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Abstract

Acute gastrointestinal infections (AGIs) can lead to significant morbidity and mortality. In
diagnosing AGI, culture-independent diagnostic tests offer advantages over traditionalmethods
and increase the chance of detecting multiple pathogens (co-detection). A retrospective analysis
of data from a tertiary pediatric hospital was conducted to characterize occurrence of AGI
co-detections and compare outcomes with patients who had only one AGI pathogen detected.
Medical records were obtained for patients with stool samples tested using BioFire FilmArray GI
Panel between 1 January 2016 and 31 December 2020. Data were described using descriptive
statistics, correlation analysis, and logistic regression to identify risk factors and estimate
co-detection rates. During the study period, 12,753 patients had a total of 17,159 stool samples
tested. Of these, 8,212(47.9%) tested positive, with 6,040(73.6%) being single detections and
2,172(26.4%) being co-detections. Patients with single detection experienced higher hospital-
ization rates than patients with co-detection. Patients 1–4 years old exhibited the highest
co-detection rate relative to other age groups, while Hispanic/Latino individuals were 1.75 times
more likely to have co-detection than other races. This study emphasizes the significance of
understanding pathogen interactions concerning clinical characteristics and epidemiology of
AGI, and the necessity for effective diagnostic strategies and optimal healthcare resource
allocation.

Introduction

Acute gastrointestinal infections (AGIs) are a significant public health concern, with children
bearing most of the disease burden [1]. Prevention of AGI through good hygiene and access to
safe food and water is the most efficient way to protect public health; however, when illnesses
present with features that warrant diagnostic evaluation, targeted and timely testing can be
important for effective patient care and for detecting potential outbreaks. In clinical settings,
selective testing may guide antibiotic use, avoid unnecessary hospitalizations, and inform
isolation decisions, thereby reducing healthcare expenditures [2–4]. Accurate detection is also
critical to surveillance of AGI pathogens, which is used to inform the development of targeted
interventions to control pathogens, monitor trends in incidence, and estimate the burden of
disease [5].

A range of infectious agents, including bacteria, parasites, and viruses, can cause AGI.
Physicians can order stool samples for patients presenting with AGI symptoms and request
bacterial culture, ova and parasite examinations, and targeted viral assays to identify the
causative organism and inform treatment. However, detecting the cause of illness can be
challenging and expensive given the range of possible pathogens, lack of pathogen-specific
symptoms, and difficulties in culturing some AGI pathogens [3, [6], 7]. Often, these tests are
highly sensitive, faster, and generally more cost-effective than traditional culture-based
methods [3, 4]. As a result, many clinical laboratories have shifted to the use of molecular-
based culture-independent diagnostic tests (CIDTs) that can detect multiple pathogens in a
single stool sample test.

With the ability to test multiple pathogens simultaneously and the improved detection
sensitivity, CIDTs are also increasing the detection of multiple pathogens in one single stool
sample (i.e., co-detection). The rates of co-detection of AGI pathogens in the general population
have been reported in several studies, varying from around 8% to 30% of positive results
[6, 8]. However, these studies were limited to shorter time frames and focused on the general
population. The rates of co-detection in the pediatric population have been reported as ranging
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from 15% to 65% [9, 10]. The clinical significance of multiple
pathogen detections remains unclear. Co-detections may reflect
higher pathogen burden, distinct transmission patterns, or under-
lying host susceptibility, any of which could influence symptom
severity, dehydration risk, or healthcare utilization. However, few
studies have evaluated whether children with co-detection events
experience different clinical outcomes, such as hospitalization,
compared with those with single detections [11–13]. Therefore,
the objective of this research was to characterize the occurrence
of co-detections of AGI pathogens in a pediatric population and
compare patient characteristics and outcomes between those with
single detections and those with co-detections.

Materials and methods

Electronic medical records were collected from Nationwide Chil-
dren’s Hospital (NCH) in Columbus, Ohio, for patients under the
age of 25 with at least one stool sample tested between 1 January
2016 and 31 December 2020. This analysis represents a secondary
evaluation of the dataset described in Yasmin et al. [14]. For the
current analysis, we restricted the cohort to patients with a single
FilmArray test during the encounter and complete hospitalization
data. It was assumed that patients with multiple tests during the
study period might represent those with prolonged illness, recur-
rent infections, or patients with more severe or medically complex
conditions. As a result, the number of patients included here is a
subset of the broader cohort reported previously. The present
manuscript focuses specifically on the clinical significance of co-in-
fections, which were not examined in the earlier analysis.

