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Background Pneumonia is a major cause of childhood mortality in Pakistan.
In 2019, the Government of Pakistan revised the national Integrated Manage-
ment of Childhood Illness (IMCI) chart booklet, following the World Health Or-
i ganization’srecommendation for outpatient management with oral antibiotics
of children aged 2-59 months with chest indrawing pneumonia. We aimed to
assess the outcomes of children aged 2-59 months with chest indrawing pneu-
monia in programme setting of Pakistan.

Methods This was a prospective observational cohort study in three primary
health care facilities in Thatta district, Sindh province. We screened children
i aged 2-59 months who presented with cough and/or difficult breathing, and
recruited those classified with chest indrawing pneumonia according to the
i IMCI tool. from December 2022 to March 2024. The primary outcome was to
i assess the case fatality ratio. The secondary outcomes were to calculate the
i prevalence of antibiotic use, hospital admissions and treatment adherence
among these children during the current illness. We followed up on day 15 af-
ter enrolment to assess outcomes.

! Results 456 children with chest indrawing pneumonia met the study’s enrol-
ment criteria. Two (0.4%) died. Four (0.9%) were lost to follow-up and excluded
from the analysis. According to paternal/caregiver reports, among 452 children
followed up on day 15, 435 (96.3%) were cured, 12 (2.7%) did not improve and

¢ two (0.4%) worsened and were hospitalised. All patients were treated with oral
i antibiotics. Oral amoxicillin was prescribed and used by 282 (62.4%) and 236 of
those (83.7%) adhered to five or more days of oral amoxicillin treatment. Oral
i cefixime was prescribed and used by 114 children (25.2%).

i Conclusions Our findings support using the IMCI protocol for treating chest
i indrawing pneumonia without danger signsin children aged 2-59 months with
i oral antibiotics on an outpatient basis. It can potentially reduce childhood
pneumonia deaths, increase access to treatment, improve treatment cover-
age, reduce referrals and reduce costs for the health system and families in
resource-limited settings.

! Registration ISRCTN: 12687253

Despite a notable worldwide decline in under-five mortality to 37 deaths
per 1000 live births in 2022 [1], childhood pneumonia remains a major
global health concern, responsible for over 700000 deaths annually, and
this represents 14% of deaths in this age group worldwide. The greatest
incidence of pneumonia is seen in South Asia, West Africa, and Central
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Africa, with 2500 and 1620 cases per 100000 children, with slow progress in reducing pneumo-
nia-related deaths in children under five years of age [2]. The current under-five mortality rate
in Pakistan stands at 61 deaths per 1000 live births [3]. Pneumonia remains a major contributor
to this mortality rate, with seven deaths per 1000 live births [4], reflecting the high burden and
severity of pneumonia, particularly in rural areas [5,6].

Evidence from resource-limited settings indicates that children with chest indrawing pneumonia
without comorbidities, severe malnutrition, or severe pallor can be successfully treated in out-
patient settings [7], particularly in low- and middle-income countries (LMICs). The World Health
Organization (WHO) revised its childhood pneumonia management guidelines in 2012, recom-
mending outpatient treatment with oral amoxicillin for children aged 2-59 months with chest
indrawing pneumonia [8,9]. Subsequently, to incorporate this recommendation, WHO updated
the Integrated Management of Childhood Illness (IMCI) chart booklet in 2014 [10]. This recom-
mendation was predicted to be more cost-effective than the previous inpatient recommendation
for these children. It was estimated that across the 74 countdown LMICs, if fully implemented,
the updated guidelines could potentially save up to 39.8 million disability-adjusted life years and
would do so at a lower cost [11]. The revised pneumonia guidelines have the potential to reduce
the burden on the health system and increase access to care with lower costs, ultimately bene-
fiting both the health system and the affected families [12].
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The government of Pakistan revised the national IMCI chart booklet and training materials in
2019 [13]. However, little is known about the success of the new guidelines and their implemen-
tation challenges in real-world programme settings. We aimed to evaluate the survival status
and outcomes with outpatient management of chest indrawing pneumonia in children aged 2-59
months at primary health care (PHC) facilities in a programme setting. In this context, we aimed
to address the following research question: ‘What are the treatment outcomes and case fatality
rates among children aged 2-59 months assessed, classified, and managed according to the IMCI
tool?’

