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Prevalence of hypoxaemia in children with pneumoniain
low-income and middle-income countries: a systematic
review and meta-analysis

Summary
nd Pneumonia accounts for around
and are potentially preventable. Hypoxaemia is one of the strongest predictors of
stimate of hypoxaemia prevalence among children with pneumonia in

15% of all deaths of children younger than 5 years fost happen

Methods We conducted a sys
ND “pneumonia” AND “hyp
databases and citation indic
on observational studies and control arms of randomised and non-randomised controlled trials. We excluded
ol papers, articles reporting hypoxaemia prevalence based on less than 1 cases, and
published befol from the review. Quality apprai as i i Institute
We reported led prevalen hypoxaemia (SpO, <90%) by classification of clinical severity and by
ttings by use of the random-effects meta-analysis models. We combined our estimate of the pooled
prevalence of pneumonia with a previously published estimate of the number of children admitted to hospita
to pneumc annually to calculate the total annual number of children admitted
pneumonia.

Findings We identified 5 e re abases, of which 57 s met the eligibility criteria:
26 from Africa, 23 from Asi ¢ A ica, and four from multiple continents. The prevalence of
xaemia was 31% (9 CI 5 children) among all children with WHO ified pneumonia,
33-4 with very severe or severe pneumonia, and 8% (3-16; 2395 children)
among these with non-severe pneumonia. The prevalence was much higher in studies conducted in emergency
and inpatient settings than in studie cted in o setting 19, we estimated that over 7 million
children b i y emic monia. The studi c in
th ie of hete between studies, and a high
istered with

erpretation Th
children who have been admitted to hospital, emphasises the importance of ove
systems of low-income and middle particularly in the context of the COVID-19 pandemic. Even
children with non-severe pneumc outpatient and community setting
alence emphasises the importance of rapid identific of hypoxaemia at the first point of
for appropriate oxygen therapy.
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Prevalence of hypoxaemia in children with pneumoniain
low-income and middle-income countries: a systematic
review and meta-analysis

Ahmed Ehsanur Rahm

Summary
nd Pneumonia accounts for around 15% 0
ained settings and are potentially preventable. Hypoxaemia is one of the strongest predictors of
‘e present an updated estimate of hypoxaemia prevalence among children with pneumeonia in low-

datab icles published between No

on observational studies and control arms of randomised and non-randomised controlled trials. We excluded

protocol pape eporting hypoxaemia prevalence based on less than 100 pneumonia cases, and

articles published be 8 from the review. Quality appraisal was done with the Joanna Bri Institute

tools. We reported pooled prevalence of hypoxaemia (Sp0O, <90%) by clas:
models. We combined our estimate of the pooled

clinical severity and by

prevalen
to pneumon
pneumonis

26 from e 1 ! Ame and four from multiple continents. The prevalence
hypoxaemia wa among all children with WHO-classified pneumonia,
41% (33-49; 30 chi 0 e with very severe or severe pneumonia, and 8% (3-16; 2395 children)
evere pneumonia. The prevalence was much higher in studies conducted in emergency
than in studies conducted in outpatient settings. In 2019, we estimated that over 7 million
children (95% CI 5-8 million) were admitted to hospital with hypoxaemic pneumonia. The studies included in
this matic review had high 12 (ie, 0-17), in ing a high level of heterogeneity between studi nd a high
> indicating that the heterogeneity was not due to chance. This study is registered with

PROSPERO, CRD42019126207.

Interpretation The hi lence of hypoxaemia
children who have been admitted to hospital, empha the importance of overall oxygen security within the health
systems of low-income and middle-income countries, particularly in the context of the COVID-19 pandemic. Even
among children with no ere pneumonia that is managed in outpatient and community settings, the high
prevalence emphasises the importance of rapid identification of hypoxaemia at the first point of contact and referral
for appropriate oxygen therapy.

children with severe pneumonia, particularly amor
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Number of children hospitalised due to pneumonia

Lower limit Pooled estimate Upper limit

9.8 million 16.4 million 28.0 million

Hypoxaemia prevalence
among hospitalised children with pneumonia

Lower limit
27%

Pooled
estimate
33%

Upper limit
39%

7.6

million

10.9

million

Number of children hospitalised due to
pneumonia with hypoxaemia
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Abstract

Objective
To evaluate the association between hypoxaemia and mortality from acute lower respiratory
infections (ALRI) in children in low- and middle-income countries (LMIC).

