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Abstract

Background—~Pneumonia is the leading infectious cause of death among children less than five
years of age. Predictive tools, commonly referred to as risk scores, can be employed to identify
high-risk children early for targeted management to prevent adverse outcomes. This systematic
review was conducted to identify pediatric pneumonia risk scores developed, validated, and
implemented in low-resource settings.

Methods—We searched CAB Direct, Cochrane Reviews, Embase, PubMed, Scopus, and Web of
Science for studies that developed formal risk scores to predict treatment failure or mortality
among children less than five years of age diagnosed with a respiratory infection or pneumonia in
low-resource settings. Data abstracted from articles included location and study design, sample
size, age, diagnosis, score features and model discrimination.

Results—Three pediatric pneumonia risk scores predicted mortality specifically, and two
treatment failure. Scores developed using World Health Organization recommended variables for
pneumonia assessment demonstrated better predictive fit than scores developed using alternative
features. Scores developed using routinely collected healthcare data performed similarly well as
those developed using clinical trial data. No score has been implemented in low-resource settings.

Conclusions—While pediatric pneumonia-specific risk scores have been developed and
validated, it is yet unclear if implementation is feasible, what impact, if any, implemented scores
may have on child outcomes, or how broadly scores may be generalized. To increase the feasibility
of implementation, future research should focus on developing scores based on routinely collected
data.
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Introduction

Methods

Pneumonia is the leading infectious cause of death among children less than five years of
age. The United Nations Children’s Fund (UNICEF) estimates that 920,000 children died
from pneumonia in 2015, accounting for 15% of child deaths globally. (1) Africa and Asia
represent approximately 84% of global pediatric pneumonia mortality. (2) Despite
pneumonia-related mortality being preventable with simple interventions and appropriate
treatment, identifying those children with pneumonia who are at high risk of mortality
remains challenging.

Clinical factors such as the diagnosis of severe pneumonia, chest indrawing, low oxygen
saturation, young age, HIV infection, severe malnutrition, and other chronic conditions, and
socioeconomic characteristics including young maternal age, low maternal education, low
socioeconomic status, and exposure to household air pollution, have been identified as risk
factors for increased mortality among children diagnosed with community-acquired
pneumonia.(3-5) Conversely, receipt of good antenatal care and routine immunizations have
been associated with reducing the risk of mortality. (3) Young age, very fast breathing for
age, and chest indrawing have been identified as predictors of pneumonia-related treatment
failure, which may include mortality. (6) Predictive tools commonly referred to as risk
scores, severity of illness indices, or mortality scores use the presence of these risk factors to
expeditiously identify high-risk children for targeted management to prevent adverse
outcomes.

Risk scores for adults with pneumonia, such as CURB-65, the Pneumonia Severity Index
(PSI), the British Thoracic Society Rule (BTS), and the Modified British Thoracic Society
Rule (mBTS), are widely used in clinical settings in high-resource countries. (7-10) No
similar predictive tool has been broadly adopted for use in children with pneumonia,
including in low-resource settings (LRS). We conducted a systematic review of risk scores
developed to predict either mortality specifically or treatment failure, with or without
mortality, among children less than five years of age diagnosed with a respiratory infection
or community-acquired pneumonia in LRS in Africa and Asia. This review was conducted
to identify and describe pediatric pneumonia risk scores developed, validated, and
implemented in LRS.

Search strategy and selection criteria

Following the guidance of the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Statement (11), we conducted a systematic literature review of formal
severity of illness scores developed to predict treatment failure or mortality from respiratory
infection or community-acquired pneumonia in children less than five years of age in LRS in
sub-Saharan Africa or Asia, the regions with the greatest morbidity and mortality of
childhood pneumonia globally. As many of the same risk factors are used to predict both
mortality and hospital admission, we excluded from our search any factors that were
otherwise not known to be predictive of adverse outcomes. We searched the electronic
databases CAB Direct, Cochrane Reviews, Embase, PubMed, Scopus, and Web of Science
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with no restrictions on article type, date of publication, or language. As multiple phrases are
used to refer to this type of score, the search string [(“respiratory tract diseases” OR
“pneumonia”) AND (“severity of illness index” OR “severity score” OR “risk score” OR
“treatment failure” OR “mortality score”) AND “humans” AND terms for the countries of
interest] was used in each database. The Emtree term “respiratory tract infection” was used
in EMBASE instead of the MeSH term “respiratory tract diseases” to focus on respiratory
infection and pneumonia rather than other respiratory tract diseases such as lung cancer.

