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Abstract 

Purpose This study aimed to investigate the role of rapid syndromic diagnostic testing of gastrointestinal patho-
gens as a clinical decision support tool in a pediatric emergency department (ED) by comparing clinical decision 
and patient outcome parameters pre- and post-implementation.

Methods This was a big data analytical study of children < 18 years old without any underlying diseases, that visited 
the ED with acute moderate to severe diarrhea during a 34-month period from 2018 to 2022 using Seoul St. Mary’s 
hospital’s healthcare corporate data warehouse to retrieve demographic, clinical, and laboratory parameters. Out-
come measures pre- and post-implementation of a rapid syndromic multiplex gastrointestinal panel (GI panel) were 
compared.

Results A total of 4,184 patients’ data were included in the analyses. Broad spectrum antibiotics were prescribed 
at a significantly lower rate to patients presenting with acute infectious diarrhea at discharge from the ED (9.9% vs 
15.8%, P < 0.001) as well as upon admission (52.2% vs 66.0%, P < 0.001) during the post-implementation period com-
pared to the pre-implementation period. Although the duration of ED stay was found to be significantly longer (6.5 vs 
5.5 h, P < 0.0001), the rate of ED revisit due to persistent or aggravated symptoms was significantly lower (Δ in inter-
cept, β = -0.027; SE = 0.013; P = 0.041), and the admission rate at follow up after being discharged from the ED shown 
to be significantly lower during the post-implementation period compared to the pre-implementation period (0.8% 
vs. 2.1%, P = 0.001, respectively). No significant difference in disease progression was observed (P = 1.000).

Conclusion Using the GI panel in the ED was shown to decrease broad spectrum antibiotic prescribing practices 
and reduce revisits or admission at follow up by aiding clinical decisions and improving patient outcome.

Keywords Diarrhea, Emergency department, Syndromic multiplex diagnostic testing, Children, Stool

Introduction
Acute diarrhea remains a common cause of morbidity 
and mortality in infants and children worldwide [1]. In 
developed countries, although mortality due to compli-
cations arising from acute diarrhea has become uncom-
mon [2], However, it remains one of the most common 
causes and chief complaints of emergency depart-
ment (ED) visits in children, and moderate to severe 
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symptoms often lead to hospitalization. Therefore, the 
health care burden and costs caused by acute diarrhea 
remains high throughout the world [2–4].

Although the most common cause of acute diarrhea 
is by bacterial or viral infections, identifying the causa-
tive pathogen is difficult with current gold standard 
conventional diagnostic methods. Therefore, in major-
ity of children that visit the ED with acute diarrhea, 
treatment decisions rely on presumptions of pathogens 
based on presenting clinical symptoms, physical exami-
nation, blood test results, and local seasonal epidemi-
ology [5, 6], combined with the severity of presenting 
symptoms of the patient [6, 7]. In children with mod-
erate to severe acute diarrhea, identifying causative 
organisms early on in the disease course may aid in 
making tailored decisions such as isolation and trans-
mission prevention interventions, duration of hydra-
tion and conservative management, and administration 
of antimicrobial therapy [8–11].

Conventional methods for identifying the causative 
pathogens of acute infectious diarrhea include bacte-
rial stool cultures, immunoassays for viruses, micros-
copy or enzyme immunoassays for parasites, in-house 
PCRs, and commercial syndromic multiplex PCRs [12, 
13]. Major limitations of cultures and immunoassays 
are the low sensitivity or positive yield and the turna-
round time [14]. Therefore, it is difficult to actively 
utilize these diagnostic methods in actual ED settings. 
However, rapid diagnostic tools in the ED may provide 
more evidence-based, precise and tailored therapeutic 
decisions.

Syndromic multiplex panels for detection and identifi-
cation of causative gastrointestinal (GI) pathogens from 
the stools of patients with acute diarrhea have shown to 
be highly sensitive [15–18], and major advantages include 
the rapid turnaround time and ability to detect the pres-
ence of a variety pathogens [15]. Therefore, unlike con-
ventional tests, these syndromic panels can potentially 
be advantageous in ED settings where rapid confirma-
tion or exclusion of certain pathogens within hours can 
reduce diagnostic error and guide timely management of 
patients to improve the quality of ED care. Nevertheless, 
controversies remain on the clinical utility of syndromic 
panels and interpretation of the identified microorgan-
isms from stools due to a lack of studies in the pediatric 
population as well as targeted groups such as those vis-
iting the ED [9, 19]. Furthermore, overuse of syndromic 
panels can be misleading, especially when multiple path-
ogens are detected, eliciting unnecessary interventions 
that can potentially be harmful to the patient. Therefore, 
as diagnostic tests are advancing, the importance of diag-
nostic stewardship is becoming critical in ensuring that 
appropriate diagnostic tests are prescribed to patients at 

the right time for optimal clinical care meanwhile limit-
ing overuse and misuse.

