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Background: Under-5 pneumonia mortality remains high in low- version 1 ? v
income countries. In 2014 the World Health Organization (WHO) 15 May 2023 view view

advised that children with chest indrawing pneumonia, but without
danger signs or peripheral oxygen saturation (SpO,) < 90% be treated
in the community, rather than hospitalized. In Malawi there is limited
pulse oximetry availability. San Francisco, San Francisco, USA
Methods: Secondary analysis of 13,413 under-5 pneumonia cases in
Malawi. Pneumonia associated case fatality ratios (CFR) were
calculated by disease severity under the assumptions of the 2005 and Melbourne, The University of Melbourne,
2014 WHO Integrated Management of Childhood Iliness (IMCI)
guidelines, with and without pulse oximetry. We investigated if pulse
oximetry readings were missing not at random (MNAR). Any reports and responses or comments on the
Results: The CFR of patients classified as having non-severe
pneumonia per the 2014 IMCI guidelines doubled under the
assumption that pulse oximetry was not available (1.5% without pulse
oximetry vs 0.7% with pulse oximetry, P<0.001). When 2014 IMCI
guidelines were applied with pulse oximetry and a SpO, < 90% as the
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threshold for referral and/or admission, the number of cases meeting
hospitalization criteria decreased by 70.3%. Unrecorded pulse
oximetry readings were MNAR with an adjusted odds for mortality of
4.9 (3.8, 6.3), similar to that of a SpO, < 90%. Although fewer girls
were hospitalized, female sex was an independent mortality risk
factor.

Conclusions: In Malawi, implementation of the 2014 WHO IMCI
pneumonia guidelines, without pulse oximetry, will miss high risk
cases. Alternatively, implementation of pulse oximetry may resultin a
large reduction in hospitalization rates without significantly increasing
non-severe pneumonia associated CFR if the inability to obtain a pulse
oximetry reading is considered a WHO danger sign.
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Background

Annually over 800,000 deaths of children under 5 years old are
attributable to acute lower respiratory infections worldwide'.
Due to its high prevalence, pneumonia is one of the primary
diseases addressed by the WHO Integrated Management of
Childhood Illness (IMCI) guidelines, the standard of care at
many frontline, outpatient healthcare facilities in low-income
and middle-income countries (LMICs). These guidelines rely
on health worker recognition of clinical ‘danger signs’ such as
inability to feed, lethargy, intractable vomiting, or convulsions
to determine if a child should be referred for further evalua-
tion by a trained medical provider at a hospital and receive more
intensive treatment. Two key pneumonia case classification
policy changes were made in the 2014 IMCI revision. First,
when pulse oximetry is available, children aged 2-59 months
old with a peripheral oxyhemoglobin saturation (SpO,) <90%
(i.e., hypoxemia) should be referred for hospital care. Sec-
ond, children with chest indrawing, but no general danger signs,
were reclassified as appropriate for outpatient management
with oral antibiotics, even when SpO, is not measured.

There have been several attempts to determine if chest
indrawing pneumonia, without the presence of general danger
signs, can be appropriately managed as an outpatient’. One
effort by Agweyu et al. retrospectively examined the impli-
cation of shifting hospitalized Kenyan children with chest
indrawing but without general danger signs into outpatient care.
The authors reported that children previously categorized as
severe pneumonia (i.e., chest-indrawing but no general danger
signs) had an in-hospital case fatality ratio (CFR) of 2.7%7.
Similar to many LMIC healthcare settings, pulse oximetry was
unavailable, so the authors could not comment on the impact of
identifying hypoxemia.

The Malawi Ministry of Health (MOH) adopted the 2014 IMCI
pneumonia guidelines in 2018. However, based on anecdotal
evidence [SH], some clinicians are hesitant to adopt the revised
guidelines into practice due to concerns that the change may
result in increased out of hospital complications and/or com-
munity deaths. This may in part stem from pulse oximetry’s
limited availability in outpatient settings throughout Malawi,
and a high proportion of children dying from pneumonia at
home after seeking hospital care’®. A non-inferiority trial con-
ducted in Malawi showed HIV-uninfected children with chest
indrawing pneumonia could be safely treated as outpatients
with 3 versus 5 days of amoxicillin. However, all enrolled
children were screened with pulse oximetry and none had a
Sp0,<90%*. In a study linking community health worker (CHW)
and outpatient pneumonia episodes with 30-day mortality,
augmentation of existing health centre guidelines with pulse
oximetry identified high risk cases that would otherwise
bemissed by clinical guidelines alone®. The current CHW guide-
lines, unlike those for outpatient settings, recommend hospi-
tal referral of children with chest indrawing. The added value
of pulse oximetry for identifying referral eligible children was
less when chest indrawing triggered referral’.