Titles and abstracts identified through the initial search were reviewed for inclusion by one
author (KVD) with final inclusion or exclusion determined by consensus among all authors.
Titles were excluded if they indicated a focus on the prevalence or etiology of respiratory
infection or pneumonia, on therapeutic trials or treatment comparison, clinical presentation,
diagnosis, access to care, cost analyses, or health outcomes other than pneumonia. Titles
were included if pneumonia, risk score, severity of illness, or prediction were mentioned. If
titles did not contain sufficient detail to determine if inclusion criteria were met, the abstract
was reviewed. Abstracts were excluded if the article did not meet the inclusion criteria of
developing or evaluating a formal risk score for respiratory infection or pneumonia among
children less than five years of age. The full text was reviewed in detail if titles or abstracts
did not contain sufficient information to determine if inclusion criteria were met. Lastly, all
three authors reviewed full texts to determine if final inclusion criteria were met.

Data abstraction

Results

Avrticles were read in detail to abstract data. A structured data abstraction tool was used to
extract study characteristics by one author (KVD), including the country and site of the
study, study design, period of data collection, age and number of children, diagnosis, risk
factors used in the risk score, outcome of score, and discrimination of score, which was
generally represented using the c-statistic.

This search was completed on October 19, 2016 and resulted in 2,349 unique titles, which,
after review, yielded 79 abstracts. Twelve articles were selected for detailed review and data
abstraction (Figure 1). An additional article in press at the time of review was obtained
through personal communication (EDM) and added to the review. (12)

Five of the 13 articles reviewed in detail met inclusion criteria. One study was excluded
because it included children over five years of age and the data could not be stratified, one
study was conducted in adults, one study identified clinical predictors of pneumonia
outcomes which were not used to develop a formal risk score, and five studies developed
risk scores for predicting diagnosis or management rather than treatment failure or mortality.
(13-20) Of the five articles that met inclusion criteria, three described development of
pediatric pneumonia risk scores predicting mortality specifically (RISC, mRISC, and RISC-
Malawi), and two described development of pediatric pneumonia risk scores predicting
treatment failure, including mortality, after initiation of oral antibiotic treatment (APPIS and
Malawi-CHW) in LRS (Table 1). (12, 21-24) All scores were developed using multivariable
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logistic regression. None of the scores found by this review have been implemented or their
impact on child outcomes evaluated.

Mortality outcome

The RISC, mRISC, and RISC-Malawi scores were developed to predict in-hospital mortality
among children diagnosed and hospitalized with respiratory infection or pneumonia using
data collected in South Africa, Kenya, and Malawi, respectively (Table 2). (12, 23, 24) There
were no studies from Asia that met eligibility criteria. Model coefficients informed the
weight that each feature would contribute to the score. (25) Higher scores corresponded with
a greater risk of the outcome.

The RISC score was developed using mortality risk factors observed in children less than 24
months of age hospitalized with lower respiratory tract infections in a secondary/tertiary
referral hospital in South Africa. (23, 26) Data on clinical features measured at hospital
admission were collected in a subset of 4,148 children enrolled in a pneumococcal conjugate
vaccine trial. The RISC score was stratified into two independent scores based on human
immunodeficiency virus (HIV)-infection status. Both scores included oxygen saturation
<90%, chest indrawing, wheezing, and refusal to feed. In addition to these variables,
defining a child’s weight-for-age (low weight-for-age versus very low weight-for-age)
predicted mortality with good calibration and discrimination (c=0.923) among HIV-
uninfected children. Among HIV-infected children, defining the severity of HIV infection
(severe versus mild/moderate HIV infection) and age (<2 months or 3-12 months) predicted
mortality with good calibration and discrimination (c-statistic=0.776).

Recently, both the HIV-infected and HIV-uninfected RISC scores were externally validated
using routinely collected data from children 0-24 months of age hospitalized with
pneumonia at seven community, district, and tertiary level hospitals located in Mchinji and
Lilongwe districts of Malawi. (12) The discrimination of the HIV-uninfected RISC score
was evaluated among HIV-uninfected, HIV-exposed, HIV-infected and the total study
population, with a sub-analysis evaluating score discrimination by pneumonia severity in
these populations. The HIV-uninfected RISC score demonstrated good discrimination in all
study populations (c=0.62 among HIV-uninfected subgroup, ¢=0.79 among HIV-exposed
subgroup, ¢=0.69 among HIV-infected group, and ¢=0.72 in the total study population). The
RISC score for HIV-uninfected children showed no improved discrimination by severity of
pneumonia. As HIV status and the degree of immunosuppression secondary to HIV is not
routinely collected in Malawi, a modified version of the HIV-infected RISC score was
validated using the total Malawi study population (c=0.64).