Design

Systematic review and meta-analysis.

Study Selection

Observational studies reporting on the association between hypoxaemia and death fr
ALRI in children below five years in LMIC.

Data Sources
Medline, Embase, Global Health Library, Lilacs, and Web of Science to February 2015.

Risk of Bias Assessment

Quality In Prognosis Studies tool with minor adaptations to assess the risk of bias; funnel
plots and Egger’s test to evaluate publication bias.

Results

Out of 11,627 papers retrieved, 18 studies from 13 countries on 20,224 children met the
inclusion criteria. Twelve (66.6%) studies had either low or moderate risk of bias. Hypoxae-
mia defined as oxygen saturation rate (SpO2) <90% associated with significantly increased
odds of death from ALRI (OR 5.47, 95% CI 3.93 to 7.63) in 12 studies on 13,936 children.

PLOS ONE | DOI:10.1371/journal.pone.0136166  September 15, 2015
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Abstract

Objective

To evaluate the association between hypoxaemia and mortality from acute lower respiratory
infections (ALRI) in children in low- and middle-income countries (LMIC).

Design
Systematic review and meta-analysis.

Study Selection

Observational studies reporting on the association between hypoxaemia and death from
ALRIin children below five years in LMIC.

Data Sources
Medline, Embase, Global Health Library, Lilacs, and Web of Science to February 2015.

Risk of Bias Assessment

Quality In Prognosis Studies tool with minor adaptations to assess the risk of bias; funnel
plots and Egger’s test to evaluate publication bias.

Results

Out of 11,627 papers retrieved, 18 studies from 13 countries on 20,224 children met the
inclusion criteria. Twelve (66.6%) studies had either low or moderate risk of bias. Hypoxae-
mia defined as oxygen saturation rate (SpO2) <90% associated with significantly increased
odds of death from ALRI (OR 5.47, 95% CI 3.93 to 7.63) in 12 studies on 13,936 children.
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Study Year Country N
O2<92%

Smyth 1998 Zambia 158
Mc Nally 2007 South Africa 358

Nantanda 2008 Uganda 157
Subtotal (I-squared = 61.4%, p = 0.075)

02 <90%

Onyango 1993 Kenya 209
Usen 1999 Gambia 1072
Demers 2000 CAR 392
Junge 2006 Gambia 436
Sigauque 2009 Mozambique 584
Mwaniki 2009 Kenya 5489
Rodriguez 2010 Colombia 226
Chisfi 2011 Bangladesh 198
Graham 2011 Malawi 327

Reed HIV pos 2012 South Africa 1502
Reed HIV neg 2012 South Aflica 2646

%

OR (95% ClI) Weight
:

—o— 1.54 (0.63,3.78)  4.81
—_— 6.02 (1.82,19.92) 3.31
—_— 6.07 (2.25, 16.36) 4.26
<j1> 3.66 (1.42,9.47) 12.39

|

—— 479 (1.08,21.21) 2.38
—— 5.10(2.22,11.70) 5.26

—— 617 (3.24,11.77) 6.72
—— 3.53(1.29,9.65) 4.19
—— 2.19(1.13,4.25) 657

-+ 5.18 (4.08, 6.58) 10.59

-— | 1.51 (0.75, 3.04) 6.26
——— 11.26(2.57, 49.33)2.41
—— 6.65 (2.89, 15.29) 5,25