To some degree chest indrawing may be a clinical marker
of respiratory insufficiency or impending failure. Chest indraw-
ing is the paradoxical inward pulling of the soft tissue below
the ribs during inspiration. It often occurs due to increasing

Gates Open Research 2023, 7:71 Last updated: 19 JUL 2023

negative intrapleural pressure generated by patients attempting
to expand stiff, diseased lungs, although in younger children
and infants with more compliant, cartilaginous chest walls it
may also occur when the lungs are healthy. Chest indrawing
increases lung tidal volumes and minute ventilation to improve
overall ventilation'. Aside from respiratory rate and SpO,, chest
indrawing is the only indicator of lung mediated respira-
tory distress in the 2005 IMCI guidelines. The 2014 IMCI
guidelines do not contain any lower airway sign that triggers
hospital referral in settings where pulse oximetry is not used.

We aimed to determine the impact of implementing the 2005
or 2014 IMCI pneumonia guidelines on inpatient case fatal-
ity rates with either universal or no pulse oximetry availability
in routine care settings.

Methods

Setting

Malawi is a low-income country in southeastern sub-Saharan
Africa with a high prevalence of malaria and HIV. Study sites
were in the central region, in Mchinji and Lilongwe districts.
Data was collected from four rural, non-governmental Chris-
tian Health Association of Malawi (CHAM) hospitals, two
government districts and one regional tertiary referral hospital.
At the time of data collection this represented a catchment of
1.3 million people.

Study design

We conducted a retrospective secondary analysis of hospi-
tal inpatient data that was collected prospectively as part of
active surveillance, in a real world setting, during a pneumo-
coccal vaccine effectiveness study, between 2012-2014'". Data
collection was surpervised and remediation provided internmit-
tnelty throughout the study period in order to minimize bias.
Hospitalization practices reflect Malawi MOH recommen-
dations prior to the 2014 WHO guideline revision. Children
aged 2-59 months routinely diagnosed with pneumonia and
hospitalized were included. As HIV status was not consistently
recorded amongst all cases, we excluded known HIV-infected
and exposed children. Notably, the 2014 IMCI guidelines
still recommends hospital referral for HIV-infected and exposed
children with chest indrawing. Additionally, we excluded chil-
dren who were receiving supplemental oxygen at the time of
initial SpO, measurement. The study sample size was determined
using convenience of access to retrospective data.

Data collection

Methodology, training and quality assurance methods have been
previously described''. Briefly, in 2001 the Malawi MOH imple-
mented a pneumonia surveillance program called the Child
Lung Health Program (CLHP)”. At study sites we augmented
this existing surveillance program infrastructure by imple-
menting active surveillance with pulse oximetry measurement
and data quality assurance. The Lifebox Foundation (London,
UK) supplied pulse oximeters with adult clip probes (Acare
Technology, Xinzhuang, Taiwan, China) which MOH health
workers were trained to use via a standardized protocol. Staff
were instructed to place the clip probe on the big toe in chil-
dren under 10 kg or, in children over 10 kg, a finger. This
methodology has been shown to be a reliable and accurate way
to measure SpO,"”. Weekly death audits occurred at each study
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site to ensure that all in-hospital deaths were captured. Study
sites were closely supervised, and sites or clinicians with subpar
performance received remediation training and supervision.
Data was collected using the existing Malawi MOH CLHP case
report forms that was subsequently entered into a study-built
database, which was routinely checked as part of quality assur-
ance. The original CLHP forms were referred to during data
cleaning.

