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Methods We conducted a retrospective, descriptive study examining clinical data for children aged 1-59 months who 145198

were hospitalized and died in a Child Health and Mortality Prevention Surveillance (CHAMPS) catchment,
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December 2016-June 2021. Catchment areas included: Baliakandi and Faridpur, Bangladesh; Kersa, Haramaya, and
Harar, Ethiopia; Kisumu and Siaya, Kenya; Bamako, Mali; Manhica and Quelimane, Mozambique; Makeni, Sierra
Leone; Soweto, South Africa. We reviewed medical records of those who died from lower respiratory tract infections,
sepsis, malnutrition, malaria, and diarrheal diseases to determine the proportion who received recommended
treatments and compared adherence by hospitalization duration.

Findings CHAMPS enrolled 460 hospitalized children who died from the leading causes (median age 12 months,
53.0% male). Median hospital admission was 31 h. There were 51.0% (n = 127/249) of children who died from lower
respiratory tract infections received supplemental oxygen. Administration of intravenous fluids for sepsis (15.9%,
n = 36/226) and supplemental feeds for malnutrition (14.0%, n = 18/129) were uncommon. There were 51.4%
(n = 55/107) of those who died from malaria received antimalarials. Of the 80 children who died from diarrheal
diseases, 76.2% received intravenous fluids. Those admitted for >24 h more commonly received antibiotics for lower
respiratory tract infections and sepsis, supplemental feeds for malnutrition, and intravenous fluids for sepsis than
those admitted <24 h.

Interpretation Provision of recommended clinical care for leading causes of death among young children was sub-
optimal. Further studies are needed to understand the reasons for deficits in clinical care recommendation

adherence.

Funding Bill & Melinda Gates Foundation.

Copyright © 2023 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study

More than 80% of the 5.2 million annual deaths among
children aged <5 years occur in sub-Saharan Africa and South
Asia. Most of these deaths are considered to be preventable
through timely access to, and the provision of, high quality
clinical care, which includes adherence to clinical care
guideline recommendations. Prior studies suggest that
adherence to clinical care recommendations in several sites in
sub-Saharan Africa and Southeast Asia for children who
survived common illnesses requiring hospitalization has
varied; however, an understanding of gaps in clinical care
guideline recommendation adherence among infants and
children who died is lacking.

Added value of this study

Adherence to clinical care recommendations including
supplemental oxygen for children with lower respiratory tract
infections, administration of intravenous fluids for sepsis,
supplemental feeds for severe acute malnutrition, antimalarial
medications for malaria, and intravenous fluids for diarrheal

Introduction

Expanded treatment availability, improvements in
country-wide and individual socioeconomic status,
and widespread vaccination programs have contrib-
uted to dramatic reductions globally in mortality
among children aged <5 years."” However, progress
in reducing mortality among children aged <5 years

diseases was generally suboptimal among 460 hospitalized
children aged 1-59 months who died while hospitalized in six
sites in sub-Saharan Africa and Bangladesh. However,
adherence to key recommendations improved in cases in
which the hospitalization lasted >24 h and in cases in which
clinicians made a diagnosis antemortem that was concordant
with postmortem diagnoses. These findings can be used to
inform health systems changes to improve the availability of
critical diagnostics and therapeutics.

Implications of all the available evidence

Adherence to clinical care recommendations for leading
causes of death among young children was suboptimal in
seven sites with high childhood mortality rates. Further
studies are needed to understand the reasons for deficits in
clinical care recommendation adherence. Additionally, efforts
are urgently needed to promote adherence to clinical care
guideline recommendations in order to reduce childhood
mortality in sub-Saharan Africa and Bangladesh.

has been geographically unequal. More than >80% of
deaths among children aged <5 years occur in sub-
Saharan Africa and South Asia and rates of mortal-
ity among children aged <5 years remain as high as 74
per 1,000 live births in sub-Saharan Africa and as high
as 37 per 1,000 live births in South Asia.*” Most of
these deaths are considered to be preventable through
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access to, and the provision of, high quality clinical
care.’

Prior studies addressing mortality among children
aged <5 years have focused on patient-level factors and
have called for increasing access to healthcare facilities
to reduce mortality in this age group.”" The actual
quality of clinical care children receive once treated in
healthcare facilities in sub-Saharan Africa and South
Asia has received much less attention.”” However, un-
derstanding specific gaps in clinical care may allow for
the development of targeted clinical interventions to
reduce mortality in this age group in resource-limited
settings.