A modified RISC score (mRISC) was developed in a district hospital in Kenya for children
less than five years of age hospitalized with severe respiratory illness. (24) Data from 3,581
children were obtained using a structured questionnaire for hospital-based surveillance of
severe acute respiratory illness. Similar to the RISC score, the mRISC model used low
weight-for-age, very low weight-for-age, refusal to feed, and chest indrawing. Diverging
from the RISC score, mRISC did not include age, HIV infection, oxygen saturation, or
wheezing. Rather, mRISC did include concurrent malaria infection, dehydration, caretaker-
reported history of unconsciousness, observation of child not fully conscious at exam, and
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night sweats. Despite not stratifying on HIV infection status, the mRISC score exhibited
good overall discrimination (c=0.85). In Malawi, the mRISC score could not be externally
validated among children hospitalized in community, district, or tertiary care facilities as the
variables used in the score were not routinely collected by hospital healthcare workers. (12)

A third score to predict mortality among children hospitalized with community-acquired
pneumonia was developed in Malawi. The RISC-Malawi score included variables that
independently predicted mortality in a model fit to observational data routinely collected by
hospital healthcare workers from 14,665 children up to 59 months of age hospitalized with
World Health Organization (WHO)-defined pneumonia across a total of seven community,
district, and tertiary referral hospitals in Malawi. (12) Similar to RISC and mRISC, the final
RISC-Malawi model used moderate or severe hypoxemia defined by oxygen saturation level,
wheezing, and observation of unconsciousness at exam. While weight-for-age defined by Z-
score, was used in the RISC score, the RISC-Malawi model used moderate or severe
malnutrition defined by mid-upper arm circumference (MUAC). Unique to RISC-Malawi,
the final model also included child’s sex to predict mortality with good discrimination
(c=0.79). Because the RISC-Malawi model was developed using only routinely collected
data, some variables included in RISC and mRISC, such as malaria infection, dehydration,
and HIV-infection status, could not be obtained. Among the few children documented as
HIV-infected in the Malawi dataset, the authors reported that malnutrition status and HIV
status were co-linear, suggesting that, in addition to being a strong independent predictor of
mortality, malnutrition served as a proxy for HIV-infection in this dataset.

Treatment failure outcome

Two scores were developed to predict oral antibiotic treatment failure among children
diagnosed with pneumonia in LRS (Table 3). (21, 22) While the investigators of both studies
developed their scores with the constraints of LRS in mind, the methods used by each study
differed considerably.

The Amoxicillin and Penicillin Pneumonia International Study (APPIS) score was
developed using a subset of data that included 1,702 children aged 3-59 months from
APPIS, a multi-site randomized controlled trial conducted in tertiary care facilities in
Columbia, Ghana, India, Mexico, Pakistan, South Africa, Vietnam, and Zambia. (21, 27)
Treatment failure was defined as the occurrence of danger signs, low oxygen saturation,
persistence of chest indrawing, severe adverse drug reaction, need to receive another
antibiotic, or death 48 hours after treatment initiation. In addition to using age as a predictor,
the APPIS model used serial elevated age-specific respiratory rate measures. In a validation
sample set, this model demonstrated a predictive accuracy of 65.79% (95% CI 61.01-
70.57%). The authors did not report a c-statistic for the discrimination of the final model.
The APPIS model was used to develop a nomogram with the following risk thresholds for
the predicted probability of treatment failure: <10% (low risk); 10%- <25% (moderate risk);
25%-— <50% (high risk); and =50% (very high risk). This was the only model found by this
review that was developed using data collected from multiple countries.

Conversely, the Malawi-CHW score was developed using data from a prospective cohort of
769 children aged 2 to 59 months diagnosed with fast breathing pneumonia by community
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healthcare workers (CHWSs) in village clinics in Malawi. (22) Treatment failure was defined
as the occurrence of fast breathing for age, fever, chest indrawing, any danger sign, need to
change antibiotic, hospital admission, or death five days following completion of antibiotic
treatment. The Malawi-CHW score was developed to evaluate the predictive efficacy of
clinical features not included as referral indications in the integrated Community Case
Management (iCCM) guidelines. (28) All features evaluated by the Malawi-CHW score
were feasible for collection by CHWs in a rural outpatient LRS. This was the only outpatient
model found by this review. The final model used concurrent positive malaria diagnosis,
moderate malnutrition by MUAC, age, age-adjusted respiratory rate >20 breaths higher than
current WHO thresholds, oxygen saturation 90-94%, fever greater than 38 degrees Celsius,
and the number of doses of pentavalent and 13-valent pneumococcal conjugate vaccine
received. While concurrent malaria diagnosis and moderate malnutrition were significantly
associated with treatment failure (defined as either the persistence of fast breathing or
development of chest indrawing or clinical danger signs), age, respiratory rate, oxygen
saturation, fever, and vaccine dosage were not, and the model as a whole demonstrated poor
calibration and discrimination (c-statistic= 0.56). Rather than defining point values for the
presence of each risk factor, model coefficients were used to calculate the probability of
treatment failure.