The aim of this study was to investigate the role of 
syndromic multiplex diagnostic testing of gastroin-
testinal pathogens in children that visit the pediatric 
ED for acute diarrhea by evaluating clinical decision 
parameters and patient outcome parameters pre- and 
post-implementation.

Methods
Study participants
This was a retrospective big data study of chil-
dren < 18 years old without any underlying diseases, that 
visited the ED with symptoms of acute diarrhea during 
a 34-month period from 2018 to 2022, at a tertiary care, 
academic medical center in Seoul, South Korea. The 
first 17 months of the study period (From April 1, 2018 
to September 30, 2019) was the period before the rapid 
syndromic multiplex GI pathogen panel (GI panel) was 
incorporated, the pre-implementation period, and the 
latter 17 months of the study period (From April 1, 2021 
to August 31, 2022) was the post-implementation period. 
Between the pre-implementation period and the post-
implementation period, there was an introduction period 
in which the GI panel test system was introduced to allow 
the medical staff to adapt. The GI panel that was incorpo-
ration in the ED was the BioFire ® FilmArray ® GI Panel 
(BioFire diagnostics, Salt Lake City, United States), which 
is able to detect the following 22 pathogens: Campylo-
bacter (C. jejuni/C. coli /C. upsaliensis), Clostridioides 
(Clostridium) difficile (toxin A/B), Plesiomonas shigel-
loides, Salmonella, Yersinia enterocolitica, Vibrio (V. 
parahaemolyticus/V. vulnificus/V. cholerae), Entero-
aggregative E. coli (EAEC), Enteropathogenic E. coli 
(EPEC), Enterotoxigenic E. coli (ETEC) lt/st, Shiga-like 
toxin-producing E. coli (STEC) stx1/stx2, E. coli O157, 
Shigella/Enteroinvasive E. coli (EIEC), Cryptosporidium, 
Cyclospora cayetanensis, Entamoeba histolytica, Giardia 
lamblia, Adenovirus F40/41, Astrovirus, Norovirus GI/
GII, Rotavirus A, and Sapovirus (I, II, IV, and V).

The inclusion criteria were as follows: Patients that 
were 1) below 18 years of age, 2) visited the ED for acute 
diarrhea, 3) acute symptoms that began within 72 h, and 
had moderate to severe diarrhea, with moderate defined 
as 6–9 stools/day and severe defined as > 10 stools/day 
[20]. The exclusion criteria were as follows: 1) immuno-
compromised patients, 2) patients with chronic under-
lying medical conditions, 3) patients with inflammatory 
bowel disease or other chronic gastrointestinal disorders, 
and 4) considered mild acute infectious diarrhea, defined 
as mean stool frequency of 5 or less stools/day and mild 
degree of dehydration were excluded. Patients with mild 
acute infectious diarrhea were excluded from the study 
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because majority were discharged from the ED without 
blood or stool tests.

Study design
This was a big data analytical study using Seoul St. Mary’s 
hospital’s healthcare data warehouse which encompasses 
each patient’s clinical information, laboratory and image 
results, vital signs, and administrative information (ie. ED 
arrival, ED discharge time, ward transfer time, laboratory 
specimen submission times, laboratory results reporting 
times, etc.). Patients that fit the inclusion criteria were 
included as study participants and the following demo-
graphic and clinical parameters were extracted from the 
hospital’s corporate data warehouse: date of visit, age at 
visit, sex, ED arrival time and date, ED discharge time 
and date, any revisits within 7  days after ED discharge, 
time and date of ward transfer from the ED, discharge 
date from ward, date of outpatient clinic follow up after 
ED, admission from outpatient clinic after ED discharge, 
time and date of isolation, all types of antibiotics admin-
istered, GI panel results, laboratory findings, image find-
ings (including abdominal x-rays, CT, ultrasound), blood 
culture and stool culture results, and date of pediatric 
intensive care unit transfer. All patient data was de-iden-
tified of all identifiers after retrieval.

