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ABSTRACT

Objective To describe presenting diagnoses and rates and
causes of death by age category and sex among children
with acute illness brought to a district headquarter hospital
in Pakistan.

Design Prospective cohort study.

Setting Sanghar district headquarter hospital, Sindh,
Pakistan between December 2019 and April 2020 and
August 2020 and December 2020.

Participants 3850 children 0—14 years presenting with
acute iliness to the emergency and outpatient departments
and 1286 children admitted to the inpatient department.
Outcome measures The primary outcome was Global
Burden of Disease diagnosis category. Secondary
outcomes were 28-day mortality rate, cause of death and
healthcare delays, defined as delay in care-seeking, delay
in reaching the healthcare facility and delay in appropriate
treatment.

Results Communicable diseases were the most common
presenting diagnoses among outpatients and among
inpatients aged 1 month to 9 years. Non-communicable
diseases and nutritional disorders were more common
with increasing age. Few children presented with injuries.
Newborn period (age <28 days) was associated with
increased odds of death (OR 4.34 [95% Cl 2.38 to 8.18],
p<0.001, reference age 28 days—14 years) and there was
no significant difference in odds of death between female
vs male children (OR 1.12, 95% Cl 0.6 to 2.04, p=0.72). 47
children died in the hospital (3.6%) and three (0.2%) died
within 28 days of admission. Most children who died were
<28days old (n=32/50, 64%); leading diagnoses included
neonatal sepsis/meningitis (n=13/50, 26%), neonatal
encephalopathy (n=7/50, 14%) and lower respiratory

tract infections (n=6/50, 12%). Delays in care-seeking
(n=15) and in receiving appropriate treatment (n=12) were
common.

Conclusion This study adds to sparse literature
surrounding the epidemiology of disease and hospital
outcomes for children with acute iliness seeking
healthcare in rural Pakistan and, in particular, among
children aged 5—14 years. Further studies should include
public and private hospitals within a single region to

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study aims to address limited empirical data
describing disease burden and mortality rates
among older children and adolescents seeking
health services in low-income and middle-income
countries.

= Community-based follow-up was used to character-
ise health outcomes for children following hospital
discharge and contributing factors among children
who died.

= This study was limited to the main district referral
hospital in Sanghar district, Sindh; therefore, find-
ings may not be generalisable to other areas in
Pakistan, namely urban centres.

= Only age, sex, diagnosis and hospital disposition
variables were available in the hospital registry
data; therefore, it is not possible to characterise se-
verity of illness, healthcare resource requirements,
quality of care delivery and their impact on hospital
outcomes.

= Further research is needed to understand popula-
tion needs across the health system, including pub-
lic and private hospitals and to describe patterns of
care-seeking and interfacility transfer.

comprehensively describe patterns of care-seeking and
interfacility transfer in district health systems.

INTRODUCTION

Itis estimated that between 0.7 and 1.1 million
deaths occur annually worldwide among
children and adolescents aged 5-14 years,
largely due to preventable causes and with
the overwhelming burden of mortality (98%)
in low-income and middle-income countries
(LMICs).'”® While underfive deaths have
significantly decreased significantly over
the last two decades, older children have
not experienced comparable reduction in
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mortality.” Reliable epidemiological data are needed to
ensure that gains in early childhood survival are met with
strategies to promote health among older children and
adolescents.

Recently, studies have described rates and causes of
death among children and adolescents in LMICs,' * 7
including in one using national vital statistics, large-scale
surveys and population census data to produce global
and national mortality estimates.” These estimates were
limited by scarce source data in most countries, with
mortality data derived from the 0-5-year population or
inferred from countries with adequate vital registration
data or larger sample surveys.® Another study analysed
nationally representative mortality data among chil-
dren 5-14 years in India, China, Brazil and Mexico,3
the only LMICs with 10 years of high-quality data. The
leading causes of death were communicable diseases in
India and injuries and non-communicable diseases in
China, Brazil and Mexico.” A 15-year review of trends
in mortality in China among children 5 to 19 years used
the national sample registration system to report nation-
ally and subnationally representative rates and causes of
death by sex and age group. Salient findings included
higher all-cause mortality rates in rural regions, a greater
decline in mortality rates among boys vs girls, resulting
in a narrowing of observed sex differences in mortality,
and an epidemiological transition in the leading cause of
death among children 5-14 years from injuries to non-
communicable diseases.” These recent estimates were
calculated using direct data sources; however, they may
not be representative of other LMICs in Sub-Saharan
Africa, Asia and the Americas.

In Pakistan, school-age children and young adolescents
(5-14 years) make up 29% of the population and have an
estimated mortality rate of 11.2 deaths per 1000 live births,
10-fold higher than in high-income countries.® Structural
determinants of health that may contribute to higher
mortality rates among certain populations of school-age
children and adolescents in Pakistan include poverty,
unsafe sanitation, food insecurity and nutritional deficien-
cies, air pollution, regional conflict, frequency of natural
disasters, illiteracy, poor road traffic and transport infra-
structure, and gender inequality.” The Pakistan National
Emergency Department Surveillance (Pak-NEDS) study
demonstrated that 85% of children presenting to urban,
tertiary care general hospital emergency departments
(ED) were aged 5 to 16 and disproportionately male (61
%)."" The most common presenting complaints were
injuries, gastrointestinal complaints and respiratory
complaints and ED mortality was 1%.'° This study did not
examine the relationship between presenting complaint
and mortality risk. In addition, although it is suspected
that sociocultural factors may result in delayed health-
care seeking and excess mortality for girls in Pakistan, the
study did not examine the relationship between sex or
gender and mortality."' ' The Pak-NEDS study, although
not designed to be representative of the broader popu-
lation in Pakistan, highlighted the preponderance of

the 5-16 age group presenting to selected urban tertiary
general EDs. Due to differences in healthcare accessibility
and disease risk factors, the epidemiology of disease and
outcomes for older children presenting to rural EDs may
be quite different.

This study aims to compare the distribution of priority
health conditions, 28-day mortality rates and causes of
death across WHO age groups (0 to 14 years) and sex
among children presenting with acute illness to Sanghar
district headquarter (DHQ) hospital, Sindh province,
Pakistan. We hypothesised that in rural Pakistan, injury
and non-communicable diseases are the leading causes of
presenting illness and death among children aged 10-14
years, while communicable diseases continue to repre-
sent the leading cause of illness and death among acutely
ill children aged 5-9 years. Additionally, we hypothe-
sised that mortality rates are equal or higher among girls
compared with boys after adjusting for age.

METHODS

This is a prospective cohort study of consecutively
recruited children presenting to the ED or outpatient
department (OPD) at Sanghar DHQ hospital, Paki-
stan. Data was collected over a 9-month period between
December 2019 and April 2020 and August 2020 and
December 2020. Data collection was suspended between
April and August 2020 due to the onset of the COVID-19
pandemic. Outcomes were ascertained at discharge from
Sanghar DHQ and at 28-day community follow-up among
children admitted to hospital.

