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Background. The ability to identify bacterial pathogens that necessitate specific clinical management or public health action in
children with acute gastroenteritis is crucial to patient care and public health. However, existing stool-testing guidelines offer incon-
sistent recommendations, and their performance characteristics are unknown. We evaluated 6 leading gastroenteritis guidelines (eg,
those of the Centers for Disease Control and Prevention and Infectious Disease Society of America) that recommend when to test
children’s stool for bacterial enteropathogens.

Methods. Via 2 emergency departments in Alberta, Canada, we enrolled 2447 children <18 years old who presented with
>3 episodes of diarrhea and/or vomiting in a 24-hour period. All participants were tested for 9 bacterial enteropathogens:
Aeromonas, Campylobacter, Escherichia coli O157, other Shiga toxin-producing E. coli, enterotoxigenic E. coli, Salmonella,
Shigella, Vibrio, and Yersinia. Patient data gathered at the index visit were used to determine whether guidelines would recom-
mend testing. Sensitivity and specificity to recommend testing for children with bacterial enteropathogens were calculated for
each guideline.

Results. Outcome data were available for 2391 (97.7%) participants, and 6% (144/2391) of participants tested positive for a
bacterial enteropathogen. Guideline sensitivity ranged from 25.8% (95% confidence interval [CI] 18.7-33.0%) to 66.9% (95% CI
59.3-74.6%), and varied for individual pathogens. Guideline specificity for all bacterial enteropathogens ranged from 63.6% (95% CI
61.6-65.6%) to 96.5% (95% CI 95.7-97.2%).

Conclusions. No guideline provided optimally balanced performance. The most sensitive guidelines missed one-third of cases
and would drastically increase testing volumes. The most specific guidelines missed almost 75% of cases.
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There are estimated to be 17 million annual episodes of acute
gastroenteritis in the United Kingdom [1] and 179 million in
the United States [2]. Routine performance of stool cultures to
identify bacterial enteropathogens is not recommended [3, 4],
because viral pathogens are the most common etiologic agents
[5], illness is generally self-limited, and the aggregate cost of
bacterial culture is high [6]. However, the identification of bac-
terial infections can guide therapy (eg, antibiotic avoidance in
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children infected with Shiga toxin-producing Escherichia coli
[STEC] [7-9]) and public health investigations and interven-
tions (eg, daycare/work exclusions, outbreak identification, and
contact tracing) [10, 11]. Thus, guidelines that maximize the
identification of bacterial illness while optimizing laboratory
utilization are needed.

Several gastroenteritis guidelines provide recommendations
regarding when to perform stool cultures or microbiologic
testing targeting bacterial enteropathogens [4, 12-15], but they
offer inconsistent criteria [3] and their performance for detect-
ing pathogens of interest is unknown. Moreover, differences in
guideline performance may exist between laboratory diagnostic
approaches (eg, bacterial culture vs culture-independent diag-
nostic tests [CIDT]). To fill this knowledge gap, we compared
the performance of 6 common pediatric stool-testing guidelines
in a comprehensively tested cohort of children seeking care for
acute gastroenteritis.
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METHODS

Study Population
This study is a secondary analysis of data from the Alberta
Provincial Pediatric EnTeric Infection TEam (APPETITE) study
[16]. Children <18 years old with acute gastroenteritis were pro-
spectively and consecutively enrolled between December 2014
and February 2018. Participants for this analysis were recruited
in the emergency departments (EDs) of Alberta Children’s
Hospital (Calgary, Alberta, Canada) and Stollery Children’s
Hospital (Edmonton, Alberta, Canada). Alberta’s incidence of
acute gastroenteritis is slightly higher than the average inci-
dence throughout Canada [17], and the diarrhea prevalence in
Canada is comparable to the United States and Australia [18].
Inclusion criteria required that participants had >3 episodes
of vomiting and/or diarrhea in a 24-hour period, with <7 days
of symptoms. Exclusion criteria included enrollment within the
prior 14 days; an anticipated inability to complete the 14-day
follow-up, including difficulty speaking and understanding
English; neutropenia; emergent medical needs that preclude re-
cruitment; and a visit related to coexisting mental health con-
cerns. Study personnel obtained demographic and clinical data
during the initial visit and 14 days after enrollment. Clinicians
ordered stool testing as they routinely would (Supplementary
Material). Details of clinical stool culture performance were
obtained via chart review. APPETITE was approved by the
Research Ethics Boards of both the University of Calgary and
University of Alberta (REB14-1122). Informed consent was
provided by caregivers; assent was obtained from the partic-
ipants themselves when they were deemed mature enough to
understand the study procedures and the potential benefits and
harms.