- 5.60 (4.04,7.77) 9.81

| —— 1520 (5.88, 39.28) 4.51

Zhang 2013 China 707 :—0— 17.46 (5.34, 57.14) 3.35
Chisi 2013 Bangladesh 140 | —t—3 22.67 (5.98, 85.92)2.82
Subtotal (l-squared = 65.3%, p = 0.001) o 5,47 (3.93,7.63) 70.12
1
02 <85% :
Djelantik 2003 Indonesia 4306 <= 5.61 (4.48,7.03) 10.70
o
1
02 <70% Vs 70-84% |
Duke 2001 PNG 703 —0—: 2.46 (1.30, 4.65) 6.80
= :
]
Overall (l-squared = 64.1%, p = 0.000) q> 4,88 (3.77, 6.31)  100.00
1
1

NOTE: Weights are from random effects analysis

|
ol

Hypoxemia decreases the risk

Mortality Risk

in odds ration

1

Hypoxemia increases the risk
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Hypoxaemia prevalence and its adverse
clinical outcomes among children
hospitalised with WHO-defined severe
pneumonia in Bangladesh
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Ending Preventable Child
Deaths from Pneumonia
and Diarrhoea by 2025
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Diarrhoea

»

1
Vitamin A
suplementation

Protect

Breastfeeding
promotion & support

Adequate complementary
feeding

Pneumonia
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Vaccination : rotavirus Safe water

& improved sanitation

Prevent

Measles
Vaccination

Handwashing
with soap

Prevention of HIV

B

Reduced household

(PCV, Hib, pertussis) air pollution

Los-osmolarity OR

& continued fe

Improved care seeking
behaviour and referral

Improved case management
at community and health
facility levels

Continued feeding
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Antibiotics Oxygen therapy
for pneumonia (where indicated)
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THEN ASK ABOUT MAIN SYMPTOMS:
Does the child have cough or difficult breathing?

If yes, ask: Look, listen, feel*: Any general danger sign Pink: Give first dose of an appropriate antibiotic

e For how long?

breaths in
one minute.
Look for
chest
indrawing.
Look and
listen for

¢ Countthe Classify

COUGH or
DIFFICULT
BREATHING

or
Stridor in calm child.

Chest indrawing or
Fast breathing.

SEVERE
PNEUMONIA OR
VERY SEVERE
DISEASE

Yellow:
PNEUMONIA

Refer URGENTLY to hospital**

Give oral Amoxicillin for 5 days***

If wheezing (or disappeared after rapidly
acting bronchodilator) give an inhaled
bronchadilator for 5 days****

O u t p ati en t fa C I I Ity stridor. If chest indrawing in HIV exposed/infected child,

‘Look afnd give first dose of amoxicillin and refer.

J«S;Zr;zior:g. Soothe the throat and relieve the cough with a
safe remedy

If coughing for more than 14 days or recurrent

wheeze, refer for possible TB or asthma

assessment

Advise mother when to return immediately

Follow-up in 3 days

If wheezing with either
fast breathing or chest
indrawing:

Give a trial of rapid acting
inhaled bronchodilator for up
to three times 15-20 minutes
apart. Count the breaths and
look for chest indrawing
again, and then classify

Integrated Management of $hildhood Illness

IMCI

If wheezing (or disappeared after rapidly acting
bronchadilator) give an inhaled bronchadilator for
5 days™*

Soothe the throat and relieve the cough with a
safe remedy

If coughing for more than 14 days or recurrent
wheezing, refer for possible TB or asthma
assessment

Advise mother when to return immediately

* No signs of pneumonia or | Green:
very severe disease. COUGH OR COLD

If the child is:
2 months up to 12 months

Fast breathing is:
50 breaths per minute or more

12 Months up to 5 years 40 breaths per minute or more

Follow-up in 5 days if not improving

Chart Booklet

*If pulse oximeter is available, determine oxygen saturation and refer if < 90%.

“* If referral is not possible, manage the child as described in the pneumonia section of the national referral guidelines or as in WHO Pocket Book for hospital care for children.
“*Oral Amoxicillin for 3 days could be used in patients with fast breathing but no chest indrawing in low HIV settings.
“** In settings where inhaled bronchodilator is not available, oral salbutamol may be tried but not recommended for treatement of severe acute wheeze.