Setting

This study was carried out in Sanghar district of Sindh
province, which has a population of 1.8 million, including
301 800 children under 5 years old, and is a largely rural,
underdeveloped district."” In Sindh province, under-five
mortality is 56 per 1000 live births in urban areas and
93 per 1000 live births in rural areas compared with the
national average of 74 per 1000 live births.'"* Sanghar
DHQ) is a secondary care level, public sector institution.
The hospital receives 1200 patient visits per day with 250
paediatric visits daily and has an average paediatric inpa-
tient census of 26. There are 35 inpatient paediatric beds
including a malnutrition ward, newborn nursery and
general ward. There is no neonatal or paediatric intensive
care unit and no formal trauma programme. The hospital
mortality rate for children was unknown prior to initia-
tion of this study.

Participants

Based on feasibility considerations, we prospectively
enrolled every third consecutive child aged 0-14 years
presenting to the ED or OPD of the hospital and all
children admitted to the inpatient department (IPD).
Children were enrolled from the OPD as the majority of
paediatric outpatients seek care for acute illness in the
OPD on a first-come, first-served basis, while the ED is
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predominantly frequented by adults. Children presenting
to the ED are routinely directed to the OPD for assess-
ment and management. Children presenting for planned
elective visits were excluded (eg, vaccinations, planned
follow-up, routine well-child care and elective surgery).

Data sources and variables

A structured electronic case record form was used to
extract data from the outpatient (including ED and
OPD) and inpatient department registries daily on a
rolling basis throughout the enrolment period (online
supplemental appendix 1). Demographic data (age,
sex, place of residence), primary diagnosis, disposition
from the ED or OPD and outcome at hospital discharge
were recorded. Hospital discharge refers to ED or
OPD discharge for patients who were not admitted.
Age and sex were recorded as reported by caregivers.
Gender was not recorded in the patient registries. At
28 days after hospital presentation, survival status of
admitted children was determined by a community visit
through the lady health worker (LHW) system. LHWSs
are government-funded, trained community healthcare
providers who are each responsible for family planning
and primary healthcare services for 150-200 homes."” In
the event of a death, a verbal and social autopsy (VASA)
was conducted by trained study team members using the
WHO 2016 verbal autopsy instrument and Institute for
International Programmes of the Johns Hopkins Univer-
sity social autopsy questionnaire.' " The VASA consists
of an interview with the child’s main caregiver regarding
the child’s medical history and the details of the illness
that led to death. Additional questions are posed to
understand social and behavioural determinants of
death including household, community and health
system factors.'® Cause of death is determined from the
VASA by independent classification of VASA interview
findings by a trained study physician. Cause of death was
determined in our study independently and in duplicate
by two physicians following a training set; disagreements
were resolved by consensus or by a third reviewer (Sajid
Soofi) as needed.

The primary outcome was diagnosis category at hospital
discharge classified according to the Global Burden
of Disease 2017 groups: communicable diseases, non-
communicable diseases, injuries, nutritional conditions,
neonatal disorders, maternal conditions and ill-defined or
cause unknown.” The secondary outcomes were mortality
at 28 days from hospital admission and cause of death. Of
note, the initial study design included 28-day follow-up for
all children in the OPD who were referred elsewhere for
ongoing care and those who ‘left against medical advice’
to attempt to capture patients not admitted to hospital
who may have been at higher risk of death. Due to feasi-
bility challenges within the constraints of the COVID-19
pandemic and issues with the recording of home address
in the OPD, follow-up was later amended to include only
admitted children.

Data management

All data was entered into a secure, electronic database
developed in JAVA language with SQLite using hand-
held Android devices. Inpatient and outpatient records
were linked using hospital record numbers. All data was
de-identified for analysis.

Data quality

Duplicate verification of the first 100 records was
completed to identify entry errors and missing data.
Implausible entries (eg, neonatal diagnoses in children
>28days of age or age >15 years) were verified against the
registry and the individual patient chart as needed and
set as missing if incomplete. Diagnoses entered as non-
standard abbreviations or symptoms were set as missing if
they could not be resolved. Following initial data entry for
approximately 1000 outpatients, feedback was provided
to the data collection teams to improve completeness and
accuracy of data entry. At the conclusion of data collec-
tion, verification of inpatient study records was completed
to determine the frequency of data entry errors.

Sample size

For the primary analysis, 2962 patients were required to
detecta 10% difference in diagnosis category distribution
across four age categories and seven diagnosis categories
at a significance level of 0.05 and power of 0.80. Sample
size was calculated using formulae for y square test of
proportions described by Cohen and implemented in R
using the Basic Functions for Power Analysis package.'?*

Analysis

All analyses were performed using R statistical software
(R Foundation for Statistical Computing, Vienna 2019).
Recorded diagnoses were categorised according to subcat-
egories of the Global Burden of Disease 2017 (commu-
nicable diseases, non-communicable diseases, injuries,
nutritional conditions, neonatal disorders, maternal
conditions and ill-defined or cause unknown).” A trained
reviewer analysed VASA transcripts using the Three
Delays model.?! This framework characterises causes of
mortality related to barriers in the health-seeking process
into three possible sources of delay including (1) delay in
care-seeking, (2) delay in reaching the healthcare facility
and (3) delay in appropriate treatment.”’ ** By under-
standing of the potential sources of delay, interventions
can be targeted to improve health outcomes.

Results were summarised using descriptive statistics,
disaggregated by sex (male and female) and WHO age
category (<28days, 28 days—-11 months, 1-4 years, 5-9
years, 10-14 years) to allow comparison with existing
disease burden estimates. Categorical variables were
summarised as counts and proportions. The Fisher Exact
Test was used to evaluate the association between age
category and diagnosis category. Logistic regression was
used to evaluate the association between age category and
28-day mortality after adjusting for sex. The distribution
and frequency of missing data were summarised. It was
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assumed that the 28-day outcome may not be missing at
random. Worst-case sensitivity analyses were planned if
statistically significant differences in age, sex, diagnosis
category or hospital disposition were identified among
children with complete vs missing 28-day outcome. In
worst case sensitivity analysis, we assumed that children
whose discharge status was ‘left against medical advice’
and who were lost to follow-up had died at 28 days.

This study was approved by ethics review boards at Aga
Khan University (2022-0979-21918), the Hospital for Sick
Children (1000061181) and the University of Toronto
(38710). Informed consent for participation was waived
as data collection was limited to review of the patient
registry and select medical records and all data collected
was de-identified.

Patient and public involvement
Patients and the public were not involved in the design,
recruitment or conduct of this study.

Eligible OPD/ED
(N=13453)

Excluded (N=9603)* Included (N=3850)

RESULTS

Study enrollment occurred from 1 December 2019 to 17
March 2020 (period 1) and 1 August 2020 to 3 November
2020 (period 2). There was an interruption in data collec-
tion from 17 March 2020 to 1 August 2020 due to the
onset of the COVID-19 pandemic and briefly due to a
hospital strike in August 2020.