Discussion

Our goal in conducting this systematic review was to identify pneumonia mortality and
treatment failure risk scores developed and validated for use in children less than five years
of age in LRS, and to determine if any of these scores have been implemented successfully.
This review found three scores developed to predict mortality from pneumonia, and two
studies developed to predict treatment failure. Treatment failure definitions included
mortality as well as other clinical characteristics. However, no studies report child outcomes
after the implementation of a pediatric pneumonia-specific risk score in LRS.

This review found that published risk scores incorporated well-established risk factors for
increased pneumonia-related mortality or treatment failure into the scores. (3—6) While
duration of fever has been associated with an increased risk of mortality from pneumonia,
presence of fever was not included in any of the mortality risk scores, presumably because it
was not significantly associated in these studies. (4) Both RISC and RISC-Malawi scores
found wheezing to be protective against mortality. This may be due to the association of
wheezing with less severe viral illnesses like bronchiolitis among children meeting clinical
pneumonia criteria. (29) It may also be an artifact of measurement error, as the definition of
wheeze may differ between studies and the standardized interpretation of chest auscultation
is difficult to achieve, especially in children. None of the scores used risk factors such as
maternal age and education, exposure to household air pollution, and other indicators of low
socioeconomic status for pneumonia-related mortality. (3, 4)

Treatment failure can be difficult to define and measure as an outcome. Furthermore, the
ability of some treatment failure risk factors to predict pneumonia mortality is also unclear
as treatment failure often includes mortality and other events. A multinational retrospective
study focused on identifying predictors of pneumonia-related treatment failure found that the
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most common reason for treatment failure among children less than five years of age
diagnosed with danger sign pneumonia without wheezing was the presence or persistence of
chest indrawing. (6) Infants with very fast breathing had the greatest odds of treatment
failure. Respiratory rate has not been significantly associated with pneumonia-related
mortality specifically. (4) However, both of the treatment failure risk scores identified in this
review included age and respiratory rate. The scores also found that the significance of
respiratory rate varied in each model. While serial measures of respiratory rate were
significant predictors of treatment failure in the APPIS score, a single measure of respiratory
rate was not significant in the Malawi-CHW score. Despite the difficulty in measurement,
using treatment failure as an outcome may exhibit greater power for evaluating a predictive
score because it occurs more commonly in a population than mortality (e.g., 8.8% of
children enrolled in the multinational study experienced treatment failure, while only 0.3%
died). (6)

To be most useful in LRS, a risk score needs to be simple to use, high performing, and
utilize variables that are routinely collected, objectively measured, and obtained non-
invasively. Ideally, a risk score would be translatable to the outpatient setting in order to
work as downstream as possible in the health system, preferably by CHWSs, to identify high-
risk children early.

If a risk score is likely to be implemented regularly in a LRS, the score must make use of
routinely collected clinical variables. Clinical trial-based datasets, such as those used to
develop the RISC and mRISC scores for predicting mortality, or the APPIS score for
predicting treatment failure, are not necessarily generalizable to the routine medical context,
as demonstrated by the failure to fully externally validate the RISC and mRISC scores using
variables routinely collected at hospitals in Malawi. Similarly, child follow-up and taking
repeated measures separated by 24 hours may not be feasible outside of a clinical trial
setting, as used in the APPIS score. Developing scores that use only routinely collected data
may result in scores that are location-specific. The RISC-Malawi score was developed using
routinely collected data, and while the authors of the RISC-Malawi score identified HIV and
malaria infection status as predictors of mortality, those variables could not be included
because local testing and reporting were inconsistent. The RISC-Malawi score demonstrated
good discrimination in Malawi despite exclusion of HIV and malaria infection status, but
may not demonstrate as good fit if externally validated in a region with a lower prevalence of
HIV and/or malaria. Further research is needed to evaluate the effect HIV and malaria
prevalence may have on score performance. However, the APPIS score developed using a
large sample size from eight countries on three continents demonstrated good discrimination
in a variety of locations. External validation of scores developed from routine surveillance
datasets is required to determine if a standardized predictive score could be broadly
geographically generalizable, or if scores must be more location- and context-specific.