*If pulse oximetry available,
& refer if

g’@‘g World Health
w Organlzatlon March 2014

determine
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Introducing pulse oximetry for outpatient
management of childhood pneumonia: An
implementation research adopting a district
implementation model in selected rural facilities in
Bangladesh

nd Harry Campbell '

°NIHR Global Health Research Unit on Respiratory Health (RESPIRE), Usher Institute, The University of Edinburgh,
Edinburgh, UK

Plnternational Centre for Diarrhoeal Disease Research, Bangladesh, (icddrb), Dhaka, Bangladesh

Directorate General of Health Services, Ministry of Health and Family Welfare, Government of Bangladesh, Bangladesh
9save The Children, Dhaka, Bangladesh

Summary

Background Pulse oximetry has potential for identifying hypoxaemic pneumonia and substantially reducing under-
five deaths in low- and middle-income countries (LMICs) setting. However, there are few examples of introducing
pulse oximetry in resource-constrained paediatric outpatient settings, such as Integrated Management of Childhood
llness (IMCI) s es.

Methods The National IMCI-programme of Bangladesh designed and developed a district implementation model
for introducing pulse oximetry in routine IMCI serv through stakeholder engagement and demonstrated the
model in Kushtia district adopting a health sy E gthening approach. Between December 2020 and June
2021, two rounds of sment were conducted based on WHO's implementation research framework and out-
come variables, involving 22 IMCI service-providers and 1680 children presenting with cough /difficulty-in-breath-
ing in 12 health facilities. The data collection procedures included structured-observations, re-assessments,
interviews, and data-extraction by trained study personnel.

Findings observed that IMCI service-providers conducted pulse oximetry assessments on all digible children in rou-

tine outpatient settings, of which 99% of as / > (95% 33,87) in one attempt, and 69%

6 CI 67,71) within one minute. The adherence to standard operating procedure related to pulse oximetry 92%

g and agreement regarding identifying hy s (95% CI 8). The median performance-

s 36 seconds (IQR 20,75), which was longer among younger children (2-11 months: 4 QR 2 59

months: 308, IQR 18,53, p < o.o1) and among those dassified as pneumoni: neumonia than as no-pneumonia
(418, IQR 22,70; 325, IQR 20,62, p < 0.01). We observed improvements in almost all indicators in round-2. IMCI se
vice-providers and caregive owed p e attitudes towards using this novel technology for assessing their children.

Interpretation This implementation res ility, fi ppropriateness,
acceptability, and sustainability e oximetry introduction in routine IMCI services in res e-poor settings.
e learning may inform the 3 sed scale-up of pulse oximetry linked with an oxygen de
ngladesh and other LMICs.

Corresponding author at: Edinburgh Medical School: Molecular, Genetic and Population Health Sciences, The University of Edin-
burgh, Edinburgh, U sciate Scientist, Maternal and Child Health Division, International Centre for Diarrhoeal Disease
Research (icddr,b), Dhaka, Bangladesh.

E-mail addr rahman ed.ac.uk, ehsanur@icddrb E. Rahman).
Senior Author.
El Arifeen, Internation itre for Diarrhoeal Disease Research (icddr,b), Dhaka, Bangladesh.
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Outcomes

Adoption-use: conducted pulse oximetry assessments

Feasibility-success: successfully conducted pulse oximetry assessments
Feasibility-usability by attempt: successfully conducted pulse oximetry assessments in the first attempt

Feasibility: usability by time: successfully performed pulse oximetry in one minute

Fidelity-adherence to SoP while conducting pulse oximetry assessments

Fidelity-agreement: agreement between IMCI service-providers and study nurses regarding hypoxaemia
identification through pulse oximetry

Appropriateness - experience: average challenge level of equal 80% or less regarding conducting pulse

%

o
N
o
S
o
for)
o

80 100

Denominator

Children, n=1680

Children, n=1677
Children, n=1677

Children, n=1663

Children, n=1677

Children, n=1652

Proportion (95% Cl)

100

99% (95% C1 99,100)

85% (95% Cl 83,87)

69% (95% Cl1 67,71)

92% (95% C1 91,93)

97% (95% Cl 96,98)