Of 13 453 outpatients eligible over the study period,
3850 were included through enrollment of every third
consecutive patient. All 1286 children admitted directly
to the inpatient department or referred from the OPD
were included; 1096 had complete follow-up at 28 days.
50 deaths were identified (4 in the OPD, 43 in the IPD
and 3 at 28-day follow-up of IPD patients) and 19 verbal
autopsies (38% of all deaths) were completed (figures 1
and 2). Participant characteristics and missing data are
summarised in tables 1 and 2 and online supplemental
appendices 1 and 2.

4 I
Direct admission to
IPD (N=1146)

. J

Discharged home

(N=3686) Referred (N=20)

Died (N=4)

Admitted to IPD
(N=1286)

Died in hospital

Survived to hospital

(N=43) discharge (N=1243)

Lost to follow-up
(N=147)

Follow-up complete
(N=1096)

Alive (N=1093) Dead (N=3)

Figure 1 Flowchart of included patients. +: exclusions due to enroliment of every third consecutive patient and study

interruption in the context of the COVID-19 pandemic.
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Delay in appropriate treatment

Delay in seeking care

Delay in reaching facility

Figure 2 Sources of delay identified through verbal and social autopsy.

Children presenting to the outpatient and emer-
gency department were predominantly aged 1-4 years
(n=1964,/3850, 69%) and 59% were male (n=2269/3850).
Four children died in the OPD (n=4/3850, 0.1%).
Communicable diseases were the most common diag-
noses across all age groups in the outpatient department.
Among children aged 28 days—14 years, there were statis-
tically significant differences in diagnosis category by age
category (p<0.001). Non-communicable diseases and

nutritional disorders were more common among chil-
dren 5-14 years compared with children 28 days—4 years.

The majority of children admitted to the IPD were aged
less than 5 years (n=1156,/1286, 90%) and 59% were male
(n=764,/1286). Among admitted children aged 28 days—14
years, there were statistically significant differences in
diagnosis category according to age category (p<0.001).
Communicable diseases were most common among chil-
dren aged 1month-9 years (n=582/897, 65%), while

Table 1 Characteristics of children presenting to the emergency and outpatient department
Overall <1month 1-11 months 1-4 years 5-14 years
(n=3850) (n=158) (n=643) (n=1964) (n=1085) P valuet
Diagnosis category, N (%) <0.001*
Communicable diseases 3100 (80.5) 82 (51.9) 511 (79.5) 1628 (82.9) 879 (81)
Injuries 49 (1.3) 1(0.6) 7(1.1) 20 (1.0) 21 (2)
Neonatal disorders 32 (0.8) 29 (18.4) 3(0.5) 0(0) 0
Non-communicable diseases 226 (5.9) 10 (6.3) 23 (3.6) 95 (4.8) 98 (9)
Nutritional disorders 61 (1.6) 31 (19.6) 14 (2.2) 29 (1.5) 15 (1.4)
lll-defined 95 (2.5) 9 (5.7) 11 (1.7) 41 (2.1) 34 (3.1)
Missing 287 (7.5) 24 (15.2) 74 (11.5) 151 (7.7) 38 (3.5)
Leading diagnosis, N (%)
Upper respiratory tract infection 1541 (40) 35 (22.2) 185 (28.8) 805 (41) 516 (47.6)
Lower respiratory tract infection 827 (21.5) 30 (19.0) 186 (28.9) 412 (21) 199 (18.3)
Diarrheal diseases 612 (15.9) 15 (9.5) 128 (19.9) 333 (17) 136 (12.5)
Hospital disposition, N (%) <0.001*
Home 3686 (95.7) 117 (74.1) 581 (90.4) 1920 (97.8) 1068 (98.4)
Admitted 140 (3.6) 32 (20.3) 55 (8.6) 40 (2) 13 (1.2)
Referred 20 (0.5) 6 (3.8) 7(1.1) 4(0.2) 3(0.3)
Died 4 (0.1) 3(1.9) 0(0) 0 (0) 1(0.1)
*Fisher’s Exact Test.
TTop 3 leading diagnoses for each age and sex included, totals do not equal 100%.
Ip values are reported for comparisons between age groups.
Muttalib F, et al. BMJ Open 2024;14:e082255. doi:10.1136/bmjopen-2023-082255 5
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Table 2 Characteristics of children admitted to the inpatient department

Overall <imonth 1-11 months 1-4 years 5-9years 10-14 years
(n=1286) (n=373) (n=345) (n=438) (n=114) (n=16) P valuet
Diagnosis category <0.001*
Communicable diseases 648 (50.4) 62 (16.6) 261 (75.6) 271 (61.9) 50 (43.9) 4 (25)
Injuries 7 (0.5) 0(0) 0 3(0.7) 3 (2.6) 1(6.9)
Neonatal disorders 287 (22.4) 281 (75.3) 6(1.7) 0 (0) 0 (0) 0(0)
Non-communicable diseases 97 (7.5) 6 (1.6) 11 (3.2) 44 (10) 32 (28.1) 4 (25)
Nutritional disorders 116 (9) 3(0.8) 33 (9.6) 63 (14.4) 12 (10.5 5(31.3)
ll-defined 117(9.1) 19 (5.1) 30 (8.7) 50 (11.4) 16 (14) 2(12.5)
Missing 14 (1.1) 2 (0.5) 4(1.2) 7 (1.6) 1(0.9) 0 (0)
Leading diagnoses’ <0.001*
Anaemia 30 (2.3) 1(0.3) 4(1.2) 22 (5) 3 (2.6 0(0)
Diarrheal diseases 322 (25) 22 (5.9) 128 (37.1) 152 (34.7) 19 (16.7) 1(6.3)
Epilepsy 2(0.2 0(0) 0(0) 1(0.2) 0(0) 1(6.3)
Febrile seizures 29 (2.3) 6 (1.6) 2 (0.6) 19 4.3) 2(1.8) 0(0)
Haemolytic disease and other 20 (1.6) 19 (5.1) 1(0.3) 0 (0) 0 (0) 0(0)
neonatal jaundice
Iron-deficiency anaemia 34 (2.6) 1(0.3) 3(0.9) 14 (3.2) 11 (9.6) 5(31.3)
Lower respiratory tract infection 243 (18.9) 35(9.4) 103 (29.9) 69 (15.8) 23 (20.2) 3(18.8)
Neonatal encephalopathy due to 84 (6.5) 80 (21.4) 3(0.9) 1(0.2) 0 (0) 0(0)
birth asphyxia and trauma
Neonatal preterm birth 22 (1.7) 22 (5.9) 0(0) 0) 0) 0(0)
Neonatal sepsis and other 159 (12.4) 155(41.6) 2 (0.6) 2 (0.5) 0 (0) 0(0)
neonatal infections
Sepsis 32 (2.5) 0(0) 17 (4.9) 13 (3) 1(0.9) 1(6.3)
Severe acute malnutrition 82 (6.4) 2 (0.5) 30 (8.7) 49 (11.2) 1(0.9) 0(0)
Snakebite 6 (0.5) 0(0) 0(0) 2 (0.5) 3 (2.6) 1(6.3)
Thalassaemias 50 (3.4) 0 (0) 5(1.4) 14 (8.2) 28 (24.5) 3(18.8)
Upper respiratory tract infections 74 (5.8) 5(1.3) 26 (7.5) 38 (8.7) 5(4.4) 0(0)
Hospital disposition <0.001*
Home 956 (74.3) 221 (59.2) 276 (80) 357 (81.5) 91 (79.8) 11 (68.8)
Referred 229 (17.8) 107 (28.7) 48(13.9) 49 (11.2) 21 (18.4) 5(31.3)
Died 43 (3.9) 28 (7.5) 6 (1.7) 9(2.1) 0(0) 0(0)
Left against medical advice 58 (4.5) 17 (4.6) 15 (4.3) 24 (5.5) 2(1.8) 0 (0)
Status at 28 days 0.21*
Alive 1093 (85) 307 (82.3) 299 (86.7) 379 (86.5) 94 (82.5) 14 (87.5)
Dead 46 (3.6) 29 (7.8) 7(2) 9 (2.1) 1(0.9) 0(0)
Missing 147 (11.4) 37 (9.9) 39 (11.3) 50 (11.4) 19 (16.7) 2 (12.5)