The World Health Organization (WHO) and Minis-
tries of Health in many countries have developed clin-
ical care recommendations for common conditions
among children to promote the provision of standard-
ized, quality clinical care.”” Prior studies suggest that
implementing standardized, evidence-based recom-
mendations in hospital settings may reduce childhood
mortality in resource-limited settings."*'® However,
adherence to clinical care recommendations in several
sites in sub-Saharan Africa, Bangladesh, and Pakistan
has varied,” and an understanding of potential gaps in
recommendation adherence among infants and chil-
dren who died is lacking.

Our objective was to describe provider adherence to
WHO clinical care recommendations for the five lead-
ing causes of death for infants and children who died in
hospitals within high-mortality areas in seven countries.

Methods

Study design

We conducted a retrospective, descriptive study that
examined clinical data for infants and children who died
at seven sites in the Child Health and Mortality Pre-
vention Surveillance (CHAMPS) network.

Ethics
Ethical clearance was granted by each site’s respective
ethical review board as well as the institutional review
board at Emory University Rollins School of Public
Health.

Study setting

The CHAMPS network was established in 2015 and
generates detailed and longitudinal information on
causes of death among stillbirths, neonates, infants, and
children aged <5 years in regions with high childhood
mortality rates. Such detailed and reliable data on spe-
cific causes of death developed by CHAMPS are crucial
to develop targeted interventions more effectively to
reduce mortality among children aged <5 years."
CHAMPS sites were selected because they were re-
gions with <5 mortality rates of >50 per 1,000 live births,
had established surveillance track records, and agreed to
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a common, multisite protocol and to share data globally
in real time.”” Catchment areas include: Baliakandi
and Faridpur, Bangladesh; Kersa, Haramaya, and Harar,
Ethiopia; Kisumu and Siaya, Kenya; Bamako, Mali;
Manhica and Quelimane, Mozambique; Makeni, Sierra
Leone; Soweto, South Africa. CHAMPS staff in each of
these areas conduct surveillance in both healthcare fa-
cilities, including national referral hospitals and district
hospitals, and the community for stillbirths and child
deaths. Stillbirths and neonates aged 0-28 days were not
included in this study because clinical care recommen-
dations for this age group differ from those among in-
fants and children.

Once identified, caregivers of deceased children are
approached by CHAMPS staff to assess for willingness
to consent. Deaths identified within 24 h (up to 72 h if
refrigerated) are eligible for minimally invasive tissue
sampling (MITS), clinical record review, and verbal au-
topsy.””?! MITS is an alternative to complete autopsy that
has demonstrated acceptability in resource-limited set-
tings as well as high concordance with complete diag-
nostic autopsy, which is the reference standard of
determining postmortem causes of death."?*** Deaths
identified 24 h or later are eligible for verbal autopsy and
clinical record review only. After caregivers provide
informed written consent, CHAMPS staff perform
MITS and collect demographic, verbal autopsy, micro-
biological, histopathological, and clinical information
for each death. Body fluid and tissues from organs
collected through MITS undergo a range of microbi-
ology and histopathology tests.” Verbal autopsies are
conducted by CHAMPS staff, who are trained to
conduct verbal autopsies using the standardized 2016
WHO Verbal Autopsy form.” A panel of local experts
(i-e., the Determination of Cause of Death [DeCoDe]
panel) reviews all data and determines the causes of
death by incorporating clinical, verbal autopsy, micro-
biological, and pathological data.

Data sources

Trained clinical staff employed by CHAMPS reviewed
all available medical records (i.e., admission records,
daily progress notes, laboratory and radiology results,
and hospital registries) to extract detailed clinical data
using standardized abstraction forms that include
discrete variables for laboratory, radiologic, and thera-
peutic data. Additionally, the clinical abstraction form
includes narrative fields in which CHAMPS team
members at each site provided clinical summaries of all
clinical care provided to an infant or child prior to death
in both inpatient and outpatient settings as documented
in the clinical records. We used both discrete variables
and narrative fields to extract specific elements of clin-
ical care based on lists of major diagnostics and primary
therapeutics for the five leading causes of death that are
recommended in the 2013 version of the WHO Pocket
Book of Hospital Care for Children (2nd edition)."
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The WHO Pocket Book of Hospital Care for Chil-
dren recommendations have been adopted widely
throughout sub-Saharan Africa and South Asia. Because
CHAMPS includes seven sites in different countries
and country-specific national recommendations may
differ, we reviewed national guidelines for the included
conditions.”** However, because the major diagnostics
and primary therapeutics did not differ for the included
conditions, we restricted our analysis to a comparison of
care received and that recommended by the WHO
Pocket Book of Hospital Care for Children.

