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Background. Diarrheal diseases are a leading cause of death for children aged <5 years. Identification of etiology helps guide 
pathogen-specific therapy, but availability of diagnostic testing is often limited in low-resource settings. Our goal is to develop a 
clinical prediction rule (CPR) to guide clinicians in identifying when to use a point-of-care (POC) diagnostic for Shigella in 
children presenting with acute diarrhea.

Methods. We used clinical and demographic data from the Global Enteric Multicenter Study (GEMS) study to build predictive 
models for diarrhea of Shigella etiology in children aged ≤59 months presenting with moderate to severe diarrhea in Africa and Asia. 
We screened variables using random forests, and assessed predictive performance with random forest regression and logistic 
regression using cross-validation. We used the Etiology, Risk Factors, and Interactions of Enteric Infections and Malnutrition 
and the Consequences for Child Health and Development (MAL-ED) study to externally validate our GEMS-derived CPR.

Results. Of the 5011 cases analyzed, 1332 (27%) had diarrhea of Shigella etiology. Our CPR had high predictive ability (area 
under the receiver operating characteristic curve = 0.80 [95% confidence interval, .79–.81]) using the top 2 predictive variables, 
age and caregiver-reported bloody diarrhea. We show that by using our CPR to triage who receives diagnostic testing, 3 times 
more Shigella diarrhea cases would have been identified compared to current symptom-based guidelines, with only 27% of cases 
receiving a POC diagnostic test.

Conclusions. We demonstrate how a CPR can be used to guide use of a POC diagnostic test for diarrhea management. Using 
our CPR, available diagnostic capacity can be optimized to improve appropriate antibiotic use.
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Despite medical advancements, diarrheal diseases remain a 
leading cause of death in children aged <5 years, with an esti
mated 960 million cases and 500 000 deaths worldwide, most of 
which occur in low- and middle-income countries (LMICs). 
While most episodes of diarrhea are self-limiting and treatment 
with oral rehydration adequate, antibiotics can reduce the se
verity and duration of some diarrhea etiologies, including 

Shigella spp, the cause of shigellosis [1, 2]. Therefore, the 
World Health Organization’s (WHO) 2014 updated 
Integrated Management of Childhood Illness (IMCI) recom
mends antibiotics for treatment of presumptive Shigella spp in
fection with severe diarrhea [3, 4]. In practice, antibiotics may 
also be administered for presumptive shigellosis if the patient is 
malnourished, even in the absence of IMCI-indicated 
diarrhea-associated symptoms. Conversely, antibiotics can be 
expensive and may cause adverse effects, including hypersensi
tivity reactions, nausea, and prolonged symptoms for other di
arrhea etiologies [5], and overuse of antibiotics can contribute 
to antimicrobial resistance [6–12]. Given changing resistance 
patterns, diarrhea etiology can inform antibiotic choice. 
Therefore, accurately identifying the etiology or cause of diar
rhea is vital for proper management at the individual level and 
appropriate public health responses at the population level.

Laboratory-based diagnostics such as stool culture and poly
merase chain reaction (PCR) remain the most commonly used 
methods of identifying diarrhea etiology, including Shigella spp 
[13–15]. Unfortunately, currently available laboratory 
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diagnostics are time and resource intensive, and thus are rarely 
utilized for diarrheal case management in LMICs. Therefore, 
the IMCI recommends using the nature of diarrhea stool to de
termine etiology, with blood in stool (“dysentery”) indicative of 
Shigella infection [3]. However, the accuracy of dysentery as an 
indicator of Shigella infection can vary widely [16], with up to 
90% of shigellosis cases remaining undiagnosed in a recent 
study [17].

Advances in diagnostic methods, including immunochro
matographic dipsticks and the loop-mediated isothermal am
plification (LAMP) platform, offer hope for expanded 
diagnostic testing capacity in low-resource settings [18, 19]. 
These technologies aim to provide rapid, point-of-care (POC) 
diagnostic testing capacity that can provide etiologic informa
tion in a fraction of the time of existing methods, without the 
need for specialized laboratory resources, personnel, or cold 
chains [20]. However, while such diagnostic tests would likely 
be cheaper than existing technologies, it is still unlikely that 
POC tests will be available to every patient presenting to care 
with diarrhea in LMICs.

