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Abstract

Background

Diarrhoeal disease remains a leading cause of death among children mostly in low and mid-

dle-income countries. Factors contributing to disease severity are complex and there is cur-

rently no consensus on a scoring tool for use in community-based studies.

Methods

Data were collected during a passive surveillance system in an outpatient health facility in

Lusaka, Zambia from March 2019 to July 2019. Diarrhea episodes were assessed for severity

using an in-house severity scoring tool (CIDRZ) and previously published scores (Vesikari,

Clark, CODA, and DHAKA). The CIDRZ score was constructed using fieldworker-reported clin-

ical signs and exploratory factor analysis. We used precision-recall curves measuring severe

diarrhoea (i.e., requiring intravenous rehydration or referred for hospital admission) to deter-

mine the best performing scores. Then, we used Cronbach’s alpha to assess the scale’s inter-

nal consistency. Finally, we used Cohen’s kappa to assess agreement between the scores.

Results

Of 110 diarrhea episodes, 3 (3%) required intravenous rehydration or were referred for hos-

pital admission. The precision-recall area under the curve of each score as a predictor of

severe diarrhoea requiring intravenous rehydration or hospital admission was 0.26 for Vesi-

kari, 0.18 for CODA, 0.24 for Clark, 0.59 for DHAKA, and 0.59 for CIDRZ. The CIDRZ scale

had substantial reliability and performed similarly to the DHAKA score.

Conclusions

Diarrhoea severity scores focused on characteristics specific to dehydration status may bet-

ter predict severe diarrhea among children in Lusaka. Aetiology-specific scoring tools may
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not be appropriate for use in community healthcare settings. Validation studies for the

CIDRZ score in diverse settings and with larger sample sizes are warranted.

Introduction

Although the burden of diarrhoeal disease has steadily declined in recent years, diarrhoea still

accounts for a large proportion of global childhood morbidity and mortality, particularly in

low-and-middle-income countries (LMICs) [1–3]. In healthcare settings, the severity of diar-

rhoeal episodes is a factor of interest due to its implications for health outcomes, recom-

mended treatment, and clinical research applications. Moderate-to-severe diarrhoeal disease is

associated with a higher risk of acute morbidity, later morbidity such as malnutrition, and

mortality due to dehydration compared to mild-to-moderate diarrhoeal episodes [4–6]. Since

mortality is more likely in cases of severe diarrhoea, accurate clinical assessment of severe diar-

rhoea is critical to preventing severe dehydration and its complications.

Several diarrhoeal disease severity scoring systems have been developed for uses ranging

from community-based active surveillance [7] to characterization of aetiologic-specific diar-

rhoea [8–11]. Factors that contribute to the severity of diarrhoeal diseases in children are com-

plex, including child demographics, virulence of aetiologic agents [12], socio-economic status,

co-morbidities [13], environmental characteristics [14], and behavioural factors [15]. How-

ever, there is currently no consensus on which severity scoring tool to use to define severity of

non-aetiologic specific diarrhoea, that can accurately predict poor health outcomes in resource

limited settings [16]. While the Vesikari [8] and Clark [11] scores are well-validated in assess-

ing rotavirus severity and the COmmunity DiarrhoeA (CODA) score [17] is considered to be

predictive of long-term health outcomes in a community context, there may be important dif-

ferences in non-aetiologic disease assessment in outpatient settings. And though the World

Health Organization (WHO) Integrated Management of Childhood Illness (IMCI) guidelines

[18] and Dehydration: Assessing Kids Accurately (DHAKA) score [17] are designed as clinical

classification rubrics for dehydration severity, incorporating diarrhoea-specific characteristics

may improve the likelihood that the correct treatment is assigned.

Given the public health importance of diarrhoeal disease as global contributor to childhood

morbidity and mortality, it is essential to have tools that accurately characterize disease sever-

ity. Using data from a passive health facility-based diarrhoea surveillance system, we developed

a diarrhoeal severity scale for the Centre for Infectious Disease Research in Zambia (CIDRZ),

combining variables from the existing major scores to predict severe diarrhoea. We assessed

the scale in an outpatient healthcare setting, alongside four previously published scores, against

diarrhoeal episodes requiring hospitalisation or intravenous (IV) rehydration.

Methods

Data collection

Data were collected during a passive surveillance system for diarrhoea among children under

five years conducted at Chainda South health facility from March 2019 to July 2019. Children

under five experiencing diarrhoea, based on primary caregiver report at presentation to the

health facility, and whose caregiver provided informed consent were included in the study.

