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ABSTRACT
Objective Although HIV infection, severe malnutrition and 
hypoxaemia are associated with high mortality in children 
with WHO- defined severe pneumonia in sub- Saharan 
Africa, many do not have these conditions and yet mortality 
remains elevated compared with high- resource settings. 
Further stratifying mortality risk for children without 
these conditions could permit more strategic resource 
utilisation and improved outcomes. We therefore evaluated 
associations between mortality and clinical characteristics 
not currently recognised by the WHO as high risk among 
children in Malawi with severe pneumonia but without HIV 
(including exposure), severe malnutrition and hypoxaemia.
Methods Between May 2016 and March 2018, we 
conducted a prospective observational study alongside 
a randomised controlled trial (CPAP IMPACT) at Salima 
District Hospital in Malawi. Children aged 1–59 months 
hospitalised with WHO- defined severe pneumonia 
without severe malnutrition, HIV and hypoxaemia were 
enrolled. Study staff assessed children at admission 
and ascertained hospital outcomes. We compared group 
characteristics using Student’s t- test, rank- sum test, χ2 
test or Fisher’s exact test as appropriate.
Results Among 884 participants, grunting (10/112 
(8.9%) vs 11/771 (1.4%)), stridor (2/14 (14.2%) vs 19/870 
(2.1%)), haemoglobin <50 g/L (3/27 (11.1%) vs 18/857 
(2.1%)) and malaria (11/204 (5.3%) vs 10/673 (1.4%)) 
were associated with mortality compared with children 
without these characteristics. Children who survived had 
a 22 g/L higher mean haemoglobin and 0.7 cm higher 
mean mid- upper arm circumference (MUAC) than those 
who died.
Conclusion In this single- centre study, our analysis 
identifies potentially modifiable risk factors for mortality 
among hospitalised Malawian children with severe 
pneumonia: specific signs of respiratory distress (grunting, 
stridor), haemoglobin <50 g/L and malaria infection. 
Significant differences in mean haemoglobin and MUAC 
were observed between those who survived and those 
who died. These factors could further stratify mortality 

risk among hospitalised Malawian children with severe 
pneumonia lacking recognised high- risk conditions.

INTRODUCTION
Pneumonia causes approximately 800 000 
deaths outside of the neonatal period among 
under 5- year- olds worldwide and this burden 

What is known about the subject?

 ► Lower respiratory infections like pneumonia kill an 
estimated 800 000 children annually, making it the 
number one infectious cause of paediatric deaths 
globally.

 ► Among children with pneumonia, important drivers 
of mortality in low and middle- income countries 
(LMICs) are severe malnutrition, HIV infection or ex-
posure and hypoxaemia.

 ► Children in LMICs with severe pneumonia lacking 
HIV, malnutrition and hypoxaemia may represent a 
large proportion of pneumonia burden and mortality 
but data are limited.

What this study adds?

 ► About 20% of pneumonia deaths at one rural dis-
trict hospital in Malawi over 2 years were attribut-
able to children lacking HIV, severe malnutrition and 
hypoxaemia.

 ► Among Malawian children with severe pneumonia 
without HIV, severe malnutrition and hypoxaemia, 
respiratory distress (stridor, grunting), haemoglobin 
<50 g/L and malaria predicted mortality.

 ► Significant differences in mean haemoglobin and 
mid- upper arm circumference were present in se-
vere pneumonia cases lacking recognised high- risk 
conditions who survived or died.
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is disproportionately borne in low and middle- income 
countries (LMICs).1 Severe malnutrition, HIV infection 
or exposure and hypoxaemia (peripheral oxyhaemo-
globin saturation (SpO

2
) <90%) place children with 

pneumonia at higher risk of death.1–4 While children 
with severe pneumonia but without these conditions may 
have relatively lower mortality, they still may comprise a 
substantial overall burden of pneumonia morbidity and 
mortality in LMICs.1 For example, in Malawi, approx-
imately half of child pneumonia deaths were attribut-
able to HIV and almost 90% of hospitalised pneumonia 
were among children without hypoxaemia.4 5 In a multi-
country severe pneumonia study, 61% of deaths occurred 
among children without severe malnutrition.6 Identi-
fying clinical characteristics that predict mortality, can 
be objectively measured and may be modifiable among 
paediatric pneumonia cases lacking severe malnutrition, 
HIV (including exposure) and hypoxaemia could repre-
sent an effective strategy for lowering pneumonia deaths 
in LMICs.