After the GI panel was implemented in the ED, it was 
prescribed to patients with symptoms of acute diarrhea 
of moderate to severe symptoms, with clinically suspi-
cious infectious etiology. Whether to prescribe the GI 
panel to the patient or not was the decision of the clini-
cian treating the patient in the ED, however, was mainly 
decided considering the following: 1) need for hospitali-
zation, 2) severity of symptoms, 3) subjective decision as 
to whether the patient will benefit from the test results, 
and 4) agreement of the guardians. The unformed stool 
specimens were collected by Copan flocked swab (FLO-
QSwab™, Copan, Murrieta, United States) and trans-
ported in 2  mL of Cary-Blair medium which was then 
immediately submitted to the hospital’s laboratory. The 
results were provided within 2–3 h of stool submission.

Ethics approval made by Seoul St. Mary’s hospital’s 
Data Review Board and Institutional Review Board (IRB 
no. KC22RISI0669) in accordance with the Declaration of 
Helsinki. This study was retrospective in design and data 
used for this study did not include any identifiers and 
thus informed consent was waived by the review board.

Outcome measures and definitions
The primary outcome was assessing the following four 
clinical decision parameters. First, the clinician’s deci-
sion to prescribe antibiotics was assessed by observing 
changes in the proportion of patients prescribed broad 
spectrum antibiotics pre- and post-implementation of 

the GI panel, regardless of the pathogen identified. Sec-
ond, knowing the etiologic pathogen of acute diarrhea 
can possibly reduce the number of additional imaging 
modalities such as abdominal ultrasounds or abdominal 
computer tomography (CT) prescribed in the ED. There-
fore, the physician’s decision to undergo additional imag-
ing modalities in the ED to rule out other focuses such 
as surgical abdomen or hidden infections was assessed 
by observing changes in the number of ultrasounds and 
CTs. Third, changes in infection prevention and control 
measures was analyzed by observing changes in 1) the 
number of consults made to infectious disease specialist 
for appropriate transmission prevention interventions, 
and 2) time to achieving appropriate isolation measures 
in patients.

The secondary outcome was assessing the following 
patient outcome parameters pre- and post-implemen-
tation of the GI panel: 1) changes in the duration of ED 
stay, 2) the number of ED revisit within 7  days for the 
same episode of acute diarrhea, 3) hospitalization rate 
from the outpatient clinic after discharge from the ED, 
and 4) changes in disease progression rate or patients 
that eventually were treated in the intensive care unit.

Definitions
The outcome measures were compared between the two 
periods, pre- and post-implementation of the GI panel. 
The length of ED stay was determined by ED discharge 
time minus ED arrival time. The hospitalization rate was 
defined as the number of patients admitted from the ED 
divided by the number of total patients that visited the 
ED. The length of hospitalization was defined as the time 
and date of discharge from the ward minus the time and 
date of ward transfer from the ED. The percentage of anti-
biotic usage was determined as the percentage of patients 
that were prescribed any type of antibiotics (intravenous 
or oral) for acute diarrhea. Appropriate isolation meas-
ure was defined as patients that were intervened with the 
appropriate transmission prevention isolation measure 
depending on the identified pathogen. Time to appropri-
ate isolation measures was defined as the time and date 
of execution of appropriate isolation measure minus the 
time and date of admission from the ED. Broad spectrum 
antibiotics was defined as antibiotics that kills or inhibits 
both gram positive and gram negative bacteria or a wide 
range of bacteria that causes diseases [21].

Statistical analyses
P-values were calculated using chi-square test for cat-
egorical variables and t-test or wilcoxon rank sum test 
for continuous variables. Linear regression analyses were 
used to observe trends in outcomes after the implementa-
tion of the syndromic GI panel test in the ED. Interrupted 
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time series regression analysis was used to observe the 
statistical significance of the immediate effects of incor-
porating the GI panel in the ED. In this study, the inter-
rupted time series (ITS) model estimated the immediate 
change associated with the time point (change in level) 
and the change in slope from the baseline trend to the 
post-time point direction (change in trend). We used 
the Durbin-Watson test to detect autocorrelation. At 
the same time, we used SAS Proc AUTOREG with the 
BACKSTEP option to automatically select the correct 
order of the autoregressive model through backward 
elimination from an initial full model with order (k) = 12. 
Model fit was assessed using visual plots (autocorrelation 
function, partial autocorrelation function white noise 
probabilities, and autocorrelation functions). All analy-
ses were conducted using SAS version 9.4 (SAS Institute, 
Cary, NC, USA) and R software version 4.1.2 (R Founda-
tion for Statistical Computing, Vienna, Austria). All tests 
were two sided, and a P value < 0.05 was regarded as sta-
tistically significant.