IMCl-providers, n=22  82% (95% Cl 58,94)

oximetry assessments

Acceptability-usefulness: IMCl-service providers perceive pulse oximetry as useful IMCl-providers, n=22  91% (95% Cl 67,98)

Acceptability-importance: caregivers perceive pulse oximetry as important Care-giver, n=1656 100% (95% Cl 99,100)

Acceptability-satisfaction: caregivers satisfied with pulse oximetry introduction Care-giver, n=1656 98% (95% Cl 97,99)

]
+ +
+ +H+J+ + +
+ +

Sustainability: the pulse oximetry performance of IMCI service-providers sustain over time (rounds) Indicators, n=8 89% (95% Cl 52,100)

World Pneumonia Day 2022
'{::! Benchmark for each indicator




Outcomes

o
N
o
S
o
for)
o

%

80 100

Denominator

Proportion (95% Cl)

Adoption-use: conducted pulse oximetry assessments

Children, n=1680

100

Feasibility-success: successfully conducted pulse oximetry assessments
Feasibility-usability by attempt: successfully conducted pulse oximetry assessments in the first attempt

Feasibility: usability by time: successfully performed pulse oximetry in one minute

Fidelity-adherence to SoP while conducting pulse oximetry assessments

Fidelity-agreement: agreement between IMCI service-providers and study nurses regarding hypoxaemia
identification through pulse oximetry

Appropriateness - experience: average challenge level of equal 80% or less regarding conducting pulse

Children, n=1677
Children, n=1677

Children, n=1663

Children, n=1677

Children, n=1652

99% (95% C1 99,100)

85% (95% Cl 83,87)

69% (95% Cl1 67,71)

92% (95% C1 91,93)

97% (95% Cl 96,98)

IMCl-providers, n=22  82% (95% Cl 58,94)

oximetry assessments

Acceptability-usefulness: IMCl-service providers perceive pulse oximetry as useful IMCl-providers, n=22  91% (95% Cl 67,98)

Acceptability-importance: caregivers perceive pulse oximetry as important Care-giver, n=1656 100% (95% Cl 99,100)

Acceptability-satisfaction: caregivers satisfied with pulse oximetry introduction Care-giver, n=1656 98% (95% Cl 97,99)

]
+ +
+ +H+J+ + +
+ +

Sustainability: the pulse oximetry performance of IMCI service-providers sustain over time (rounds) Indicators, n=8 89% (95% Cl 52,100)

World Pneumonia Day 2022
'{:3 Benchmark for each indicator




Outcomes

Adoption-use: conducted pulse oximetry assessments

%

o
N
o
S
o
for)
o

80 100

Denominator

Children, n=1680

Proportion (95% Cl)

100

Feasibility-success: successfully conducted pulse oximetry assessments
Feasibility-usability by attempt: successfully conducted pulse oximetry assessments in the first attempt

Feasibility: usability by time: successfully performed pulse oximetry in one minute

Children, n=1677
Children, n=1677

Children, n=1663

99% (95% C1 99,100)

85% (95% Cl 83,87)

69% (95% Cl1 67,71)

Fidelity-adherence to SoP while conducting pulse oximetry assessments

Fidelity-agreement: agreement between IMCI service-providers and study nurses regarding hypoxaemia
identification through pulse oximetry

Appropriateness - experience: average challenge level of equal 80% or less regarding conducting pulse
oximetry assessments

Acceptability-usefulness: IMCl-service providers perceive pulse oximetry as useful
Acceptability-importance: caregivers perceive pulse oximetry as important

Acceptability-satisfaction: caregivers satisfied with pulse oximetry introduction

Sustainability: the pulse oximetry performance of IMCI service-providers sustain over time (rounds)

'{:3 Benchmark for each indicator

]
+ +
+ +H+J+ + +
+ +

World Pneumonia Day 2022

Children, n=1677

Children, n=1652

IMCl-providers, n=22

IMCl-providers, n=22
Care-giver, n=1656

Care-giver, n=1656

Indicators, n=8

92% (95% C1 91,93)

97% (95% Cl 96,98)

82% (95% Cl 58,94)

91% (95% Cl 67,98)

100% (95% Cl 99,100)