Outcome Testing

We tested for 9 bacterial enteropathogens: Aeromonas,
Campylobacter, Escherichia coli 0157, other STEC, enterotox-
igenic E. coli (ETEC), Salmonella, Shigella, Vibrio, and Yersinia.
The primary outcome was the detection of any 1 of these agents
from any of the tests. Secondary outcomes were (1) groupings of
bacterial enteropathogens with high potential clinical or public
health importance (Supplementary Material) and (2) specific
bacterial enteropathogens (eg, Salmonella).

Full details of specimen retrieval, transport, storage, and testing
have been described (Supplementary Material) [19]. Study per-
sonnel collected 2 rectal swabs and a stool sample, if available,
from each child. All specimens were tested for 9 bacterial and 9
nonbacterial [20] enteropathogens (Supplementary Table SI).
The Luminex xXTAG Gastrointestinal Pathogen Panel (Luminex
Molecular Diagnostics, Toronto, Canada) bacterial targets are
Campylobacter spp., E. coli 0157, STEC stx1/stx2, ETEC heat-la-
bile (LT) and heat-stable (ST) toxin, Salmonella spp., Shigella
spp., Vibrio cholerae, and Yersinia enterocolitica. Culture was

used to detect Aeromonas spp., Campylobacter spp., E. coli 0157,
Salmonella spp., Shigella spp., Vibrio spp., and Yersinia spp. (except
Y. pestis). A child was classified as positive for a bacterial entero-
pathogen if either a rectal swab or stool specimen yielded positive
results using either test. The Gastrointestinal Pathogen Panel also
detects Clostridioides [21] difficile toxin A/B, but this organism
was not included in this analysis, because separate guidelines exist
for C. difficile testing [22, 23]. Outcome testing was completed
prior to and independently of stool-testing guideline application.

Stool-testing Guidelines
Guidelines were chosen for evaluation based on literature re-
view and expert consensus opinion (Supplementary Material).
There were 4 guidelines from leading organizations (Table 1):
the 2003 US Centers for Disease Control and Prevention (CDC)
guideline [12]; the 2009 (updated in 2014) British National
Institute for Health and Care Excellence (NICE) guideline [4],
which apply to children <5 years of age; the 2014 European
Society for Pediatric Gastroenterology, Hepatology, and
Nutrition (ESPGHAN) guideline [14]; and the 2017 Infectious
Diseases Society of America (IDSA) guideline [15]. Criteria for
culture proposed by Klein et al in 2006 [24] after a single-center
analysis of children with diarrhea and a guideline published by
Hatchette and Farina in 2011 [13] were also included (Table 1).
For each guideline, criteria were reviewed, and corresponding
data collected by the APPETITE study were identified without
reference to bacterial enteropathogen positivity associated with
particular fields. All guidelines were written for individuals with
diarrhea (Table 1). The only common criterion to test was blood
in stool. Several criteria lacked details; to include them, we estab-
lished a priori definitions (Supplementary Material). A test/don’t
test decision for each child by each guideline was determined
independently of bacterial enteropathogen positivity. Although
multiple guidelines recommended testing individuals who ap-
pear septic or are immunocompromised, these criteria could not
be assessed in our study, because such children were excluded.

Statistical Analysis

We summarized the frequency of pathogens detected in the co-
hort by primary symptoms at enrollment and 14-day follow-up
as having vomiting (ie, 23 episodes of vomiting in a 24-hour
period), diarrhea (ie, 23 episodes of diarrhea in a 24-hour pe-
riod), or both (Table 2). We described the frequency of bacterial
enteropathogens detected according to important demographic
and clinical variables at enrollment (Table 3).