In the absence of universally available, affordable, com
prehensive testing for diarrhea etiology, clinical prediction 
rules (CPRs) offer a mechanism to optimize the usage of 
available diagnostic testing capability and financing. CPRs 
are algorithms that guide clinicians in clinical decision 
making, and they are well-accepted in other areas of medi
cine [21]. The goal of this study was to develop clinical pre
diction tools to identify patients for whom definitive 
diagnosis would change treatment, in order to guide clini
cians in identifying when to use a hypothetical POC test 
for making diarrhea treatment decisions. We then estimated 
the accuracy of this proposed testing regimen compared to 
current guidelines.

METHODS

Study Population for Derivation Cohort

We derived CPRs to predict Shigella infection using data from 
the Global Enteric Multicenter Study (GEMS). GEMS has been 
described previously [13, 22]. In summary, GEMS was a pro
spective case-control study of acute moderate to severe diar
rhea (MSD) in children 0–59 months of age from 7 sites in 
Africa and Asia during December 2007–March 2011. At initial 
presentation to a sentinel hospital or health center, diarrhea 
cases were enrolled and matched within 14 days to 1–3 
diarrhea-free community controls. Only data from diarrhea 
cases were used in this study. Diarrhea was defined as new onset 
(after ≥7 days diarrhea-free) of ≥3 looser than normal stools in 
the previous 24 hours lasting ≤7 days, and MSD was defined as 
diarrhea plus 1 or more of the following: dysentery (blood in 
stool), dehydration, or hospital admission. Caregivers provided 
demographics, epidemiological, and clinical information via 

standardized questionnaires. Clinic staff conducted physical 
examinations and collected stool samples, which have under
gone molecular testing.

Study Population for Validation Cohort

We externally validated our CPR using data from the Etiology, 
Risk Factors, and Interactions of Enteric Infections and 
Malnutrition and the Consequences for Child Health and 
Development (MAL-ED) study. Extensive study details of 
MAL-ED have been described elsewhere [23–26]. In brief, 
MAL-ED is a longitudinal birth cohort conducted from 
October 2009–March 2012 in 8 countries in Africa and 
Southeast Asia. Healthy children were enrolled within 17 
days of birth and prospectively followed through 24 months 
of age. Information on household, demographic, and clinical 
data from mother and child were collected at enrollment and 
reassessed periodically. Households were visited twice weekly, 
and stool samples were collected from children with diarrhea, 
defined as maternal report of ≥3 loose stools in a 24-hour pe
riod or 1 loose stool with blood. Each distinct diarrhea episode 
was separated by at least 2 days without symptoms. Stools then 
underwent molecular testing to ascertain etiology [25].

Patient Consent Statement

Participants’ parents or caregivers provided informed consent, 
either in writing or witnessed if parents/caregivers were illiter
ate. The GEMS study protocol was approved by ethical review 
boards at each field site and the University of Maryland, 
Baltimore. The MAL-ED study protocol was approved by eth
ical review boards at each field site, the University of Virginia 
Institutional Review Board for Health Sciences Research, 
Charlottesville, and the Johns Hopkins Institutional Review 
Board, Baltimore.

Outcomes

Our outcome of interest was diarrhea caused by Shigella infec
tion. We used the quantitative real-time PCR attribution 
models developed by Liu et al to assign the diarrhea episode– 
specific attributable fraction (AFe) of etiology for each diarrhea 
episode [27]. We considered AFe of Shigella ≥0.5 as 
Shigella-attributable diarrhea [24].

Predictive Variables

We explored >130 potential predictors collected at enrollment 
in GEMS, including descriptors of the child, household, and 
community (Supplementary Table 1). We did not consider 
composite variables (eg, wealth index) since their utilization 
in the final CPRs would require collecting multiple variables al
ready considered individually.
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Development of the Clinical Prediction Rule

First, we screened possible predictors using random forests. An 
ensemble learning method, random forests builds multiple de
cision trees (1000 throughout this analysis) on bootstrapped 
samples of the data. Variability is reduced and the trees are de
correlated because only a random sample of potential predic
tors is considered at each split [28]. We ranked the predictive 
importance of variables via the reduction in mean squared pre
diction error achieved by including the variable in the predic
tive model on out-of-bag samples (ie, observations not in the 
bootstrapped sample).