98% (95% Cl 97,99)

89% (95% Cl 52,100)




Outcomes

Adoption-use: conducted pulse oximetry assessments

Feasibility-success: successfully conducted pulse oximetry assessments
Feasibility-usability by attempt: successfully conducted pulse oximetry assessments in the first attempt

Feasibility: usability by time: successfully performed pulse oximetry in one minute

%

o
N
o
S
o
for)
o

80 100

Denominator

Children, n=1680

Children, n=1677
Children, n=1677

Children, n=1663

Proportion (95% Cl)

100

99% (95% C1 99,100)

85% (95% Cl 83,87)

69% (95% Cl1 67,71)

Fidelity-adherence to SoP while conducting pulse oximetry assessments

Fidelity-agreement: agreement between IMCI service-providers and study nurses regarding hypoxaemia
identification through pulse oximetry

Children, n=1677

Children, n=1652

92% (95% C1 91,93)

97% (95% Cl 96,98)

Appropriateness - experience: average challenge level of equal 80% or less regarding conducting pulse

IMCl-providers, n=22  82% (95% Cl 58,94)

oximetry assessments

Acceptability-usefulness: IMCl-service providers perceive pulse oximetry as useful IMCl-providers, n=22  91% (95% Cl 67,98)

Acceptability-importance: caregivers perceive pulse oximetry as important Care-giver, n=1656 100% (95% Cl 99,100)

Acceptability-satisfaction: caregivers satisfied with pulse oximetry introduction Care-giver, n=1656 98% (95% Cl 97,99)

]
+ +
+ +H+J+ + +
+ +

Sustainability: the pulse oximetry performance of IMCI service-providers sustain over time (rounds) Indicators, n=8 89% (95% Cl 52,100)
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Environment-

Related Patient- Related Device - Related

User- Related

Challenge Statements

1.1 Conducting pulse oximetry assessments with paediatric probes with relatively hard
design materials

1.2 Conducting pulse oximetry assessments with paediatric probes among smaller children
1.3 Ensuring continuous supply of battery for the pulse oximetry device

2.1 Making the child calm before conducting pulse oximetry assessments

2.2 Cleaning the area of attachment before conducting pulse oximetry assessments

2.3 Convincing attendants to wait while conducting pulse oximetry assessments

3.1 Allocating adequate time for conducting pulse oximetry assessments during rush hours
3.2 Finding adequate space for the pulse oximetry device in the crowded work station

3.3 Maintaining security of pulse oximetery device after office hours

4.1 Cleaning the sensor every time after conducting pulse oximetry assessments

4.2 Conducting pulse oximetry assessments alone without anyone else's support

4.3 Providing adequate attention to other clinical signs of the patient

World Pneumonia Day 2022

Likert Scale Score

3

4

Mean (SD)

1.9 (1.2)

3.2(1.6)

3.8(1.1)

4.1(1)

4(1)

2.5 (1.5)

4.3 (1)

3.1(1.4)

2.2(1.5)

2.7 (1.5)

4(1.3)

2.5(1.6)
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i) Childhood Pneumonia
Introducing pulse oximetry is

feasible

Is it effective?
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Pulse oximeter with integrated
management of childhood illness for
diagnosis of severe childhood
pneumonia at rural health institutions
in Southern Ethiopia: results from a
cluster-randomised controlled trial

Solomon H Tesfaye
Kjell Arne Johansson, Bernt Lindtjern

ABSTRACT

Objective To assess whether pulse oximetry improves
health workers’ performance in diagnosing severe
childhood pneumonia at health centres in Southern
Ethiopia.

Design Parallel cluster-randomised trial.

Setting Government primary health centres.

Participants Twenty-four health centres that treat at least
one pneumonia case per day in Southern Ethiopia. Children
aged between 2 months and 59 months who present at
health facilities with cough or difficulty breathing were
recruited in the study from September 2018 to April 2019.
Intervention arm Use of the Integrated Management of
Childhood lliness (IMCI) algorithm and pulse oximeter.
Control arm Use of the IMCI algorithm only.