Children were eligible even if diarrhea was not the primary presenting complaint. The facility

is located in a peri-urban settlement area of Lusaka and serves a community with a catchment

population of over 25,000 [19]. All eligible children whose primary caregiver provided
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informed consent were enrolled. Chainda South provides health care services ranging from

mother and child health, outpatient, immunization services, and more for populations of Kali-

kiliki compound, Mtendere East, parts of Ibex Hill and Salama Park. Data was collected from

the child’s mother or primary caregivers on child demographics, HIV (human immunodefi-

ciency virus) status, geographic area of residence, and immunization history. Further, clinical

disease symptoms and prescribed treatment were noted.

Ethics statement

The study was approved by the University of Zambia Biomedical Ethics Committee (UNZAB-

REC) and was authorized by the National Health Research Authority (NHRA). Written

informed consent from all participant’s caregivers was obtained prior to any study related

activities.

Severity scores for comparison

Four existing major scoring systems with modifications based on data availability described in

Table 1. In summary, the Vesikari score [8] was modified based on available data: substitution

of percentage of dehydration with categorical measures of some or severe dehydration, exclu-

sion of duration of vomiting, and exclusion of treatment. Next, the Clark score [11] was modi-

fied based on collected data: replacement of rectal temperature with axillary temperature,

substitution of behavioral symptoms irritable = 1, lethargic/listless = 2, and seizures = 3 with

restless/ irritable = 1 and lethargic = 2. exclusion of duration of vomiting, and exclusion of

duration of behavioural signs. Finally, the CODA score [7] was modified as follows: duration

of anorexia was replaced with presence or absence of anorexia, duration of fever was replaced

with presence or absence of fever, and duration of vomiting was replaced by the maximum

number of vomiting per day. No modifications were made to the DHAKA score [17].

Item and scale development for the CIDRZ scale

The item (or factor) pool were identified using characteristics from the existing major scoring

systems described above. A total of 11 factors were generated and consolidated: duration of

diarrhoea, the maximum number of loose stools per day, maximum number of vomiting per

day among children experiencing vomiting, fever, axillary temperature, behavioural signs,

anorexia, hydration status, skin pinch, tears, and respirations. Duration of diarrhoea, the maxi-

mum number of loose stools per day, and the maximum number of vomiting per day were

continuous variables reported by the primary caregiver and collected at presentation. Fever

was a binary variable defined as an axillary temperature of 37.5˚C or greater. Because the pro-

portion of missing data for these continuous covariates was small, we imputed the median val-

ues of each variable for individuals with missing data. Anorexia, or ability to feed, was a

dichotomous variable reported by the primary caregiver. Behavioural signs, hydration status,

skin pinch, tears, and respirations were categorical variables relying on evaluation by a clini-

cian. Hydration status was assessed per the WHO ICMI definition [18]. Hospitalisation or

diarrhoea requiring IV rehydration, which usually indicates severe dehydration, were consid-

ered proxies for severe diarrhoea, consistent with previous literature [16,20,21]. Diarrhoea

treated promptly in the home to prevent and treat dehydration rarely leads to death; therefore,

utilizing diarrhoea hospitalisation and IV rehydration as outcomes allows us to focus on more

severe episodes more likely to lead to more serious outcomes.

We used exploratory factor analysis (EFA) to extract factors and assess their contribution to

severity using rotated factor loadings [22,23]. Items with orthogonal rotated factor

loadings < 0.40 were excluded from the scale [24]. Also, items with cross-loadings or that
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appear to not load uniquely on individual factors were deleted. The number of factors

extracted was determined based on eigenvalues > 1. We used Cronbach’s alpha to assess the

internal consistency of the scale items [24,25]. An alpha coefficient of� 0.70 was considered

an acceptable threshold for reliability.

Scale evaluation

Receiver operating characteristic (ROC) curves, precision-recall curves, and area under the

precision-recall curve (AUC) were used to compare each score with the outcome, severe

Table 1. Vesikari, Clark, CODA, DHAKA, and CIDRZ scores.