The WHO recommends a syndromic approach to 
child pneumonia diagnosis and management in LMICs 
to improve implementation feasibility.7 Recommended 
treatment for WHO- defined severe pneumonia includes 
hospitalisation, parenteral antibiotics and oxygen.7 
Understanding which children with WHO- defined 
severe pneumonia in LMICs are at high risk of death is 
important as it can impact resource allocation in austere 
settings where advanced care and other resources are 
limited.8

In conjunction with a randomised controlled trial 
called CPAP IMPACT, which studied children with WHO- 
defined severe pneumonia and at least one high- risk 
condition (severe malnutrition, HIV infection or expo-
sure and/or hypoxaemia),9 10 we conducted a parallel 
prospective observational study of children with WHO- 
defined severe pneumonia but without any of these 
three high- risk conditions. Our main objectives were to 
contextualise observational study participants through 
their clinical characteristics and outcomes, and then to 
identify clinical predictors of mortality with a priority 
towards factors that may be objectively measured, poten-
tially modifiable and not included in WHO pneumonia 
guidelines.

METHODS
We conducted a prespecified substudy in conjunction with 
a randomised controlled trial (CPAP IMPACT).9 10 CPAP 
IMPACT compared bubble continuous positive airway 
pressure to low flow oxygen for children with WHO- 
defined severe pneumonia and at least one high- risk 
condition. From May 2016 through March 2018, children 
with WHO- defined severe pneumonia and ineligible for 
CPAP IMPACT were invited to participate in this ancillary 
prospective observational study. The study took place at 
Salima District Hospital in Salima, Malawi, a secondary 

hospital lacking intensive care resources. Enrolled partic-
ipants provided written consent.

During the study period, children admitted to Salima 
District Hospital were screened for eligibility at all times. 
Children were eligible if aged 1–59 months with WHO- 
defined severe pneumonia and without any of three high- 
risk conditions: (1) HIV infection (<12 months old with 
a positive HIV DNA PCR or ≥12 months old with HIV 
antibodies) or exposure (<24 months old born to an HIV- 
infected mother and not meeting HIV infection criteria), 
(2) severe malnutrition (weight- for- age z- score < −3 SD, 
mid- upper arm circumference (MUAC) <11.5 cm and/or 
bilateral pedal oedema), or (3) SpO

2
 <90%.

Per WHO guidelines, children could meet severe 
pneumonia criteria by having cough and/or difficult 
breathing plus signs of pneumonia with at least one 
general danger sign or signs of respiratory distress with 
or without a general danger sign.11 Respiratory distress 
included head nodding, nasal flaring, grunting, stridor 
when calm, tracheal tugging, severe chest indrawing, 
very fast breathing for age (≥80 breaths/min if aged 
30–59 days, >70 breaths/min if aged 2–11 months and 
≥60 breaths/min if aged 12–59 months) or apnoea. Signs 
of pneumonia included fast breathing (60–79 breaths/
min if aged 30–59 days, 50–69 breaths/min if aged 2–11 
months and 40–59 breaths/min if aged 12–59 months) 
and/or chest indrawing. Inability to feed, vomiting every-
thing, lethargic or unconscious (Blantyre Coma Score 
≤4)12 and convulsions comprised general danger signs.

Consistent with national guidelines, malaria infection 
was confirmed on all participants at enrolment using 
rapid antigen testing (SD Bioline (HRP2/pLDH, sensi-
tivity 97.4%–99.7%, specificity 99.3%–99.7%)) as routine 
microscopy was limited.13 Anaemia was also assessed by 
point- of- care testing (HemoCue 301+). A Rad- 5 pulse 
oximeter (Masimo, Irvine, California, USA) measured 
the SpO

2
 on children breathing in room air. Study staff 

recommended initial evaluations and treatments at enrol-
ment and thereafter care was led by government hospital 
staff, including oxygen, antibiotics and fluids. According 
to local guidelines, all patients received benzylpenicillin 
and gentamicin and could be switched to ceftriaxone for 
treatment failure.14 Similarly, per local guidelines, severe 
malaria was treated with artesunate and uncomplicated 
malaria by lumefantrine- artemether.13 Children were 
followed passively by study staff until hospital outcome. 
This study’s primary outcome was in- hospital mortality.