Inclusion and exclusion criteria

We included all infants and children aged 1-59 months
who enrolled in CHAMPS, were hospitalized, and were
determined to have died from one or more of the five
most common causes of death (i.e., lower respiratory
infections, sepsis, severe acute malnutrition, malaria,
and diarrheal diseases) by the DeCoDe panels according
to the WHO International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision
(ICD-10) and the WHO application of ICD-10 deaths
during the perinatal period (ICD-PM) to assign causes
of death.”** As multiple causes of death are often
implicated in the causal chain of childhood mortality,”
we included infants and children who had any of
these conditions in any position in the causal chain of
death (i.e., the immediate cause of death, the underlying
cause of death, or antecedent causes of death). We
included deaths among infants and children that
occurred from the inception of the CHAMPS network
from December 2016 through June 2021. Deaths that
occurred in the community were included if there was a
hospital admission within seven days of the infant’s or
child’s death. We excluded cases that had no hospital
admission, those that were dead prior to or upon arrival
at a healthcare facility, and those that did not have any
clinical data available as it was not possible to determine
the clinical care provided to these infants and children
without existing records.

Statistics

We calculated descriptive statistics for the demographics
of the included deceased infants and children. We
determined the proportion of deceased infants and
children who received care that adhered to major diag-
nostic and therapeutic recommendations according to
the WHO Pocket Book of Hospital Care for Children. In
cases with >1 cause of death, the clinical care provided
was compared to recommendations for each cause of
death. As discrepancies between antemortem and post-
mortem diagnoses are common in resource-limited
settings® and because diagnostic clarity often comes
with time, we conducted subanalyses to explore differ-
ences in administered diagnostics and therapeutics ac-
cording to the WHO recommendations by the
concordance of antemortem diagnoses (as documented

in clinical records) with postmortem diagnoses and for
the duration of hospital admission (i.e., <24 h vs.
>24 h). We used mixed-effect univariable and multi-
variable logistic regression to identify factors associated
with the administration of major therapeutics for lower
respiratory tract infections, adjusting for age group (i.e.,
1-11 months vs. 12-59 months), sex, time from
admission to death, and concordant vs. discordant
antemortem diagnosis compared to postmortem diag-
nosis, with site included as a random effect. In our
multivariable models, we included variables that met
our predetermined threshold of P < 0.2 in the uni-
variable comparisons. Variance inflation factors were
used to assess collinearity among independent variables.
Given that the administration of therapeutics may vary
by both duration of hospital admission and concordance
of antemortem diagnoses, effect modification was eval-
uated using an interaction term. We did not have
adequate power to conduct similar multivariable models
for sepsis, severe acute malnutrition, malaria, or diar-
rheal diseases. Proportions were compared using the
Chi-square test. All analyses were conducted using the
statistical software package R, version 4.2.3 (R Founda-
tion for Statistical Computing, Vienna, Austria).

Role of funding source

The funder had no role in the study design, data
collection, analysis, results interpretation, writing of the
report, or the decision to submit for publication.

Results

During the study period, CHAMPS enrolled 651 infants
and children who died from lower respiratory tract in-
fections, sepsis, severe acute malnutrition, malaria, or
diarrheal diseases; 501 (77.0%) were admitted to a
hospital, 41 (6.3%) were dead prior to or upon arrival or
had missing clinical records, and 460 (70.7%) had
clinical records and causes of death determined by
DeCoDe and, thus, were included in our analyses. Cases
that were included had similar age and sex to those who
were excluded and there were some differences in
causes of death between included and excluded cases
(Supplemental Table S1). The median age at the time of
death was 12 months (interquartile range [IQR] 4, 23),
and 53.0% (n = 244) were male (Table 1). The median
duration of hospital admission was 31 h (IQR 6, 143)
and 35.7% (n = 164) died <24 h after admission. Over
half of the included infants and children were enrolled
from two sites (South Africa 29.8% [n = 137], and Kenya
26.3% [n = 121)).