Finally, risk scores need to be implemented and their impact on mortality evaluated to
determine whether risk scores are feasible, usable and acceptable to healthcare providers and
caregivers, and impactful on clinical outcomes in LRS. Although not specific to pneumonia,
the Inpatient Triage, Assessment, and Treatment (ITAT) score is a severity of illness score
based on four vital signs (heart rate, respiratory rate, oxygen saturation, and temperature)
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developed and implemented for risk stratification of mortality for children hospitalized for
any reason at Kamuzu Central Hospital in Lilongwe, Malawi. (30) Implementation of ITAT
resulted in a non-significant trend towards reduction in inpatient mortality. However, given
the understaffing and high workloads of healthcare workers common in LRS, and in order to
more effectively implement ITAT, it was necessary to task shift vital sign measurement and
score use to a dedicated cadre of healthcare workers called vital sign assistants. The need to
add an additional cadre of healthcare workers is likely to be a barrier to wider scale-up of
risk scores in a LRS. While task-shifting was necessary to implement a risk score in a high-
volume tertiary referral hospital, it may not be necessary in lower-volume local and district
hospitals in LRS. Further research evaluating the implementation of a risk score at a district-
level hospital in a LRS is needed, including the role of decision support tools such as
handheld tablets. Without implementation, it remains unclear whether a pediatric
pneumonia-specific risk score would also be effective at reducing mortality.

Conclusions

Further vetting of pediatric pneumonia-specific risk scores in LRS is necessary. As the
current body of research consists predominantly of scores developed using data collected in
clinical trials in tertiary care facilities, additional efforts to develop scores using routinely
collected data and data that can be feasibly collected in an outpatient setting in LRS should
be made. Further external validation of current scores should also be done to explore the
potential for developing a broadly generalizable standardized pediatric pneumonia risk score
for use in LRS. Implementation of risk scores in varied LRS is also necessary to determine
the feasibility, usability, acceptability and impact of these scores in either inpatient or
outpatient LRS.

Acknowledgments

Sour ces of Support: EDM received support from the National Institutes of Health through the Fogarty
International Center of the National Institutes of Health [KO1TW009988].

References

1. UNICEF. [cited 2017 April] Child Health- Pneumonia 2017. Available from: https://data.unicef.org/
topic/child-health/pneumonia/

2. Liu L, Oza S, Hogan D, Perin J, Rudan I, Lawn JE, et al. Global, regional, and national causes of
child mortality in 2000-13, with projections to inform post-2015 priorities: an updated systematic
analysis. Lancet. 2015; 385(9966):430-40. [PubMed: 25280870]

3. Sonego M, Pellegrin MC, Becker G, Lazzerini M. Risk factors for mortality from acute lower
respiratory infections (ALRI) in children under five years of age in low and middle-income
countries: a systematic review and meta-analysis of observational studies. PLoS One. 2015;
10(1):0116380. [PubMed: 25635911]

4. Demers AM, Morency P, Mberyo-Yaah F, Jaffar S, Blais C, Somsé P, et al. Risk factors for mortality
among children hospitalized because of acute respiratory infections in Bangui, Central African
Republic. Pediatr Infect Dis J. 2000; 19(5):424-32. [PubMed: 10819338]

5. Lazzerini M, Sonego M, Pellegrin MC. Hypoxaemia as a Mortality Risk Factor in Acute Lower
Respiratory Infections in Children in Low and Middle-Income Countries: Systematic Review and
Meta-Analysis. PLoS One. 2015; 10(9):e0136166. [PubMed: 26372640]

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 August 01.


https://data.unicef.org/topic/child-health/pneumonia/
https://data.unicef.org/topic/child-health/pneumonia/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deardorff et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 9

. Fox MP, Thea DM, Sadruddin S, Bari A, Bonawitz R, Hazir T, et al. Low rates of treatment failure

in children aged 2-59 months treated for severe pneumonia: a multisite pooled analysis. Clin Infect
Dis. 2013; 56(7):978-87. [PubMed: 23264361]

. Lim WS, van der Eerden MM, Laing R, Boersma WG, Karalus N, Town GI, et al. Defining

community acquired pneumonia severity on presentation to hospital: an international derivation and
validation study. Thorax. 2003; 58(5):377-82. [PubMed: 12728155]

. Fine MJ, Auble TE, Yealy DM, Hanusa BH, Weissfeld LA, Singer DE, et al. A prediction rule to

identify low-risk patients with community-acquired pneumonia. N Engl J Med. 1997; 336(4):243-
50. [PubMed: 8995086]

. Community-acquired pneumonia in adults in British hospitals in 1982-1983: a survey of aetiology,

mortality, prognostic factors and outcome. The British Thoracic Society and the Public Health
Laboratory Service. Q J Med. 1987; 62(239):195-220. [PubMed: 3116595]

. Neill AM, Martin IR, Weir R, Anderson R, Chereshsky A, Epton MJ, et al. Community acquired
pneumonia: aetiology and usefulness of severity criteria on admission. Thorax. 1996; 51(10):
1010-6. [PubMed: 8977602]

Moher D, Liberati A, Tetzlaff J, Altman DG. Group P. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. Int J Surg. 2010; 8(5):336—41. [PubMed:
20171303]