The presence of bloody diarrhea was not recorded for partici-
pants enrolled between 1 December 2014 and 29 October 2015. We
imputed missing data using multiple imputation by chained equa-
tions, as implemented in the mice [25] analysis package for the R
[26] statistical computing environment (Supplementary Material).
5 datasets were imputed using 50 iterations each. Descriptive statis-
tics were based on reported, not imputed, data.
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Table 1. Case Characteristics and Symptoms Referenced in Acute Gastroenteritis Guidelines, Algorithms, and Published Reports
Hatchette and Farina
CDC [12] Klein et al* [24] NICE® (4] [13] ESPGHAN [14] IDSA [15]
Applies to Children with >3 Children and young  Children <6yo  Children and adults ~ Children with decrease in  Children and adults
diarrhea events in  adults with diarrhea  with <14 days with >1 day stool consistency and/or with diarrhea
24 hours diarrhea diarrhea increase in frequency
Recent antibiotics use - absent - - - -
International travel - history recent history - history recent history if diar
rhea lasts >14 days

Daycare attendance® - - - present - -
Underlying chronic - - - present present -

condition®
Diarrhea events in 24 - >10 - - >10° -

hours
Diarrhea duration - <10 days >7 - >14 days' -
Vomiting events in 24 - <1 - - - _

hours
Blood in stool present present present present present present
Fever - present - present - present
Dehydration score - - - present (severe)® -
Maximal pain level - - - - - (severe)
Other criteria® X - X X X X

Values in parentheses were used for the sensitivity analysis only.

Abbreviations: APPETITE, Alberta Provincial Pediatric Enteric InfectionTeam; CDC, US Centers for Disease Control and Prevention; ESPGHAN, European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition; IDSA, Infectious Disease Society of America; NICE, National Institute for Health and Care Excellence; yo, years old

“Blood in the stool or the combination of all other criteria indicated testing.
°Reviewed by NICE in 2012 and 2014.

°Guideline indicated testing in daycare workers; to adapt this for a pediatric population, we converted the criterion to daycare attendance.

9Guidelines did not enumerate qualifying conditions, and APPETITE was similarly unrestrictive in defining chronic conditions.

°Guideline indicated “extremely severe conditions”; we applied this as a high number of diarrheal episodes and, for the sensitivity analysis, severe dehydration.

‘Guideline indicated “prolonged” illness; we applied this as >14 days.

9Criteria not available or not applicable to APPETITE population, including immune status, doubt about gastroenteritis diagnosis, septicemia, particular exposures, and inclusion in an

outbreak.

For the primary outcome of positivity for any bacterial
enteropathogen, we calculated sensitivity and specificity for the
identification of children with bacterial enteropathogens. Using
symptoms reported at the enrollment visit, we applied the guide-
lines to each of the 5 multiply imputed datasets to determine
which children the guidelines would recommend to have stool
testing. We calculated sensitivity and specificity in each dataset,
and pooled them with their variances using Rubin’s rules [27].
We calculated asymptotic 95% confidence intervals (CIs) from
the pooled variance of each measure. The confusion matrix for
each guideline was back-calculated by applying the pooled sen-
sitivity and specificity estimates to the total of bacterial entero-
pathogen—positive and —negative children, respectively.

We calculated positive and negative predictive values of the
guidelines for a range of bacterial enteropathogen prevalences
among children with acute gastroenteritis by applying Bayes
Theorem to the pooled sensitivity and specificity estimates
(Supplementary Material).

For secondary outcomes, we calculated the sensitivity and
specificity of the guidelines to recommend testing for children
with combinations of bacterial enteropathogens that clinicians
or public health practitioners may identify as particularly im-
portant. We calculated bacterial enteropathogen-specific case

ascertainment of the guidelines by pooling the pathogen-spe-
cific sensitivity measures from each of the multiply imputed
datasets, as in the primary analysis, with the exception that
exact Cls were calculated using the Clopper-Pearson method to
account for small cell sizes [28].

We determined the sensitivity of our results to changes in
3 aspects of the analysis: modified guideline criteria defini-
tions, weaker assumptions for missing data patterns, and sep-
arate analyses of culture and CIDT positives (Supplementary
Material).

R (base 3.4.3) [26] with packages plyr [29], epiR [30], ggplot2
[31], and binom, [32] was used for statistical analyses.