METHODS
Study design and setting

We conducted a prospective observational cohort study in a programme setting in Thatta dis-
trict, Sindh, Pakistan, a rural district with approximately one million population [14]. We com-
prehensively assessed six PHC facilities using various criteria such as the availability of rou-
tine health care services, human resources, availability of adequate medicine supply, provision
of routine outpatient care services - including maternal, newborn, and child health - routine
immunisation, and the catchment population of each PHC facility (ranging from 15000-30000).
Additionally, we extracted six months of data from the District Health Information System from
May-October 2022. Based on the above assessments and information, we selected three PHC
facilities, namely, basic health unit Dhabeji, rural health centre Varr, and rural health centre
Jungshahi (Figure 1) [15]. The study protocol published elsewhere describes more details of the
methodology [16].

Participants

We considered eligible for study participation children aged 2-59 months with cough and/or dif-
ficult breathing, presenting at the selected PHC facilities with lower chest indrawing, and who
resided in the study catchment area where follow-up at day 15 could be achieved. Children were
excluded if they had any general danger signs (convulsions, inability to drink or feed, vomit-
ing everything, lethargy or unconsciousness), oxygen saturation level (SpO,) <90%, stridor when
calm, or were currently enrolled in any other clinical study.
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Figure 1. Map showing the selected primary health care facilities in Thatta district.

Study procedures

Preparatory phase

We obtained approvals from the Department of Health, Government of Sindh, and the District
Health Administration. We developed the study case report forms in English, which we later
translated into the local language. We established an electronic database application to facilitate
real-time data management at all study sites.

At the commencement of the study, a three-day refresher training session on the IMCI chart
booklet related to the pneumonia management protocol was conducted by IMCI master train-
ers for selected facility-based health care providers (HCPs) to equip them with the skills to accu-
rately assess, classify and manage pneumonia. HCPs were trained on the assessment by measur-
ing respiratory rate and chest indrawing and identifying danger signs to accurately classify fast
breathing, chest indrawing, or severe pneumonia. Based on the classification, providers learn
to decide on appropriate management, such as administering the correct antibiotics (e.g. amox-
icillin) and referrals for severe cases. This was followed by a comprehensive three-day training
for the data collectors. Training covered the study tools, anthropometric measurement, use of
handheld devices, and data collection procedures. We conducted a pilot study on 93 children
presenting to the PHC with cough and/or difficult breathing, to validate the study tools, the data
collection application, and the feasibility of the study.

Screening and enrolment procedures

The HCPs screened all children aged 2-59 months presenting with cough and/or difficult breath-
ing at the selected PHC facility (day 1) using the IMCI chart booklet to assess, classify, and manage
the illness and identify any danger signs. Screening also included measuring respiratory rates
using the rate timer, oxygen saturation using pulse oximetry with infant probes, and axillary tem-
perature using a digital thermometer (Table 1). We classified the screened children by the HCP
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Table 1. Details of the implementation strategy of the study

Activity What Who When Where How
To i ify all chil ..
aoelzliezr—ltsl9};11aon(t:h; dren Clinical assessment for cough,
& . . Selected difficult breathing, chest
Case presenting to the Healthcare During the rimary health indrawing, and respiratory rate
identification outpatient department provider day one visit P y & P y

care facilities

was conducted using the IMCI

with cough and/or rotocol
difficult breathing P
& To identify chest Screening and
o' Screening and indrawin y neumonia enrolment were Durine the Selected A child identified with chest
= enrolmengt in childregnpa od 2-59 done by IMCI- da onge visit primary health indrawing was enrolled in the
2 months & trained health y care facilities study after consent was obtained
ol care providers
Treatment with antibiotics. In
. th f oral antibiotics, th
As prescribed by IMCI Selected © case ol ora’ antidloHcs, Lie
. . mother/caretaker provides the
Treatment protocols and relevant Healthcare During the primary health s .
. . 11 . .. e antibiotic dose to the child. If the
provision national guidelinesand  provider day one visit  care facilities . ;
. child was referred to a hospital,
policy and at-home s
a pre-referral antibiotic dose was
administered
On da At the selected
152 ftzr primary health Data collectors conducted
care facilities,  follow-up on day 15 visits and
To evaluate treatment enrolment, .
Follow-up Data collector home or the collected outcome data using
outcome the treatment o1 L
outcome was hospital if application-based outcome
the child was documentation (A-1) on tablets
documented .
hospitalised
Prescription paper, Data collectors conducted the day
Treatment ) med%c%ne box, pictorial Data collector Day 15 At ho'me/ 15 visit and used an applicat'ion—
documentation  medicine chart or hospital based outcome documentation
caretaker recall form
As per the parent’s Data collectors conducted the day
Outcome response, outcome status Atthe home/ 15 visit and used an application-
. Data collector Day 15 . .
assessment was reported (improved, hospital based outcome documentation