Primary and secondary outcome measures The
primary outcome was the proportion of children diagnosed
with severe pneumonia. Secondary outcomes included
referred cases of severe pneumonia and treatment failure
on day 14 after enrolment.

Result Twenty-four health centres were randomised into
intervention (928 children) and control arms (876 children).
The proportion of children with severe pneumonia was
15.9% (148 of 928 children) in the intervention arm

and 3.9% (34 of 876 children) in the control arm. After
adjusting for differences in baseline variables children in
the intervention arm were more likely to be diagnosed

as severe pneumonia cases as compared with those in

the control arm (adjusted OR: 5.4, 95% Cl 2.0 to 14.3,
p=0.001)

Conclusion The combined use of IMCI and pulse oximetry
in health centres increased the number of diagnosed
severe childhood pneumonia.

Trial registration number PACTR201807164196402.

INTRODUCTION

Pneumonia killed approximately 920,000
children aged less than byears in 2015." The
mortality rate is especially high in Ethiopia,
and 59 deaths per 1000 live births occurred in

23 Yabibal Gebeyehu,* Eskindir Loha,™®

Strengths and limitations of this study

» Random allocation of health centres to intervention
and control arms.

Participating health centres were typical of such in-
stitutions in rural communities in Ethiopia.

Robust training on how to use the Integrated
Management of Childhood lliness algorithm, and
how to measure oxygen saturation.

Due to the nature of the intervention, inability to
mask the health workers and the study participants
of the intervention.

Unequal number of children seeking healthcare be-
tween the two comparison arms.

v

v

A

v

2017 in children aged less than 5years.” Ethi-
opia ranks sixth among countries with the
highest number of deaths from pneumonia
in children aged less than 5years.’

I'he WHO Integrated Management of
Childhood Ilness (IMCI) improves the quality
1 but
there is poor diagnostic precision for child-

of child care for common illnesse

hood pneumonia based on clinical features.”
The ability of healthcare providers to count
breaths and classify respiratory rate in chil-
dren using the IMCI algorithm is a challenge.”

Clinical signs of pneumonia, such as tachy-
pnoea, inability to drink or breast feed and
head-nodding, used in the IMCI algorithm,
are not able to identify hypoxic children
with severe pneumonia as precisely as pulse
oximetry.” Consequently, many children with
severe pneumonia are dying because hypox-
aemia is not adequately recognised and/or
oxygen therapy is unavailable.’

This study is an extension of a study in which
we first assessed the health system support of

BM)
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Table 3 OR from the multilevel logistic regression model comparing the proportion of diagnosed severe pneumonia between

the arms

Variables Total

Diagnosed
severe
pneumonia

Bivariate
analysis

Multivariable analysis

n (%)

COR* (95% Cl)

AORT (95%Cl)

P value

Interventiont Yes 928
No 876

148 (15.9)
34 (3.9)

4.7 (1.9to0 11.8)
i

5.4 (2.0to 14.3)
]

0.001

Sex of child Boy 954
Girl 830
2-11 773
12-59 1031
Height-for-age z-score  Yes 763
(<-2) No 914

Partially 469
vaccinated

Age of child (months)

Pneumococcal and

Haemophilus influenzae
type b vaccines Fully vaccinated 1335
No education 823
Primary 803
Secondary 176
Poor 539
Medium 521
Rich 559

Educational status of
parents

Wealth tertiles

113 (11.8)
69 (8.3)
93 (12.0)
89 (8.6)
87 (11.4)
73 (8.0)
67 (14.3)

115 (8.6)
96 (11.7)
72 (9.0)
14 (8.0)
52 (9.6)
47 (9.0)
58 (10.4)

1.9 (1.1 to 3.1)
]
1.7 (1.2 10 2.4)
]
1.5 (1.0t0 2.3)
;
2(1.3103.0)

>
1.7 (0.9t0 3.3)
1.4 (0.7 to 2.6)
;

1.7 (0.8 t0 3.3)
1.3(0.8t02.3)
-

1.5 (1.1 to 2.3)
’
1.7 (1.1 t0 2.6)
1
1.5(1.0 to 2.3)
’
1.7(1.1t02.7)

1
1.1 (0.5t02.3)
1.3 (0.6 t0 2.6)
)

1.1(0.7t0 1.9)

0.9 (0.6 to 1.5)
»

0.033

0.011

0.055

0.043

*Crude OR.
TAdjusted OR.