Statistical analysis
Bivariable analysis comparing clinical variables with 
in- hospital mortality was performed as follows: the 
Student’s t- test was used to assess differences between 
the means of normally distributed continuous variables 
(tabulated as means and SDs), the non- parametric Mann- 
Whitney U test evaluated differences in the rank- sums 
of continuous variables (tabulated as medians and IQR 
presented as 25th and 75th percentiles, χ2 and Fisher’s 
exact tests (if the large sample assumption could not be 
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justified) analysed categorical clinical variables (tabulated 
as numbers and percentages)). To understand whether 
an association existed between mortality and the number 
of significant risk factors per patient, logistic regression 
was performed. Although we planned to fit multivariable 
regression models for mortality we determined it was not 
advisable due to the number of mortality events experi-
enced. All analyses were conducted using Stata (V.15.1; 
StataCorp, College Station, Texas).

Patient and public involvement
Patients and the public in Malawi were sensitised to the 
development, design, recruitment and conduct via local 
meetings before, during and after the research.

RESULTS
From May 2016, enrolment began for the observational 
study and concluded at the same time as the parent CPAP 
IMPACT trial in March 2018 (figure 1). Among 1062 
children who did not meet inclusion criteria for CPAP 
IMPACT, 884 met criteria for the observational study and 
agreed to participate.

We sought to identify whether any participant charac-
teristics—with an emphasis on objective and potentially 
modifiable factors not included in the WHO pneumonia 
guidelines7—had associations with hospital mortality 
(table 1). Children with respiratory distress signs like 
grunting (10/112 (8.9%) vs 11/771 (1.4%), p<0.01) 
and stridor when calm (2/14 (14.2%) vs 19/870 (2.1%), 
p=0.04) had higher mortality rates than children without 
these signs. Anaemia and malaria were also associated 
with mortality. Specifically, children who died, compared 
with survivors, had a 22 g/L lower mean haemoglobin 
(78 g/L (SD 30) vs 100 g/L (SD 20), p<0.01). Children 
with a haemoglobin <50 g/L also had higher mortality 
than those with a 50 g/L or higher measurement (11.1% 
vs 2.1%, p≤0.02). Children positive for malaria had a 
mortality of 5.4% while children testing negative had a 
mortality rate of 1.4% (p<0.01). Children with malaria, 
compared with those testing negative, had a 19 g/L lower 
mean haemoglobin level (85 g/L vs 104 g/L, p<0.01). In 
a sensitivity analysis excluding seven children without a 
malaria test result, the overall findings were consistent 
(online supplemental table 1).

Participants who died had a 1.7 cm lower mean MUAC 
than those who did not die (p<0.01). Notably, there was 
no difference between those who survived and those 
who did not based on the admission SpO

2
 distribution 

(p=0.49), and although the point estimates for mortality 
were higher among children with SpO

2
 of 90%–92%, 

compared with 93%–100%, these did not reach statistical 
significance (3.7% vs 2.2%, p=0.42).

Of the identified risk factors for mortality, we consid-
ered dichotomous factors (stridor when calm, grunting, 
malaria status, haemoglobin<50 g/L) and used logistic 
regression to determine whether the odds of mortality 
increased with increasing numbers of risk factors per 
patient. We found that compared with children with 
only one risk factor, children with two, three or four risk 
factors had an increased OR for death that increased with 
an increasing number of risk factors (table 2).

In online supplemental table 2, we compared observa-
tional participants to children enrolled in CPAP IMPACT 
to provide context for both groups as well as the spec-
trum of pneumonia at Salima District Hospital during 
the study period. The mortality of observational children 
was 11.3 absolute percentage points lower than those 
in CPAP IMPACT (2.4% vs 13.7%, p<0.01). Altogether, 
when accounting for trial participants and the observa-
tional group, the hospital mortality of severe pneumonia 
was 7.1% (109/1528).

DISCUSSION
We identified potentially modifiable, objectively meas-
urable risk factors for mortality among an observational 
cohort of Malawian children with WHO- defined severe 
pneumonia and without severe malnutrition, HIV or 
hypoxaemia. We found those children who died were 
more likely to present with respiratory distress, anaemia, 
malaria and a lower MUAC. Our results also show that 
during the study period severe pneumonia was gener-
ally as frequent among Malawian children without high- 
risk conditions as they were with them, and that about 
20% of pneumonia deaths at Salima District Hospital 
during this period were attributable to lower risk chil-
dren. Assuming these data are representative then poten-
tially high numbers of pneumonia deaths among sub- 
Saharan African children without severe malnutrition, 
HIV and hypoxaemia may occur each year.15 Altogether, 
if confirmed, our results imply such children could be 
important in the broader pneumonia epidemiological 
context and may benefit from more systematic scrutiny 
of these additional, potentially modifiable domains of 
risk, (1) respiratory distress, (2) anaemia, (3) malaria, 
and (4) non- severe malnutrition, through more rigorous 
screening and testing.