During the study period, NCH tested stool samples using the
BioFire® FilmArray® Gastrointestinal (GI) Panel (Salt Lake, Utah), a
commercial CIDT that uses real-time polymerase chain reaction to

detect 22 AGI pathogenic targets, including 13 bacteria, 5 viruses,
and 4 parasites, in human stool samples [6, 15]. Testing was not
performed universally but was ordered when the provider deemed
diagnostic evaluation appropriate. FilmArray testing was per-
formed at or near the time of clinical presentation, and hospital-
ization status reflects whether the patient was admitted during
that same encounter. Thus, testing and hospitalization occurred
within the same clinical episode. De-identified demographic infor-
mation (i.e., age, race and ethnicity, sex, zip code, insurance type),
laboratory results (i.e., order date, test result), as well as healthcare
encounter data (i.e., encounter date, diagnostic code, outcome)
were extracted for each patient as described elsewhere [14]. NCH
is a free-standing children’s hospital that routinely provides care to
infants, children, and young adults. We restricted the study popu-
lation to patients ≤25 years of age. Individuals older than 25 at this
institution typically have complex chronic conditions and differ
clinically from the general pediatric and young adult population.
Urbanicity was defined using the patient’s zip code and assigned
using Rural–Urban Commuting Area (RUCA) codes from the
U.S. Department of Agriculture Economic Research Service
(USDA ERS) mapping file [16]. Zip codes were matched to RUCA
codes and grouped into the urbanicity categories presented in
Table 1. Patients were categorized as having public insurance if
billing records indicated Medicare, Medicaid, or the Children’s
Health Insurance Program (CHIP). Hospitalization was defined
as inpatient admission or observation status occurring during the
same encounter in which the FilmArray test was ordered. Emer-
gency department visits without admission were not considered
hospitalizations. Because observation encounters are recorded with
short lengths of stay, some admissions had durations of <1 day.

Patient comorbidities were summarized using the Charlson
Comorbidity Index (CCI), which classifies conditions by assigning

Table 1. Patient characteristics overall and by detection type

Patients* FilmArray Tests – N (%)

Total Total
Single Detection

N (%) Co-detection P-value**

Total 12,753 (100%) 17,159 (100%) 6,040 (35.2%) 2,172 (12.7%)

Hospitalizations 6,673 (52.3%) 9,732 (56.7%) 3,403 (56.34%) 1,132 (52.1%) <0.01

Deaths 48 (0.4%) 48*** 18 (0.3%) 2 (0.1%) 0.09

Age group

<1 2,194 (17.2%) 2,901 (16.9%) 1,016 (16.8%) 410 (18.9%) <0.01

1–4 4,193 (32.9%) 5,533 (32.3%) 2,299 (38.1%) 1,045 (48.1%)

5–12 3,120 (24.5%) 4,118 (24.0%) 1,443 (23.9%) 441 (20.3%)

13–18 2,613 (20.5%) 3,680 (21.4%) 1,033 (17.1%) 220 (10.1%)

18–25 633 (5.0%) 927(5.4%) 249 (4.1%) 56 (2.6%)

Sex

Female 5,948 (46.7%) 8,002 (46.6%) 2,732 (45.2%) 981 (45.2%) 0.96

Male 6,805 (53.3%) 9,157 (53.4%) 3,308 (54.8%) 1,191 (54.8%)

Race & ethnicity

White Non-Hispanic 8,166 (64.0%) 11,238 (65.5%) 3,946 (65.3%) 1,216 (56.0%) <0.01

Black Non-Hispanic 2,247 (17.6%) 2,846 (16.6%) 1,019 (16.9%) 463 (21.3%)

Asian 474 (3.7%) 606 (3.5%) 209 (3.5%) 108 (5.0%)

Hispanic or Latino 646 (5.1%) 773 (4.5%) 288 (4.8%) 156 (7.2%)

Other 1,220 (9.6%) 1,696 (9.9%) 578 (9.6%) 229 (10.5%)