same, worse, death) form

IMCI - Integrated Management of Childhood Illness

according to the IMCI protocol as: 1) cough or cold/no pneumonia, 2) pneumonia (fast breathing,
respiratory rate 50 breaths per minute or more in children aged 2-11 months and 40 breaths or
more in children aged 12-59 months or chest indrawing), or 3) severe pneumonia (any general
danger sign or stridor in a calm child). Concurrently, the data collectors documented complete
home addresses, contact numbers, and landmarks to reach out for day 15 follow-up for eligible
enrolled children. They also recorded anthropometric measurements, including weight, height/
length, and mid-upper arm circumference.

After the HCPs used the IMCI protocol to classify and treat children, we obtained written informed
consent from parents/caregivers, and children were enrolled in the study. We collected informa-
tion about demography, the child’s home address and the family’s telephone/mobile number on
the study case report form. We made video clips of clinical signs, such as chest indrawing, for each
enrolled child (without their face) after obtaining permission from parents/caregivers. We veri-
fied the parents'/caregivers' telephone/mobile numbers through confirmation calls, and authen-
ticated addresses by mapping sketches of nearby landmarks to facilitate location identification.

We conducted validation of the screening process at the health facility level, while validation of
follow-up visits and data collection was performed at the household level. At the health facility,
1.3% (n/N=46/3526) randomly selected children presenting to the PHC with cough and difficult
breathing were validated to assess the HCPs adherence to the IMCI protocol for assessment and
classification, and for the use of the respiratory rate timer and pulse oximeter. When deficien-
cies were identified in assessment or classification by the HCPs when using the IMCI protocol,
on-site refresher training was provided. A randomly selected sample of 7.5% (n/N=34/452) of the
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children followed up in the study was validated to verify their health facility visits, the care pro-
vided by the HCP, the treatment received, and the data collector’s visit to the household.

Follow-up and outcome assessment

Data collectors systematically followed up all enrolled children on day 15 post-enrolment within
a permissible window of two days. We called the parents/caregivers of the child two to three days
before the day 15 follow-up to confirm the child’s home address whenever needed. In cases where
it was difficult to contact the parents/caregivers and reach the addresses provided, we contacted
the local community health care workers, such as lady health workers, lady health visitors, and
vaccinators from the expanded programme on immunisation, to reach the accurate household
for the follow-up.

PAPERS

We recorded follow-up data collection electronically on handheld electronic devices. We captured
detailed information on the child’s outcomes, whether the child recovered, remained the same, the
condition worsened or the child died. Additionally, we documented the treatment provided, names
of the antibiotics, route of administration, duration, frequency and adherence as well as details in
case of hospitalisation. Parents/caregivers' confirmation corroborated the antibiotic use through
the prescription provided by the HCP during the initial visit. If a prescription was unavailable, data
collectors probed for evidence of used medication bottles or leaflets to identify the medication. In
the absence of a prescription and medicine bottles, a pictorial chart of the commonly used antibi-
otics for pneumonia treatment in the community was shown to parents/caregivers to help identify
the antibiotics administered to the child. Additionally, data on the parent’s education level was col-
lected, specifically whether the mother, father or both parents were illiterate, could provide only
a signature, had primary education (up to five years), had secondary education (up to 10 years), or
had higher secondary education (up to 12 years). Data on the child’s immunisation status was based
on either the vaccination card or on parents/caregivers' recall when the vaccination card was una-
vailable. We asked the respondent a series of probing questions regarding the child’s vaccination
history, including inquiring about the route and site of vaccination administration and checking
for a visible Bacillus Calmette-Guérin vaccination scar on the arm of the child. For children who
had died, a verbal autopsy was conducted after the four to six weeks period following the child’s
death to ascertain the possible cause of death. This involved using structured questionnaires and
verbatim accounts to capture detailed information about the events leading to the child’s death [17].