RESULTS

During the study period, APPETITE enrolled 2447 children,
among whom 2391 (97.7%) provided stool specimens and/
or rectal swabs that underwent microbiologic testing: bacte-
rial enteropathogens were detected in 144 (6.0%). Salmonella
(n = 54), Aeromonas (n = 26), and Campylobacter (n = 18)
were the most common bacterial enteropathogens (Table 2;
Supplementary Table S2). Vomiting was present without di-
arrhea at enrollment in 36 (25.0%) of the 144 children with a
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Table 2. Pathogen Detection by Symptom Complex at Index Presentation and at the Completion of 14-Day Follow-up

Symptom Complex Index Presentation

Symptom Complex 14-Day Follow-up

n (%) n (%)
Diarrhea + Diarrhea +
Pathogen Total Cases® Isolated Diarrhea Vomiting Isolated Vomiting Isolated Diarrhea Vomiting Isolated Vomiting
Bacteria 144 9 (41.0 9 (34.0) 36 (25.0) 5 (38.2) 64 (44.4) 25 (17.4)
Salmonella spp. 54 2 (59 ) 12 (22) 10 (19) 9 (54) 18 (33) 7 (13)
Aeromonas spp. 26 5(19) 11 (42) 10 (38) 4 (15) 14 (54) 8 (31)
Campylobacter spp. 18 8 (44) 8 (44) 2(11) 8 (44) 9 (50) 1(6)
STEC, non-0157 17 4 (24) 8(47) 5 (29) 4 (24) 9 (63) 4 (24)
Escherichia coli 0157 10 4 (40) 3 (30) 3(30)° 4 (40) 5 (50) 1(10)
Shigella spp. 8 3(38) 4 (50) 1(13) 3(38) 4 (50) 1(13)
ETEC 6 2 (33) 2(33) 2(33) 2 (33) 4(67) 0(0)
Yersinia spp. 5 1(20) 1(20) 3 (60) 1(20) 1(20) 3(60)
Vibrio spp. 0 -
Clostridioides difficile® 46 4(9) 11 (24) 31 (67) 4(9) 20 (43) 22 (48)
Virus(es) 1520 212 (138.9) 585 (38.5) 723 (47.6) 188 (12.4) 893 (568.8) 439 (28.9)
Parasite(s) M 109 5 (45) 5 (45) 0(0) 7 (64) 4 (36)
No pathogen detected 769 153 (19.9) 135 (17.6) 481 (62.5) 147 (19.1) 234 (30.4) 388 (50.5)

Symptom complex refers to the combination of >3 diarrhea episodes or >3 vomiting episodes in a 24-hour period, necessary to meet the definition of acute gastroenteritis. Percentiles for
pathogen categories with >100 cases were rounded to the first decimal place, and others were rounded to the nearest whole number.

Abbreviations: ETEC, enterotoxigenic Escherichia coli; PCR, polymerase chain reaction; spp, species; STEC, Shiga toxin-producing Escherichia coli.

“Total does not equal the 2391 sample size because of coinfections, including viral coinfections among 54 children with a bacterial enteropathogen. No children were infected with >1 bac-

terial enteropathogen. See Supplementary Table S2 for additional information on coinfection.

PAIl E. coli 0157 cases who presented with vomiting but did not meet the definition of diarrhea were PCR-positive for E. coli 0157 PCR-negative for Shiga toxin genes, and culture-negative.
There was 1 case with diarrhea but no vomiting that also had this combination of laboratory results.

‘Includes only cases >2 years old.

detected bacterial enteropathogen; at the 14-day follow-up, 25
(17.4%) children with a detected bacterial enteropathogen still
had no diarrhea (Table 2; Supplementary Table S3).

The proportion of children with a bacterial enteropathogen
detected was highest for children with bloody diarrhea (31%,
31/99; Table 3). During the ED visit, stool cultures were ordered
for 165 children by the attending physician (separate from study
testing).