Second, we used repeated cross-validation to assess internal 
model discrimination and generalizable performance. Random 
forests were fit to a training dataset consisting of a random 80% 
sample of the analytic dataset, and variables’ importance was 
ranked as above. This process was repeated over 100 iterations. 
We fit separate logistic and random forest regression models to 
the top predictive variables in the training dataset, examining 
the top 1–10, 15, 20, 30, 40, and 50 predictors. We then predict
ed the outcome (Shigella-attributable diarrhea) on the test data
set for each iteration. We used the receiver operating 
characteristic (ROC) curve and the C-statistic (area under the 
ROC curve [AUC]) from the cross-validation to assess model 
discrimination.

Third, we assessed model calibration. Calibration refers to a 
model’s ability to correctly estimate the risk of the outcome 
[29, 30]. We assessed calibration intercept, or calibration-in- 
the-large, by modeling the log odds of the true status, offset by 
the CPR-predicted log odds. Next, we fit a logistic regression 
model with the CPR-predicted log odds as the independent var
iable and the log odds of the true status as the dependent variable 
to assess calibration slope. Finally, we graphically assessed mod
erate calibration by plotting the mean predicted probability of 
Shigella-attributable diarrhea by the observed proportions (see 
Supplementary Materials for details and https://github.com/ 
LeungLab/ShigellaDxStewardshipCPR for full code).

Sensitivity and Subgroup Analyses

We performed multiple sensitivity analyses. First, we explored 
the relative discriminative performance of markers of malnu
trition and child growth (mid-upper arm circumference 
[MUAC], height-for-age z score [HAZ], or both). Second, we 
explored the age strata–specific CPRs, for children 0–11 
months, 12–23 months, and 24–59 months of age. Third, we 
examined alternative definitions of Shigella etiology, namely 
AFe ≥0.3 and AFe ≥0.7. Fourth, we fit the CPR to only cases 
of bloody diarrhea, and only cases of nonbloody diarrhea. 
Fifth, we fit the CPR to all observations from all study sites ex
cept Bangladesh (due to its outlier proportion of Shigella etiol
ogy; see Supplementary Table 2). Sixth, we added variables for 
stool descriptors as observed by clinicians (original stool de
scriptors were caregiver report at any time during the diarrhea 

episode). Seventh, we included an indicator variable for season 
(April–September vs October–March). Finally, we fit country- 
specific models and conducted a quasi-external validation 
within the GEMS data by fitting a model to 1 continent and val
idating it on the other.

External Validation: Estimating the Potential Impact of a CPR-Guided 
Diagnostic Testing Regimen in a New Population

To assess the potential impact of our final CPR on clinical prac
tice, we evaluated how use of our CPR in a CPR-guided diag
nostic testing regimen would have changed accuracy of 
presumptive diagnosis and appropriate antibiotic care in the 
presence of nonuniversal POC test availability. We used the 
CPR derived in GEMS data, and applied it to the MAL-ED pop
ulation (external validation). We assumed every child present
ing to care for diarrhea was screened using the CPR, resulting 
in a predicted probability that child’s diarrhea was of Shigella 
etiology. Those children with predicted probability of 
Shigella-attributable diarrhea below cutoff x were deemed 
“not presumptive Shigella” and did not receive additional diag
nostic testing or antibiotic treatment. Children with predicted 
probability of Shigella attributable diarrhea above cutoff y 
were deemed “presumptive Shigella” and received antibiotic 
treatment appropriate to their presumed infection, without ad
ditional diagnostic testing. Children whose CPR-predicted 
probability of Shigella-attributable diarrhea was indeterminate 
(between cutoff x and y) received the POC diagnostic test, and 
results of the POC test determined diagnosis and treatment 
(Supplementary Figure 1). We varied the range of cutoffs x 
and y, and compared the accuracy (eg, sensitivity, specificity) 
of this CPR-guided diagnostic testing regimen to the current 
guidelines of presence/absence of dysentery for presumptive 
Shigella diagnosis. Finally, we varied the sensitivity and specif
icity of the POC test between 0.8 and 1.0 to explore the POC 
test’s potential impact on CPR-guided testing regimen 
accuracy.