Currently, only MUAC is routinely recommended 
by the WHO Integrated Management of Childhood 
Illnesses (IMCI) guidelines for use at frontline health 
facilities and hospital outpatient clinics serving as an 
entry point for most patients.7 Instead, guidelines 

Figure 1 Study profile.

https://dx.doi.org/10.1136/bmjpo-2021-001330
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recommend using caregiver report to identify difficult 
breathing, checking for anaemia by examining for pallor 
and testing for malaria if fever is present (in endemic 
areas).7 While severe malnutrition, HIV and hypox-
aemia confer a higher mortality risk, there is value in 
identifying specific features that convey a higher proba-
bility of death among lower risk but severely ill patients. 
It is possible these children, if appropriately identified, 

may be more treatment responsive and more likely to 
survive; the ability to target care would be beneficial. 
For example, such children may be more successfully 
managed if cohorted into hospital units with higher 
nurse to patient ratios that allow closer monitoring 
and more meticulous care. Results from CPAP IMPACT 
suggest meaningful reductions in mortality among 
higher risk children with severe pneumonia may be 

Table 1 Association between hospitalisation characteristics and outcome among children aged 1–59 months with WHO- 
defined severe pneumonia without HIV, severe malnutrition and/or hypoxaemia in an observational study

Characteristic
Survived
n=863

Died
n=21 P value

Demographics

Age (months), median (IQR)* 9.2 (4.7, 17.3) 8.1 (6.5, 12.0) 0.74

Sex, n (%)† Females 353 (97.5) 9 (2.5) 1.00

Males 510 (97.7) 12 (2.3)

Clinical features

Respiratory rate (breaths/min), mean (SD)‡ 59.6 (12.9) 60.3 (13.7) 0.82

Fast breathing for age, n (%)† Yes 720 (97.6) 18 (2.4) 1.00

  No 143 (97.9) 3 (2.1)

Pulse rate (beats/min), mean (SD)‡ 162.2 (20.4) 170.0 (30.4) 0.09

Pulse rate >180 beats/min, n (%)† Yes 113 (95.0) 6 (5.0) 0.22

  No 400 (97.6) 10 (2.4)

Pulse rate >160 beats/min, n (%)† Yes 165 (97.6) 4 (2.4) 0.20

  No 184 (99.5) 1 (0.5)

Severe chest indrawing, n (%)† Yes 760 (97.8) 17 (2.2) 0.31

  No 103 (96.3) 4 (3.7)

Head nodding, n (%)† Yes 180 (95.7) 8 (4.3) 0.10

  No 683 (98.1) 13 (1.9)

Grunting, n (%)†§ Yes 102 (91.1) 10 (8.9) <0.01

  No 760 (98.6) 11 (1.4)

Stridor when calm, n (%)† Yes 12 (85.7) 2 (14.3) 0.04

  No 851 (97.8) 19 (2.2)

Apnoea, n (%)† Yes 6 (85.7) 1 (14.3) 0.16

  No 857 (97.7) 20 (2.3)

Nasal flaring, n (%)† Yes 507 (97.6) 12 (2.3) 1.00

  No 356 (97.5) 9 (2.5)

Measurements and laboratory results

MUAC (cm), mean (SD)‡ 14.0 (1.2) 13.3 (1.0) <0.01

MUAC 11.5–13.5 cm, n (%)† Yes 255 (96.2) 10 (3.8) 0.09

  No 608 (98.2) 11 (1.8)

Hb (g/L), mean (SD)‡ 10.0 (2.0) 7.8 (3.0) <0.01

Hb <5 g/L, n (%)† Yes 24 (88.9) 3 (11.1) 0.02

  No 839 (99.6) 18 (2.1)

Malaria positive, n (%)¶ Yes 193 (94.6) 11 (5.4) <0.01

  No 663 (98.5) 10 (1.5)

SpO
2
 (%), median (IQR)* 96 (95, 98) 96 (94, 98) 0.49

SpO
2
† 93%–100% 787 (97.8%) 18 (2.2%) 0.42

90%–92% 76 (96.2%) 3 (3.7%)

*Wilcoxon rank- sum.
†Fisher’s exact test.
‡Two- sample t- test.
§One participant missing data.
¶Seven participants were missing test results.
Hb, haemoglobin; MUAC, mid- upper arm circumference.
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challenging to achieve with available approaches in 
LMICs.