Score component Modified Vesikaria Modified Clarkb Modified CODAc DHAKA CIDRZ Scoring

Duration of diarrhoea (in days) 1–4 1–4 -- -- -- 1

5 5–7 -- -- -- 2

�6 �8 -- -- -- 3

Max number of loose stools per day 1–3 2–4 4–5 -- -- 1

4–5 5–7 6–7 -- -- 2

�6 �8 �8 -- -- 3

Max number of times vomiting per day 1 1–3 1–2 -- 2–3 1

2–4 4–6 3–4 -- 4–5 2

�5 �7 �5 -- �6 3

Fever -- -- �37.5˚C -- -- 1

Confirmed temperature 37.1–38.4˚C 38.0–38.2˚C -- -- -- 1

38.5–38.9˚C 38.3–38.7˚C -- -- -- 2

�39.0˚C �38.8˚C -- -- -- 3

Behavioural signs -- Normal -- -- -- 0

-- Restless/ irritable -- -- -- 1

-- Lethargic -- Restless/ irritable Restless/ irritable 2

-- -- -- -- Lethargic 3

-- -- -- Lethargic -- 4

Anorexia -- -- Present -- -- 1

Hydration status No dehydration -- No dehydration -- -- 0

Some dehydration -- Some dehydration -- -- 2

Severe dehydration -- Severe dehydration -- -- 3

Skin pinch -- -- -- Normal Normal 0

-- -- -- Slow Slow 2

-- -- -- -- Very slow 3

-- -- -- Very slow -- 4

Tears -- -- -- Decreased Decreased 1

-- -- -- Absent Absent 2

Respirations -- -- -- Normal Normal 0

-- -- -- Deep Deep 2

Max number of points 15 14 11 12 13

a Percentage of dehydration was replaced with categorical measures of some or severe dehydration; duration of vomiting was excluded; treatment was excluded as it was

considered a proxy for outcome.
b Duration of vomiting and duration of behavioural signs were excluded; behavioural signs were categorized as restless/ irritable = 1 and lethargic = 2; rectal temperature

was replaced with axillary temperature.
c Duration of anorexia and fever were replaced with presence or absence of these symptoms; duration of vomiting was replaced by the maximum number of vomiting

per day.

https://doi.org/10.1371/journal.pone.0272981.t001
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diarrhoea (i.e. requiring IV rehydration or referred for hospital admission). First, an ROC

curve analysis was performed to select the cut-off for moderate-to-severe diarrhoea for each

score. The score that maximized the sum of sensitivity and specificity was selected as the cut-

off. In a precision-recall curve analysis, we then identified scores that maximized the AUC,

representing both high precision (i.e., a lower false positive rate) and high recall (i.e., a lower

false negative rate). Finally, Cohen’s kappa (k) was calculated to assess agreement in classifying

severe diarrhoea between the CIDRZ score and each of the existing diarrhoea severity score;

k�0.60 was considered substantial agreement. All analyses were performed using Stata version

15 (StataCorp, College Station, TX, USA).

Results

Background characteristics of participants

A total of 120 children with acute diarrhoeal illness presented to the clinic. Four children were

excluded due to missing data on the visit outcome while six children were excluded due to

missing data on clinical symptoms of disease severity giving a total of 110 children for analysis.

All study participants resided in the Lusaka urban district, with almost all children (94%,

n = 102) residing in the Mtendere East neighbourhood. Approximately 57% of all children

were male and the median age of children presenting with diarrhoea was 14 months. Of 94

children with a known status, 93% (n = 87) were HIV-negative (Table 2).

Clinical characteristics of diarrhoeal episodes

Of the 110 children presenting to the clinic, all experienced diarrhoea, lasting a median of two

days. Thirty-four (31%) of episodes were also accompanied by vomiting (Table 3). Blood in

stool was observed in 17 (17%) episodes while no episodes with rice water stool were observed.

Ninety-one (83%) of children did not experience dehydration. Most cases (n = 107, 97%) were

treated as outpatients, two (2%) required IV rehydration before discharge, and one (1%) was

referred for hospital admission.

Formation of CIDRZ severity scale

Six out of the 11 consolidated items loaded uniquely for severity: maximum number of times

vomiting per day, respirations, skin pinch, behavioural signs, tears, and hydration status

(Table 4). Severity was the only construct measured by the scale. Hydration status was

excluded from the final score due to overlap with component factors of dehydration, such as

skin pinch and behavioural signs. Each item was assigned a total number of points out of three

based on the seriousness of the symptom. The total points possible for each diarrhoea episode

Table 2. Characteristics of study population (n = 110).

Characteristics n (%) or median (IQR)

Age in months (n = 109) 14 (10, 23)

Male sex 63 (57)

Neighbourhood (n = 108)
Mtendere East 102 (94)

Ibex 4 (4)

Kalikiliki 2 (2)

HIV-positive (n = 94) 7 (7)

Weight before treatment (in kilograms) 10 (8, 11)

https://doi.org/10.1371/journal.pone.0272981.t002
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Table 3. Clinical characteristics of diarrhoea episodes (n = 110).