Hooli S, Colbourn T, Lufesi N, Costello A, Nambiar B, Thammasitboon S, et al. Predicting
Hospitalised Paediatric Pneumonia Mortality Risk: An External Validation of RISC and mRISC,
and Local Tool Development (RISC-Malawi) from Malawi. PL0oS One. 2016; 11(12):e0168126.
[PubMed: 28030608]

Bang AT, Bang RA, Reddy MH, Baitule SB, Deshmukh MD, Paul VK, et al. Simple clinical
criteria to identify sepsis or pneumonia in neonates in the community needing treatment or
referral. Pediatr Infect Dis J. 2005; 24(4):335-41. [PubMed: 15818294]

Bharti B, Bharti S, Verma V. Role of Acute Iliness Observation Scale (AIOS) in managing severe
childhood pneumonia. Indian J Pediatr. 2007; 74(1):27-32. [PubMed: 17264449]

Harrell FE, Margolis PA, Gove S, Mason KE, Mulholland EK, Lehmann D, et al. Development of
a clinical prediction model for an ordinal outcome: the World Health Organization Multicentre
Study of Clinical Signs and Etiological agents of Pneumonia, Sepsis and Meningitis in Young
Infants. WHO/ARI Young Infant Multicentre Study Group. Stat Med. 1998; 17(8):909-44.
[PubMed: 9595619]

Lodha R, Bhadauria PS, Kuttikat AV, Puranik M, Gupta S, Pandey RM, et al. Can clinical
symptoms or signs accurately predict hypoxemia in children with acute lower respiratory tract
infections? Indian Pediatr. 2004; 41(2):129-35. [PubMed: 15004298]

Mahajan V, Tiwari M, Arya A, Tiwari A, Chawla D, Saini SS. Clinical predictors of hospital
admission in acute lower respiratory tract infection in 2 months to 2-year-old children.
Respirology. 2016; 21(2):350-6. [PubMed: 26611176]

Deerojanawong J, Prapphal N, Udomittipong K. PRISM score and factors predicting mortality of
patients with respiratory failure in the pediatric intensive care unit. J Med Assoc Thai. 2001;
84(Suppl 1):S68-75. [PubMed: 11529383]

Feldman C, Kallenbach JM, Levy H, Reinach SG, Hurwitz MD, Thorburn JR, et al. Community-
acquired pneumonia of diverse aetiology: prognostic features in patients admitted to an intensive
care unit and a "severity of illness" core. Intensive Care Med. 1989; 15(5):302-7. [PubMed:
2768645]

Coghill JE, Simkiss DE. Which clinical signs predict severe illness in children less than 2 months
of age in resource poor countries? J Trop Pediatr. 2011; 57(1):3-8. [PubMed: 21278059]

Mamtani M, Patel A, Hibberd PL, Tuan TA, Jeena P, Chisaka N, et al. A clinical tool to predict
failed response to therapy in children with severe pneumonia. Pediatr Pulmonol. 2009; 44(4):379—
86. [PubMed: 19330771]

King C, McCollum ED, Mankhambo L, Colbourn T, Beard J, Hay Burgess DC, et al. Can We
Predict Oral Antibiotic Treatment Failure in Children with Fast-Breathing Pneumonia Managed at
the Community Level? A Prospective Cohort Study in Malawi. PLoS One. 2015; 10(8):e0136839.
[PubMed: 26313752]

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 August 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deardorff et al.

23.

24.

25.

26.

27.

28.
29.

30.

Page 10

Reed C, Madhi SA, Klugman KP, Kuwanda L, Ortiz JR, Finelli L, et al. Development of the
Respiratory Index of Severity in Children (RISC) score among young children with respiratory
infections in South Africa. PLoS One. 2012; 7(1):e27793. [PubMed: 22238570]

Emukule GO, McMorrow M, Ulloa C, Khagayi S, Njuguna HN, Burton D, et al. Predicting
mortality among hospitalized children with respiratory illness in Western Kenya, 2009-2012.
PL0S One. 2014; 9(3):e92968. [PubMed: 24667695]

Sullivan LM, Massaro JM, D'Agostino RB. Presentation of multivariate data for clinical use: The
Framingham Study risk score functions. Stat Med. 2004; 23(10):1631-60. [PubMed: 15122742]
Klugman KP, Madhi SA, Huebner RE, Kohberger R, Mbelle N, Pierce N, et al. A trial of a 9-valent
pneumococcal conjugate vaccine in children with and those without HIV infection. N Engl J Med.
2003; 349(14):1341-8. [PubMed: 14523142]