Analysis

Demographic and clinical characteristics were described as
frequencies and proportions. We calculated CFRs with 95%
confidence intervals. We compared CFRs by pneumonia
classifications based on the 2005 and 2014 WHO guidelines
(Box 1) under two assumptions: without and with pulse
oximetry (SpO, <90% considered as a danger sign), using chi-
squared tests. If a case had any missing data for the parameters
used to classify pneumonia, it was designated as “unable to
categorize”. In our previous work analyzing mortality risk
factors of Malawian under 2-month olds with acute lower respi-
ratory infections using data from the same study, we found that
SpO, was missing not at random (MNAR) and independently
associated with in-hospital mortality'*. Using logistic regression
with multiple imputation with chained equations and pattern
mixture modeling we explored if SpO, was MNAR in this
cohort of older children as well'>'°. We used Stata Statisti-
cal Software: Release 14. College Station, TX: StataCorp LP.
to conduct all analyses, an open-access alternative that can
perform an equivalent function is RStudio.

Box 1. 2005 vs 2014 WHO IMCI pneumonia hospital
referral criteria for 2-59 month olds

Pneumonia 2005 2014
Classification
Non-severe Fast breathing® Fast breathing® and/or

(outpatient) chest indrawing

Any danger signs® or
Sp0,<90%°

Severe
(hospitalize)

Chest indrawing

Very severe
(hospitalize)

Any danger signs®

“Fast breathing for age: respiration rate (RR) > 50 breaths per minute
(bpm) in 2-11 month olds and RR > 40 bpm in 12-59 month olds;
“General danger signs include: unable to drink/feed, convulsions,
sleepy/lethargic, vomiting everything, stridor, severe acute malnutrition;
‘Optional criteria in settings where pulse oximetry is available.

Ethical considerations

Study ethical approval was provided by the National Health
Sciences Research Committee of Malawi (reference: 941,
November 14, 2011) and the Ethics Committee of University
College London (reference: 2006/002, November 1, 2011). Nei-
ther committee required informed consent as the study collected
routine clinical data.

Results
This analysis includes 13,413 cases with an overall CFR of 2.8%
(Figure 1). Clinical characteristics of the cohort are described

Gates Open Research 2023, 7:71 Last updated: 19 JUL 2023

in Table 1. A smaller proportion of the hospitalized cases
were girls compared with boys (P<0.001), with 3.7% without
arecorded sex.

16,475 hospitalized
cases of pneumonia

1,810 cases in
infants under 2
months old

-

14,665 cases |

-

454 received
supplemental oxygen
at time of SpO,
measurement

14,211 cases |

-

798 cases amongst HIV
Positive or Exposed
children

13,413 total cases |

Figure 1. Cases included in analysis.

Table 1. Demographic and clinical
characteristics of children diagnosed with

pneumonia.

Clinical Characteristics N =13,413
Age, median, months, (IQR) 11 (6-20)
SpO,, median, % (IQR) 96 (93-98)
SpO, >90%, n (%) 10,003 (74.6)
SpO, < 90%, n (%) 1,249 (9.3)
Unrecorded SpO,, n (%) 2,161 (16.1)
Respiratory rate, median (IQR) 58 (50-64)
Weight in kg, mean (SD) 8.9 (2.8)
Male, n (%) 7,215(53.8)
Female, n (%) 5,700 (42.5)
WAZ > -2, n (%) 10,393 (77.5)
-3 <WAZ<-2,n (%) 1,224.(9.1)
WAZ <-3, n (%) 762 (5.7)

Chest wall indrawing, n (%) 11,185 (83.4)

WHO danger signs*, n (%) 2,230 (16.6)

SpO,: peripheral capillary oxyhemoglobin saturation,
IQR: interquartile range, CI: confidence interval, SD:
standard deviation, WAZ: WHO weight-for-age z-score.