RESULTS

The proportion of diarrhea cases attributable to Shigella varied by 
subpopulation

A total of 9439 children with acute diarrhea were enrolled in 
GEMS. Of these, 5304 had an attributable etiology. Seventeen 
observations were dropped for having unrealistic HAZ scores 
(<−7 or >7), and an additional 276 observations were dropped 
for having missing predictor data. This leaves an analytic sam
ple size of 5011, of which 1332 (26.6%) had diarrhea due to 
Shigella etiology (AFe of Shigella ≥0.5) (Supplementary 
Figure 2). The proportion of diarrhea caused by Shigella etiol
ogy varied by location. Shigella was the most common etiology 
in Bangladesh, with 496 of 876 (56.6%) diarrhea cases being at
tributable to Shigella. In contrast, Mozambique and Kenya had 
a very low proportion of diarrhea cases attributable to Shigella, 
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only 20% and 13%, respectively (Supplementary Table 2). The 
proportion of diarrhea attributable to Shigella also varied by 
age. Older children were most likely to have diarrhea attribut
able to Shigella, with 37%, 35%, and 9% of diarrhea being attrib
utable to Shigella in children aged 24–59 months, 12–23 
months, and 0–11 months, respectively in GEMS. This pattern 
was similar in MAL-ED (Supplementary Table 3).

The CPR derived in GEMS data performed well at identifying diarrhea of 
Shigella etiology

During random forest screening of variables, logistic regression 
and random forest regression produced similar AUCs 
(Supplementary Figure 3); therefore, we only present the easier 
to interpret logistic regression results. Table 1 presents the top 
10 variables most predictive of Shigella etiology, ranked from 
most to least important. The top 10 variables were age, 
caregiver-reported blood in stool, MUAC, respiratory rate, 
temperature, sunken eyes, number of people living in the 
household, site, number of days of diarrhea at presentation, 
and number of rooms used for sleeping. A model with 20 var
iables produced a maximum average cross-validated (cv)AUC 
of 0.81 (95% confidence interval [CI], .80–.82), while an 
cvAUC of 0.80 (95% CI, .79–.81), 0.79 (95% CI, .78–.8), and 
0.79 (95% CI, .78–.80) was obtained with a CPR of 2, 5, and 
10 variables, respectively (Supplementary Figure 3). We 
achieved a specificity of 0.42 at a sensitivity of 0.8 for the 
main 2-variable model (Figure 1). The average predicted prob
ability of diarrhea of Shigella etiology was consistently close to 
the average observed probability (calibration intercept, or 
calibration-in-the-large), and the spread of predicted probabil
ities was similar to the spread of observed probabilities (calibra
tion slope) for models including 1–10 predictor variables 
(Table 1, Figure 2, Supplementary Figure 4). Odds ratios for 
the 2-variable prediction model fit in GEMS are shown in 
Supplementary Table 4.

Patient Subsets and Additional Predictive Variables Did Not Meaningfully 
Improve Discriminative Performance of CPR to Identify Diarrhea of 
Shigella Etiology

The results of the sensitivity analyses are presented in 
Supplementary Table 5. Top predictors were highly consistent 
across all sensitivity analyses, with age, MUAC, and bloody di
arrhea being top predictors in all relevant subgroups. While 
MUAC and HAZ were top predictors both individually and to
gether, there was not a meaningful difference in the AUC com
pared to each other. Similarly, the CPR for the highest age strata 
24–59 months was not meaningfully different than the all-age 
model (0.80 [95% CI, .77–.82] for 24–59 months; 0.80 [95% 
CI, .79–.81] for 0–59 months), and the CPR for lower age strata 
had lower AUCs (0.75 [95% CI, .71–.78]; 0.73 [95% CI, .71–.75] 
for 0–11 months and 12–23 months, respectively). Likewise, 
the CPRs using alternative attributable fraction cutoffs, addi
tional clinician-observed stool description, and season all had 

AUCs around 0.80. The CPRs fit to subgroups of only bloody 
diarrhea cases, only nonbloody diarrhea cases, and excluding 
children in Bangladesh all resulted in lower AUCs 
(Supplementary Table 5).