Characteristics n (%) or median [IQR]

Duration of diarrhoea (days) 2 [1, 3]

Maximum no. of loose stools in 24 h 2 [2, 3]

Type of diarrhoea (n = 101)
Bloody 17 (17)

Mucoid 34 (34)

Rice water 0 (0)

Watery 46 (46)

Other 4 (4)

Vomiting (% yes) 34 (31)

Maximum no. of vomiting episodes in 24 h 2 [1, 2]

Fever (axillary temperature�37.5˚C) 18 (16)

General condition on arrival

Normal /unconscious 98 (89)

Restless/irritable 10 (9)

Lethargic/unconscious 2 (2)

Abdominal pains (% yes) 59 (54)

Ability to feed (% yes) 78 (71)

Normal respirations (% yes) 107 (97)

Skin pinch

Normal 100 (91)

Slow 9 (8)

Very slow 1 (1)

Tears

Normal 95 (86)

Decreased 14 (13)

Absent 1 (1)

Hydration status

No dehydration 91 (83)

Some dehydration 18 (16)

Severe dehydration 1 (1)

Weight-For-Age Z-score (n = 103) -0.61 [-1.31, 0.38]

Visit outcome

Discharge after IV rehydration 2 (2)

Treated as outpatient 107 (97)

Referred for admission 1 (1)

https://doi.org/10.1371/journal.pone.0272981.t003

Table 4. Factor extraction with orthogonal rotated factor loadings above 0.40.

Items Factor 1a

Maximum number of times vomiting per day 0.454

Behavioural signs 0.619

Respirations 0.608

Skin pinch 0.487

Tears 0.812

Cronbach alpha = 0.74

aFactor 1 can be described as severity.

https://doi.org/10.1371/journal.pone.0272981.t004
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in the final severity scoring scale was 13 points (S1 Table). The overall scale had substantial

reliability (Cronbach’s alpha = 0.74).

Comparison of scores

The median severity scores were as follows: 5 (Vesikari), 2 (Clark), 1 (CODA), and 0 (DHAKA

and CIDRZ) (Table 5). The cut-off value for moderate-to-severe diarrhoea for CODA (sensi-

tivity = 100%, specificity = 79%) was� 2. Both Clark (sensitivity = 100%, specificity = 88%)

and DHAKA (sensitivity = 100%, specificity = 98%) had a cut-off of� 4. CIDRZ (sensitiv-

ity = 100%, specificity = 99%) had a cut-off of� 5. Vesikari (sensitivity = 100%, specific-

ity = 78%) had the highest cut-off points at� 7.

The precision-recall AUC of each scoring tool predicting hospitalisation or the necessity of

IV rehydration was 0.26 for Vesikari, 0.18 for CODA, 0.24 for Clark, 0.59 for DHAKA, and

0.59 for CIDRZ (Fig 1). Overall, the CODA score had the least agreement with the CIDRZ

scale (k: 0.13, 95% CI: -0.13, 0.39), followed by Vesikari (k: 0.20, 95% CI: -0.17, 0.56), Clark (k:

0.20, 95% CI: -0.17, 0.56), and then DHAKA (k: 0.56, 95% CI: 0.11, 1.00).

Discussion

These data derived from passive health facility-based surveillance of acute gastroenteritis in

Zambia underscore differences between diarrhoeal severity scoring instruments and the need

to compare different scoring criteria across studies. A CIDRZ severity tool combining clinical

characteristics from existing major scoring tools had a higher precision and recall compared to

the Vesikari, Clark, and CODA scores in predicting hospitalisation or utilization of intrave-

nous rehydration among children under five (AUC: 0.59). The CIDRZ score performed simi-

larly to the DHAKA (AUC: 0.59) score. The lower performance of some existing scoring tools

suggests that they may not be ideally suited for use in the context of outpatient health facilities,

especially in resource limited settings.

Our analysis showed that some existing scores had similar recall but lower precision (i.e.,

lower specificity and a higher false positive rate) compared to the CIDRZ and DHAKA scores.

These differences may be attributed to the scores being used outside of the setting and context

for which they were constructed; it also underscores important differences between severity

scores. The Cohen’s kappa for CIDRZ and CODA test was the lowest of the scores assessed (k:

0.13, 95% CI: -0.13, 0.39) indicating only a slight agreement in classifying severe diarrhoea.

CODA was developed to assess long-term negative use in community-based study settings

where surveillance is frequent at weekly or bi-weekly intervals, caregivers may not seek clinical

care or have access to clinical tools, and fieldworkers rather than trained clinicians are con-

ducting the assessments, which is very unlike clinical trial or healthcare settings. Also, long-

term growth and weight changes are the primary outcomes of interest in such studies, which

Table 5. Summary of scores.