Results
Characteristics of Study participants
During the 34-month study period, a total of 4,184 chil-
dren that visited the ED for acute infectious diarrhea 
that fit the inclusion criteria were included as study par-
ticipants, and their demographic, clinical, and admin-
istrative data were retrieved. Of these, 62.4% (n = 2,611) 
visited the ED during the pre-implementation period, 

and 37.6% (n = 1,573) visited during the post-implemen-
tation period (Fig.  1). The monthly distribution and the 
proportion of patients are shown on Fig. 2. After the GI 
panel was implemented, as time passed, a significant 
increase in test positivity rate was observed (β 2.5; 95% 
CI, 1.6–3.4; P < 0.001) (Fig. 3a).

The mean age of the patients was 6.45 (standard devia-
tion [SD] ± 5.19) years old in the pre-implementation 
and 7.10 (SD ± 5.08) years old in the post-implemen-
tation period (P < 0.001), with similar proportion of 
male patients (pre-, 52.8% vs. post-, 52.6%; P = 0.924) 
in both periods. In the post-implementation period, 
40.8% (n = 641) had one or more pathogens identified 
by the syndromic GI panel. Initial laboratory findings of 
patients in both periods are found on Table 1. Other than 
elevated c-reactive protein and lactate dehydrogenase 
in both groups, all other parameters were in the normal 
range. Thus, although a significant difference in labora-
tory parameters were observed between the groups, the 
differences were considered to be clinically insignificant.

Primary outcomes
Overall, broad spectrum antibiotics were prescribed 
at a significantly lower rate to patients presenting with 
acute infectious diarrhea at discharge from the ED 
(9.9% vs 15.8%, P < 0.001) as well as upon admission 
(52.2% vs 66.0%, P < 0.001) during the post-implemen-
tation period compared to the pre-implementation 
period, respectively (Table  2). Furthermore, as time 

Fig. 1 Flow chart of the patients included in this study. ED emergency department
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passed in the post-implementation period, a decreasing 
trend in number of patients prescribed broad spectrum 
antibiotics at ED discharge (β, -0.745; 95% CI, -1.6–0.1; 
P = 0.093), and a significant decrease at admission (β, 
-1.2; 95% CI, -2.0–-0.4; P = 0.003) was observed (Fig. 4a, 
b).

There were no significant differences in the amount 
of ultrasounds prescribed to patients during the 
pre- and post-implementation period (4.5% vs 5.4%, 
P = 0.214, respectively). A trend towards a higher num-
ber of abdominal CTs prescribed to patients in the 
post-implementation was observed, compared to the 

pre-implementation period (17.2% vs 15.0%, P = 0.066, 
respectively) (Table 2).

During the post-implementation period, the number 
of isolation ward consults made to ID specialists were 
significantly higher compared to the pre-implementa-
tion period (4.7% vs. 1.0%, P < 0.001) (Table 2). This was 
also shown in a time series analyses, where the number 
of consults regarding appropriate isolation methods to 
infectious disease specialists significantly and immedi-
ately increased post-implementation, in April, 2024 (Δ 
in intercept, β = 0.031; SE = 0.010; P = 0.002) (Fig.  4c). 
Furthermore, because in many hospitalized patients, the 

Fig. 2 Monthly distribution of cases that visited the ED for symptoms of acute infectious diarrhea. Prior to the incorporation of the syndromic 
gastrointestinal panel test in the ED, an average 153.6 (standard deviation [SD] ± 28.2) patients visited the ED for acute infectious diarrhea, whereas 
after the incorporation, which was during the early COVID-19 period, an average 92.6 (SD ± 28.4) patients visited the ED. COVID-19 coronavirus 
disease 2019, ED emergency department

Fig. 3 a Syndromic GI pathogen panel test positivity. An significant increase in test positivity rate was observed (β 2.5; 95% CI, 1.6–3.4; P < 0.001) 
as time passed after implementation, and b Subgroup analyses of outcome parameters in test-negative and test-positive patients. CI Confidence 
interval, GI Gastrointestinal
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Table 1 Comparison of baseline characteristics of the patients during the pre-implementation and post-implementation period