Guideline Performance
Sensitivity to detect bacterial enteropathogens ranged from
25.8% (95% CI 18.7-33.0%) for the Klein et al **/ criteria to
66.9% (95% CI 59.3-74.6%) for the Hatchette and Farina [13]
guideline (Figure 1; Supplementary Table S4). Specificity ranged
from 63.6% (95% CI 61.6-65.6%) for the Hatchette and Farina
[13] guideline to 96.5% (95% CI 95.7-97.2%) for the Klein et al
criteria **), In comparison, stool cultures ordered during the ED
visit by attending physicians as part of routine care (n = 165)
had a sensitivity of 31.3% (45/144; 95% CI 23.8-39.5%) and
specificity of 94.7% (95% CI 93.6-95.6%) (Figure 1).
Guidelines recommended testing for 116 (Klein et al [24]) to
914 (Hatchette and Farina [13]) total children (Supplementary
Table S4), the latter of which constitutes 38% (914/2391) of all
study participants and 79% (914/1159) of those meeting the
definition of diarrhea. Relative to the number of bacterial cul-
tures ordered by ED physicians, this means application of the
least specific guidelines would increase testing volumes 2- to

5-fold. The CDC [12] guideline and Klein et al [24] criteria had
the highest positive predictive value (Figure 2; Supplementary
Table S5). At low prevalence, there was little difference in the
negative predictive value across guidelines.

Secondary Outcomes

For the most restrictive bacterial enteropathogen set, including
only Shigella spp., STEC, and Salmonella spp., sensitivity ranged
from 29% (Klein et al [24]) to 73% (Hatchette and Farina [13];
Table 4). For the set including all bacterial enteropathogens ex-
cept Aeromonas spp., sensitivity ranged from 31% (Klein et al
[24]) to 71% (Hatchette and Farina [13]).

For individual bacterial enteropathogens, case ascertain-
ment was greatest for Shigella spp., ranging from 56% (NICE
[4]) to 88% (IDSA [15]), and Campylobacter spp., ranging
from 52% (Klein et al [24]) to 78% (Hatchette and Farina [13];
Supplementary Table S6). Sensitivity was variable for Salmonella
spp. and STEC. Testing was recommended for <50% of patients
with detected Aeromonas spp., ETEC, and Yersinia spp. cases.

Sensitivity of Results to Analysis Design

Including criteria for dehydration for ESPGHAN and pain for
IDSA guidelines, increased sensitivity and decreased speci-
ficity by ~10%, relative to the primary analysis (Supplementary
Table S7). The guideline performance changed little when
testing weaker assumptions regarding the pattern of missing
data (Supplementary Table S8). Sensitivity was higher for both
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Table 3. Frequency of Bacterial Enteropathogen Detection by
Demographic Characteristics and Acute Gastroenteritis Event Data at
Index Presentation

Bacteria
N® Detected (%)
Total 2391 144 (6.0)
Case characteristics
Age, years
<1 714 39 (5.5)
1t0<2 628 32 (5.1)
21t0<3 294 16 (5.4)
3to<4 191 10 (5.2)
410 <5 150 11(73)
5to <11 345 31(9.0
11 to <18 69 5(72)
Antibiotics, previous 60 days
Yes 396 19 (4.8)
No 1954 120 (6.1)
International travel,” previous 12 months
Yes 442 40 (9.0)
No 1943 103 (5.3)
Daycare attendance
Yes 739 32 (4.3)
No 1650 112 (6.8)
Chronic medical condition
Yes 263 9(3.4)
No 2128 135 (6.3)
Season
Winter (December—February) 543 23 (4.2)
Spring (March-May) 641 27 (4.2)
Summer (June-August) 630 49 (7.8)
Fall (September—November) 577 45 (7.8)
Clinical event data
Diarrhea events in 24 hours
0 957 27 (2.8)
1-2 275 9(3.3)
3-5 476 21 (4.4)
6-10 41 42 (10)
>10 272 45 (17)
Any 1434 117 (8.2)
Diarrhea duration, days
<3.0 873 67 (7.7)
3.0to0 <5.0 401 37(9.2)
>5 160 13 (8.1)
Vomiting events in 24 hours
0 268 43 (16)
1-2 145 16 (11)
3-5 839 37 (4.4)
6-10 702 30 (4.3)
>10 437 18 (4.1)
Any 2123 101 (4.8)
Vomiting duration, days
<3.0 1571 74 (4.7)
3.0t0 <5.0 406 20 (4.9)
>5 147 7 (4.8)
Fever (subjective)
Yes 1034 87 (8.4)
No 1225 47 (3.8)

Table 3. Continued

Bacteria
N# Detected (%)