‘Danger signs include central cyanosis, stridor in a
calm child, apnea, or a general danger sign (inability
to drink and/or breastfeed, lethargy or unconscious,
convulsions)
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In Table 2 we compared, using the 2005 and 2014 guidelines,
the proportion of cases diagnosed with pneumonia meeting
hospital referral and/or admission criteria versus outpatient
management and their respective CFRs. The CFRs of children
meeting outpatient care criteria per the 2005 and 2014 guide-
lines were not statistically different (0.8 vs 0.7%). Due to
missing data for parameters such as respiratory rate, chest
indrawing and danger signs (independent of pulse oximetry
reading), 720 cases (5.4%) and 16 deaths (4.3%) with an over-
all CFR of 2.2% could not be classified as having a specific
pneumonia severity. Applying the 2005 guidelines without
pulse oximetry, 11,484 cases and 99.1% (347/357) of the pneu-
monia severity classifiable deaths met hospital referral cri-
teria. Notably, an additional 1,089 cases were unable to be
categorized by the 2014 guidelines due to unrecorded pulse
oximetry data (deaths=54, CFR 5.0%). In comparison, when
using the 2014 guidelines with pulse oximetry, 3,106 cases and
79.2% (240/303) of categorizable deaths met referral criteria.
This is a 73.0% reduction in hospital referral cases, how-
ever the number of deaths categorized as non-severe increased
from 10 (CFR 0.7%) to 63 (CFR 0.8%). When SpO, is
treated as an optional criteria, consistent with how the 2014
guidelines are written, the majority of these cases were re-
classified as non-severe, outpatient appropriate (N=1,378,
deaths = 60, CFR 4.4%). Of these cases 96.9% had chest
indrawing (N = 1,335, deaths =59, CFR 4.4%).

Pulse oximetry is not universally available in outpatient clin-
ics or hospitals in Malawi. Under this assumption we calculated
CFRs for differing pneumonia severities without considering
SpO,. The CFR for patients with 2014 non-severe pneumonia,
without pulse oximetry, was twice that of those categorized
as having 2005 IMCI guideline non-severe pneumonia (1.5%
vs 0.8%, P=0.052). Under the scenario of implementing the
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2014 WHO guidelines with pulse oximetry, in comparison
to its implementation without pulse oximetry, the CFR of
non-severe pneumonia decreased by over 50% (1.5% with-
out pulse oximetry vs 0.7% with pulse oximetry, P<0.001).
However it is crucial to emphasize that many of the pre-2014
WHO guideline non-severe pneumonia cases and associated
deaths were unable to be categorized due to missing pulse
oximetry data. We were unable to categorize the pneumonia
severity of 14.5% (N= 54) of the total deaths due to unrecorded
SpO, data. Our analysis, presented in Table 3, suggests that
oxygen saturation was MNAR as an unrecorded SpO, was an
independent mortality risk factor.

Discussion

We explored the impact of applying the 2014 WHO IMCI
guidelines, using a large existing dataset of children admitted
to hospital with clinically defined pneumonia. If the 2014 WHO
IMCI guidelines are implemented without compulsory pulse
oximetry measurement of children evaluated for pneumo-
nia in Malawian outpatient settings, some children that could
benefit from inpatient oxygen treatment will likely be missed.
This could result in increased child pneumonia deaths. A direct
comparison of non-severe, outpatient pneumonia CFRs showed
a two-fold higher CFR when using the 2014 rather than the
2005 guidelines without pulse oximetry, from 1.5% vs 0.8%
(P=0.052). However, implementation of the 2014 IMCI guide-
lines with compulsory pulse oximetry decreased non-severe
pneumonia CFR by 50%, to 0.7% for this group.

We found that the inability to obtain a pulse oximetry reading
was MNAR, suggestive as an independent mortality risk factor.
We found a similar finding amongst hospitalized Malawian
infants under 2 months old". In a separate study evaluating
pulse oximetry use in outpatient settings, we found that 1 out

Table 2. Under 5 Pneumonia In-hospital Case Fatality Ratio Categorized by Pneumonia Severity and Pulse

Oximetry Availability.

Pneumonia Classification 2005 WHO IMCI 2014 WHO IMCI
(N=13,413 Deaths= 373)
No SpO,* Spo,” SpO,° No SpO,*
N (%) Deaths N (%) Deaths N (%) Deaths N (%) Deaths
(CFR) (CFR) (CFR) (CFR)
Non-severe 1,209 10 1,368 7 8,498 63 10,463 155
(9.0%)  (0.8%) (10.2%) (0.5%) (63.4%) (0.7%) (78.0%) (1.5%)
Severe 9,254 145 7,130 56 3,106 240 2,230 202
(69.0%) (1.6%) (53.2%) (0.8%) (23.2%) (7.7%) (16.6%) (9.1%)
Very severe 2,230 202 3,106 240 N/A N/A N/A N/A
(16.6%) (9.1%) (23.2%) (7.7%)
Hospital Referral Eligible Cases 11,484 347 10,236 296 3,106 240 2,230 202
(85.6%) (3.0%) (76.3%) (2.9%) (23.2%) (7.7%) (16.6%) (9.1%)
Unable to Categorize 720 16 1,809 70 1,809 70 720 16
(5.4%)  (22%) (13.5%) (3.9%) (13.5%) (3.9%) (5.4%) (2.2%)