(Continued)
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predetermined numeric values to patients (Charlson et al., 1987).
The CCI was used as a standardized measure of baseline health
status because it was the only validated comorbidity metric that
could be reliably derived from the structured data available for this
cohort. In brief, International Classification of Diseases (ICD)
codes were extracted for each patient, and CCI weights were used
to score each diagnosis. For example, more prevalent conditions,
such as myocardial infarction or diabetes, were assigned 1 point,
while moderate/severe illnesses, such as liver disease, received
3 points, and metastatic solid tumors or AIDS, which are con-
sidered very severe, received 6 points, as determined by the CCI.
Scores were summed to produce a total CCI score for each patient,
which was then categorized as mild (1–2 points), moderate (3–4
points), or severe (≥5 points) comorbidities according to the CCI
standard [17].

Patient characteristics (age, sex, race and ethnicity, urbanicity,
insurance type) and outcomes (hospitalization, mortality) were
summarized using descriptive statistics. Rates of single and co-
detection were estimated, along with 95% confidence intervals, by
dividing the number of single or co-detections (i.e., two or more
AGI pathogens detected in the same sample) by the total number of
FilmArray tests performed. Co-detection rates were estimated by
pathogen by dividing the total number of co-detections for each
pathogen by the total number of co-detections. A correlation analy-
sis was conducted to identify AGI pathogens commonly detected
together. Escherichia coli O157 and Shiga toxin-producing E. coli
(STEC) were combined for analysis. Vibrio and Vibrio cholerae
were combined due to low detection numbers.

Logistic regression was used to identify risk factors associated
with co-detection, hospitalization, and mortalitySince deaths were
rare in this cohort, analyses of mortality were not powered to detect
differences between infection groups and are interpreted descrip-
tively. Risk factors considered included age, sex, race and ethnicity,
urbanicity, insurance type, co-detection (for hospitalization and
mortality models), and comorbidity status. Since individual patho-
gen combinations were infrequent, co-infections were categorized
as a single binary variable (≥2 pathogens detected). This approach

was used to maintain adequate cell counts, avoid model instability
due to sparse categories, and evaluate the broader clinical relevance
of multiple simultaneous detections. The outcomes of interest were
co-detections, hospitalization, andmortality. For eachmodel, back-
ward selection was used to evaluate the relationship between risk
factors and the outcome of interest. Crude and adjusted odds ratios
and 95% confidence intervals were calculated for potential risk
factors, and a p-value ≤0.05 was considered statistically significant.
Pairwise comparisons with Bonferroni adjustments were estimated
for the outcomes of interest. Goodness-of-fit was assessed using
the Hosmer-Lemeshow goodness-of-fit test. Multicollinearity was
assessed by examining pairwise correlations among continuous
predictors, evaluating low-frequency levels of categorical variables,
and reviewing model diagnostics (including condition indices).
Variance Inflation Factors (VIFs) were calculated for continuous
variables where applicable. Hospitalization andmortality rates were
estimated by dividing the number of hospitalized patients or the
number who had died by the total number of patients and stratified
by demographics. All statistical analyses were performed using SAS
9.4 for Windows (SAS Institute, Cary, NC). Appropriate ethical
approvals were obtained from NCH [STUDY00001605], The Ohio
State University [2021 N0015], and GeorgeWashington University
[NCR235216].

Results

A total of 12,753 patients had a stool sample tested using the GI
FilmArray from January 1, 2016, to December 31, 2020, at NCH
(Table 1); 30 patients with over 10 stool sample tests during the
study period were considered outliers and excluded from the ana-
lysis [14]. The mean age was 7.1 years, with just over half (50.1%)
below the age of 5. Patients were predominantly male (53.3%),
white non-Hispanic (64%), lived in a metropolitan area (76.4%),
and had public insurance (50%). Most patients (99.9%) did not
have a comorbidity and, therefore, did not have a CCI score. Out of
the patients with comorbidities recorded (N = 315), 295 were
classified as mild, and 20 were considered severe. Patients had

Table 1. (Continued)

Patients* FilmArray Tests – N (%)

Total Total
Single Detection

N (%) Co-detection P-value**

Insurance type

Public (Medicaid/CHIP) 6,376 (50%) 8,612 (50.2%) 3,074 (50.9%) 1,299(59.8%) <0.01