Previous studies reported similar findings to this study, 
though analyses aggregate children with and without 
high- risk conditions or severe and non- severe pneu-
monia. A large meta- analysis of children from LMICs 
found that young age (<2 months), Pneumocystis jirovecii 
infection, chronic underlying diseases, HIV/AIDS and 
severe malnutrition all increased the likelihood of death.2 
Within sub- Saharan Africa, a Kenyan study of paediatric 
pneumonia hospitalisations sought to establish mortality 
rates and risk factors among children with pneumonia.16 
Among those with non- severe disease, pallor and a 
weight- for- age z- score <3 SD were associated with death, 
but having respirations >70 breaths/min, moderate 
malnutrition, moderate dehydration or admission in 
a malaria- endemic region also increased mortality risk. 
Another Kenyan study of hospitalised children found 
overall mortality was 5%, and severe anaemia, jaundice, 
chest indrawing, deep breathing, neurological status and 
axillary temperature (>39°C or <36°C) were predictive of 
immediate death.17

In our observational cohort, children who died were 
more likely to have a lower haemoglobin and were also 
more likely to have malaria than those who survived. As 
expected, a significant difference in mean haemoglobin 
existed between children with a positive versus negative 
malaria test. Given the syndromic approach to disease 
used by healthcare workers in LMICs, an overlap between 
primary respiratory illness and malaria has been previ-
ously reported. In a prospective cohort of children in 
Nigerian hospitals, 31% of those with pneumonia also 
had malaria,18 while in Mozambique 19% of children 
with severe pneumonia had malaria.19 In Uganda, a study 
of children attending 14 health centres found 30% had 
both pneumonia and malaria.20 A large Kenyan cohort of 
hospitalised hypoxaemic children found a final diagnosis 
of malaria more frequently than lower respiratory tract 
infection (35% vs 32%).21

Unfortunately, clinical pallor has been shown as unreli-
able for detecting anaemia. A study of hospitalised Tanza-
nian children found 8% sensitivity and 98% specificity 
for pallor identifying severe anaemia.22 Among children 
in Uganda and Bangladesh, severe palmar and conjunc-
tival pallor had sensitivities between 10% and 50% and 
a specificity of 99% for severe anaemia.23 Altogether, 
given the coincidence of these conditions, the mortality 

risk associated with severe malaria and anaemia, and the 
limited performance of pallor, routine haemoglobin and 
malaria testing among children with difficult breathing 
merits further consideration.

Unlike this study, prior inpatient paediatric studies 
from Malawi found associations between moderately 
low SpO

2
 ranges and increased odds of mortality among 

children with pneumonia (between 50% and 330% 
higher).24 25 The paediatric populations in these studies 
differed as they included severe malnutrition and/or 
HIV cases. Although in our study we also observed higher 
point estimates for mortality among children with SpO

2
 

of 90%–92%, compared with 93%–100%, this association 
did not reach statistical significance. We expect that with 
a larger sample size, a similar association between SpO

2
 

and mortality would have been observed in this study.
There are several limitations. First, malaria detection 

was determined by rapid antigen testing rather than 
peripheral blood microscopy. While children in endemic 
settings may have a positive rapid test due to persistent 
antigenaemia rather than an acute infection,26 our use 
of rapid testing was consistent with locally recommended 
practice in Malawi, a setting with limited microscopy 
capacity.13 Second, the cohort experienced 21 deaths, 
and this restricted our ability to fit multivariable models 
for mortality as planned. Third, although our prospective 
design and population of rural Malawian children at a 
district hospital should be considered strengths, this is a 
single- centre study. Increasing the certainty of our find-
ings remains important and a larger, multicentre study 
is needed.