*Fisher’s Exact Test.

TTop 5 diagnoses for each age and sex included, totals do not equal 100%.
Ip values are reported for comparisons between age group (aggregated sex).

communicable diseases (n=4/16, 25%), nutritional disor-
ders (n=5/16, 31%) and non-communicable diseases
(n=4/16, 25%) were equally common among children
10-14 years. Non-communicable diseases were more
common with increasing age (p<0.001). Few patients
with injuries presented to the outpatient department
(n=49/3779, 1.3%) or were admitted to the inpatient
department (n=7,/1286, 0.5%).

Of 1286 admitted children, 956 (74%) children were
discharged alive, 229 (18%) were referred to another
hospital, 58 (5%) left against medical advice, 43 (3%)
died in hospital and of 1096 for whom 28-day follow-up
was complete, 3 (0.2%) died at home after hospital
discharge. Children who died were predominantly male
(n=27, 58.7%), under 28 days old (n=32, 70%) and the
most common admission diagnoses were neonatal sepsis
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and other neonatal infections (n=12, 26%) and neonatal
encephalopathy due to birth asphyxia and trauma (n=7,
15%) (table 3).

Age less than 28 days was associated with increased odds
of death (OR 4.34 [95% CI 2.38 to 8.18], p<0.001, refer-
ence age 28 days to 14 years) and there was no significant
difference in adjusted odds of death between male and
female children (OR 1.12, 95% CI 0.6 to 2.04, p=0.72)
(online supplemental appendix 6).

19 verbal autopsies were completed with the families
of children who died (table 3). Seven caregivers refused
verbal autopsy and 24 families could not be located to
complete the VASA. Adjudicated causes of death iden-
tified through the VASA were neonatal sepsis/menin-
gitis (n=6/19, 32%), perinatal asphyxia (n=3/19, 16%),
acute respiratory infection (n=4/19, 21%), preterm birth
complications (n=2/19, 11%), sepsis (n=2/19, 11%)
and neonatal diarrhoea (n=1/19, 5%). Analysis using
the Three Delays model revealed sources of delay for all
but one child: delay in the decision to seek care in 15/19
cases (80%), delay in reaching the health facility in 2/19
cases (10%) and delay in receiving appropriate care at
the facility in 12/19 cases (65%) (online supplemental
material). 10 children experienced more than one source
of delay. VASAs were not completed for the three chil-
dren who died at home due to caregiver refusal; there-
fore no information regarding the circumstances of their
deaths was available.

There was no missing data for age, sex or hospital
outcome; 10% of diagnoses were missing or consisted
of symptoms/syndromes. Duplicate verification of
IPD records revealed few data entry errors which were
corrected (diagnosis entry errors n=73/1286 [6%], age
entry errors n=20/1286 [2%], disposition entry errors
n=12/1286 [1%]). Among children who survived to
hospital discharge, 12% had missing outcome data at
28 days (n=147/1243). There were no significant differ-
ences in age category (p=0.40), sex (p=0.20) or diagnosis
category (p=0.90) among those with missing outcome at
28 days compared with complete cases (online supple-
mental appendix 5). A greater proportion of children
with missing outcome were categorised as ‘left hospital
against medical advice’ at discharge (p<0.001). Worst
case sensitivity analysis, assuming that children who
were discharged as ‘left against medical advice’ and lost
to follow-up died, demonstrated results consistent with
complete case analysis (online supplemental appendix
6); age <28 days was associated with greater odds of death
(OR 2.58, 95% CI 1.58 to 4.21, p<0.001, reference age 28
days to 14 years) and there were no significant differences
in adjusted odds of death between male and female chil-
dren (OR 1.18, 95% CI 0.72, 1.93, p=0.50). There was no
interaction between sex and age.

Between the two enrollment periods, December 2019
to March 2020 (period 1) and August 2020 to November
2020 (period 2), several differences were noted (online
supplemental appendix 7). In the OPD, fewer patients
presented per day in period 2 compared with period 1

(median 15 patients per day vs 30 per day) and a higher
proportion of children had non-communicable diseases
and nutritional disorders (p<0.001). A smaller proportion
of children presented with respiratory tract infections in
both the outpatient (43% in period 2 vs 67% in period
1, p<0.001) and inpatient department (3% in period 2 vs
31% in period 1, p<0.001). Few children presented to the
OPD or were admitted with malaria throughout the study.
There were no significant differences in age category or
sex between the two enrollment periods in the outpa-
tient department while in period 2, in the IPD, a greater
proportion of admitted children were aged <1 month and
1-4 years (p<0.001). There were no significant differ-
ences in sex or diagnosis category over the enrollment
periods among inpatients. After adjusting for age, there
was a decreased odds of death among admitted children
in period 2 (OR 0.43, 95% CI 0.23 to 0.79) compared with
period 1.

DISCUSSION

Our study uses empirical data to address a knowledge gap
regarding healthcare utilisation, diagnoses and outcomes
in children, including school age children (5-9 years)
and young adolescents (10-14 years) in Pakistan. The
results of this study are in keeping with existing literature
in Pakistan and elsewhere in South Asia in several ways.
The burden of communicable diseases was high both in
the inpatient and outpatient department among children
1-59 months and among older children 5-14 years in the
outpatient department. In keeping with the global liter-
ature, neonates were at highest risk of death, primarily
due to complications of prematurity, birth asphyxia and
sepsis. Factors known to contribute to risk of neonatal
death in Pakistan and globally include young maternal
age, low maternal education level, socioeconomic disad-
vantage, short interpregnancy interval, inadequate ante-
natal care, place of delivery (eg, home vs facility birth),
prematurity and small for gestational age birth weight.”
Our study findings are consistent with national surveil-
lance data regarding cause of death for children under
five in Pakistan and South Asia and two observational
studies of presenting illness in an urban paediatric ED in
Karachi.” " ** Similar to existing global estimates, the
frequency of non-communicable diseases and nutritional
disorders increased with age among children and adoles-
cents in both outpatient and inpatient settings.”*!