The Derived CPR Performed Well at Identifying Diarrhea of Shigella 
Etiology in an External Population

Because there was only marginal improvement in discrimina
tion (AUC) for additional variables beyond 2 predictors 
(Supplementary Figure 3), we elected to externally validate 
and explore the potential clinical impact of a 2-variable CPR. 
Therefore, we took the 2-variable CPR of Shigella etiology de
rived from children 0–59 months of age in GEMS, including 
age and caregiver report of bloody diarrhea, and externally 
validated it in MAL-ED data. Predictor variables were similarly 
distributed in GEMS and MAL-ED data (Supplementary 
Figure 5). The CPR had good discrimination in GEMS 
(AUC = 0.80 [95% CI, .79–.81]), with a slight decrease in 
MAL-ED (AUC = 0.77 [95% CI, .73–.81]). On average, the 
CPR slightly overestimated the probability of diarrhea of 
Shigella etiology (calibration intercept, −0.18 [95% CI, −.36 to 
−.01]), and prediction was slightly too extreme (calibration slope, 
0.93 [95% CI, .72–1.14]) (Table 1, Figure 2, Supplementary 
Figure 4). The model performed similarly when limiting the 
derivation dataset to children in GEMS aged 0–23 months, 
with AUC = 0.76 (95% CI, .75–.78) in GEMS, and AUC = 0.77 
(95% CI, .74–.81) at external validation in MAL-ED.

CPR-Guided Testing Regimen for Acute Diarrhea Could Improve Clinical 
Care, Even With Decreased Accuracy of POC Diagnostic Tests

Using the 2-variable CPR derived in GEMS described above, we 
applied the CPR to MAL-ED data and explored how accurately 
our CPR-guided diagnostic testing regimen identified acute di
arrhea patients with Shigella etiology, compared to the 
dysentery-based guidelines. Assuming a POC test sensitivity 
and specificity of 0.9 each, we found that the CPR-guided reg
imen would accurately identify more patients with Shigella eti
ology with as little as 10% of diarrhea patients receiving the 
POC test (sensitivity of regimen), compared to WHO 
IMCI-based dysentery-guided decision making (Figure 3). 
However, as the proportion of diarrhea patients receiving the 
POC test increased, there was an accompanying increase in pa
tients being incorrectly identified as having diarrhea of Shigella 
etiology (false positive rate of regimen). By exploring the inter
section of the sensitivity and false positive rate of the regimen, 
we identified an optimum CPR-predicted probability range of 
0.13–0.55. In other words, if all children in MAL-ED for 
whom the GEMS-derived CPR-predicted probability of 
Shigella etiology was between 0.13 and 0.55 had received a 
POC diagnostic test, we would have conducted diagnostic test
ing on only 27% of pediatric diarrhea patients, and correctly 
identified 3 times more diarrhea cases of Shigella etiology, 
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with no increase in the number of children incorrectly identi
fied as having diarrhea of Shigella etiology, compared to the 
dysentery-guided determination.

Finally, we varied the POC test accuracy to estimate how this 
would have impacted the overall accuracy of the CPR-guided 
diagnostic testing regimen. We found that the sensitivity of 
the CPR-guided regimen was responsive to the sensitivity of 
the POC test, with the regimen sensitivity decreasing slightly 
at lower POC test sensitivities. However, the CPR-guided 
regimen sensitivity was still much higher than the dysentery- 
guided sensitivity, even at lower POC test sensitivities. The 
regimen sensitivity did not vary with POC test specificity 
(Supplementary Figure 6). The false positive rate of the 
CPR-guided regimen responded meaningfully to the specificity 
of the POC test, with regimen false positive rate increasing as 
POC test specificity decreased. Regimen false positive rate 
also increased slightly as POC test sensitivity decreased, but 
to a lesser extent. At most proportions of diarrhea patients test
ed, the CPR-guided regimen had a higher false positive rate 
than the dysentery-based guidelines, leading to more diarrhea 

patients incorrectly being diagnosed as having diarrhea of 

Shigella etiology.