Score Minimum Maximum Median (IQR) Maximum possible points Cut-off for severe diarrhoea�

Modified Vesikari 3 10 5 (5, 6) 15 7

Modified Clark 1 7 2 (2, 3) 14 4

Modified CODA 0 5 1 (0, 1) 11 2

DHAKA 0 10 0 (0, 0) 12 4

CIDRZ 0 11 0 (0, 1) 13 5

�The cut-off for each score was the value that maximized the sum of the specificity and sensitivity.

https://doi.org/10.1371/journal.pone.0272981.t005
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could further explain the lack of agreement [26]. Only DHAKA, which was created for assess-

ing dehydration in children in healthcare settings, demonstrated at least moderate agreement

(k: 0.56, 95% CI: 0.11, 1.00) with the CIDRZ tool.

Aetiologic-specific scoring tools may also not be the most appropriate for use in acute primary

healthcare settings. The Vesikari (AUC: 0.26) and Clark (AUC: 0.24) scores, which are designed

to characterize illness due to rotavirus infection, demonstrated low precision and recall. While the

Clark score has been shown to agree poorly with the Vesikari score in previous studies [9,27], the

scoring tools performed similarly in this analysis. Though rotavirus is the most frequently isolated

pathogen among hospitalised diarrhoea cases, given the changing epidemiology of diarrhoeal dis-

ease following the introduction of oral rotavirus vaccines, an aetiologic-specific assessment may

be most appropriate in research settings where molecular diagnostics are more commonly used

[28–31]. Also, diarrhoea aetiology is not a determining factor in recommending appropriate treat-

ment (except in the case of dysentery), suggesting that such tests may have lower utility when

measuring childhood diarrhoeal severity in healthcare settings [4].

Each score has distinct characteristics. The CODA score was the only one to include

anorexia, a symptom that can be hard to define. More tangible signs of illness, such as vomit-

ing, were reported more consistently; only the DHAKA score lacked this characteristic. Agree-

ment between the CIDRZ and DHAKA scores was to be expected, given the high number of

common variables between them. The CIDRZ score did not weight ‘very slow’ skin pinch or

‘lethargic’ behaviour as highly as the DHAKA score. In addition to variables derived from the

DHAKA score, the CIDRZ scale included maximum daily vomiting. However, among our

study population the addition of this characteristic did not lead to higher precision and recall.

Though hydration status was a contributing factor to diarrhoea severity based on the EFA, it

was excluded from the final CIDRZ scale due to overlap with other score attributes. Skin pinch

and behavioural signs, which are included as factors in the CIDRZ scale, are also individual com-

ponent parts of the WHO ICMI assessment of dehydration. Including hydration status, skin

pinch, and behavioural signs would have weighted those components more heavily than others

and limited the score performance relative to WHO ICMI. The score reliability with hydration

status included (Cronbach’s alpha = 0.79) was similar to the reliability of the final CIDRZ score.

We were unable to use percentage difference between weight at enrollment and weight at dis-

charge to measure dehydration because weight at discharge was reported for only 15% of chil-

dren. Other common measures of dehydration, including urine output and percentage difference

between enrollment and discharge weight, should be assessed in future studies [32].

This study was limited by a small sample size and low incidence of severe diarrhoeal disease.

In our study, hospitalisation and administration of IV fluids were considered to be proxies for

severe diarrhoea. We acknowledge that the decision to administer IV fluids often varies among

facilities and can depend on factors other than diarrhoea severity, such as IV fluid availability,

hospital capacity, clinical preference, or facility guidelines. Also, modifications were made to the

Vesikari, Clark, and CODA scores based on data availability. While this decreased the total points

available in each instrument, the modifications were made consistently across scores. The CIDRZ

scale also contains a mix of variables that rely on both the caregiver recollection and a clinician’s

assessment, which could be valuable. A potential improvement to the score could be to quantify

symptoms, where possible, to minimize subjectivity.

Despite these limitations, our analysis confirms that existing diarrhoea severity scores have

high recall as predictors of health-seeking behaviours associated with two serious clinical out-

comes: hospitalisation and IV rehydration. In healthcare settings in LMICs, DHAKA or the

CIDRZ severity scale may predict severe diarrhoeal episodes with more precision. The data

used and collected are feasible for use in the context of community health clinics as well as

larger hospitals or health facilities. Validating the CIDRZ tool among a larger group of children
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would increase statistical power to discern whether the addition of maximum vomiting epi-

sodes improves predictive ability compared to DHAKA. It is recommended that future studies

choose their severity scale carefully while also considering context (community versus health-

care settings) and disease aetiology.
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Fig 1. Precision-recall area under the curve (AUC).

https://doi.org/10.1371/journal.pone.0272981.g001

PLOS ONE Development of a diarrhoea severity scoring scale

PLOS ONE | https://doi.org/10.1371/journal.pone.0272981 August 15, 2022 9 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272981.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0272981.s002
https://doi.org/10.1371/journal.pone.0272981.g001
https://doi.org/10.1371/journal.pone.0272981


Author Contributions

Conceptualization: Samuel Bosomprah, Roma Chilengi, Michelo Simuyandi.