There were a few notable differences in our data
compared with limited published hospital data in Paki-
stan and Global Burden of Disease estimates for older
children and adolescents. Children 5-14 years repre-
sented only 28% of outpatients and 1% of admitted chil-
dren. This finding is consistent with the demographics of
ED patients described in a single dedicated paediatric ED
in Karachi, where children 5-13 years comprised 24% of
enrolled patients, but contrasts with the larger Pak-NEDS
study of 7 urban tertiary care general EDs in which chil-
dren 5-16 years comprised 87% of those seeking care.'’
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Table 3 Characteristics of children who died by 28 days

Total (n=50%*)

<imonth (n=32) 1-11 months (h=7) 1-4 years (n=9)

5-14 years (n=2)

Female sex, N (%)

GBD diagnosis category, N (%)
Communicable diseases
Neonatal disorders
Non-communicable diseases
Nutritional disorders
lll-defined
Missing

Diagnosis, N (%)

Anaemia
Congenital birth defects

Haemolytic disease and other
neonatal jaundice

Hypothermia

Low birth weight

Lower respiratory tract infection
Meningitis

Neonatal encephalopathy due to
birth asphyxia and trauma
Neonatal preterm birth

Neonatal sepsis and other
neonatal infections

Sepsis
Severe acute malnutrition
Thalassaemia
Upper respiratory tract infections
lll-definedt
Missing
Hospital length of stay, median
(IQR)
Hospital disposition, N (%)
Died
Home
Referred

Cause of death by verbal autopsy,
N (%)

Acute respiratory infection
Meningitis
Neonatal diarrhoea
Neonatal pneumonia
Neonatal sepsis/meningitis
Not possible to determine
Perinatal asphyxia
Preterm birth complications
Sepsis
Missing

Sources of delay by VASA, N (%)f

19 (38)

8 (16)
25 (50)
3(6)
3(6)
10 (20)
1(2)
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Table 3 Continued

Total (n=50%)

<1month (n=32)

1-11 months (n=7) 1-4 years (n=9) 5-14 years (n=2)

Delay in care-seeking 15 (30) 9 (28)
Delay in reaching the health 2 (4) 2 (6)
facility

Delay in appropriate treatment 12 (24) 7 (22)
Missing 31 (62) 20 (63)

3 (43) 3(33) 0(0)
0 (0) 0 (0) 0(0)
2 (29) 3(33) 0(0)
4 (57) 5 (56) 2 (100)

*50 enrolled patients died: 47 in-hospital (43 IPD, 4 OPD) and 3 at 28-day follow-up.
Tlll-defined diagnoses: hypovolaemic shock, cardiogenic, normal baby.
FMultiple sources of delay possible for a given patient (column totals do not sum to 100%).

GBD, Global Burden of Disease; VASA, verbal and social autopsy.

The Pak-NEDS study authors hypothesised that in an
urban setting, younger children are more likely to be
brought to paediatric EDs and older children to general
EDs."” In Sanghar district, there is no paediatric hospital,
which may explain the predominance of younger chil-
dren in our study sample. In contrast to published esti-
mates, injuries (unintentional injuries, transport injuries,
interpersonal violence or conflict, or self-harm) were not
a frequent cause of illness in the study cohort and no
injury-related deaths were documented.” ** South Asia
has among the highest burden of unintentional injuries
in children and adolescents globally with a higher-than-
average incidence of injury-related death, particularly in
conflict zones.” In the Pak-NEDS study, injuries were the
most common diagnoses (39%), predominantly among
children 10-16 years.'"’ There may be several reasons why
few children with injuries presented to Sanghar DHQ) over
the study period. First, Pakistan has a relatively underde-
veloped and fragmented pre-hospital trauma care and
transport system that relies on private-public partnership
and is concentrated in urban areas.” Children with severe
injuries may succumb to their injuries prior to transport
or may not be brought to hospital at all if it is deemed
futile. Second, when private transport is secured, prefer-
ence may be given by families to travel to tertiary care,
private or dedicated paediatric facilities. Due to limited
surveillance data outside of urban centres, little is known
about the healthcare trajectory of children with injuries
in rural Pakistan. Third, decreased incidence of road
traffic accidents during the COVID-19 lockdown period
may have contributed to fewer children presenting with
injuries in the second enrollment period.*® * Another
notable difference in our study was that hospital and post-
discharge mortality were relatively low compared with
existing hospital data in Pakistan and other LMICs.” In a
paediatric ED in Karachi, reported ED mortality was 4%,
48-hour mortality was 12% and 14-day mortality was 20%
among all children presenting for acute illness for whom
follow-up was complete.” It is now well-documented that
post-discharge mortality in LMICs may be as high if not
higher than hospital mortality due to failure to recog-
nise severe illness, premature departure from hospital
or secondary illness following the initial presentation.™
As we did not follow outcomes among patients who were

discharged home from the OPD, it is not possible to
determine from our study whether failure to recognise
severe illness and inappropriate disposition may have
contributed to underestimation of deaths. While we had
initially planned to conduct 28-day follow-up for all chil-
dren in the OPD who were referred elsewhere (n=20)
or recorded as ‘left against medical advice’ (n=0), this
was revised due to feasibility concerns and incomplete
documentation of home address in the OPD. Lack of
post-discharge follow-up among children attending the
OPD who were referred or discharged home may have
contributed to underestimation of mortality, particularly
if children at high risk of death or imminently dying were
referred elsewhere. Among the admitted children who
were lost to follow-up at 28 days, it is striking that there
was a greater proportion whose hospital disposition was
recorded as ‘left against medical advice’. If these children
left hospital due to perceived futility in the setting of
severe illness or due to incentive to pursue care in another
institution, this may have contributed to underestimation
of post-discharge mortality. In addition, further study is
needed to determine whether children with more severe
illness in Sanghar district are travelling to reach dedi-
cated paediatric facilities, preferentially attending private
facilities, or simply not brought to medical attention in
time and succumbing to their illness at home.