Highest temperature, °C

<38.0 168 10 (6.0)

38.0 t0 <39.0 356 31(8.7)

>39.0 407 33 (8.1)
Bloody diarrhea

Yes 99 31(31)

No 1826 77 (4.2)
Dehydration score

None (0) 224 17 (7.6)

Some (1-4) 1310 74 (5.6)

Moderate/ severe (5-8) 852 53 (6.2)
Maximal pain level

None (0) 261 7(2.7)

Mild (1-3) 347 14 (4.0)

Moderate (4-6) 698 44 (6.3)

Severe (7-10) 1076 79 (7.3)
Stool culture ordered during emergency de-

partment visit

Yes 165 45 (27)

No 2226 99 (4.4)

?Includes only participants whose samples were tested for bacterial enteropathogens.
Qutside Canada and the United States.

culture and CIDT when results were considered separately;
there was no meaningful change in specificity (Supplementary
Table S8).

DISCUSSION

Bacterial enteropathogens are most important to detect in
children with acute gastroenteritis, and the importance of
their identification is determined by the clinical and public
health implications of the specific pathogens. Treating all
bacterial enteropathogens as important, we found that ex-
isting stool-testing guidelines show sub-optimal performance.
Sensitivity ranged from 25.8% to 66.9%, and specificity from
63.6% to 96.5%. Use of the guidelines would have resulted in
large numbers of missed cases, requiring specific clinical man-
agement, public health notification, and/or substantially ele-
vated testing volumes. For alternate combinations of pathogens
that may be particularly important, guideline sensitivity was
higher, but it generally increased by less than 10%, and speci-
ficity was unchanged. For individual bacterial enteropathogens,
sensitivity was highest for Shigella spp., Campylobacter spp., and
Salmonella spp., but all guidelines would have missed cases, and
sensitivity for non-O157 STEC was only 15-56%.

Our findings support and extend the evidence of inconsis-
tencies among guideline recommendations for stool testing [3].
Although the quality of evidence for testing recommendations
has been assessed as very low [14], low [14, 15], or moderate
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Sensitivity and specificity of 6 stool-testing guidelines for identifying children with bacterial enteropathogens. Guidelines were applied to a cohort of children

<18 years old with acute gastroenteritis (n = 2391) and were evaluated for their ability to recommend testing for children with bacterial enteropathogens (n = 144). Sensitivity
and specificity were calculated separately for each multiply imputed dataset and were pooled, with their variances, using Rubin’s rules. Error bars indicate 95% confidence
intervals (bars did not extend past the width of the point for the specificity of the cDC" and Klein et al [z‘”guidelines). The NICE® guidelines applied only to children <5 years
old (n = 1977; bacterial enteropathogens n = 108). Physician discretion refers to laboratory tests ordered as part of routine care by the attending physician, separate from
the study. Abbreviations: CDC, US Centers for Disease Control and Prevention; ESPGHAN, European Society for Pediatric Gastroenterology, Hepatology, and Nutrition; IDSA,
Infectious Disease Society of America; NICE, National Institute for Health and Care Excellence.

[15], the inconsistency and suboptimal sensitivity we report is
alarming. The sensitivity of clinical testing by attending physi-
cians was slightly higher than those of the least sensitive/most
specific guidelines, but did not adhere to any single guideline.
This finding is consistent with a recent study showing clinicians
are more likely to adhere to guidelines based on high-quality
evidence [33].

Our study highlights 3 primary concerns when evaluating
guidelines for use. The first is the need to use a highly sensitive
guideline that recommends testing when bacterial enteropatho-
gens of high clinical or public health importance are present.
Salmonella spp., Campylobacter spp., and Shigella spp. are rec-
ognized for their high disease severity [34-36], and missed
cases present a risk of transmission to others or delayed out-
break detection. Public health control measures, such as day-
care/work exclusions, and clinical management [37] are also
crucial. In our study, sensitivity was particularly low for STEC.

Both O157 [38-41] and non-O157 [42-46] STEC serogroups
have been linked to outbreaks and severe outcomes. STEC cases
may benefit from early-in-illness fluid administration [47, 48],
and antibiotics should be avoided [7, 8], making them model
candidates for rapid clinical action upon detection.