Formal analysis: Denise T. St Jean, Obvious N. Chilyabanyama.

Methodology: Samuel Bosomprah, Roma Chilengi.

Supervision: Roma Chilengi, Michelo Simuyandi.

Writing – original draft: Denise T. St Jean.

Writing – review & editing: Obvious N. Chilyabanyama, Samuel Bosomprah, Mah Asom-

bang, Rachel M. Velu, Mwelwa Chibuye, Fiona Mureithi, Nsofwa Sukwa, Masuzyo Chirwa,

Prudence Mokha, Roma Chilengi, Michelo Simuyandi.

References
1. Troeger CE, Khalil IA, Blacker BF, et al. Quantifying risks and interventions that have affected the bur-

den of diarrhoea among children younger than 5 years: an analysis of the Global Burden of Disease

Study 2017. Lancet Infect Dis 2020; 20(1): 37–59. https://doi.org/10.1016/S1473-3099(19)30401-3

PMID: 31678029

2. Troeger C, Blacker BF, Khalil IA, et al. Estimates of the global, regional, and national morbidity, mortal-

ity, and aetiologies of diarrhoea in 195 countries: a systematic analysis for the Global Burden of Disease

Study 2016. Lancet Infect Dis 2018; 18(11): 1211–1228. https://doi.org/10.1016/S1473-3099(18)

30362-1 PMID: 30243583

3. Naghavi M, Abajobir AA, Abbafati C, et al. Global, regional, and national age-sex specifc mortality for

264 causes of death, 1980–2016: A systematic analysis for the Global Burden of Disease Study 2016.

Lancet 2017; 390(10100): 1151–1210. https://doi.org/10.1016/S0140-6736(17)32152-9 PMID:

28919116

4. World Health Organization. The Treatment of Diarrhea. Geneva: World Health Organization; 2005.

5. Randremanana RV, Razafindratsimandresy R, Andriatahina T, et al. Etiologies, Risk Factors and

Impact of Severe Diarrhea in the Under-Fives in Moramanga and Antananarivo, Madagascar. PLoS

One 2016; 11(7). https://doi.org/10.1371/journal.pone.0158862 PMID: 27411101

6. Levine MM, Nasrin D, Acácio S, et al. Diarrhoeal disease and subsequent risk of death in infants and

children residing in low-income and middle-income countries: analysis of the GEMS case-control study

and 12-month GEMS-1A follow-on study. Lancet Glob Heal 2020; 8(2): e204–e214. https://doi.org/10.

1016/S2214-109X(19)30541-8 PMID: 31864916

7. Lee G, Yori PP, Olortegui MP, et al. An instrument for the assessment of diarrhoeal severity based on a

longitudinal community-based study. BMJ Open 2014; 4(6): e004816. https://doi.org/10.1136/

bmjopen-2014-004816 PMID: 24907244

8. Ruuska T, Vesikari T. Rotavirus Disease in Finnish Children: Use of Numerical Scores for Clinical

Severity of Diarrhoeal Episodes. Scand J Infect Dis 1990; 22(3): 259–267. https://doi.org/10.3109/

00365549009027046 PMID: 2371542

9. Givon-Lavi N, Greenberg D, Dagan R. Comparison between two severity scoring scales commonly

used in the evaluation of rotavirus gastroenteritis in children. Vaccine 2008; 26(46): 5798–5801. https://

doi.org/10.1016/j.vaccine.2008.08.030 PMID: 18786584

10. Lewis K. Vesikari Clinical Severity Scoring System Manual.; 2011.

11. Fired Clark H, Borian FE, Bell LM, Modesto K, Gouvea V, Plotkin SA. Protective effect of WC3 vaccine

against rotavirus diarrhea in infants during a predominantly serotype 1 rotavirus season. J Infect Dis

1988; 158(3): 570–587. https://doi.org/10.1093/infdis/158.3.570 PMID: 2842405

12. Lima AAM, Oliveira DB, Quetz JS, et al. Etiology and severity of diarrheal diseases in infants at the

semiarid region of Brazil: A case-control study. PLoS Negl Trop Dis 2019; 13(2): 1–14. https://doi.org/

10.1371/journal.pntd.0007154 PMID: 30735493

13. Acácio S, Mandomando I, Nhampossa T, et al. Risk factors for death among children 0–59 months of

age with moderate-to-severe diarrhea in Manhiça district, southern Mozambique. BMC Infect Dis 2019;

19(1): 1–14.