We did not observe an association between sex and
mortality; however, male children were disproportion-
ately represented in the study sample relative to the
population male:female sex ratio of 1.06:1. Among male
neonates, this may be explained by known biological
susceptibility to infection and post-birth complications
which increase neonatal male healthcare seeking and
mortality risk.”” * Gender-based analysis in our study is
limited by the absence of gender identification in the
patient registry. Caregiverreported sex likely corre-
sponds to perceived gender and associated potential for
gender bias. Pakistan continues to have excess mortality
among girls under five and 5-9 years of age.'”” *' Beyond
the neonatal period, the disproportionate representa-
tion of male children in our study and similar mortality
rate between male and female children raises concerns
about the impact of gender bias on healthcare seeking
for girls.**
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Through analysis of verbal and social autopsies, sources
of delay were characterised among children who died.
Delay in the decision to seek care was most common,
followed by delay in receiving appropriate care at the
facility, whereas delay in reaching the facility was iden-
tified in only two cases. 10 children experienced more
than one source of delay, consistent with existing liter-
ature describing the inter-connectedness of the Three
Delays across the care continuum.'” * While caregivers
may recognise signs of severe illness, the decision to seek
care is often delayed for many reasons including prefer-
ence for home or traditional remedies, cost, lack of trans-
portation, distance to the facility and lack of caregiver
autonomy in decision-making.*’ ** Delay in care-seeking
contributes to increased severity of illness at the time
of presentation to hospital, at which time the condition
may no longer be reversible and this is compounded by
treatment delay or delivery of poor quality care. Negative
user experiences and perceived low quality of care at a
given facility may contribute to future delays in the deci-
sion to seek formal care.* Moreover, caregivers may elect
to bypass a facility altogether in favour of private health
services or tertiary hospital care, potentially contributing
to increase in transport time to reach definitive care.*

Significant differences noted prior to and following
the onset of the COVID-19 pandemic included an overall
decrease in the number of patients presenting to hospital
and a decrease in the proportion of children presenting
with communicable diseases from August to November
2020, particularly respiratory infections. This is consistent
with changes in communicable disease patterns docu-
mented in Pakistan from February 2020 onward relative
to prior years.*® National surveillance data demonstrated
a decrease in incidence of reported non-COVID-19 upper
respiratory tract infections, pneumonia and enteric infec-
tions from March 2020 to February 2021 compared with
similar periods in the preceding 2 years.*® Missaghi et al
describe an inverse relationship between increased inci-
dence of COVID-19 infection and the incidence of other
communicable diseases with each wave of infection. While
changes in the epidemiology of non-COVID-19 commu-
nicable diseases explain some of the findings of our study,
there remains concern that decreased care-seeking may
also have contributed to the reduced number of patients
brought to hospital and a difference in typical disease
epidemiology. For example, in the rainy and retreating
monsoon season from August to October, a typical
seasonal increase in incidence of malaria occurred in
Pakistan; however, this pattern was not observed in our
study cohort.*® Lastly, due to the COVID-19-related inter-
ruptions in data collection between April and August
2020, we are unable to describe disease epidemiology
during the peak hot season, typically associated with
increased incidence of enteric infections and heat-related
illness.***’

Our study has several strengths. Data collection was
embedded in routine care practices and community
follow-up to avoid adding burden to existing high clinical

workload in a resource-limited setting. Data quality was
ensured through duplicate verification of records and
additional training of data abstractors as needed. The
frequency of missing data was low, and follow-up was
nearly complete. Finally, our study included older chil-
dren and young adolescents who have been historically
under-represented in the global health literature.

Limitations of the study include the potential for erro-
neous data entries, underreporting of patient deaths.
This was mitigated through duplicate data verification of
the IPD dataset; however, it remains possible that errors
were missed or deaths reported as ‘left against medical
advice’. We would expect these misclassification errors
to occur at random across ages and diagnosis categories.
Follow-up data was assumed to be missing at random and
there were no statistically significant differences in age,
sex or diagnosis category between those with complete
vs incomplete follow-up. Nevertheless, it is possible that
families of children who died would be more likely to be
lost to follow-up leading to underestimation of mortality
across all age groups. In addition, the study was limited to
the main district referral hospital and only age, sex, diag-
nosis and hospital disposition variables were available in
the hospital registry data. From this data, it is not possible
to characterise severity of illness, healthcare resource
requirements, quality of care delivery and their impact
on hospital outcomes. There is also potential for incom-
plete caregiver recall of events during VASA interviews
which may contribute to under-reporting of sources of
delay contributing to a child’s death. This limitation was
mitigated by trained interviewers using a structured, vali-
dated process with an emphasis on eliciting a narrative,
chronological summary of events. Given discrepancies
between our study findings and limited published data
for urban hospital settings in Pakistan, we cannot gener-
alise our findings to other regions in Pakistan. Finally,
while our study findings suggest some early effects of the
COVID-19 pandemic on infectious disease epidemiology
and care-seeking, the enrollment period was too short to
capture longer-term effects including the impact of the
pandemic response on routine immunisation uptake and
emergence of vaccine-preventable disease.

CONCLUSION

This study adds to scarce literature surrounding the
epidemiology of disease and hospital outcomes for chil-
dren with acute illness seeking healthcare in Pakistan
and, in particular, children aged 5-14 years. This study
found differences in presenting diagnosis based on age
among children with acute illness seeking healthcare in
Pakistan. Delays in care-seeking and delivery of appro-
priate treatment occurred in most patients who died. To
curb preventable mortality in settings such as the Sanghar
DHQ), targeted neonatal and paediatric emergency and
critical care interventions are needed.*®”* Improved
understanding of case mix and causes of death as
described in this study can inform future service delivery
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planning within the setting of limited resources. Further
studies should include public and private hospitals within
a single region to comprehensively describe patterns of
care-seeking and interfacility transfer. Specific attention
is needed to further characterise the burden of non-
communicable diseases, nutritional disorders and inju-
ries among older children and their particular healthcare
needs.
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Appendix 1 Data variables collected

Variable Response Frame

Study identifier Numeric value

Date of admission DD-MM-YYYY

Date of discharge DD-MM-YYYY

Age category <1 month; 1-11 months, 1-4 years, 5-9 years,
10-14 years

Sex Female, male

Most responsible diagnosis Drop-down selection of Global Burden of Disease
diagnoses

Other diagnosis Free text

Disposition Home, admitted, referred, left against medical
advice, died

Status at 28 days Alive, died, missing
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Appendix 2 Characteristics of children presenting to the emergency and outpatient department

Overall <1 month 1-11 months 1-4 years 5-14 years
Male Female Male Female Male Female Male Female Male Female p value
(N=2269) (N=1581) (N=104) (N=54) (N=382) (N=261) (N=1149) (N=815) (N=634) (N=451)

Diagnosis category, N(%) <0.001"

Communicable diseases 1804 (79.5) 1296 (82) 55(52.9)  27(50) 307 (80.4) 204 (78.2) 940 (81.8) 688 (84.4) 502(79.2) 377(83.6)

Injuries 40 (1.8) 9 (0.6) 1(1) 0(0) 4(1) 3(1.1) 17 (1.5) 3(0.4) 18 (2.8) 3(0.7)

Neonatal disorders 26 (1.1) 6(0.4) 23(22.1)  6(11.1) 3(0.8) 0(0) 0(0) 0(0) 0(0) 0 (0)

Non communicable

diseases 141 (6.2) 85(5.4) 4(3.8) 6(11.1) 13(3.4) 10 (3.8) 60 (5.2) 35(4.3) 64 (10.1)  34(7.5)