DISCUSSION

We derived and externally validated a CPR for diarrhea of 
Shigella etiology using data from 2 large multisite studies of pe
diatric diarrhea. Our CPR for Shigella etiology had good cross- 
validated discriminative performance in the derivation dataset 
(AUC = 0.80 [95% CI, .79–.82], based on GEMS 0–59 months), 
and continued to perform well in the external dataset (AUC =  
0.77 [95% CI, .73–.81], based on MAL-ED 0–24 months). 
When hypothetically combined with emerging POC diagnostic 
tests, we demonstrate how a CPR-guided diagnostic testing reg
imen could lead to a 3-fold increase in the number of pediatric 
patients correctly diagnosed with, and therefore appropriately 
treated for, Shigella infection. By using our CPR to triage 
who receives a POC test, we demonstrated how these gains in 
antibiotic stewardship could be achieved while still only testing 
a quarter of pediatric diarrhea patients.

Table 1. Variable Importance Ordering, Cross-Validated Average Overall Area Under the Receiver Operating Characteristic Curve for Logistic Regression 
Model for Predicting Shigella Etiology (Attributable Fraction of Shigella ≥0.5) in Children Aged <5 Years in 7 Low- and Middle-Income Countries Derived 
From Global Enteric Multicenter Study Data

No. of Predictor Variables

GEMS-Derived, Performance in GEMS
GEMS-Derived, Performance  

in MAL-ED

AUC 
(95% CI)

Calibration Intercept 
(95% CI)

Calibration Slope 
(95% CI)

Calibration Intercept  
(95% CI)

Calibration Slope  
(95% CI)

2 0.80 (.8–.81) … … … …

5 0.79 (.79–.80) … … … …

10 0.80 (.80–.80) … … … …

Variable

1 Age (mo) −1.2 × 10−2 

(−1.6 × 10−1 to 1.3 × 10−1)
1.00 (.72–1.29) … …

2 Caregiver reported blood in stool −1.3 × 10−2 

(−1.8 × 10−1 to 1.5 × 10−1)
1.00 (.86–1.14) −.02 (−.20 to .14) 1.03 (.80–1.26)

3 MUAC −1.3 × 10−2 

(−1.8 × 10−1 to 1.5 × 10−1)
1.00 (.86–1.14) … …

4 Respiratory rate −1.3 × 10−2 

(−1.8 × 10−1 to 1.5 × 10−1)
1.00 (.86–1.14) … …

5 Temperature −1.3 × 10−2 

(−1.8 × 10−1 to 1.5 × 10−1)
0.99 (.86–1.13) … …

6 Sunken eyes −1.2 × 10−2 

(−1.8 × 10−1 to 1.5 × 10−1)
0.99 (.86–1.13) … …

7 No. of people living in household −1.2 × 10−2 

(−1.8 × 10−1 to 1.5 × 10−1)
0.99 (.86–1.13) … …

8 Site −1.3 × 10−2 

(−1.8 × 10−1 to 1.5 × 10−1)
0.99 (.85–1.13) … …

9 No. of days of diarrhea at presentation −1.4 × 10−2 

(−1.8 × 10−1 to 1.5 × 10−1)
0.99 (.85–1.12) … …

10 No. of rooms used for sleeping −1.3 × 10−2 

(−1.8 × 10−1 to 1.5 × 10−1)
0.98 (.85–1.16) … …

Abbreviations: AUC, area under the receiver operating characteristic curve; CI, confidence interval; GEMS, Global Enteric Multicenter Study; MAL-ED, Etiology, Risk Factors, and Interactions 
of Enteric Infections and Malnutrition and the Consequences for Child Health and Development; MUAC, mid-upper arm circumference.
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There is increasing recognition of the limitations of dysen
tery as an indicator of Shigella infection (low sensitivity). A 
2017 systematic review found that the sensitivity of dysentery 
to identify Shigella infection ranged from 1.9% to 85.9% [16]. 
This is consistent with what we observed in GEMS, where the 
sensitivity of caregiver reporter dysentery was only 17%. 
Furthermore, they found that, on average, this sensitivity has 
decreased over time. Possible explanations include changes in 
circulating strains of Shigella, or in profiles of comorbidities 
and coinfections. They note that while Shigella infection is as
sociated with death, dysentery is not associated with death, but 
also lack of dysentery is not indicative of a low mortality risk. 
Together, this highlights the need for improved diagnostic 
guidelines.