14. Baker KK, O’Reilly CE, Levine MM, et al. Sanitation and Hygiene-Specific Risk Factors for Moderate-to-

Severe Diarrhea in Young Children in the Global Enteric Multicenter Study, 2007–2011: Case-Control

Study. PLOS Med 2016; 13(5): e1002010. https://doi.org/10.1371/journal.pmed.1002010 PMID:

27138888

PLOS ONE Development of a diarrhoea severity scoring scale

PLOS ONE | https://doi.org/10.1371/journal.pone.0272981 August 15, 2022 10 / 11

https://doi.org/10.1016/S1473-3099%2819%2930401-3
http://www.ncbi.nlm.nih.gov/pubmed/31678029
https://doi.org/10.1016/S1473-3099%2818%2930362-1
https://doi.org/10.1016/S1473-3099%2818%2930362-1
http://www.ncbi.nlm.nih.gov/pubmed/30243583
https://doi.org/10.1016/S0140-6736%2817%2932152-9
http://www.ncbi.nlm.nih.gov/pubmed/28919116
https://doi.org/10.1371/journal.pone.0158862
http://www.ncbi.nlm.nih.gov/pubmed/27411101
https://doi.org/10.1016/S2214-109X%2819%2930541-8
https://doi.org/10.1016/S2214-109X%2819%2930541-8
http://www.ncbi.nlm.nih.gov/pubmed/31864916
https://doi.org/10.1136/bmjopen-2014-004816
https://doi.org/10.1136/bmjopen-2014-004816
http://www.ncbi.nlm.nih.gov/pubmed/24907244
https://doi.org/10.3109/00365549009027046
https://doi.org/10.3109/00365549009027046
http://www.ncbi.nlm.nih.gov/pubmed/2371542
https://doi.org/10.1016/j.vaccine.2008.08.030
https://doi.org/10.1016/j.vaccine.2008.08.030
http://www.ncbi.nlm.nih.gov/pubmed/18786584
https://doi.org/10.1093/infdis/158.3.570
http://www.ncbi.nlm.nih.gov/pubmed/2842405
https://doi.org/10.1371/journal.pntd.0007154
https://doi.org/10.1371/journal.pntd.0007154
http://www.ncbi.nlm.nih.gov/pubmed/30735493
https://doi.org/10.1371/journal.pmed.1002010
http://www.ncbi.nlm.nih.gov/pubmed/27138888
https://doi.org/10.1371/journal.pone.0272981


15. Mokomane M, Kasvosve I, Melo E de, Pernica JM, Goldfarb DM. The global problem of childhood diar-

rhoeal diseases: emerging strategies in prevention and management. Ther Adv Infect Dis 2018; 5(1):

29–43. https://doi.org/10.1177/2049936117744429 PMID: 29344358

16. Lee GO, Richard SA, Kang G, et al. A comparison of diarrheal severity scores in the MAL-ED multisite

community-based cohort study. J Pediatr Gastroenterol Nutr 2016; 63(5): 466–473. https://doi.org/10.

1097/MPG.0000000000001286 PMID: 27347723

17. Levine AC, Glavis-Bloom J, Modi P, et al. Empirically derived dehydration scoring and decision tree

models for children with Diarrhea: Assessment and internal validation in a prospective cohort study in

Dhaka, Bangladesh. Glob Heal Sci Pract 2015.

18. World Health Organization. Handbook: IMCI Integrated Management of Childhood Illness. Geneva:

World Health Organization; 2005.

19. Republic of Zambia Central Statistical Office. Zambia 2010 Census of Population & Housing: National

Analytical Report.; 2012.

20. Taniuchi M, Islam K, Sayeed MA, et al. Etiology of Diarrhea Requiring Hospitalization in Bangladesh by

Quantitative Polymerase Chain Reaction, 2014–2018. Clin Infect Dis 2020;(1): 2014–2018.

21. Lamberti LM, Fischer Walker CL, Black RE. Systematic review of diarrhea duration and severity in chil-

dren and adults in low- and middle-income countries. BMC Public Health 2012; 12(1): 1–11. https://doi.

org/10.1186/1471-2458-12-276 PMID: 22480268

22. Yong A, Pearce S. Tutorials in Quantitative Methods for Psychology. A Beginners Guid to Factor Anal

Focus Explor Factor Anal 2013; 9(2): 79–94.