Addo-Yobo E, Chisaka N, Hassan M, Hibberd P, Lozano JM, Jeena P, et al. Oral amoxicillin versus
injectable penicillin for severe pneumonia in children aged 3 to 59 months: a randomised
multicentre equivalency study. Lancet. 2004; 364(9440):1141-8. [PubMed: 15451221]

UNICEF WHO. Caring for the Sick Child in the Community: Participant's Manual. 2011

Dawood FS, Fry AM, Goswami D, Sharmeen A, Nahar K, Anjali BA, et al. Incidence and
characteristics of early childhood wheezing, Dhaka, Bangladesh, 2004-2010. Pediatr Pulmonol.
2016; 51(6):588-95. [PubMed: 26613245]

Olson D, Preidis GA, Milazi R, Spinler JK, Lufesi N, Mwansambo C, et al. Task shifting an
inpatient triage, assessment and treatment programme improves the quality of care for hospitalised
Malawian children. Trop Med Int Health. 2013; 18(7):879-86. [PubMed: 23600592]

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deardorff et al.

Identification

Screening

Eligibility

Included

Records identified through
database searching
Pubmed n= 905
Embase n= 1,061
Web of Science n= 74
CAB Direct n=182
Cochrane Reviews n= 33

Page 11

Records identified
through other
sources
n=1

Screened titles n= 2,349

——> Records excluded n= 2,270

\ 4

Screened abstracts n= 79

> Records excluded n= 66

A 4

Full text articles assessed for
eligibility n=13

Studies included n=15

Figure 1.
Flow diagram showing selection of studies according to Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA).

Full text articles excluded n=8

Outcome of risk score was not treatment

failure or mortality: 5
Included patients >Syears age: 2

Did not develop a formal risk score: 1

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 August 01.




Page 12

J9MI0M y3eay Alunwiwiod -AAHD ‘ssau|l Aloredidsal a1nae a1anss -|HYS ‘U0110aul 1or1) Alojeidsal Jamo] -] 1 ¥ {[elil [041U02 paziwopuel -1 DY

JuaWIeal] dnoIgqnue
|elo Ja)je ainjre) Wawiyeal | so1U9 abeyIA ‘MHD usiredinQ eluownaud Buiyyeslq 1se4 65-2 69/, | aledsunnoy IMmeleN | AMAHD-ImefeiN
BIqWEZ ‘WeUIBIA
‘(saus ¢) BOLYY
4Inos ‘uelsixed
sinoy eluownsaud ‘02IX3|N ‘eIpu|
8Y JaNJe ainjie) uawiyeal | o) 2Jed Aserual 2J9N3S Y1IM pazijendsoH 65-¢ 20.'T 104 ‘eury9O ‘eIqUIN|0D Slddv
sal1|1oe}
Ajjenow jeudsoy-uj aJed Aleia) pue 101sIp ‘Alunwwo) eluownaud yum pazijendsoH 65> G99'yT | @Jed aunnoy meleN | imereIN-OSIY
Auerow [endsoy-uj Au1oey a1ed Arerna L 14V'S Ym pazifendsoH 65> 18G‘c | @oue|iBAINS eAuay] osIdwW
Ajjenow jeudsoy-uj A0y a1ed Aseray/Arepuodss 11471 yum pazijendsoH ye> sYT'y 10d BILLY YINos JS1y
(uaapiiyo
ssoubelp (Ssyow) | jo lequnu)
awodINO Aoeyaed uaIed | abe jueired | azsajdures | s0inoserq uo11e207 91005

Deardorff et al.

S8]911Je PApN|aUI JO SONSHIIoRIRYD

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 August 01.