N = number, % = percentage of total cases, CFR = case fatality ratio; “Guidelines as published, ©2005 WHO IMCI with SpO, <90%
included as a danger sign and excluding cases with ‘missing’ pulse oximetry, 2014 WHO IMCI guidelines and excluding cases with
‘missing’ pulse oximetry, “2014 WHO IMCI without pulse oximetry
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Table 3. Evaluation if SpO, recordings are Missing
Not at Random [MNAR] (N=13,413 Deaths= 373).

Variable Adjusted  95% Confidence
Odds Ratio Interval
SpO, <90% 4.0 3.053
Unrecorded SpO, 49 3.863
-3<WAZ<-2 2.8 2.0,3.8
WAZ<-3 24 1.73.3
Female 1.3 1.0,1.6
Chest indrawing 1.0 0.6,1.6
Wheezing 0.7 0.5,1.0
WHO Danger Signs® 43 3356
Under 12 months old 1.2 1.0,1.5

SpO,: peripheral oxyhemoglobin saturation, WAZ: WHO weight-
for-age z-score;

°Danger signs include unable to drink/feed, convulsions, sleepy/
lethargic, vomiting everything, stridor

of the 32 cases that were not clinically eligible for referral and
had an unrecorded pulse oximetry level died within 30 days’.
It is challenging to interpret this finding because although we
witnessed study staff struggle with obtaining a pulse oximetry
reading in some children, it is plausible that these data may be
missing not at random but for other reasons. For instance, clini-
cians may not have paused to measure a pulse oximetry read-
ing in children who presented to care when obviously critically
ill. Biologically, the inability to measure pulse oximetry could
reflect poor peripheral perfusion, which occurs in high sys-
temic vascular resistance states such as shock. There are ongo-
ing studies evaluating if a peripheral perfusion index, derived
from the plethysmography signal of pulse oximetry, could be
used as an early marker of microcirculatory dysfunction dur-
ing states such as sepsis and compensated hypovolemic shock
before changes in mean arterial blood pressure, which is
currently used to determine macrovascular collapse'”"”.

In contrast with Agweyu’s findings from Kenya, we were able
to explore the potential implications of the 2014 guidelines in
the context of pulse oximetry. Our study has similar findings,
using retrospective data from hospitalized cases, in that there
was an unacceptably high CFR amongst children diagnosed
with non-severe pneumonia using the 2014 guidelines with-
out pulse oximetry. There are some notable differences between
the study populations, with the Kenyan study reporting a higher
overall CFR (5.2% vs 2.8%), a higher CFR in children classi-
fied as non-severe pneumonia (2.7% vs 1.5%), and fewer cases
from malaria-endemic regions (33% vs 100%)>. These are
important distinctions as the case fatality difference could be
attributed to a variety of factors, including an improved sur-
vival benefit in Malawi with inpatient use of pulse oximetry and
subsequent oxygen treatment. While this is conjecture, the
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approximate 50% reduction in mortality between the settings
is in line with findings from Nigeria, showing a similar reduc-
tion in inpatient pneumonia mortality following pulse oxime-
try introduction”. Another explanation could be the difference
in malaria prevalence amongst these populations, as the
IMCI guidelines for pneumonia diagnosis overlap with
the clinical diagnosis of malaria®. Given that they did not
have pulse oximetry data and our dataset did not include infor-
mation about dehydration or pallor, direct comparisons of
independent risk factors for pneumonia-associated mortality
between the two studies is problematic. Though we do report
mortality risk factors in this study, the intention was solely
to explore if pulse oximetry was MNAR. We have previously
published our findings, using this same dataset, on pneumo-
nia related mortality risk factors and developed a clinical pre-
diction rule, the Respiratory Index of Severity in Children
— Malawi (RISC-Malawi), though excluding patients without
a recorded pulse oximetry reading”. An important finding was
that girls had a higher adjusted odds for in-hospital pneumonia
related mortality.