In sum, we identified multiple risk factors for death 
(specific signs of respiratory distress (stridor, grunting), 
haemoglobin <50 g/L and malaria) among Malawian chil-
dren with severe pneumonia but without severe malnu-
trition, HIV infection or exposure and hypoxaemia. 
Children who died had a lower MUAC than those who 
survived, but statistically significant thresholds were not 
apparent. Based on these findings, systematic screening 
of children with severe pneumonia for additional signs 
of respiratory distress, checking of haemoglobin levels, 
testing for malaria (when endemic) and measuring 
MUAC, followed by closer monitoring and standard 
treatment for any identified abnormalities, seem feasible 
and warrant further consideration. Intervention studies 
examining the modifiability of these risk factors in similar 
populations are needed as is larger, confirmatory obser-
vational research in other LMIC settings.

Author affiliations
1Division of Emergency Medicine, Department of Pediatrics, Cincinnati Children's 
Hospital Medical Center, Cincinnati, Ohio, USA
2University of North Carolina Project Malawi, Lilongwe, Central Region, Malawi
3Department of Pediatrics, School of Medicine, University of North Carolina at 
Chapel Hill, Chapel Hill, North Carolina, USA
4Department of Pediatrics, University of Utah School of Medicine, Salt Lake City, 
Utah, USA
5Department of Pediatrics, BEAD Core, Johns Hopkins University, Baltimore, 
Maryland, USA

Table 2 Association between mortality and number of risk 
factors (stridor when calm, grunting, haemoglobin <50 g/L, 
malaria test positive)

Risk factors (n) OR (95% CI) P value

1 Referent –

2 4.5 (1.4 to 14.1) <0.01

3 14.7 (4.3 to 50.1) <0.01

4 26.2 (4.4 to 153.7) <0.01



6 Eckerle M, et al. BMJ Paediatrics Open 2022;6:e001330. doi:10.1136/bmjpo-2021-001330

Open access

6Division of Infectious Disease, Department of Medicine, School of Medicine, 
University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA
7Global Program in Pediatric Respiratory Sciences, Eudowood Division of Pediatric 
Respiratory Sciences, Department of Pediatrics, School of Medicine, Johns Hopkins 
University, Baltimore, Maryland, USA
8Department of International Health, Bloomberg School of Public Health, Johns 
Hopkins University, Baltimore, Maryland, USA

Twitter Eric D McCollum @tinylungsglobal

Acknowledgements We thank the children and their caregivers who participated, 
the Salima District Hospital and the Malawi Ministry of Health for their support of 
this research and the entire CPAP IMPACT study team for their dedication and care 
of the children in this study. We also acknowledge the important contributions of Dr 
Veena Billioux to this work.

Contributors EDM acquired the funding. ME and EDM were responsible for 
conceptualisation and design. EDM curated the data. DK and DM collected the 
data. DV, ME and EDM were responsible for data analysis. ME, EDM, TM, AGS and 
MH were responsible for data interpretation. ME and EDM wrote the original draft. 
ME, EDM, TM, AGS, DK, DM, DV and MH were responsible for writing, review and 
editing. EDM is the guarantor.

Funding The Bill & Melinda Gates Foundation (OPP1123419), the International 
AIDS Society (141022) and the Health Empowering Humanity provided funding for 
this work.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication Not required.

Ethics approval This study involves human participants and was approved by 
the Malawi National Health Sciences Research Committee (1325) and the Johns 
Hopkins Medicine Institutional Review Board (IRB00055734). Participants gave 
informed consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits 
others to copy, redistribute, remix, transform and build upon this work for any 
purpose, provided the original work is properly cited, a link to the licence is given, 
and indication of whether changes were made. See: https://creativecommons.org/ 
licenses/by/4.0/.

ORCID iD
Eric D McCollum http://orcid.org/0000-0002-1872-5566

REFERENCES
 1 GBD 2017 Lower Respiratory Infections Collaborators. Quantifying 

risks and interventions that have affected the burden of lower 
respiratory infections among children younger than 5 years: an 
analysis for the global burden of disease study 2017. Lancet Infect 
Dis 2020;20:60–79.

 2 Sonego M, Pellegrin MC, Becker G, et al. 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:e0116380.

 3 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:e0136166.

 4 Theodoratou E, McAllister DA, Reed C, et al. Global, regional, and 
national estimates of pneumonia burden in HIV- infected children 
in 2010: a meta- analysis and modelling study. Lancet Infect Dis 
2014;14:1250–8.

 5 McCollum ED, Nambiar B, Deula R, et al. Impact of the 13- Valent 
pneumococcal conjugate vaccine on clinical and hypoxemic 
childhood pneumonia over three years in central Malawi: an 
observational study. PLoS One 2017;12:e0168209.