23. Gaskin CJ, Happell B. On exploratory factor analysis: a review of recent evidence, an assessment of

current practice, and recommendations for future use. Int J Nurs Stud 2014; 51(3): 511–521. https://

doi.org/10.1016/j.ijnurstu.2013.10.005 PMID: 24183474

24. Raykov T, Marcoulides GA. Introduction to Psychometric Theory.; 2011.

25. Cronbach LJ. Coefficient alpha and the internal structure of tests. Psychometrika 1951; 16(3): 297–

334.

26. Brander RL, Pavlinac PB, Walson JL, et al. Determinants of linear growth faltering among children with

moderate-to-severe diarrhea in the Global Enteric Multicenter Study. BMC Med 2019; 17(1): 1–16.

27. Aslan A, Kurugol Z, Cetin H, Karakaşlilar S, Koturoʇlu G. Comparison of Vesikari and Clark scales

regarding the definition of severe rotavirus gastroenteritis in children. Infect Dis (London, England)

2015; 47(5): 332–337. https://doi.org/10.3109/00365548.2014.994186 PMID: 25715939

28. Troeger C, Khalil IA, Rao PC, et al. Rotavirus Vaccination and the Global Burden of Rotavirus Diarrhea

among Children Younger Than 5 Years. JAMA Pediatr 2018; 172(10): 958–965. https://doi.org/10.

1001/jamapediatrics.2018.1960 PMID: 30105384

29. Youssef M, Shurman A, Bougnoux ME, Rawashdeh M, Bretagne S, Strockbine N. Bacterial, viral and

parasitic enteric pathogens associated with acute diarrhea in hospitalized children from northern Jor-

dan. FEMS Immunol Med Microbiol 2000; 28(3): 257–263. https://doi.org/10.1111/j.1574-695X.2000.

tb01485.x PMID: 10865179

30. Godfrey O, Zhang W, Amponsem-Boateng C, Oppong TB, Zhao QL, Li D. Evidence of rotavirus vaccine

impact in sub-Saharan Africa: Systematic review and meta-analysis. PLoS One 2020; 15(4): 1–13.

https://doi.org/10.1371/journal.pone.0232113 PMID: 32339187

31. Chisenga CC, Bosomprah S, Makabilo Laban N, et al. Aetiology of Diarrhoea in Children Under Five in

Zambia Detected Using Luminex xTAG Gastrointestinal Pathogen Panel. Pediatr Infect Dis Open

Access 2018; 3(2): 8.

32. Pruvost I, Dubos F, Chazard E, Hue V, Duhamel A, Martinot A. The Value of Body Weight Measurement

to Assess Dehydration in Children. PLoS One 2013; 8(1): 4–9. https://doi.org/10.1371/journal.pone.

0055063 PMID: 23383058

PLOS ONE Development of a diarrhoea severity scoring scale

PLOS ONE | https://doi.org/10.1371/journal.pone.0272981 August 15, 2022 11 / 11

https://doi.org/10.1177/2049936117744429
http://www.ncbi.nlm.nih.gov/pubmed/29344358
https://doi.org/10.1097/MPG.0000000000001286
https://doi.org/10.1097/MPG.0000000000001286
http://www.ncbi.nlm.nih.gov/pubmed/27347723
https://doi.org/10.1186/1471-2458-12-276
https://doi.org/10.1186/1471-2458-12-276
http://www.ncbi.nlm.nih.gov/pubmed/22480268
https://doi.org/10.1016/j.ijnurstu.2013.10.005
https://doi.org/10.1016/j.ijnurstu.2013.10.005
http://www.ncbi.nlm.nih.gov/pubmed/24183474
https://doi.org/10.3109/00365548.2014.994186
http://www.ncbi.nlm.nih.gov/pubmed/25715939
https://doi.org/10.1001/jamapediatrics.2018.1960
https://doi.org/10.1001/jamapediatrics.2018.1960
http://www.ncbi.nlm.nih.gov/pubmed/30105384
https://doi.org/10.1111/j.1574-695X.2000.tb01485.x
https://doi.org/10.1111/j.1574-695X.2000.tb01485.x
http://www.ncbi.nlm.nih.gov/pubmed/10865179
https://doi.org/10.1371/journal.pone.0232113
http://www.ncbi.nlm.nih.gov/pubmed/32339187
https://doi.org/10.1371/journal.pone.0055063
https://doi.org/10.1371/journal.pone.0055063
http://www.ncbi.nlm.nih.gov/pubmed/23383058
https://doi.org/10.1371/journal.pone.0272981