Pre-implementation
n = 2,611

Post-implementation
n = 1,573

P

Age, years  < 0.001

 Mean ± SD 7.10 ± 5.08 6.45 ± 5.19

 Median (IQR) 6 (3–11) 5 (2–10)

Sex, male 0.924

 n (%) 1373 (52.6) 830 (52.8)

Pathogen identified by PCR –

 n (%) – 641 (40.8)

Laboratory findings

 WBC, /mm3 0.0007

  Mean ± SD 11.08 ± 4.85 10.53 ± 5.26

  Median(IQR) 10.11 (7.55, 13.74) 9.06 (6.76, 13.38)

 Hb, g/dL  < 0.0001

  Mean ± SD 13.23 ± 1.19 12.94 ± 1.21

  Median(IQR) 13.20 (12.50, 13.90) 12.90 (12.20–13.60)

 PLT, /mm3  < 0.0001

  Mean ± SD 290.35 ± 81.40 304.02 ± 86.29

  Median(IQR) 280 (238, 332) 292 (244, 351)

 CRP, mg/dL 0.6443

  Mean ± SD 1.38 ± 2.79 1.34 ± 3.01

  Median(IQR) 0.20 (0.04, 1.37) 0.12 (0.03, 1.06)

 BUN, mg/dL  < 0.0001

  Mean ± SD 13.66 ± 4.45 12.75 ± 4.58

  Median(IQR) 13.30 (10.40, 16.50) 12.20 (9.60, 15.40)

 Cr, mg/dL  < 0.0001

  Mean ± SD 0.47 ± 0.18 0.43 ± 0.18

  Median(IQR) 0.43 (0.33, 0.57) 0.40 (0.31, 0.52)

 AST, mg/dL 0.0003

  Mean ± SD 33.40 ± 32.53 30.62 ± 16.56

  Median(IQR) 30 (24, 38) 29 (21, 36)

 ALT, mg/dL 0.001

  Mean ± SD 20.51 ± 40.86 17.62 ± 14.14

  Median(IQR) 15 (12, 20) 14 (11, 20)

 Total bilirubin, mg/dL  < 0.0001

  Mean ± SD 0.57 ± 0.33 0.43 ± 0.31

  Median(IQR) 0.49 (0.35, 0.68) 0.35 (0.23, 0.51)

 Na, mg/dL  < 0.0001

  Mean ± SD 139.80 ± 2.46 137.59 ± 2.54

  Median(IQR) 140 (138, 141) 138 (136, 139)

 K, mg/dL 0.4855

  Mean ± SD 4.25 ± 0.42 4.24 ± 0.42

  Median(IQR) 4.2 (4.0, 4.5) 4.2 (4, 4.5)

 CL, mg/dL  < 0.0001

  Mean ± SD 103.40 ± 2.82 102.75 ± 2.88

  Median(IQR) 104 (102, 105) 103 (101, 105)

 LDH, mg/dL  < 0.0001

  Mean ± SD 568.08 ± 153.07 263.47 ± 70.48

  Median(IQR) 553 (471, 643) 258 (216, 298)
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pathogen was identified in the ED prior to ward trans-
fers, the time taken until appropriate isolation measure 
were executed in the wards after admission via ED were 
significantly lower (Δ in intercept, β = -1.400; SE = 0.455; 
P = 0.003) (Fig. 4d).

Secondary outcomes
The duration of ED stay was found to be significantly 
longer (6.5 vs 5.5 h, P < 0.0001) in the post-implementa-
tion period compared to the pre-implementation period. 
However, the proportion of patients that re-visited the 
ED during the same episode of diarrhea decreased sig-
nificantly (2.6 vs 5.2, P < 0.001) (Table 2). Furthermore, in 
a time series analyses, the rate of ED revisit due to per-
sistent or aggravated symptoms was significantly lower 
during the post-implementation of GI panel in the ED (Δ 
in intercept, β = -0.027; SE = 0.013; P = 0.041). The admis-
sion rate from the outpatient department after being dis-
charged early from the ED was shown to be significantly 
lower during the post-implementation period com-
pared to the pre-implementation period (0.8% vs. 2.1%, 
P = 0.001, respectively) (Table  2). No significant differ-
ence in disease progression and need for admission to the 
intensive care unit was observed between the pre- and 

post-implementation period (0.4% vs 0.3%, P = 1.000, 
respectively).