Notably both the Kenyan and our studies report fewer girls
were hospitalized with pneumonia, though female sex was
an independent mortality risk factor. We observed the same
pattern when examining pneumonia related mortality risk fac-
tors in Malawian infants under two months old, and this is con-
sistent with a large metanalysis of acute lower respiratory illness
mortality risk factors'“*. However, in our previous Malawian
studies, utilizing data collected concurrently as this study, in
outpatient settings (community health workers and health cen-
tres), we found that similar proportions of boys and girls,
aged 0-59 months old, sought evaluation for pneumonia”'".
Our incidental findings that an equal proportion of girls and
boys presented for outpatient pneumonia care, fewer girls
were hospitalized, yet being a girl was an independent pneu-
monia-related mortality risk factor cannot go ignored. These
findings are consistent with those of a retrospective qualita-
tive study assessing care seeking patterns in the same region
of Malawi (Mchinji) that suggested that girls presented to
the hospital more often than boys but were admitted less
often®. Differences in the type of care girls receive and their
outcomes must be examined.

Pulse oximetry implementation, while crucial to health sys-
tems strengthening, is not without challenges. First, more work
must be done to identify context appropriate SpO, thresholds
at which to refer patients for hospital evaluation, hospitalize
patients, and initiate or wean supplemental oxygen. Previous
findings suggest that moderate hypoxemia of SpO, 90-92% is
a mortality risk factor in Malawian children under 5 with acute
lower respiratory infections’**. One hypothesis for this find-
ing is that pulse oximeters may be inaccurate in children with
dark skin tones. A research report from the United States
suggested that pulse oximetry may over-estimate SpO, in
adults with dark skin, potentially leading to missed hypoxemic
cases and further exacerbating racial health disparities™.
While this study had some methodological limitations such
as using paired pulse oximetry and arterial blood gas readings
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that were time-delayed by up to 10 minutes and only adjust-
ing for poor peripheral perfusion in one single center cohort,
this concept warrants investigation in children. While there
are clinical trials in low- and high-income countries explor-
ing the optimum SpO, threshold for initiation of supple-
mental oxygen, they have prompted debate on the ethics of
such studies and, at the time of writing, have not reported
findings®’**.

Second, pulse oximetry programs must be implemented with
a clearly defined clinician mentoring and longitudinal imple-
mentation plan. Even when available in health facilities,
barriers exist to pulse oximeter utilization®". Enoch et al.
conducted a comprehensive, multi-site, mixed methods study
in Kenya to assess pulse oximetry use and limitations to its
uptake by different types of healthcare workers®. They found
an interdependence of pulse oximetry usage and oxygen therapy
availability. This suggests that, in order to ensure usage, pulse
oximetry must be implemented in concert with supplemental
oxygen and other types of reparatory support, rather than as a
separate health system intervention.

Cost savings from reduced hospitalizations at both the house-
hold and health system levels, compounded with the reduced
clinical burden on already limited hospital staff, may have
significant spillover effects that we cannot capture in this analy-
sis. It is plausible that, in certain settings, pulse oximetry
implementation may in effect pay for itself by reducing
downstream costs. As health systems move towards universal
integration of pulse oximetry, these potential savings should
be accounted for in order to make accurate comparisons with
other high priority interventions.

The main limitation of this analysis is that we extrapolate
potential outpatient outcomes from hospital inpatient data. We
may be underestimating, to varying degrees, the true CFR of
these groups. Hospitalized patients may have received more
effective interventions, such as intravenous antibiotics, that
they would not have received if discharged home. Alternatively,
hospitalization may place these children at risk of contract-
ing hospital-acquired infections and other communicable
diseases. We found that pulse oximetry recordings were
MNAR. As we have previously reported, it is unclear if these
data are missing because patients were critically ill and cli-
nicians were unable to obtain an appropriate pulse oximeter
read due to poor perfusion or if they simply did not record the
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measurement'>. Our anecdotal experience suggests the former
scenario is not uncommon. In real world clinical settings, not
all children with severe disease present with the limited criteria
in the IMCI guidelines. Clinician judgement of illness severity
was not recorded in this data set, so we are unable to deter-
mine how many cases classified as non-severe would have
been hospitalized regardless of the guideline recommendation.