Ethical considerations

We obtained informed written consent from parents/caregivers before enrolment. The literate
parents/guardians signed the informed consent form, while the illiterate parents/guardians put
their thumbprint. Participation was voluntary, and declining to participate did not affect medical
treatment. We obtained ethical approvals for this study from the Institutional Review Board of
the People’s Primary Healthcare Initiative in Karachi, Sindh and from the WHO Ethical Review
Committee before the commencement of the study. We strictly adhered to ethical guidelines for
medical research involving human subjects.

Registration

This research is part of a multi-country study evaluating current practices in the outpatient man-
agement of chest indrawing pneumonia within LMICs. The trial is registered at ISRCTN Registry
with the number 12687253 [16].

Sample size

Based on assumptions of a 5% case fatality ratio (CFR) for chest indrawing (taken from primary
care data from Malawi; personal communication with Humphrey Nsona, May 2021), 3% margin
of error, 95% confidence level and accounting for a 5% loss to follow-up, in the protocol, we cal-
culated that the sample size for each study site was 310 children [16].
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Study outcomes

The primary outcome of our study was to estimate the CFR in children receiving outpatient treat-
ment for chest indrawing pneumonia. The secondary outcome was to assess antibiotic use, hos-
pital admissions and treatment adherence among these children.

Data analysis

We inspected data for completeness. We performed data analysis using STATA, version 17.0
(Stata Corp LLC, Texas, USA). We summarised baseline characteristics of children aged 2-59
months with chest indrawing pneumonia as frequencies with percentages for categorical data
and means (X ), standard deviations (SDs) and medians with inter-quartile ranges for contin-
uous variables. We calculated the primary outcome CFR as the number of deaths on day 15
post-enrolment divided by the total number of enrolled children who were followed up in the
study and was reported with a 95% confidence interval (CI). In addition, we calculated the inci-
dence rates with 95% CI per 1000 child-days for death and hospitalisation. For anthropometric
measures, we calculated Z-scores based on the WHO 2006 growth reference standards [18]. For
immunisation, we classified children as fully immunised if they had received all age-appropri-
ate vaccinations according to the expanded programme of immunisation schedule in Pakistan.
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Two physicians independently reviewed the collected verbal autopsies data to determine the cause
of death. In case of discordance, a third expert physician was available for conflict resolution
and to determine the probable cause of death.

2-50+ -old childr
N From December 2022 to March 2024, we
presenting with cough and/or .
difficult breathing, n=3.526 screened 3526 children aged 2-59 months pre-
Excluded from study - 3068 .sentmg with cough -and/or difficult .breath-
e Cough and cold/no pneumonia=2,552 ing. of these, 458 children had chest indraw-

o Fast Breathing pneumonia=493
e Severe pneumonia=23

ing pneumonia. Two were excluded due to
Sp0,<90 and were immediately referred to a
higher facility for further management. We

L 4

2-59-month-old clul dren with

chest indrawing Pneumonim enrolled 456 Children, four of whom were lost
n=438 (4581356213 0%) to follow-up due to permanent migration,
Not eligible for enrolment = 2 thus, on day 15 we followed up 452 children
pl * SpO2< 90%= 2* (Figure 2).
: Baseline demographic and clinical
Enrolled 2-59-month-old h . .

cluldren with chest indrawing characteristics
i Among 456 enrolled children, 275 (60.3%)
were male, 297 (65.1%) were aged 2-11

Loss to Follow Up=4
¢ Reason: Permanent Migration=4 months, and 150 (329%) had a temperature

of 38°C or more. The respiratory rate was
L % =58.0 breaths per minute (SD=6.47) for chil-

EHBOiC At itk Lhic fue dren aged 2-11 months and X =54.5 (SD=7.79)
analysis of the enrolled 2-59- A

month-old chuldren with chest for children aged 12-59 months. 119 (261%)

g, T=1a2] had height for age Z-score<-3 SD (stunted), 70

(15.4%) had weight for height Z-score<-3 SD
Figure 2. Flowchart of the study. *Two children had hypoxgma (severe acute malnutrition) and 139 (30.5%)
(Sp02<90 at enrolment) and were referred to a referral facility. Both had weicht f 7 <-3 SD. Both
were admitted and received inpatient treatment, one child was dis- ad weight for age £-score<- a oth par-
charged after five days and the other one was discharged on the ents were uneducated (no schooling) for 332

third day of hospitalisation. tTwo children died. (72.8%) children. At follow-up on day 15, 437
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(95.6%) of primary respondents were mothers. Only 70 (15.5%) children were fully immunised
(Table 2; Table S1 in the Online Supplementary Document). There were no significant associa-
tions between sociodemographic factors, immunisation status, and treatment outcomes (Table
S2 in the Online Supplementary Document).