Subgroup analyses of GI panel test-positive 
and test-negative group
A subgroup analyses on patients that underwent GI panel 
testing during the post-implementation period was per-
formed to observe how decision making changed accord-
ing to the results of the study. We found that in test 
negative cases, the overall antibiotic usage was signifi-
cantly lower in the test-negative group compared to the 
test positive group (6.1% vs. 13.2%, P = 0.009), and abdo-
men CTs were prescribed at a significantly higher per-
centage (26.2% vs. 12.2%, P < 0.001). In patients that were 
test-positive, transmission and isolation consults were 
prescribed at significantly higher percentages in the test-
positive cases compared to test negative cases (14.5% vs. 
1.2%, P < 0.001) (Fig. 3b).

Factors associated with decisions to prescribe broad 
spectrum antibiotics in the ED
A multivariable analyses showed that the need for admis-
sion (P < 0.001), ID consults (P < 0.001), pathogen identi-
fied (P < 0.001), and patients that underwent abdomen 

Table 2 Comparison of primary and secondary outcome measures before and after implementation of the syndromic gastrointestinal 
pathogen panel at the pediatric ED

Mean monthly rate (%) (95% CI)

Pre-implementation Post-implementation P value

Primary outcome: Clinical decision parameters

 Broad-spectrum antibiotic use at discharge 15.8
(14.4–17.2)

9.9
(8.5–11.5)

 < 0.001

 Broad-spectrum antibiotic use at admission 66.0
(61.1–70.6)

52.2
(47.1–57.3)

 < 0.001

 Overall broad-spectrum antibiotic use 25.9
(24.2–27.6)

22.6
(20.5–24.7)

0.016

 Abdomen CT prescription 15.0
(13.7–16.4)

17.2
(15.3–19.1)

0.066

 Abdomen ultrasound prescription 5.4
(4.5–6.3)

4.4
(3.5–5.6)

0.214

 Transmission and isolation consults 1.0
(0.7–1.5)

4.7
(3.7–5.9)

 < 0.001

 Time taken for infection prevention intervention (days) 1.7
(1.7–1.8)

0.5
(0.5–0.6)

 < 0.001

Secondary outcomes: Patient outcome parameters

 Duration of ED stay (hours) 5.5
(5.4–5.7)

6.5
(6.3–6.8)

 < 0.001

 ED revisit 5.2
(4.4–6.1)

2.6
(1.9–3.5)

 < 0.001

 Need for admission at follow up (via OPD) 2.1
(1.6–2.7)

0.8
(0.4–1.4)

0.030

 Disease progression rate 0.3
(0.2–0.7)

0.4
(0.1–0.8)

1.000
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CT (P < 0.001) were factors associated with the decision 
to prescribe broad spectrum antibiotics to patients in the 
ED with acute diarrhea (Table 3).

Discussion
Knowing the causative pathogens early on during the 
course of acute infectious diarrhea has several implica-
tions for treatment decisions and outcomes of patients. 
For example, if a virus is the cause in pediatric patients, 
whether or not dehydration occurs in the early stage and 
rehydration are most important [2, 22, 23]. If bacteria are 
the cause, it is necessary to decide whether to use anti-
biotics with consideration for the type of bacteria, sever-
ity of the disease, and risk factors of the patient [24–27]. 

Patients with confirmed norovirus acute gastroenteritis 
(AGE) are highly contagious compared to other patho-
gens, thus contact isolation is required if hospitalized, 
and isolation from kindergarten or school is required 
in young children during the symptomatic period even 
if not hospitalized [28, 29]. Pediatric patients with con-
firmed Shiga toxin-producing E. coli are at high risk of 
developing hemolytic uremic syndrome and may require 
hospitalization [30, 31]. As such, if causative pathogens 
can be identified early on during the course of disease, 
patients can receive a more specialized and tailored 
intervention.