Lower respiratory tract infections

Among included infants and children, 249 (57.4%) had
lower respiratory tract infections in the causal chain of
mortality. Of these, 74.3% (n = 185) received any rec-
ommended antibiotic, including 29.3% (73/249)
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Characteristics n (%)
Patient Age, month (median, [IQR]) 12 (4, 23)
Age at death
28 days old to less than 12 months old 231 (50.2)
12 months old to less than 60 months old 229 (49.8)
Sex
Male 244 (53.0)
Female 216 (47.0)
Site of death
Facility 424 (92.2)
Community 36 (7.8)
Time of hospital death
Died in a facility <24 h 164 (35.7)
Died in a facility between 24 and 48 h 52 (11.3)
Died in a facility between 49 and 72 h 28 (6.1)
Died in a facility >72 h 175 (38.0)
Missing 41 (8.9)
Country site
Bangladesh 3(07)
Ethiopia 9 (2.0)
Kenya 121 (26.3)
Mali 33 (7.2)
Mozambique 74 (16.1)
Sierra Leone 83 (18.0)
South Africa 137 (29.8)

Lower respiratory tract infections
Diagnosed by minimally invasive tissue sampling (MITS) 203 (50.6)

Concordant antemortem and postmortem diagnosis 80 (17.4)
Sepsis

Diagnosed by MITS 193 (48.1)

Concordant antemortem and postmortem diagnosis 61 (13.3)
Severe acute malnutrition

Diagnosed by MITS 127 (31.7)

Concordant antemortem and postmortem diagnosis 55 (12.0)
Malaria

Diagnosed by MITS 107 (26.7)

Concordant antemortem and postmortem diagnosis 77 (16.7)
Diarrheal diseases

Diagnosed by MITS 76 (19.0)

Concordant antemortem and postmortem diagnosis 57 (12.4

Table 1: Demographics of infants and children who died from the
leading causes of death in the CHAMPS network (n = 460).

receiving ampicillin and gentamicin, 31.7% (79/249)
receiving ceftriaxone (a WHO-recommended alternative
therapy), and 10.0% (25/249) receiving both regimens
(Fig. 1A). Although documentation of concomitant
administration of supplemental oxygen when pulse ox-
imetry was measured was not clear, according to re-
cords, 33.3% (n = 83) had pulse oximetry taken and
54.2% (n = 45) of those had oxygen saturation levels
<90%, 6.0% (n = 5) had levels of 90-92%, and the
remaining had oxygen saturation levels of 93-100%.
Among all cases that had lower respiratory tract in-
fections in the causal chain of mortality, 51.0% (n = 127)

www.thelancet.com Vol 63 September, 2023

received any supplemental oxygen therapy. In addition,
57 (22.9%) infants and children had chest radiography
performed.

Infants and children who had a concordant ante-
mortem and postmortem diagnosis of lower respiratory
tract infections and were admitted for >24 h had higher
rates of administration of any supplemental oxygen, any
recommended antibiotic, including ampicillin and
gentamicin, and maintenance IV fluids compared to
those admitted for <24 h with discordant antemortem
and postmortem diagnoses (Fig. 1B). In unadjusted
analyses, adherence to major diagnostics and thera-
peutics guideline adherence was highest at the site in
Sierra Leone and lowest at the site in Mali
(Supplemental Figure S1).

In multivariable analyses, age 1-11 months (adjusted
odds ratio [aOR] 2.68, 95% confidence interval [CI] 1.30,
5.50), hospital admission of >24 h (aOR 4.89, 95% CI
2.06, 11.66), and having had concordant antemortem
and postmortem diagnoses (aOR 3.32, 95% CI 1.38,
8.00) were independently associated with the adminis-
tration of recommended antibiotics (Supplemental
Table S2). Infants aged 1-11 months (aOR 2.38, 95%
CI 1.32, 4.29) and those with concordant antemortem
and postmortem diagnoses (aOR 2.42, 95% CI 1.28,
4.57) were more likely to receive any supplemental ox-
ygen (Supplemental Table S3).