These data strongly support compulsory pulse oximetry use
if Malawi is to fully adopt the 2014 IMCI pneumonia guide-
lines in outpatient facilities. Our findings suggest that the
implementation of the 2014 IMCI guidelines would likely
result in a marked decrease in under-five pneumonia related
hospitalizations. We would recommend that children under
5 years old with chest indrawing in whom pulse oximetry is
unable to be obtained, still warrant referral for further evalu-
ation. It is imperative for country level ministries of health in
other LMICs to assess the potential effects of the 2014 policy
changes in their own settings before widespread implementa-
tion. In Malawi, implementation of the 2014 WHO IMCI guide-
lines, without standard pulse oximetry measurement in children
evaluated for pneumonia in outpatient settings may result in
missed hospital referral opportunities of high-risk cases.

Data availability

The data is owned by the Malawi Ministry of Health. As such,
and given that the data is not de-identified, readers/reviewers
must apply for access to the data. Enquiries for data access
should be addressed to Mr. Norman Lufesi (nlufesi@ gmail.com)
the Acting Chief of Emergency and Critical Care Services of
the Malawi Ministry of Health who will facilitate access. Data
access will be granted after approval by the Malawi Minis-
try of Health and the Malawi National Health Science Research
Committee.

Reporting guidelines

Figshare: STROBE checklist for ‘Implication of the 2014
World Health Organization Integrated Management of
Childhood Illness Pneumonia Guidelines with and without
pulse oximetry use in Malawi: A retrospective cohort study’.
https://doi.org/10.6084/m9.figshare.21346797°2.

Data are available under the terms of the Creative Commons
Zero “No rights reserved” data waiver (CCO 1.0 Public
domain dedication).
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Thank you for the opportunity to review this paper which addresses an important topic.

Background:
I thought the background outlined succinctly the key challenges and changes related to

pneumonia classification and clinician management decisions. Well done.

Methods:
I presume the data was collected from this set available from 2012-14 as it predates the change in
IMNCI guidelines. It would be good to be explicit about this intention if this is true.

Results:
These are well described with appropriate supporting tables.

Discussion:
Good summary of findings in first paragraph and comparison with other literature in subsequent
paragraphs. With good reference to practical considerations.

Overall I throroughly enjoyed reading this publication, its findings and discussion. Some minor
corrections:

Study design:
- "provided intermittently."

Discussion:
o Paragraph 1: remove "from" 1.5% vs 0.8%

o Paragraph 4: Notably (remove "both") the Kenyan and our studies...as there are more than
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2? Oris it only referring to two?
Paragraph 4: concurrently "with" this study...

Paragraph 6:..."respiratory" support.
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Study Design: While the study did not include patients <2 months of age, IMCI was updated in
2019 to include significant changes for managing such patients. This would be worth mentioning.
To note, there were several typos in this section requiring a careful proof-read.

Methods: The authors mention the team was supervised to ensure activities were carried out
properly. However, there was no mention of who was doing the supervising, if supervision was
constant, e.g. including night shift. In addition, it would be helpful to know what sort of
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ox that was used, the accuracy and use in other similar populations. For the population of interest,
were these only patients that were hospitalized directly or hospitalized after referral from a health
facility. If they were two different groups, it would be curious to know if those who presented
directly to the hospital had better outcomes than those who were admitted only after referral
from a health facility if this information is available.

Results: no comments.

Discussion: It was important to add information about skin pigment and its impact on pulse ox
readings. As mentioned earlier, perhaps more information on the pulse ox used and the
justification for its use at that point in time. Also, was there follow up of the children who were not
referred to see if there were poor outcomes in that group at a later time? In other words, did the
patients who were not referred were assumed to have recovered?

General: Thank you for a very interesting paper. As mentioned above, I am curious why there was
such a long time since the collecting of the data and the publication, especially given the changes
in IMCI since these data were collected. And if IMCI revisions in 2014 led to worse outcomes in
some groups, it is important to share the information sooner rather than later.
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