 6 Gallagher KE, Knoll MD, Prosperi C, et al. The predictive 
performance of a pneumonia severity score in human 
immunodeficiency virus- negative children presenting to hospital in 7 
low- and middle- income countries. Clin Infect Dis 2020;70:1050–7.

 7 WHO. Integrated management of childhood illness: chart booklet, 
2014. Available: https://apps.who.int/iris/bitstream/handle/10665/ 
104772/9789241506823_Chartbook_eng.pdf [Accessed 28 Dec 
2021].

 8 McCollum ED, King C, Hammitt LL, et al. Reduction of childhood 
pneumonia mortality in the sustainable development era. Lancet 
Respir Med 2016;4:932–3.

 9 Smith AG, Eckerle M, Mvalo T, et al. Cpap impact: a protocol 
for a randomised trial of bubble continuous positive airway 
pressure versus standard care for high- risk children with severe 
pneumonia using adaptive design methods. BMJ Open Respir Res 
2017;4:e000195.

 10 McCollum ED, Mvalo T, Eckerle M, et al. Bubble continuous positive 
airway pressure for children with high- risk conditions and severe 
pneumonia in Malawi: an open label, randomised, controlled trial. 
Lancet Respir Med 2019;7:964–74.

 11 WHO. Pocketbook of Hospital care for children. In: Guidelines for 
the management of common childhood illnesses. Second Edition, 
2013. https://apps.who.int/iris/bitstream/handle/10665/81170/ 
9789241548373_eng.pdf?sequence=1

 12 A paediatric Handbook for Malawi. third edition, 2008. Available: 
http://cms.kcn.unima.mw:8002/moodle/file.php/1/Phillips_ 
Kazembe_Paediatric_Handbook_for_Malawi_2008.pdf [Accessed 28 
Dec 2021].

 13 National Malaria Control Programme, Ministry of Health, Government 
of Malawi. Guidelines for the treatment of malaria in Malawi. 4th 
Edition, 2013. https://www.severemalaria.org/sites/mmv-smo/files/ 
content/attachments/2017-03-03/Malawi%202013%20Edition% 
20of%20Malaria%20Treatment%20Guidelines.pdf

 14 Ministry of Health. Malawi standard treatment guidelines. 5th Edition, 
2015. https://extranet.who.int/ncdccs/Data/MWI_D1_Malawi- 
Standard-Treatment-Guidelines-Essential-Medicines-List-2015.pdf

 15 Liu L, Oza S, Hogan D, et al. Global, regional, and national causes 
of under- 5 mortality in 2000- 15: an updated systematic analysis 
with implications for the sustainable development goals. Lancet 
2016;388:3027–35.

 16 Agweyu A, Lilford RJ, English M, et al. Appropriateness of clinical 
severity classification of new who childhood pneumonia guidance: 
a multi- hospital, retrospective, cohort study. Lancet Glob Health 
2018;6:e74–83.

 17 Berkley JA, Ross A, Mwangi I, et al. Prognostic indicators of early 
and late death in children admitted to district hospital in Kenya: 
cohort study. BMJ 2003;326:361.

 18 Graham H, Bakare AA, Ayede AI, et al. Diagnosis of pneumonia and 
malaria in Nigerian hospitals: a prospective cohort study. Pediatr 
Pulmonol 2020;55 Suppl 1:S37–50.

 19 Sigaúque B, Roca A, Bassat Q, et al. Severe pneumonia in 
Mozambican young children: clinical and radiological characteristics 
and risk factors. J Trop Pediatr 2009;55:379–87.

 20 Källander K, Nsungwa- Sabiiti J, Peterson S. Symptom overlap for 
malaria and pneumonia--policy implications for home management 
strategies. Acta Trop 2004;90:211–4.

 21 Mwaniki MK, Nokes DJ, Ignas J, et al. Emergency triage 
assessment for hypoxaemia in neonates and young children in a 
Kenyan Hospital: an observational study. Bull World Health Organ 
2009;87:263–70.

 22 Mogensen CB, Sørensen JE, Bjorkman A. Pallor as a sign of 
anaemia in small Tanzanian children at different health care levels. 
Acta Trop 2006;99:113–8.

 23 Kalter HD, Burnham G, Kolstad PR, et al. Evaluation of clinical signs 
to diagnose anaemia in Uganda and Bangladesh, in areas with and 
without malaria. Bull World Health Organ 1997;75 Suppl 1:103–11.