Private 4,927 (38.6%) 6,233(36.3%) 2,218 (36.7%) 653 (30.1%)

Self-pay 259 (2%) 300 (1.8%) 105 (1.7%) 65 (3.0%)

Combination Public/Private 1,160 (9.1%) 1,950 (11.4%) 621 (10.3%) 153 (7.0%)

Other or Unknown 31 (0.2%) 64 (0.4%) 22 (0.4%) 2 (0.1%)

Urbanicity

Metropolitan (Urban Area) 9,746 (76.4%) 12,820 (74.7%) 4,529 (75.0%) 1,682 (77.4%) 0.15

Micropolitan (Large Urban Cluster) 2,398 (18.8%) 3,464 (20.1%) 1,211 (20.1%) 385 (17.7%)

Small Town (Small Urban Cluster) 422(3.3%) 615 (3.6%) 208 (3.4%) 78 (3.6%)

Rural Area 147 (1.2%) 183 (1.1%) 68 (1.1%) 21 (1%)

Missing Zip Code 40 (0.3%) 77 (0.5%) 24 (0.4%) 6 (0.3%)

*Pearson’s Chi-square tests were used to test for different demographic groups.
**The p-values were calculated for each category for the overall FilmArray® GI Panel tests between the single detection and co-detection populations.
***The overall number of patient deaths is 48, despite the number of tests conducted on each patient.
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17,159 stool samples tested during the study period, with the
majority (79%) having one test (Figure 1). A total of 8,212
(47.9%) tests detected at least one AGI pathogen, with a single
pathogen being detected in 35.2% and multiple pathogens being
detected in 12.7% (Table 1). Pathogens most commonly detected
were Enteropathogenic E. coli (EPEC), Clostridioides difficile, and
norovirus. Co-detection rates of 60% or higher were observed for
E. coli O157/STEC, Enterotoxigenic E. coli (ETEC), Vibrio, Yersi-
nia, Enteroaggregative E. coli (EAEC), and Plesiomonas shigelloides
(Figure 2) [14]. An alternative figure presenting co-detection rates
in unique patients can be found in Supplementary Figure 1. C. dif-
ficile and Cyclospora cayetanensis exhibited lower than 30%
co-detection rates. Numerous weak but statistically significant
correlations were identified for co-detections (p-value <0.0001)
(Figure 3). Positive correlations were observed between EPEC
and EAEC (0.14), EPEC and ETEC (0.12), E. coli O157/STEC
and ETEC (0.09), and EPEC andCampylobacter (0.08). In contrast,
C. difficile was negatively associated with several other AGI patho-
gens [e.g., Adenovirus (0.04), EPEC (0.04), and EAEC (0.04)].
Among co-infected children, pathogen combinations were highly
heterogeneous and often rare; the most frequently observed com-
binations and their associated hospitalization rates are shown in
Supplementary Table 1.

Several sociodemographic characteristics were associated with
co-detection of pathogens (Table 1, Figure 4). Children aged 1–4
years had significantly higher odds of co-detections among all age
groups and were significantly more likely to have co-detections
compared to children aged 13–18 years (AOR: 2.1; 95%CI: 1.6–2.7)
and those over 18 years (AOR: 1.9; 95% CI: 1.1–3.2). When com-
pared to White non-Hispanic individuals, Asian, Black non-
Hispanic, andHispanic or Latino individuals were also significantly

more likely to have co-detections, with Asian (AOR: 1.5; 95%
CI: 1.1–2.3) and Hispanic or Latino individuals (AOR: 1.5; 95%
CI: 1.1–2.1) having the highest odds. Individuals with a combin-
ation of public and private insurance had significantly lower odds of
co-detections compared to individuals with public insurance
(AOR: 0.6; 95% CI: 0.4–0.9) and those who self-pay (AOR: 0.5;
95% CI: 0.3–0.8). Additional model output can be found in
Supplementary Table 2.