Page 13

"A)1]e1IOW JO YSU 1318316 YIIM PaleIoosse a1am S3109S SAIIRINWND J3YBIH "SIUSIONJS0D [3POW LWOJY PIALISP 3I19M S3I00S

(a/v uonyeoyisse|d
1| (0511 | €2 [ed1u1]0) AIH 81eI8pow/plIA
(D uoneanIsse|d
z | te1s2) | ss [e21UI]9) AIH 818A8S
T| GevD | 22 sypuow z1-¢ 8by
z | wor-s€) | 09 syjuow zs aby
- | (60+0) | 90 Burzeaym
- | wo—€0) | so syeams 1YBIN 1| (zgD | ST paa} 0} [esnyay
1| (re-971) o4 $SAUSNOIISUOIUN JO AIOISIH T (82-2'T) FAr Buime.pur 1sayD
Buimelpul (%065°00S)
1| (®-21) | 9¢ 1S8U0 pue BLIE[RW JULINJU0D Z (9°7-0€) %7 uoljeinies usbAxXo mo
T|@1-01) | €T Japuab sjewaS - | wo-10) | 2o elIE[eW pPawWIIu0o-Alojeioge] 1O +NJH
8 | (T8-0%) | L& WeXa Je SNoKosuooun z | 9z1-09) | 08 wexa Je Lafe A|ny 10N - | (o-t0) | 2o Buizsaym
z- | (60-50) | 20 Buizaaym 1| (82¢€1) | 6T uoneipAyaq 1| (8e60 | 8T pasy 03 [esnjay
L] (€9-0%) | 05 | (%06>°00S) erwsxodAy a18nss 1| 8221 | 87 pasy 03 [esnyay z| we—2a) | 9v Buimelpui 1s3yd
(%2606 (%065°00dS3)
z| €11 | ST ¢0ds) e1waxodAy syesspoiN 1| (Tes1) | 22 Buimelpur 1sayd ¢ | (02809 | 0T2 uoneinyes usBAxo moT
(wog'TT> (e- (e-s281028
L | (02-T€) 9¥ DOVNIA) uoninujew aIsnss 1 ¥'s-12) 8'c 531095-Z) abe-105-1ybiam mo| Alop z | wy1-92) 09 -Z) abe-103-1ybiam moj Alap
(WogeT-S'TT
€| (Sz2¢T) | LT | OVNA) uonLINUEW 81eI3POIN T | @e€1) | T2 | (¢->81005-2>¢-) abe-10j-1ybram mo T| ®e91) | G2 | (¢->81005-2) abe-104-3ybram moT
19OV AIH
(10 (10 (10
81003 %G6) | HO 81003 %S6) | "0 81003 %G6) | dO
Imere N-0S 1] oS 1w oS1d

Deardorff et al.

‘eruownaud Jo ssaujji Alojesidsal yim pasoubelp abe Jo sieak aAly uey) ss9)
uaJlpiyd Buowe eluownaud wouy Aljeriow eudsoy-ui 191pald 01 padojansp $8109s XS JO sanjen wulod pue (HO) So1le SPPO PajeIdoSSe YIIM Sainjea) 91035

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 August 01.



Page 14

Deardorff et al.

uoneinies ushAxo —COds ‘ares Aloresidsal -4y ‘Buld2eA 81efinfuod [easodownaud JUs[eA-ET -ETADd ‘0118l SPPO -HO 89UBIBJWNIII WUe Jaddn-piw -DWNIA ‘[eAIBIUI 8OUBPIIUOD %56 — IO %S6

syuow G- T pabe UsIP[Iyd Ul ulW/syyeslq 09< J0 SyIuoW TT—g Pabe siueyul oy uiw/syresiq 0/< e paulyap arel Alojedidsal isey Alsp
¥

*24n|1ey JuBWILA.) JO ANfIgeqoId 81BINDJED 0) Pasn SeM [9pOW ANHD-IMB[RIA

§
'asn [ealuld 10y wesbowou e dojanap 0} pasn sem |apowl m_n_n_dw
(62-90) | €1 €TADd $8s0p 831y L
(Tet—¢0) | 671 €TADd S350p OM} 0} BUO
(cv-—<0) | 271 3U192.A JusjeARIUad SBSOP 834y L
(Tv-00) | €0 3U199eA JUdjeARIUAd S3SOp 0M) 0] BUQ
(T1-€0) | 90 D+8E< Janed
(Lz-60) | 97 %v6-06 c0dS
(ee-TT) | 6T | (WOGET>IVNIN) UoHLINUIEW 3JeI3POIN
Gz-11) | 91 sisouBelp elejew waunouo) | (£ 1-T'T) | zZ'T | uonezipendsoy o Jnoy Yz 18 dy d1y19ads-abe ssaox3
1z-50 | o1 o Ores Kiorendsanisey M | (pp—o7) | 11 auljaseq Je Yy d110ads-abe Ss30X3
wT-v0) | L0 stpuow TT-9 9By | (§€-€T) | TZ stpuow T1-9 9by
(tz—s0) | TT sypuow G-z 3By | (e'2-0€) | 9 stpuow 9> aby | a.njead
(10 %s6) | YO (1D %s6) | ¥O
g§MHO-IMere S lddv 81005

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

“eluownaud yum
pasoubelp abe Jo s1eak anly ueyl SS9 UaIp]Iyd Buowe ainjiey uswieal) 191pald 01 padojansp $8109s XsLI 4O (HO) SOIe) SPPO PaleId0SSe YlIM Sain)ea) 21095

Author Manuscript

Pediatr Infect Dis J. Author manuscript; available in PMC 2019 August 01.



	Abstract
	Introduction
	Methods
	Search strategy and selection criteria
	Data abstraction

	Results
	Mortality outcome
	Treatment failure outcome

	Discussion
	Conclusions
	References
	Figure 1
	Table 1
	Table 2
	Table 3