Nutritional disorders 32(1.4) 29 (1.8) 2(1.9) 1(1.9) 7(1.8) 7(2.7) 15(1.3) 14 (1.7) 8(1.3) 7 (1.6)

I1l-defined 57 (2.5) 38(2.4) 6(5.8) 3(56) 6(1.6) 5(1.9) 20(1.7) 21 (2.6) 25(3.9) 9(2)

Missing 169 (7.4) 118 (7.5) 13(12.5)  11(20.4) 42(11) 32(12.3) 97 (8.4) 54 (6.6) 17 (2.7) 21 (4.7)
Leading diagnosis, N(%)"

Upper respiratory tract

infection 888(39.1) 653(41.3) 23(22.1) 12(22.2) 115(30.1) 70(26.8) 475 (41.3) 330(40.5) 275(43.4) 241(53.4)

Lower respiratory tract

infection 495 (21.8)  332(21) 19(18.3)  11(20.4) 110(28.8) 76(29.1) 243 (21.1) 169 (20.7) 123 (19.4) 76(16.9)

Diarrheal diseases 349 (15.4) 263 (16.6) 12(11.5)  3(5.6) 73(19.1) 55(21.1) 175 (15.2) 158 (19.4) 89(14.0) 47(10.4)
Hospital Disposition, N <0.001"
(%)

1121

Home 2165(95.4) 1521(96.2) 81(77.9) 36(66.7) 341 (89.3) 240 (92) (97.6) 799 (98) 622 (98.1) 446 (98.9)

Admitted 86 (3.8) 54 (3.4) 15(144) 17(31.5) 37(9.7) 18 (6.9) 26 (2.3) 14 (1.7) 8(1.3) 5(1.1)

Referred 14 (0.6) 6(0.4) 5(4.8) 1(1.9) 41 3(1.1) 2(0.2) 2(0.2) 3(0.5) 0 (0)

Died 4(0.2) 0 (0) 3(2.9) 0(0) 0(0) 0(0) 0(0) 0(0) 1(0.2) 0 (0)

"Fisher’s Exact Test, :top 3 leading diagnoses for each age and sex included, totals do not equal 100%, p values are reported for comparisons between age groups (aggregated sex)
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Appendix 3 Characteristics of children admitted to the inpatient department

Overall <1 month 1-11 months 1-4 years 5-9 years 10 - 14 years
Male Female Male Female Male Female Male Female Male Female Male Female p value*
(N=764) (N=522) (N=234) (N=139) (N=214) (N=131) (N=245) (N=193) (N=62) (N=52) (N=9) (N=7)
Diagnosis Category <0.001"
Communicable diseases 371 (48.6) 277 (53.1) 37 (15.8) 25 (18) 161 (75.2) 100 (76.3) 143 (58.4) 128 (66.3) 27 (43.5) 23(442) 3(33.3) 1(14.3)
Injuries 4(0.5) 3(0.6) 0(0) 0(0) 0(0) 0(0) 2(0.8) 1(0.5) 1(1.6) 2(3.8) 1(11.1) 0(0)
Neonatal disorders 186 (24.3) 101 (19.3) 181 (77.4) 100 (71.9) 5(2.3) 1(0.8) 0 (0) 0(0) 0 (0) 0(0) 0(0) 0(0)
Non communicable diseases 66 (8.6) 31(5.9) 4 (1.7) 2(1.4) 9(4.2) 2 (1.5) 31(12.7) 13.(6.7) 20 (32.3) 12(23.1) 2(22.2) 2 (28.6)
Nutritional disorders 63 (8.2) 53(10.2) 1(0.4) 2(1.4) 17 (7.9) 16 (12.2) 39 (15.9) 24 (12.4) 5(8.1) 7(13.5) 1(1L.1) 4(57.1)
Tl1-defined 69 (9) 48 (9.2) 11 (4.7) 8(5.8) 21(9.8) 9(6.9) 26 (10.6) 24 (12.4) 9(14.5) 7(13.5) 2(22.2) 0(0)
Missing 5(0.7) 9 (1.7) 0(0) 2(1.4) 1(0.5) 3(2.3) 4 (1.6) 3(1.6) 0(0) 1(1.9) 0(0) 0(0)
Leading diagnoses” <0.001"
Anemia 19 (2.5) 11(2.1) 1(0.4) 0(0) 2(0.9) 2(1.5) 13 (5.3) 9(4.7) 3(4.8) 0(0) 0(0) 0(0)
Diarrheal diseases 187 (24.5) 135(25.9) 14 (6.0) 8(5.8) 73 (34.1) 55 (42.0) 86 (35.1) 66 (34.2) 13 (21) 6(11.5) 1(11.1) 0(0)
Epilepsy 2(0.3) 0(0) 0(0) 0(0) 0(0) 0(0) 1(0.4) 0(0) 0 (0) 0(0) 1(1L.1) 0(0)
Febrile seizures 18 (2.4) 11(2.1) 4 (1.7) 2(1.4) 0(0) 2 (1.5) 13 (5.3) 6(3.1) 1(1.6) 1(1.9) 0(0) 0(0)
Hemolytic disease and other
neonatal jaundice 16 (2.1) 4(0.8) 15 (6.4) 4(2.9) 1(0.5) 0(0) 0(0) 0(0) 0(0) 0 (0) 0(0) 0(0)
Iron-Deficiency Anemia 18 (2.4) 16 (3.1) 1(0.4) 0(0) 2(0.9) 1(0.8) 9(3.7) 5(2.6) 5(8.1) 6(11.5) 1(11.1) 4(57.1)
Lower respiratory tract infection 131 (17.1) 102 (19.5) 20 (8.5) 15 (10.8) 69 (32.2) 34 (26.0) 31(12.7) 38 (19.7) 9(14.5) 14(269) 2(22.2) 1(14.3)
Neonatal encephalopathy due to
birth asphyxia and trauma 58 (7.6) 26 (5) 55(23.5) 25 (18) 2(0.9) 1(0.8) 1(0.4) 0(0) 0(0) 0 (0) 0(0) 0(0)
Neonatal Preterm Birth 16 (2.1) 6 (1.1) 16 (6.8) 6(4.3) 0(0) 0(0) 0(0) 0(0) 0(0) 0 (0) 0 (0) 0(0)
Neonatal sepsis and other neonatal
infections 94 (12.3) 65 (12.5) 91 (38.9) 64 (46.0) 2(0.9) 0(0) 1(0.4) 1(0.5) 0(0) 0 (0) 0(0) 0(0)
Sepsis 20 (2.6) 12 (2.3) 0(0) 0 (0) 13 (6.1) 43.1) 5(2) 8 (4.1) 1(1.6) 0 (0) 1(1L.1) 0(0)
Severe acute malnutrition 45(5.9) 37(7.1) 0(0) 2(1.4) 15 (7.0) 15 (11.5) 30(12.2) 19 (9.8) 0(0) 1(1.9) 0(0) 0(0)
Snakebite 3(0.4) 3(0.6) 0(0) 0 (0) 0(0) 0(0) 1(0.4) 1(0.5) 1(1.6) 2(3.8) 1(11.1) 0(0)
Thalassemias 33 (4.3) 17 (3.3) 0(0) 0(0) 5(2.3) 0(0) 11 (4.5) 3(1.6) 16 (25.8) 12(23.1)  1(1L1.1) 2(28.6)
Upper respiratory tract infections 42 (5.5) 32(6.1) 3(1.3) 2(1.4) 17(7.9) 9(6.9) 20(8.2) 18 (9.3) 2(3.2) 3(5.8) 0(0) 0(0)
Hospital Disposition <0.001
Home 561 (73.4) 395 (75.7) 133 (56.8) 88 (63.3) 167 (78) 109 (83.2) 210 (85.7) 147 (76.2) 45 (72.6) 46 (88.5) 6 (66.7) 5(71.4)
Referred 151 (19.8) 78 (14.9) 75 (32.1) 32(23) 36 (16.8) 12(9.2) 22(9) 26 (13.5) 15(24.2) 6(11.5) 3(33.3) 2 (28.6)
Died 24 (3.1) 19 (3.6) 17 (7.3) 11(7.9) 3(1.4) 3(2.3) 4 (1.6) 5(2.6) 0(0) 0 (0) 0(0) 0(0)
Left against medical advice 28 (3.7) 30 (5.7) 9(3.8) 8(5.8) 8(3.7) 7(5.3) 9.7 15(7.8) 2(3.2) 0 (0) 0 (0) 0(0)
Status at 28-days 021
Alive 657 (86) 436 (83.5) 192 (82.1) 115 (82.7) 190 (88.8) 109 (83.2) 215 (87.8) 164 (85) 52(83.9) 42 (80.8)  8(88.9) 6(85.7)
Dead 27 (3.5) 19 (3.6) 18 (7.7) 11(7.9) 4(1.9) 3(2.3) 4 (1.6) 5(2.6) 1(1.6) 0 (0) 0(0) 0(0)
Missing 80 (10.5) 67 (12.8) 24 (10.3) 13(9.4) 20 (9.3) 19 (14.5) 26 (10.6) 24 (12.4) 9 (14.5) 10(19.2) 1(11.1) 1(14.3)