Sepsis

We assessed treatment for 226 infants and children who
died from sepsis. Seventy-six percent (n = 172) received
antibiotics during hospital admission. Of the 56 infants
and children who died from sepsis and had documented
shock before death (i.e., poor perfusion leading to end
organ damage) 64.3% (n = 36) received intravenous (IV)
fluids of either normal saline or Ringer’s lactate rapidly
at 20 mL/kg, per WHO recommendations (i.e., 15.9% of
all sepsis-related deaths with and without documented
shock) (Fig. 2A). Among the 56 infants and children
who had sepsis and documented shock, 32.1% (n = 18)
received vasopressors (i.e., adrenaline or dopamine), all
of which also received IV fluids. Among the 72 cases
that had both sepsis and malnutrition in the causal
chain, 10 (13.9%) received IV fluids and five of these ten
(50.0%) had documented shock. There were 69.9%
(n = 158) infants and children with sepsis who had their
hemoglobin monitored. There were 71 (31.4%) infants
and children who had blood cultures drawn before their
death. Among infants and children who died from
sepsis who had concordant antemortem and postmor-
tem diagnoses and whose hospital admissions were
>24 h, there were higher rates of antibiotic adminis-
tration, any supplemental oxygen, rapid infusion of IV
fluids, and hemoglobin measurement than among those
admitted for <24 h with discordant antemortem and
postmortem diagnoses (Fig. 2B). Among infants and
children who died of sepsis, we found no difference in
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A Pulse oximetry taken
Any supplemental oxygen

Supplemental oxygen via nasal prongs/nasal catheter/nasopharyngeal catheter
Received any recommended antibiotic

Ampicillin and gentamicin

\l"l|l|l

33.3(27.6,39.6)
51.0 (44.6,57.3)
28.5(23.1,34.6)
74.3 (68.3,79.5)
29.3(23.8,35.5)

Ampicillin only (not recommended) 7.6(4.8,11.8)
Gentamicin only (not recommended) 14.5(10.5,19.6)
Ceftriaxone 31.7(26.1,38.0)
Daily maintenance fluids appropriate for the child's age 58.6 (52.2, 64.8)
0% 25% 50% 75% 100%
B Pulse oximetry taken E 0.409
Supplemental oxygen via nasal prongs/nasal catheter/nasopharyngeal catheter ﬁ 0.149
Ampicillin and gentamicin g‘ 0.002
Ampicillin only (not recommended) = 0.088
Gentamicin only (not recommended) E 0.863
Daily maintenance fluids appropriate for the child's age :‘ <0.001
0% 25% 50% 75% 100%
<24 hours <24 hours 24+ hours 24+ hours
I Antemortem Diagnosis Correct iagnosi I is Correct
(n=22) (n=77) (n=58) (n=92)

Fig. 1: Adherence to WHO Pocket Book of Hospital Care for Children recommendations for lower respiratory infections determined by post-
mortem diagnosis (n = 249) A. All cases* B. Comparison of concordant vs. discordant antemortem and postmortem diagnoses and hospital
admission duration** *Error bars represent 95% confidence intervals. **P values were calculated through chi-square test for each

recommendation.

the proportion who received IV fluids rapidly between
the subset who also had malnutrition (n = 72) compared
to those who did not (n = 154; P = 0.68). In unadjusted
comparisons, adherence to WHO sepsis guidelines was
higher at South Africa, Sierra Leone, Mozambique, and
Ethiopia sites and lower in Mali (Supplemental
Figure S2).

Severe acute malnutrition

One hundred twenty-nine infants and children had se-
vere acute malnutrition in the causal chain of mortality.
Of these, a minority had documentation of a blood
glucose measurement (24.8%, n = 32) or received F-75
or F-100 therapeutic milk (14.0%, n = 18) per WHO
recommendations (Fig. 3A). Among those with malnu-
trition who had a documented blood sugar (n = 17), four
(36.3%) had a blood glucose of <54 mg/dL. Among
those four, 50% (n = 2) did not receive F-75 or F-100

therapeutic milk. Over half had temperature docu-
mented (52.7%, n = 68). Approximately one in three
received ampicillin and gentamicin (35.7%, n = 46).
Among infants and children who had severe acute
malnutrition in the causal chain, those who had a
concordant antemortem diagnosis and were admitted
for >24 h were more likely to receive feeds or the sup-
plemental formulas F-75 or F-100 than those admitted
for <24 h with discordant antemortem and postmortem
diagnoses (Fig. 3B). The proportion of deceased infants
and children who received guideline adherent treatment
for severe acute malnutrition varied by site
(Supplemental Figure S3).