 24 Hooli S, King C, Zadutsa B, et al. The epidemiology of hypoxemic 
pneumonia among young infants in Malawi. Am J Trop Med Hyg 
2020;102:676–83.

 25 Hooli S, Colbourn T, Lufesi N, et al. Predicting hospitalised paediatric 
pneumonia mortality risk: an external validation of RISC and mRISC, 

https://twitter.com/tinylungsglobal
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0002-1872-5566
http://dx.doi.org/10.1016/S1473-3099(19)30410-4
http://dx.doi.org/10.1016/S1473-3099(19)30410-4
http://dx.doi.org/10.1371/journal.pone.0116380
http://dx.doi.org/10.1371/journal.pone.0136166
http://dx.doi.org/10.1016/S1473-3099(14)70990-9
http://dx.doi.org/10.1371/journal.pone.0168209
http://dx.doi.org/10.1093/cid/ciz350
https://apps.who.int/iris/bitstream/handle/10665/104772/9789241506823_Chartbook_eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/104772/9789241506823_Chartbook_eng.pdf
http://dx.doi.org/10.1016/S2213-2600(16)30371-X
http://dx.doi.org/10.1016/S2213-2600(16)30371-X
http://dx.doi.org/10.1136/bmjresp-2017-000195
http://dx.doi.org/10.1016/S2213-2600(19)30243-7
https://apps.who.int/iris/bitstream/handle/10665/81170/9789241548373_eng.pdf?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/81170/9789241548373_eng.pdf?sequence=1
http://cms.kcn.unima.mw:8002/moodle/file.php/1/Phillips_Kazembe_Paediatric_Handbook_for_Malawi_2008.pdf
http://cms.kcn.unima.mw:8002/moodle/file.php/1/Phillips_Kazembe_Paediatric_Handbook_for_Malawi_2008.pdf
https://www.severemalaria.org/sites/mmv-smo/files/content/attachments/2017-03-03/Malawi%202013%20Edition%20of%20Malaria%20Treatment%20Guidelines.pdf
https://www.severemalaria.org/sites/mmv-smo/files/content/attachments/2017-03-03/Malawi%202013%20Edition%20of%20Malaria%20Treatment%20Guidelines.pdf
https://www.severemalaria.org/sites/mmv-smo/files/content/attachments/2017-03-03/Malawi%202013%20Edition%20of%20Malaria%20Treatment%20Guidelines.pdf
https://extranet.who.int/ncdccs/Data/MWI_D1_Malawi-Standard-Treatment-Guidelines-Essential-Medicines-List-2015.pdf
https://extranet.who.int/ncdccs/Data/MWI_D1_Malawi-Standard-Treatment-Guidelines-Essential-Medicines-List-2015.pdf
http://dx.doi.org/10.1016/S0140-6736(16)31593-8
http://dx.doi.org/10.1016/S2214-109X(17)30448-5
http://dx.doi.org/10.1136/bmj.326.7385.361
http://dx.doi.org/10.1002/ppul.24691
http://dx.doi.org/10.1002/ppul.24691
http://dx.doi.org/10.1093/tropej/fmp030
http://dx.doi.org/10.1016/j.actatropica.2003.11.013
http://dx.doi.org/10.2471/BLT.07.049148
http://dx.doi.org/10.1016/j.actatropica.2005.12.010
http://www.ncbi.nlm.nih.gov/pubmed/9529723
http://dx.doi.org/10.4269/ajtmh.19-0516


7Eckerle M, et al. BMJ Paediatrics Open 2022;6:e001330. doi:10.1136/bmjpo-2021-001330

Open access

and local tool development (RISC- Malawi) from Malawi. PLoS One 
2016;11:e0168126.

 26 Mayxay M, Pukrittayakamee S, Chotivanich K, et al. Persistence 
of Plasmodium falciparum HRP- 2 in successfully treated acute 
falciparum malaria. Trans R Soc Trop Med Hyg 2001;95:179–82.

http://dx.doi.org/10.1371/journal.pone.0168126
http://dx.doi.org/10.1016/S0035-9203(01)90156-7

	Identifying modifiable risk factors for mortality in children aged 1–59 months admitted with WHO-defined severe pneumonia: a single-centre observational cohort study from rural Malawi
	Abstract
	Introduction
	Methods
	Statistical analysis
	Patient and public involvement

	Results
	Discussion
	References