Second, laboratory utilization can be dramatically impacted
by stool-testing guidelines. The CDC [12] guidelines and Klein
et al [24] criteria would maintain current testing volumes, but
the more sensitive and less specific guidelines would increase
testing volumes up to 5-fold.

Third, all guidelines were limited to patients with diarrhea,
but our findings show that lack of diarrhea at the initial health-
care encounter does not rule out the possibility of a bacterial
etiology. Excluding children with isolated vomiting at the index
visit would give the appearance of increased sensitivity (by
decreasing the denominator, not by increasing the number of
cases ascertained) and decreased specificity, with no change in
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Figure 2. Predictive values of 6 stool-testing guidelines for identifying children with bacterial enteropathogens. Using the pooled sensitivity and specificity for each guide-
line, Bayes Theorem was used to calculate positive (from 0.0 to 1.1) and negative (from 0.1 to 1.0) predictive values. Prevalence refers to the proportion of acute gastroenter-
itis cases who would test positive for a bacterial enteropathogen. Physician discretion refers to laboratory tests ordered as part of routine care by the attending physician,
separate from the study. Prevalence in the study cohort was 6.0% (vertical line). Abbreviations: CDC, US Centers for Disease Control and Prevention; ESPGHAN, European
Society for Pediatric Gastroenterology, Hepatology, and Nutrition; IDSA, Infectious Disease Society of America; NICE, National Institute for Health and Care Excellence; NPV,
negative predictive value; PPV, positive predictive value.

Table 4. Sensitivity and Specificity of 6 Common Stool-testing Guidelines for Subsets of Bacterial Enteropathogens

cpc Klein et al ¥ NICE Hatchette and Farina " ESPGHAN " IDSA 1™

% (95% CI) % (95% CI) % (95% ClI) % (95% Cl) % (95% CI) % (95% Cl)
Shigella spp. + STEC + Salmonella spp. (n = 89, n_, = 63)
Sensitivity 32 (23-42) 29 (20-39) 48 (36-61) 73 (64-82) 60 (50-70) 72 (63-81)
Specificity 95 (95-96) 96 (95-97) 85 (83-87) 63 (61-65) 74 (72-76) 68 (66-70)
Shigella spp. + STEC + Salmonella spp. + Campylobacter spp. (n = 107, n_; = 72)
Sensitivity 37 (28-46) 33 (24-42) 49 (38-61) 74 (66-82) 62 (53-72) 73 (64-81)
Specificity 96 (95-97) 96 (96-97) 85 (84-87) 63 (61-65) 74 (72-76) 69 (67-70)
Shigella spp. + STEC + Salmonella spp. + Campylobacter spp. + Yersinia spp. (n = 112, n_, = 77)
Sensitivity 36 (27-45) 33 (24-42) 49 (38-60) 72 (64-81) 62 (63-71) 71 (63-80)
Specificity 96 (95-97) 96 (96-97) 85 (84-87) 63 (61-65) 74 (72-76) 69 (67-70)
Shigella spp. + STEC + Salmonella spp. + Campylobacter spp. + Yersinia spp. + ETEC (n = 118, n_, = 83)
Sensitivity 34 (26-43) 31 (23-40) 48 (37-59) 71 (63-80) 60 (52-69) 70 (62-78)
Specificity 96 (95-97) 96 (96-97) 85 (84-87) 63 (61-65) 74 (72-76) 69 (67-70)

Guidelines were evaluated vs combinations of bacterial enteropathogens that had a high likelihood of necessitating specific clinical management or public health action. Sensitivity and
specificity were calculated separately for each multiply-imputed dataset and pooled, with their variances, using Rubin’s rules. The 95% Cls were calculated using the normal approximation.
NICE guidelines applied only to children <5 years old.

Abbreviations: CDC, US Centers for Disease Control and Prevention; Cl, confidence interval; ESPGHAN, European Society for Pediatric Gastroenterology, Hepatology, and Nutrition; ETEC,
enterotoxigenic Escherichia coli; IDSA, Infectious Disease Society of America; NICE, National Institute for Health and Care Excellence; spp., species; STEC, Shiga toxin-producing Escherichia
coli.
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the number of tests, but it would also miss up to 25% of children
in whom bacterial enteropathogens were identified (some of
whom developed diarrhea after the index visit). Under current
guidelines, caregivers should be encouraged to return for fur-
ther assessment if their child subsequently experiences diarrhea
with other predictors of a bacterial etiology, and new criteria
should be explored for the microbiologic evaluation of children
with isolated vomiting.