Slightly more than half of the patients (52.3%) were hospitalized
(Table 1). The mean and median number of days in the hospital
were, respectively, 4.8 and 1 days for patients with a single pathogen
detection, and 2.3 and 0.5 days for patients with a co-detection.
Several risk factors were significantly associated with hospitaliza-
tion (Figure 5). Children under 1 year old had significantly higher
odds of hospitalization compared to all other age groups and were
more than twice as likely compared to those over 18 years (AOR:
2.2; 95% CI: 1.7–2.9) (Figure 5). Similarly, children aged 1–4 years
had moderately higher odds of hospitalization compared to those
aged 13–18 years (AOR: 1.2; 95% CI: 1.0–1.4). When compared to
White non-Hispanic individuals, individuals who identified as
“Other” (AOR: 1.6; 95% CI: 1.3–1.9) had significantly higher odds
of hospitalization. Higher odds of hospitalization were also found
for Black non-Hispanic individuals compared to Hispanic and
Latino individuals (AOR: 1.4; 95% CI: 1.1–1.8). Individuals with
a combination of public and private insurance had significantly
higher odds of hospitalization compared to those with private
insurance (AOR: 1.9; 95% CI: 1.6–2.3), public insurance (AOR:
1.4; 95% CI: 1.1–1.6), and those who self-pay (AOR: 1.5; 95% CI:
1.0–2.2). Those living in metropolitan areas had significantly lower
odds of hospitalization compared to individuals living in micro-
politan areas (AOR: 0.4; 95% CI: 0.3–0.5), rural areas (AOR: 0.4;

Figure 1. Number of FilmArray Tests by patient (N = 12,753).
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95% CI: 0.3–0.7), and small towns (AOR: 0.3; 95% CI: 0.2–0.4).
Co-detection was not a statistically significant risk factor for hos-
pitalization. Additional information can be found in Table 1 and
Figure 5.

Age group was significantly associated withmortality (Figure 6).
When compared to both children under 1 year (OR: 0.3; 95% CI:
0.1–0.9) and those over 18 years (OR: 0.3; 95%CI: 0.1–0.8), children

aged 5–12 years had significantly lower odds of mortality. There
was no significant difference in the odds of mortality for children
under 1 compared to those over 18 years (OR: 0.8; 95%CI: 0.3–2.1).
Other characteristics, including race and insurance group, were
analyzed but showed no significant associations with mortality.
Co-detection was not significantly associated with mortality
(Supplemental Material 1).

Figure 2. Number of detections and proportion of single and co-detections by pathogen (N = 17,159).

Figure 3. Pathogen Co-detection Correlation Heat Matrix.
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Figure 4. Odds of co-detection by demographic in single and co-detection groups.

Figure 5. Odds of hospitalization by demographic in total patient population.
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Patients with mild comorbidities had higher odds of both single
and co-detection compared to no-detection, but the p-value was
only significant (p < 0.05) for those with single detection (Table 2).
Patients with severe comorbidities had higher odds of single and
co-detection compared to non-detection, but those were not sig-
nificant (p > 0.1). There was insufficient data to assess the associ-
ation with hospitalization and mortality.

Discussion

To the best of our knowledge, this is one of the first studies to
describe the prevalence and epidemiological characteristics of
co-detections in pediatric patients not limited to diarrheal disease,
from a large tertiary pediatric hospital in the US. This study focused
on assessing co-detections between a number of pathogens, while
previous studies in children have been limited to small sample sizes
and a few pathogens of interest [6, 8].

The observed proportions of single and co-detections aligned
with findings from previous investigations of the GI Panel in

clinical practice within the United States [2, [5]–[8], 18]. While
EPEC, C. difficile, and norovirus were the most commonly detected
pathogens, these pathogens were unlikely to be co-detected with
another pathogen. In contrast, E. coliO157/STEC, ETEC, Yersinia,
EAEC, and Plesiomonas shigelloides were more likely to be co-de-
tected, which was consistent with a recent study evaluating patho-
gen detections that also reported co-detections between ETEC,
STEC, and EAEC [19] and a European study reporting multiple
E. coli infections in unique patient stool samples [20].

Higher odds of co-detection were seen in younger patients, non-
white patients, and patients with public and self-pay insurance,
which is consistent with previous research. A recent study of chil-
drenwith gastrointestinal infections reported high rates of co-detec-
tion; however, this study was primarily focused on viral agents
[21]. A cross-sectional study conducted from 2000–2015 reported
that Black and Asian/Pacific Islander populations had the highest
risk of Helicobacter pylori infection and upper GI symptoms com-
pared to other racial/ethnic groups [22]. However, this study was
limited to adults 21–65 years old and focused on one pathogen, so

Figure 6. Odds of mortality by demographic in total patient population.