Malaria

There were 107 infants and children who had malaria in
the causal chain of mortality. Of these, 72.9% (n = 78)
had a documented antemortem malaria test and a
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A Received recommended antibiotics
Ampicillin plus gentamicin

Ceftriaxone

Supplemental oxygen

Rapid IV infusion of 20 ml/kg of normal saline or Ringer's lactate

Monitor hemoglobin

o
a®

Received recommended antibiotics

Ampicillin plus gentamicin

Ceftriaxone

Supplemental oxygen

Rapid IV infusion of 20 ml/kg of normal saline or Ringer’s lactate

Monitor hemoglobin

o

%

25%

M

76.1(69.9, 81.4)
34.1(28.0,40.7)
31.0(25.1,37.5)
46.9 (40.3, 53.6)
15.9(11.5,21.5)

69.9 (63.4,75.7)

50% 75%

100%

<0.001

<0.001

<0.001

<0.001

0.003

<0.001

2 50% 75% 100%
24+ hours 24+ hours
A tem Diagnosis Correct Antemortem Diagnosis Incorrect
(n=78) (n=48) (n=87)

<24 hours <24 hours
I (Ant]esl;\onem Diagnosis Correct I A tem Diag
n=

Fig. 2: Adherence to WHO Pocket Book of Hospital Care for Children recommendations for sepsis determined by postmortem diagnosis
(n = 226). A. All cases*. B. Comparison of concordant vs. discordant antemortem and postmortem diagnoses and hospital admission dura-
tion**. *Error bars represent 95% confidence intervals. **P values were calculated through chi-square test for each recommendation.

minority had a blood glucose measurement docu-
mented (15.0%, n = 16). About half (51.4%, n = 55)
received recommended antimalarial medications for
severe malaria (artesunate [49.5%, n = 53] or artemether
[13.1%, n = 14] were most common; Fig. 4A). There
were 33.6% (n = 36) who received blood transfusions.
Among infants and children who had malaria in the
causal chain of mortality, those who had a concordant
antemortem diagnosis and were admitted <24 h were
more likely to have a malaria smear done than those
admitted for <24 h with a discordant antemortem
diagnosis (Fig. 4B). Infants and children who died from
malaria and were malnourished (n = 39) were more
likely to receive IV fluids rapidly than the 68 infants and
children who died from malaria and were not
malnourished (74% vs. 51%, P = 0.044). Adherence to
other guideline recommendations for malaria did not
differ by hospital admission duration or concordance of
antemortem and postmortem diagnoses. Adherence to
recommendations to provide blood transfusion for se-
vere malaria and to administer antimalarials was more
common in Sierra Leone than in Mozambique and
Kenya (Supplemental Figure S4).
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Diarrheal diseases

Eighty infants and children had diarrheal diseases in the
causal chain of mortality. Of these, the majority received
IV fluids (76.2%, n = 61) in accordance with the WHO
recommendations (Fig. 5A). However, zinc supple-
mentation was documented for 25.0% (n = 20) of pa-
tients. Regarding other recommended micronutrient
supplementation among the 80 diarrheal deaths, 2
(2.5%) had record of vitamin A supplementation, 3
(3.8%) received folic acid, 5 (5.3%) received a multivi-
tamin, 0 (0%) were given copper, and 0 (0%) received
magnesium. No children with severe acute malnutrition
and diarrheal disease had documented receipt of sup-
plemental potassium. Infants and children who died
from diarrheal diseases and had a concordant ante-
mortem diagnosis and were admitted for >24 h had
greater rates of IV fluid administration and oral rehy-
dration solution than those with discordant antemortem
and postmortem diagnoses and who were admitted
<24 h (Fig. 5B). Administration of IV fluids was
significantly less common among infants and children
who died in Mali compared to the other sites
(Supplemental Figure S5).
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Fig. 3: Adherence to WHO Pocket Book of Hospital Care for Children recommendations for severe acute malnutrition determined by post-
mortem diagnosis (n = 129). A. All cases*. B. Comparison of concordant vs. discordant antemortem and postmortem diagnoses and hospital
admission duration**. *Error bars represent 95% confidence intervals. **P values were calculated through chi-square test for each

recommendation.