The syndromic multiplex GI panel test is highly sen-
sitive and enables rapid identification of the causative 

Fig. 4 Primary outcome parameters. During the post-implementation period, a trend in decrease in no. of patients prescribed antibiotics a at ED 
discharge (β, − 0.745; 95% CI, -1.6–0.1; P = 0.093), and b a significant decrease at admission (β,− 1.2; 95% CI, − 2.0–− 0.4; P = 0.003). Furthermore, c) 
a significant immediate increase in the number of consults made to infectious disease specialists regarding isolation precautions (Δ in intercept, 
0.031, SE, 0.010, P = 0.002) after the incorporation of syndromic gastrointestinal panel testing in the pediatric emergency department, as well as d) 
a significant immediate decrease in the time taken to exercise appropriate isolation precaution measures to patients at wards (Δ in intercept, -1.397, 
SE, 0.455, P = 0.003)
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pathogens of infectious diarrhea [15–18]. Yet, cultures 
remain the gold standard for etiologic diagnoses of path-
ogens causing AGE and issues exist on the diagnostic 
value of detecting genetic material of pathogens because 
of the uncertainties pertaining to its viability and trans-
missibility [32, 33]. Therefore, evaluating its utility is 
extremely important in special settings, such as the ED.

Our study confirmed that certain benefits exist in the 
utilization of syndromic multiplex GI panels in the ED 
setting, and with correct diagnostic stewardship, tar-
geted patient groups can receive tailored intervention 
with treatment decisions that can improve the quality of 
medical care. A major advantage of using the GI panel 
in the ED was the reduction in overall broad spectrum 
antibiotic prescriptions in the ED. Although majority of 
the etiologic pathogens causing AGE are viral, during the 
pre-implementation period, not knowing the pathogen 
led to more than 15% of the patients with moderate to 
severe diarrhea being prescribed broad spectrum anti-
biotics. Following the implementation of the GI panel 
which enabled early detection of pathogens, a signifi-
cant decrease in the rate of antibiotic prescriptions was 
observed. A subgroup analyses of patients that under-
went GI panel testing in the post-implementation period 
showed that a higher percentage of antibiotics were 

prescribed in the test-positive group and lower percent-
age in the test-negative group showing that antibiotic 
prescriptions could be more tailored according to the 
results of the GI panel.

Furthermore, a multivariable analyses showed that the 
decision to prescribe broad spectrum antibiotics were 
influenced by disease severity (need for admission), as 
well as objective parameters such as an identified patho-
gen, abdomen CT showing complications, or based on 
recommendations by ID specialists. A previous study 
also showed similar results in patients admitted for acute 
diarrhea, where one of the quality improvements in the 
management of children with moderate to severe acute 
diarrhea using the GI Panel was a significant reduction 
in antibiotic usage from 71.8% to 35.3% (P < 0.001) [8]. 
Unfortunately, although the GI panel includes major bac-
terial and viral causes of diarrhea, not all bacterial causes 
such as Yersinia pseudotuberculosis are included in the 
panel, therefore, more studies are needed before suggest-
ing the possibility of the GI panel replacing stool cultures 
in certain patient groups.

Another important role of the syndromic multiplex GI 
panel in the ED was aiding in infection prevention meas-
ures. These results are presumed to be because early 
identification of pathogens that require isolation, such as 

Table 3 Univariate and multivariate analyses of factors associated with decision to prescribe broad spectrum antibiotics for acute 
diarrhea in the ED

Univariable Multivariable

ß OR (95% CI) SE P ß OR (95% CI) SE P

Control group 0.2 1.2
(1.0–1.4)

0.1 0.016

Age − 0.0 1.0
(1.0–1.0)

0.0 0.337

Sex − 0.1 0.9
(0.8–1.1)

0.1 0.246

ED revisit 1.1 3.1
(2.3–4.2)

0.2  < 0.001 0.5 1.6
(0.5–5.1)

0. 6 0.418

Admission via ED 2.0 7.3
(6.1–8.6)

0.1  < 0.001 1.6 4.8
(3.3–7.1)

0.2  < 0.001

Admission via opd 1.8 6.2
(3.7–10.3)

0.3  < 0.001 3.3 26.1
(2.7–250.5)

1.2 0.005

ID consults for infection 0.9 2.5
(1.7–3.7)

0.2  < 0.001 1.2 0.3
(0.2–0.6)

0.3  < 0.001

GI panel test 0.7 2.1
(1.7–2.5)

0.1  < 0.001

Pathogen identified via GI PCR 0.5 1.7
(1.2–2.5)

0.2 0.007 1.0 2.6
(1.7–4.1)

0.2  < 0.001

Abdomen CT 0.7 2.0
(1.7–2.4)

0.1  < 0.001 1.0 2.8
(1.7–4.6)