Table 2. Logistic regression analysis for Charlson comorbidity index levels

Co-detection

CCI levela

No detectionb Single detectionc Co-detectiond

ORe 95%CIf p-value OR 95%CI p-value OR 95%CI p-value

Mild (1–2 points) Refg - - 0.77 (0.62, 0.97) 0.02 0.82 (0.57, 1.77) 0.27

Severe (≥5 points) Ref - - 1.79 (0.80, 4.00) 0.15 1.58 (0.45, 5.53) 0.48

aCharlson Comorbidity Index.
bIndividual logistic regression model.
cIndividual logistic regression model.
dIndividual logistic regression model.
eOdds Ratio.
f95% Wald Confidence Interval.
gReference group.
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comparisons between race/ethnicity and co-detection cannot be
drawn. Additionally, a retrospective study conducted from 2011–
2017 reported that patients with Medicaid had a higher burden of
C. difficile [23]. However, this study was conducted in adult and
elderly populations, while our study focused on children.

Co-detection did not increase odds for hospitalization or mor-
tality; patients with more than one pathogen detection had lower
rates and length of stay for hospitalization. This finding differs from
a previous study, which reported that GI co-infection was associ-
ated with chronic kidney disease [19]. However, this study was
primarily focused on adult patients, which differs from our study
population of children. Another study found that children with
co-infection from enteric pathogens hadmore severe clinical symp-
toms and dehydration [10]. Additionally, co-detection can poten-
tially result in different host immune responses, which may limit
disease severity, as has been documented in parasite, virus, and
bacterial studies [24–27].

These findings also have implications for diagnostic stewardship.
Multiplex gastrointestinal panels are increasingly used across clin-
ical settings, yet their optimal role remains uncertain [28, 29]. The
observed variability in pathogen profiles and the predominance of
mild, self-limiting infections among many co-infected children
suggest that routine multiplex testing may not always be necessary
for clinical management. Conversely, pathogen combinations or
specific detections associated with higher hospitalization risk may
help identify children who benefit most from comprehensive diag-
nostic evaluation [30, 31]. Integrating these patterns into testing
algorithms could support more targeted, efficient use of multiplex
panels and strengthen diagnostic decision-making.

There were multiple limitations to this study. First, this study
analyzed data from a single large tertiary pediatric hospital, so results
may not be generalizable to other settings and pediatric populations.
Second, patients who had stool samples tested may not represent all
pediatric AGI cases, particularly cases in which patients had milder
or asymptomatic AGI. Third, this study relied on electronic medical
records, which limited the accessibility of relevant clinical details to
visits within the NCH system and did not capture information on
other factors (e.g., environmental exposures, clinical history) that
could influence patient outcomes. Fourth, the CCI used to summar-
ize comorbidities was developed for long-term mortality estimation
in adults and may not accurately reflect acute comorbidity assess-
ment in pediatric populations. Fifth, patient travel history could also
be an important risk factor, but such information was not available.
Finally, while the use of the BioFire® FilmArray® GI Panel enabled
high-sensitivity detection of co-detections in single stool samples,
co-detection of multiple pathogens does not necessarily indicate
disease causation or severity. Despite these limitations, the results
of this study provide valuable insights into the epidemiology of AGI
in pediatric populations and offer information that can inform
patient care and public health.

This study illuminates the complex dynamics of pathogen detec-
tion and co-testing for AGI in pediatric patients in tertiary care
settings, highlighting the intricate interplay between sociodemo-
graphic factors and the likelihood of detecting multiple pathogens.
This study highlights the intricate relationships between pathogen
co-detection, patient demographics, and clinical outcomes, reveal-
ing the underlying mechanisms that drive these associations and
informing the development of more targeted public health strat-
egies. Although co-infected pediatric patients may be clinically
vulnerable, the predominance of mild, self-limiting pathogens in
these co-infections may explain why this group did not experience
higher hospitalization rates. Further research is needed to clarify

the clinical and public health implications of gastrointestinal co-
infection in children.

Supplementary material. The supplementary material for this article can be
found at http://doi.org/10.1017/S0950268826101083.
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