1The intraclass correlation coefficient for severe pneumonia was 0.043.
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Abstract

Pneumonia is a major killer of children younger than five years old. In resource constrained
health facilities, the capacity to diagnose severe pneumonia is low. Therefore, it is important
to identify technologies that improve the diagnosis of severe pneumonia at the lowest incre-
mental cost. The objective of this study was to conduct a health economic evaluation of
standard integrated management of childhood ilinesses (IMCI) guideline alone and com-
bined use of standard IMCI guideline and pulse oximetry in diagnosing childhood pneumo-
nia. This is a cluster-randomized controlled trial conducted in health centres in southern
Ethiopia. Two methods of diagnosing pneumonia in children younger than five years old at
24 health centres are analysed. In the intervention arm, combined use of the pulse oximetry
and standard IMCI guideline was used. In the control arm, the standard IMCI guideline
alone was used. The primary outcome was cases of diagnosed severe pneumonia. Provider
and patient costs were collected. A probabilistic decision tree was used in analysis of pri-
mary trial data to get incremental cost per case of diagnosed severe pneumonia. The pro-
portion of children diagnosed with severe pneumonia was 148/928 (16.0%) in the
intervention arm and 34/876 (4.0%) in the control arm. The average cost per diagnosed
severe pneumonia case was USD 25.74 for combined use of pulse oximetry and standard
IMCI guideline and USD 17.98 for standard IMCI guideline alone. The incremental cost of
combined use of IMCI and pulse oximetry was USD 29 per extra diagnosed severe pneumo-
nia case compared to standard IMCI guideline alone. Adding pulse oximetry to the diagnos-
tic toolkit in the standard IMCI guideline could detect and treat one more child with severe
pneumonia for an additional investment of USD 29. Better diagnostic tools for lower respira-
tory infections are important in resource-constrained settings, especially now during the
COVID-19 pandemic.

Introduction

Pneumonia is a leading cause of death among children younger than five years old [1]. Child-
hood pneumonia is associated with chronic obstructive pulmonary disease, reduced lung

PLOS Global Public Health | https:/doi.org/10.1371/journal.pgph.0000757  July 28, 2022 1/14

Table 1. Unit cost of items for pneumonia diagnosis and treatment, 2018 USD.

Items Unit costs

Diagnosis Intervention arm Control arm
Pulse oximetry 149.81 Not applicable
Batteries 1.01 Not applicable
Personnel 0.59 0.34

Training 13.96 7.40

Oxygen treatment (per cubic meter) 0.77 0.77

Patient expense
Drugs 1.01 1.01
Intravenous fluids 0.88 0.88
Intravenous cannula 24 gages 0.34 0.34
Hospital stay 1.18 1.18
Consultation 0.40 0.40
Transportation per kilometre 0.03 0.03

https://doi.org/10.1371/journal.pgph.0000757 1001

Table 3. Total and average cost for diagnosed pneumonia cases, 2018 USD.

Diagnostic alternatives

Number

diagnosed
Standard IMCI alone 34
Standard IMCI and pulse oximetry 148

combined

https://doi.org/10.1371/journal.pgph.0000757 003

Severe pneumonia

Total cost
(USD)

611.30
3809.24

non-severe pneumonia

Average cost
(USD)

17.98
25.74

INumber Total cost Average cost
diagnosed (USD) (USD)

842 1800.17 2.14

780 2794.45 3.58
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Evaluating the impact of pulse oximetry on \/Pulae OXimEtry haS the pOtentiaI to

childhood pneumonia mortality in
resource-poor settings

if implemented across the high burden

15 countries

v’ Pulse oximetry with IMCl is

, with USS2.97 to
$52.92 per DALY averted




Childhood Pneumonia

Introducing pulse oximetry is
recommended

It is effective...it can have a big impact
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