Because guideline performance varies by pathogen, factors
that affect pathogen distribution might also affect the general-
izability of our results. Study participants were recruited from
2 Eds, located in tertiary-care pediatric hospitals. However,
referrals constituted a minority of participants, and the ED
was the site of primary presentation for almost all participants.
Thus, our results may generalize to primary-care settings, but
differences in severity between settings should be investigated
further. Geographically, there may be differences within North
America and abroad in the patterns of ED use and pathogen
distribution, particularly relative to low-resource settings [49].
Moreover, secular trends in pathogen recovery rates [24, 50]
and seasonal variation must be considered. The study period
encompassed several small, community outbreaks, but it was
not dominated by any particular outbreak. Our findings should
not be applied to outbreak settings in which a large portion of
cases are due to a single pathogen, but our secondary analysis of
individual pathogens may be helpful in such contexts.

A limitation of our study is that CIDT detection of an entero-
pathogen might reflect colonization or shedding from a past in-
fection or non-viable organism. Conversely, bacterial viability
could be compromised during transport, yielding falsely neg-
ative culture results. In sensitivity analyses we found that, rel-
ative to the primary analysis, in which a positive result from
culture or CIDT was considered a true positive, both culture
and CIDT individually yielded higher guideline sensitivity
(Supplementary Table S8). Our testing did not include entero-
pathogenic E. coli, enteroinvasive E. coli, enteroaggregative
E. coli, or Plesiomonas shigelloides, which are included in some
commercial testing platforms. Enteroinvasive E. coli is similar
in presentation to Shigella and enteropathogenic E. coli, and
enteroaggregative E. coli is similar to ETEC, with enteropatho-
genic E. coli generally somewhat more severe [51]. Given the
low sensitivity of most guidelines for identifying ETEC, testing
for these pathogens may have further lowered the sensitivity we
observed. The prevalence of enteroinvasive E. coli and P. shig-
elloides in Canada is low and would likely not have altered the
findings significantly.

We used multiple imputation to address the issue of missing
data and to avoid the bias inherent in a complete case ap-
proach [52], but it is possible that our data violate the missing
at random assumption required by this method. Therefore, we
tested alternate assumptions in sensitivity analyses, including
limiting the analysis to only those cases recruited after bloody

diarrhea was added to the questionnaire. We observed very
little change in guideline performance in any of these sensi-
tivity analyses. This included an analysis of only data after the
introduction of the bloody diarrhea question. Some guide-
line criteria were non-specific (eg, “severe” disease), prevent-
ing objective assessment. We tested multiple definitions and
observed minimal variation in sensitivity. Lastly, APPETITE
excluded immunocompromised children and those needing
emergent care; however, <1% of children excluded met these
criteria, suggesting that their inclusion would have little ef-
fect on our findings. Children whose caregivers could not
complete a 14-day follow-up because of insufficient ability to
communicate in English were excluded. These patients may
have been more likely to have recent travel histories, exposing
them to the pathogens for which the guidelines had lowest
sensitivity. Thus, their exclusion may have falsely increased
sensitivity of the guidelines.

Our study points to the need for updated stool-testing recom-
mendations that are based on strong evidence and that balance
testing volumes with the identification of bacterial entero-
pathogens that may necessitate specific clinical management or
public health action. Such recommendations should consider
all pertinent information from the patient at presentation, rec-
ommend testing for children with pathogens of high clinical or
public health importance, and include criteria for children with
isolated vomiting at initial presentation.

Modern molecular testing provides opportunities to detect
more enteric pathogens than ever before [53], but how that
testing should be employed is unclear based on our data. Given
deficiencies in sensitivity or drastic increases in testing volume,
we cannot recommend the use of existing guidelines to iden-
tify children for bacterial enteropathogen testing. Updated,
validated recommendations are urgently needed to guide re-
sponsible, evidence-informed testing for enteropathogens in
children with acute gastroenteritis.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
s0 questions or comments should be addressed to the corresponding author.
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