Discussion
In our study of over 400 infants and children who died
in seven sites with high childhood mortality rates, we
aimed to assess provider adherence to WHO clinical
care recommendations for the five leading causes of
death among infants and children in high-mortality
areas across seven countries. We found variable and
often suboptimal adherence to the WHO recommen-
dations for major causes of childhood mortality (i.e.,
lower respiratory tract infections, sepsis, severe acute
malnutrition, malaria, and diarrheal diseases), all of
which had been determined to be the causes of death
using careful postmortem methods. However, adher-
ence to recommendations was generally better among
infants and children with concordant antemortem di-
agnoses than those with discordant antemortem and
postmortem diagnoses. Moreover, clinical care recom-
mendation adherence was generally higher among in-
fants and children who had longer hospital admissions
compared to those with shorter hospital admissions.
Our findings shed light on the current status of clinical
care and highlight areas that require improvement to
reduce mortality rates in this vulnerable population.
The observed frequency of recommendation adher-
ence for critical interventions such as antibiotics and
supplemental oxygen for lower respiratory tract

infections, fluid boluses for sepsis, antimalarial medi-
cations, and supplemental feeds for severe acute
malnutrition among infants and children who died was
lower than in prior observational studies that included
patients who survived.”*>* Our findings differ from
those in a study in Malawi that suggested that 25% of
children who died from lower respiratory tract in-
fections received supplemental oxygen.” Moreover,
prior studies in South Africa and Zambia demonstrated
that 65-66% of children with lower respiratory tract
infections received recommendation adherent antibiotic
treatment, which is lower than we observed in our
population of infants and children who died.**** Studies
from the United States and Europe suggest varying
adherence to guidelines for lower respiratory tract in-
fections and sepsis in children, but have infrequently
measured this among children who died.** Our
observational study cannot determine causation, but our
findings raise the question of whether lower adherence
occurs among infants and children who die. However, it
is unclear if late treatment administration would be
optimally beneficial or could have prevented the deaths
included in our analyses. As multiple causes of death
are common in CHAMPS, we could not account for
which diagnoses and recommendations were prioritized
by clinicians. A prospective study to assess clinician
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*Error bars represent 95% confidence intervals. **P values were calculated through chi-square test for each recommendation.

prioritization of treatment in settings with limited re-
sources may be warranted.

Moreover, it should be noted that findings from a
multicenter trial in Uganda, Kenya, and Tanzania sug-
gest greater mortality among children with impaired
perfusion due to severe infection (including children
who met clinical criteria for sepsis) who received rapidly
administered fluids than those who did not.”” Thus,
adherence to this recommendation may have been
influenced by the current controversy that exists
regarding the WHO recommendation to rapidly
administer IV fluids to children with sepsis. Addition-
ally, only one in three infants and children who had
documented shock received vasopressors. Additional
study is warranted to elucidate clinician decision-
making and resource constraints that may contribute
to the administration of vasopressors. Children with
severe malnutrition were excluded from the multicenter
trial in Uganda, Kenya, and Tanzania of IV fluids” and
the WHO Pocket Book of Hospital Care for Children
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recommends IV fluids be given only to children with
severe acute malnutrition who have signs of shock.”

Our findings point to the treatments that are infre-
quently administered to infants and children (i.e., any
supplemental oxygen, administration of supplemental
formula for severe acute malnutrition, etc.) in sites with
high rates of childhood mortality. Multifaceted in-
terventions that include sharing copies of recommen-
dations, focused training, job aides, and feedback to
providers have shown greater adherence to recommen-
dations for the clinical care of children.”* Such ap-
proaches may be implemented to improve clinical care
recommendation adherence. Additionally, results from
a randomized controlled trial conducted in Guinea-
Bissau that included >950 infants and children suggest
that adherence to clinical care recommendations re-
duces inpatient mortality for malaria.* Thus, additional
efforts to encourage clinical care recommendation
adherence are needed in regions with high childhood
mortality.
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The greater recommendation adherence in cases
where the antemortem diagnosis was concordant with
the postmortem diagnosis we observed suggests the
need for more widely available and accurate diagnostics
to arrive at the correct diagnosis. A previous study in
Mozambique indicated a similar association between
correct clinical diagnoses and recommendation-
adherent administration of therapeutic measures.”
Laboratory and radiographic capacity are inadequate in
resource-limited settings,”** which may have contrib-
uted to misdiagnoses among the infants and children
included here. Efforts are urgently needed to expand
diagnostic capacity and clinical skills in resource-limited
settings to enhance diagnostic accuracy, as this may
improve clinical care recommendation adherence.