0.2  < 0.001

Ultrasound 0.7 2.0
(1.5–2.6)

0.1  < 0.001 0.0 1.0
(0.5–2.0)

0.4 0.962

ICU admission 2.1 8.5
(2.7–26.7)

0.6  < 0.001 1.7 5.4
(0.6–51.4)

1.2 0.144
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norovirus and rotavirus, were mostly confirmed in the 
ED, leading to correct isolation interventions immedi-
ately upon admission which can ultimately decrease in-
hospital transmissions and outbreaks. Because the GI 
panel can detect recent infections unrelated to the current 
symptoms, decisions based on the results of the GI panel 
need to be made with caution. In South Korea, hospital-
ized patients infected with highly contagious pathogens 
such as Norovirus and Rotavirus, as well as highly viru-
lent pathogens such as Enterohemorrhagic E. coli, etc. are 
required standard and contact precaution plus potential 
single room isolation which is insured by the government. 
ID specialists are usually consulted to determine whether 
the detected organism is shedding from as past infection 
versus pathogen causing disease. As the number of col-
laborative consultations with ID specialists through GI 
panel testing increased consequently increasing related 
medical cost, in-hospital transmissions have simultane-
ously decreased, which have led to an overall benefit. In 
this group of patients, all patients with pathogens identi-
fied by the GI panel were symptomatic with diarrhea and 
therefore even though the pathogens detected may have 
been from a past recent infection, isolation precautions 
may have been beneficial in reducing transmission of other 
unidentified pathogens as well. Nevertheless, only relying 
on the results of the GI panel may lead to unnecessary iso-
lation precautions which may be a burden in terms of lim-
ited isolation rooms and increase in medical costs.

Although the duration of ED stay was found to increase 
post-implementation of the syndromic panel, ED revisits 
decreased significantly as well. This shows that during 
the post-implementation period, by early detection of 
the pathogens, tailored and thorough interventions were 
made in the ED, which may have lengthened the duration 
of ED stay, however, improved patient outcome by reduc-
ing the number of patients that revisited the ED for the 
same symptoms. Although ED discharge may have been 
delayed due to the time taken to check results of the sub-
mitted GI panel test, which can be a disadvantage of the 
test, there was a significant decrease in the proportion of 
patients that were admission from the outpatient depart-
ment at follow up after ED discharge as well, showing 
that the overall quality of ED care had improved.

When we first introduced the GI panel test to our hos-
pital, it was expected that rapid identification of patho-
gens would lead to a decrease in the use of abdomen CT. 
However, after the introduction of the actual GI panel 
test, the number of abdomen CT scans actually increased, 
although the difference was not statistically significant. 
In a subgroup analyses of patients that underwent GI 
panel in the post-implementation period, we found that 
in test-negative patients, a significantly higher percentage 

of patients were prescribed abdominal CTs showing 
that knowing the pathogen in patients with moderate to 
severe symptoms can lead to a decrease in excessive and 
unnecessary examinations to rule out non-infectious eti-
ologies that may require surgical interventions.

Our study has some limitations. The study period over-
lapped with the COVID-19 pandemic, so the number of 
patients during the post-implementation period was smaller 
compared to the pre-implementation period. This is a limi-
tation of our study, as the reduced number of patients may 
affect the study results by affecting the patient population, 
clinical decision, and other results. Also, since this study 
was conducted as a retrospective chart review, there were 
inevitably limitations in the selection of subjects in the two 
groups and the analysis of the results. Additionally, patients 
that were discharged may have subsequently visited another 
hospital or healthcare system and be treated there subse-
quent to the initial measured encounter. These subsequent 
encounters that could not be identified may have affected the 
study’s outcomes. Finally, due to the nature of big data study, 
pathogen analyses could not be included. However, com-
pared to other existing studies, the fact that the number of 
subjects is large is an advantage of our study that can reduce 
these limitations.

In conclusion, our study showed that in patients that 
visited the ED for moderate to severe diarrhea, the syn-
dromic multiplex GI panel had an important role in 
reducing broad spectrum antibiotic use and increas-
ing infection prevention measures. Although there was 
no clear benefit in reducing the duration of ED stay and 
disease progression, the overall quality of ED care was 
enhanced by reducing revisits or admission at follow up 
during the same episode of acute diarrhea. Further pro-
spective studies are needed to understand the complete 
benefits of diagnostic stewardship of the syndromic mul-
tiplex GI panel in the ED.
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