"Fisher’s Exact Test, :top 5 diagnoses for each age and sex included, totals do not equal 100%, *p values are reported for comparisons between age group (aggregated sex)
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Appendix 4 Association between age category, sex, and 28-day mortality among children

admitted to the IPD
Predictors Odds Ratios Standard Error 95% Confidence interval p value
(Intercept) 0.02 0.006 0.01 -0.03 <0.001
Age < 28 days (Ref 28 days — 14 years) 4.34 1.36 2.38-8.18 <0.001
Female sex (Ref: Male) 1.12 0.35 0.60 —2.04 0.72
Observations 1131 (46 events)
AIC 368
AUROC 0.68
Hosmer Lemeshow p value 0.82
Appendix 5 Characteristics of children lost to follow-up at 28 days
Total Zs-gzzlgl:;z-ﬂp Lost to follow-up p value
(N=1243) (N=1096) (N=147)
Age Category, N(%) 0.39"
< 1 month 345 (27.8) 308 (28.1) 37(25.2)
1 - 11 months 339 (27.3) 300 (27.4) 39 (26.5)
1 - 4 years 429 (34.5) 379 (34.6) 50 (34.0)
5 -9 years 114 (9.2) 95 (8.7) 19 (12.9)
10 - 14 years 16 (1.3) 14 (1.3) 2(1.4)
Sex 0.22"
Male 740 (59.5) 660 (60.2) 80 (54.4)
Female 503 (40.5) 436 (39.8) 67 (45.6)
GBD Diagnosis Category, N(%) 0.85"
Communicable diseases 642 (51.6) 575 (52.5) 67 (45.6)
Injuries 7(0.6) 7 (0.6) 0(0)
Neonatal disorders 263 (21.2) 230 (21.) 33 (22.4)
Non communicable diseases 96 (7.7) 86 (7.8) 10 (6.8)
Nutritional disorders 113.(9.) 97 (8.9) 16 (10.9)
Tll-defined 108 (8.7) 89 (8.1) 19 (12.9)
Missing 14 (1.1) 12 (1.1) 2 (1.4)
Disposition at Hospital Discharge, N (%) <0.001
Home 956 (76.9) 863 (78.7) 93 (63.3)
Referred 229 (18.4) 199 (18.2) 30 (20.4)
Left against medical advice 58 (4.7) 34 (3.1 24 (16.3)

~ Fisher’s Exact Test, * Chi Square Test
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Appendix 6 Worst case and complete case analysis of the association between age, sex, and 28-

day mortality
Analysis Intercept OR (95% CI, p value) Age <28 days Female sex [ref. Male sex]
[ref. Age 28 days-14 years] OR (95% CI, p value)
OR (95% CI, p value)
Complete case analysis 0.02 (0.01-0.03, p<0.001) 4.39 (2.40-8.26, p<0.001) 1.12 (0.6-2.04, p<0.7)
Worst case analysis 0.04 (0.03-0.06, p<0.001) 2.58 (1.58-4.21, p<0.001) 1.18 (0.72-1.93, p<0.5)
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Appendix 7 Patient characteristics in the inpatient department prior to and following onset of the

COVID-19 pandemic

Total December 2019 - August 2020 - November p value
(N=1286) Marih 2020 21)20
(N=666) (N=620)
Age Category, N (%) <0.001"
<1 month 373 (29) 182 (27.3) 191 (30.8)
1 - 11 months 345 (26.8) 202 (30.3) 143 (23.1)
1 - 4 years 438 (34.1) 184 (27.6) 254 (41)
5 -9 years 114 (8.9) 83 (12.5) 31(5)
10 - 14 years 16 (1.2) 15(2.3) 1(0.2)
Sex, N (%) 0.5%
Male 764 (59.4) 390 (58.6) 374 (60.3)
Female 522 (40.6) 276 (41.4) 246 (39.7)
GBD Diagnosis Category, N (%) 0.3*
Communicable diseases 648 (50.4) 344 (51.7) 304 (49)
Injuries 7(0.5) 5(0.8) 2(0.3)
Neonatal disorders 287 (22.3) 139 (20.9) 148 (23.9)
Non communicable diseases 97 (7.5) 53(8) 44 (7.1)
Nutritional disorders 116 (9) 56 (8.4) 60 (9.7)
T11-defined 117 (9.1) 61(9.2) 56 (9)
Missing 14 (1.1) 8(1.2) 6 (1)
Disposition, N (%) <0.001*
Home 956 (74.3) 446 (67) 510 (82.3)
Referred 229 (17.8) 149 (22.4) 80 (12.9)
Died 43 (3.3) 26 (3.9) 17 (2.7)
Left against medical advice 58 (4.5) 45 (6.8) 13 (2.1)

~ Fisher’s Exact Test, * Chi Square Test
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