or pus” and seasonality 

were larger when excluding C. difficile. Additionally, the order indication “international 

travel-associated diarrhea” (RR 3.06, P < .001), as well as ≥4 stools per day (RR 1.61, P 
= .03) were positively associated with non-C. difficile bacteria and parasites (Supplemental 

Table 5).

For CCC patients, all age buckets ≥1 year were positively associated with actionable results 

(RR range 5.56–7.56, P < .001 for all). ICU admission (RR 0.67, P = .016) was negatively 

associated with actionable results (Table 3). When excluding C. difficile as an actionable 

result for patients aged <2 years, <3 years, and in viral coinfection cases, the age bucket 1 

to 2 years was no longer positively associated with actionable results, but age buckets 2 to 5 

years and ≥5 years remained positively associated. When evaluating non-C. difficile bacteria 

and parasites, age was no longer associated with actionable results (Supplemental Table 6).
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Daily Stool Burden and Result Type

The median number of stools reported in a 24-hour period was 4 to 5, regardless of CCC 

status or result type (Supplemental Table 7). There was no statistical difference in the 

median number or interquartile range of daily patient stools on the basis of GIP result.

Time to Testing and Repeat GIP Yield

The yield of actionable results was higher for first-time GIPs collected within 72 hours of 

admission compared with those collected >72 hours after admission (30.0% vs 15.8%, P 
< .001). We performed a subsample analysis to evaluate whether repeating a GIP within 

1 week of the first test might increase the yield of pathogen detection. Of 41 hospital 

encounters with a negative GIP test followed by a repeat test performed within 7 days of 

the previous test, 80% of repeat tests (33 of 41) were again negative. In 5% (2 of 41) of 

encounters, C. difficile was newly detected on the repeat test. New viruses were detected in 

14% (6 of 41). No other bacteria or parasites were newly detected on repeat testing.

DISCUSSION

To our knowledge, this is the first study to incorporate provider-selected GIP order 

indications and their association with actionable results to inform future diagnostic 

stewardship practices. For both non-CCC and CCC cohorts, age ≥1 year was positively 

associated with actionable results. For non-CCC patients, actionable results were also 

associated with “diarrhea with blood or pus” order indication, nonwinter season, and 

international travel when excluding C. difficile. For CCC patients, there was a lower 

percentage of actionable results overall, and actionable results were negatively associated 

with ICU admission; no order indications were predictive of actionable results. We found 

repeat GIPs and testing performed >72 hours after hospital admission to be low-yield 

practices.

The positive association between age ≥1 year and actionable results across both cohorts 

aligns with previous studies showing higher proportions of viral (compared with bacterial) 

pathogens in young infants with AGE.13,25 In our study, the yield of actionable results for 

all patients aged <1 year was only 6.7%, compared with 24.7% overall. Despite this low 

yield, 20% of GIP tests ordered were on patients aged <1 year, suggesting opportunities for 

targeted diagnostic stewardship in this age group.

We detected toxigenic C. difficile in 14.5% of all tests, with higher detection rates and 

C. difficile coinfections in children aged <5 years. These results align with findings by 

Stockmann et al, where 16% of all children and 19% of children aged 2 to 4 years presenting 

with diarrhea had C. difficile detected on GIP.26 Our institution excludes C. difficile 
detection in infants aged <12 months because rates of asymptomatic carriage are up to 40% 

to 70% in this age group.19–21 Given concerns for continued higher rates of asymptomatic 

carriage in children aged >1 year (up to 13% in children aged 1–2 years and 8% in children 

aged 2–5 years based on a meta-analysis by Tougas et al),20 we performed sensitivity 

analyses sequentially recategorizing C. difficile as “nonactionable” for younger age groups 

and cases with coinfections to account for the possibility of C. difficile colonization. 
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Although this sensitivity analysis did not result in significant changes in multivariable 

regression analysis, it did decrease proportions of actionable results, most notably in 

patients 1–2 years of age, where actionable results decreased from 34% to 10% when 

excluding C. difficile. Our findings underscore the importance of differentiating between 

true C. difficile infection and colonization, and therefore, whether to initiate treatment. 