We observed greater adherence to recommendations
among infants and children with hospital admissions
lasting >24 h than those whose death occurred within
24 h of admission. This link to time in the hospital is
likely due to several factors including late presentation,
needed time to obtain medications or labs, and diag-
nostic clarity that may come with time during hospital
admission. As much as 60% of deaths among hospi-
talized children occur within 24 h of admission in
resource-limited settings.**° Thus, efforts are needed to
improve early diagnosis and to improve resuscitative
efforts to prevent inpatient mortality among children.
Such initiatives have shown reductions in inpatient
mortality rates in Malawi and Ghana.”** Additionally,
studies are needed to better understand the reasons for
delays in diagnostics and therapeutics early during
hospital admission.

This study should be interpreted in the context of its
limitations. The CHAMPS network does not collect data
on infants and children who survive, which precludes
our ability to measure the impact of recommendation
adherence on mortality reduction. Future studies to
assess potential differences in recommendation adher-
ence among children who survive and those who die are
thus warranted. Additionally, due to the retrospective
nature of this study, we relied on clinical data docu-
mented by treating clinicians and nurses. Thus, it is
possible that some components of clinical care were
provided but not documented, leading to over-
estimation of gaps in clinical care for common causes
of death in the CHAMPS network. Moreover, we did not
measure documented indications for medications or IV
fluids, dosages of administered medications, and the
frequency of therapeutic milk feeds for malnutrition, so
we cannot account for inappropriate administration
based on clinical presentation, potential under- or over-
dosing of medications, IV fluids, or therapeutic milk
administered to infants and children who died.
Although CHAMPS includes seven sites in sub-Saharan
Africa and South Asia, our findings may not represent
recommendation adherence in other regions or in the
same regions with differing resources within healthcare
facilities. Moreover, some sites contributed fewer cases
than others, owing to differences in enrollment rates in
CHAMPS.

Our findings also do not apply to community deaths
among infants and children who were not hospitalized
before their death. Additional studies are warranted to
assess clinical care administered, if any, in cases that die
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in the community without antecedent hospitalization. We
relied on available variables that were included in our
multivariable models. However, there may be other un-
measured confounding variables such as socioeconomic
factors (i.e., caregiver ability to pay for clinical care,
urbanicity of residence, etc.) that may provide additional
insight into factors associated with the administration of
key therapeutics. Lastly, we were unable to determine if
recommended diagnostics and therapeutics were not
provided due to alternate reasons such as a lack of pro-
vider recognition of disease, due to medication shortages,
infrastructure/supply issues leading to unavailable re-
sources, or clinician suspicion for alternate diagnoses
such as a viral illness in lower respiratory tract infections
in which case antibiotic administration may not have
been warranted as recommended in WHO guidelines.
Further study is needed to better elucidate the reasons for
the under-administration of many diagnostics and ther-
apeutics in our study. The findings and conclusions in
this report are those of the authors and do not necessarily
represent the views of the US Centers for Disease Con-
trol and Prevention.

In our study to assess provider adherence to WHO
clinical care recommendations for leading causes of
death among infants and children in high-mortality
areas across seven countries, we found suboptimal
adherence to WHO recommendations for lower respi-
ratory tract infections, sepsis, severe acute malnutrition,
malaria, and diarrheal diseases among infants and
children. Adherence was generally better, however,
among children who were correctly diagnosed in the
antemortem period and among children who were
admitted for >24 h. Studies are urgently needed to
understand the reasons for gaps in clinical care
recommendation adherence in sub-Saharan Africa and
Bangladesh to, in turn, develop clinical and health sys-
tem level interventions to reduce gaps in clinical care
recommendation adherence.
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