Current dysentery-based recommendations do provide 
guidance and are realistic given the prevalence of pediatric di
arrhea and the limited availability of diagnostic testing resourc
es in LMICs. Emerging technologies, including POC tests, have 
the potential to vastly improve our ability to decrease inappro
priate use of antibiotics while simultaneously reducing Shigella 
morbidity and mortality by appropriately providing antibiotics 
to more Shigella patients. However, the financial cost and con
sistent availability of POC tests in these settings have yet to be 

Figure 2. Two-variable clinical prediction rule for Shigella etiology. Calibration curve and discriminative ability of 2-variable (age, presence of bloody diarrhea) model 
predicting Shigella etiology (attributable fraction of Shigella ≥0.5) in children presenting for acute diarrhea in low- and middle-income countries. Abbreviations: AFe, at
tributable fraction; AUC, area under the receiver operating characteristic curve; CPR, clinical prediction rule; GEMS, Global Enteric Multicenter Study; MAL-ED, Etiology, 
Risk Factors, and Interactions of Enteric Infections and Malnutrition and the Consequences for Child Health and Development.

Figure 1. Average receiver operating characteristic (ROC) curves from the inter
nal cross-validated logistic regression models predicting Shigella etiology with 2, 5, 
and 10 predictors. The faded dashed lines represent specificity (1-false positive 
rate) achievable with a sensitivity (true positive rate) of 0.80 for prediction of the 
outcome.

6 • OFID • Ahmed et al



seen. We provide a way to achieve meaningful improvements 
in patient care with modest (and hopefully achievable) expan
sions in diagnostic testing.

Our CPR-guided diagnostic testing regimen also has the po
tential to lead to more equitable, standardized medical care. 
Another recent, large, multisite study of young children with 
acute illness in similar locations found that 87% of diarrhea cases 
were prescribed antibiotics without a documented indication 
[31]. Given the poor sensitivity of current dysentery-based 
guidelines [17], it is unsurprising that clinicians rely on their 
clinical gestalt when making antibiotic treatment decisions. 
It is also possible that symptom extrinsic factors, such as caregiv
ers’ desire for medication or household financial circumstances, 
are major contributors to treatment decisions [32]. Our 
CPR-guided diagnostic testing regimen provides a standardized, 
evidence-based strategy to guide antibiotic treatment decisions 
for pediatric diarrhea, with much greater accuracy than current 
practice.

Our study has a number of strengths and weaknesses. We de
rived a CPR for diarrhea of Shigella etiology from a multisite, 
prospective study with extensive etiologic testing. While our 
derivation dataset included patients from a wider age range 

than our external validation dataset (0–59 months in GEMS, 
0–23 months in MAL-ED), our CPR had similarly high dis
criminative performance in subgroup analysis of more limited 
age groups. Furthermore, our quasi-external validation be
tween continents within GEMS had similar top predictors 
and discriminative performance, as did our country-specific 
models. Similarly, we explored a range of AFe cutoffs for 
Shigella etiology, with consistent results. While our complete- 
case analysis strategy could introduce bias due to missing 
data, our CPR performed very similarly on an external dataset 
unlikely to have the same patterns of missingness. Finally, we 
demonstrated how our CPR could guide diagnostic steward
ship. We assumed a POC test sensitivity and specificity of 0.9 
each. These are conservative estimate, as emerging technologies 
have reported higher test accuracies [20]. Our sensitivity anal
yses of POC test accuracy indicate that improved POC test ac
curacy would only improve our overall Shigella diagnostic 
accuracy.

In conclusion, we derived and externally validated a CPR for 
diarrhea of Shigella etiology in children presenting for diarrhea 
treatment. We showed how use of this CPR in conjunction with 
emerging POC diagnostic testing platforms could lead to major 

Figure 3. Performance of clinical prediction rule (CPR)–guided diagnostic testing regimen. CPR derived in GEMS, assessed in MAL-ED. Abbreviations: CPR, clinical pre
diction rule; FNR, false negative rate; FPR, false positive rate; GEMS, Global Enteric Multicenter Study; MAL-ED, Etiology, Risk Factors, and Interactions of Enteric Infections 
and Malnutrition and the Consequences for Child Health and Development; POC, point-of-care test; Se, sensitivity; Sp, specificity.
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improvements in standardized, evidence-based care for diar
rhea of Shigella etiology. Shigella remains a leading cause of di
arrhea episodes and deaths for young children in LMICs, and 
improved tools for its management are critical for improving 
the health of children.
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