The distinction remains challenging, particularly for younger CCC patients (aged <3 years) 

who have a high C. difficile detection rate but also more risk factors for true infection 

(eg, more hospital encounters and antibiotic exposure, underlying gastrointestinal pathology, 

or immunocompromised state). Because C. difficile detection has become faster and more 

sensitive with PCR testing, the likelihood of overdiagnosis leading to overtreatment is a 

growing concern.27–29 Although national guidelines recommend against routine testing for 

C. difficile in children aged <2 years,21 guidance on how to interpret positive results and 

decide on treatment is lacking and remains an important focus of future research.20,29

For non-CCC patients, our findings support previously identified clinical and epidemiologic 

risk factors for bacterial or parasitic AGE, including bloody or mucoid stools, recent 

international travel, and nonwinter season, and emphasize the importance of considering 

these factors when deciding on testing for an otherwise healthy child.2,11,13,25,26,30,31

For the CCC cohort, yield of both actionable and positive results was lower than for the 

non-CCC cohort, similar to findings by Stockmann et al,26 and no order indications or 

clinical factors other than age were associated with actionable results. The lack of predictive 

factors for this cohort is not unexpected, because there is more underlying complexity and 

a broader differential diagnosis for acute diarrhea in this population. Although detection 

of an actionable pathogen is generally of higher clinical utility, a viral or negative GIP 

result may aid decision-making and management in certain populations, a sentiment in 

line with a recent Delphi study addressing testing priorities for pediatric AGE.32 For 

example, for patients with inflammatory bowel disease, a negative GIP can expedite 

initiation of immunomodulatory therapy. For immunocompromised patients, detection of 

a viral infection may warrant antiviral therapy or prevent further invasive diagnostic testing. 

A potential future area of research is to focus on specific populations within the CCC cohort 

to better characterize GIP utilization.

Across both cohorts, the most common reason for ordering testing was “severe water-loss 

diarrhea or dehydration”; however, this order indication had a low yield of actionable 

results and the highest yield of viral, nonactionable results. This aligns with previous 

studies demonstrating that AGE caused by rotavirus was associated with more severe 

dehydration and increased likelihood of hospitalizations compared with other etiologies.10,30 

Additionally, ICU admission was negatively associated with actionable results for CCC 

patients. These findings suggest that certain markers of disease severity, such as ICU 

admission or severe dehydration, without other compelling risk factors are not good 

predictors of actionable results and should be lower-priority reasons for testing.

GIPs performed >72 hours after admission and repeat tests were also lower-yield practices, 

a similar trend reported by previous studies where only 6% to 8% of tests were positive 

in these scenarios.33,34 Out of the 41 hospital encounters in our study that had repeat GIP 
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testing done after an initial negative test, only 2 new actionable results (both C. difficile) 

were detected. In these instances, obtaining a C. difficile toxin PCR test would be more 

cost-effective and targeted. Overall, our findings support restricting repeat testing and testing 

>72 hours after admission.

Strengths of our study include a large sample size consisting of patients with and without 

underlying medical conditions. The inclusion of testing order indications adds insight into 

provider reasons for testing, in addition to consideration of other patient and clinical factors. 

One study limitation is that 25% to 30% of GIPs had an order indication of “other” without 

further explanation, limiting our interpretation for these tests. Additionally, this study was 

conducted within a single hospital system, with a high percentage of CCC patients at all 

sites, possibly impacting the generalizability of our results.

CONCLUSIONS

For previously healthy children hospitalized with acute diarrhea, providers should consider 

limiting GIP testing unless there are factors such as bloody stools or international travel, 

especially in infants aged <1 year. For medically complex patients, C. difficile is the most 

common actionable pathogen detected, so providers should evaluate for risk factors for C. 
difficile and consider C. difficile-specific testing rather than a GIP, unless other results (viral, 

no organism) will change patient management and outcomes.
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FIGURE 1. 
Pathogen types detected on GIP, by CCC status. Number of GIP tests with each pathogen 

type (C. difficile, non-C. difficile bacteria, virus, and parasite) detected. Figure delineates 

single infection (only 1 pathogen type detected) versus coinfection (>1 pathogen type 

detected). Regarding C. difficile coinfections: For CCC cohort, coinfections consisted of 

91% virus, 4% bacteria, 2% parasite, and 2% >1 organism type; for non-CCC cohort, 

coinfections consisted of 73% virus, 13% bacteria, 13% >1 organism type, and 0% parasite. 

Values are displayed as N where N represents the number of GIP tests.
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FIGURE 2. 
Prevalence of GIP result type by order indication. Proportion (%) of GIP result types for 

each order indication, by CCC status (left: Non-CCC, right: CCC). Result types include 

actionable (bacteria or parasite) result, nonactionable (virus only) result, and no organism 

detected. Bar graphs add up to 100%. Values in parentheses are displayed as N where N 
represents the number of GIP tests. a N < 10.
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