Table 2. Baseline demographic and clinical characteristics of children aged 2-59 months with chest indrawing pneumo-

nia (n=456)*

Characteristics

Children aged 2-59

months with chest

indrawing pneumonia

Children aged 2-59

months with chest
indrawing pneumonia

Characteristics

Name of the participating health facility SpO, categories

BHU plus, Dhabeji 131 (28.7) 90-93 29 (6.4)
RHC Varr 156 (34.2) 94-100 121 (26.5)
RHC, Jungshahi 169 (37.1) Missing valuess 306 (67.1)
Age in months Adult primary respondent at the time of follow up

% (SD) 12.8 (12.6) Mother 437 (95.8)
MD (IQR) 7.0 (4.0-17.0) Father 3(0.7)
Age category in months Grandfather 1(0.2)
2-11 297 (65.1) Grandmother 9 (2.0)
12-59 159 (34.9) Other 2(0.4)
Sex Missing" 4(0.9)
Male 275 (60.3) WAZ

Female 181 (39.7) <3 139 (30.5)
Axillary temperature in °C _3<WAZ<-2 109 (23.9)
% (SD) 37.9(0.7) ) 208 (45.6)
MD (IQR) 37.8 (37.7-38.3) HAZ

Axillary temperature categories in °C <3 119 (26.1)
<37.0 47 10.3) “3<HAZ<-2 90 (19.7)
37.0-37.9 217 (47.6) >0 247 (54.2)
23'8.(?—38.9 150 (32.9) WHZ

Missing valuest 42 (9.2) <3 70 (15.4)
Parent’s education 3<WHZ2 81(17.8)
Both uneducated 332(72.8)

Both educated 36 (7.9) =2 - 305 (66.9)
Only father educated 70 (15.4) MUAC n cm (n=287)l

Only mother educated 13 (2.9) <15 160 (55.7)
Missing? 5(L.1) 11.5-12.5 94 (32.7)
Respiratory rate per minute (age 2-11 months) 2125 33 (11.5)
% (SD) 58.03 (6.47) Immunisation status**

MD (IQR) 57.0 (53.0-60.0) Fully immunised 70 (15.4)
Respiratory rate per minute (age 12-59 months) Partially immunised 305 (66.9)
% (SD) 54.50 (7.79) Not immunised 77 (16.9)
MD (IQR) 54.0 (48.0-59.0) Missing values 4(0.9)
Spo,

% (SD) 95.9 (2.6)

MD (IQR) 96.0 (94.0-98.0)

BHU - basic health unit, HAZ - height for age Z-score, IQR - interquartile range, MD - median, MUAC - mid-upper arm circumference,
RHC - rural health centre, SD - standard deviation, SpO, - peripheral oxygen saturation, WAZ - weight for age Z-score, WHZ - Weight
for height Z-score, X - mean

*Presented as n (%) unless specified otherwise.

TWe did not collect information regarding temperature measurements during the first month of study.

fParents’ education information is missing for five children. Four were lost to follow-up and one died.

§Pulse oximeter measurements were performed between October 2023 and March 2024, when pulse oximeters became available at the
health facilities.

qChildren lost to follow-up.

IMUAC was measured only in children aged =6 months.

**Data on immunisation status was available only for 452 children.
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Primary outcome

Two deaths were reported among the 452 followed-up children, giving a CFR of 0.4% (95% CI=0.05-
1.59). Both deaths were in children aged 2-11 months (CFR=0.7; 95% CI=0.08-2.56). The overall
incidence rate of death was 0.3 (95% CI=0.03-1.07) per 1000 child-days, while it was 0.5 (95%
CI=0.001-1.66) per 1000 child-days among children aged 2-11 months (Box 1).

Box 1. Verbal autopsy details of deaths.

Case 1: A four-month-old male child presented at a primary health
care facility with a two-day history of fever, cough, and difficulty
in breathing. At enrolment, he was classified with chest indrawing
pneumonia and prescribed oral cefixime treatment for five days
at home. His respiratory rate was 58 breaths per minute, weight
was 4 kg, length was 56 cm, weight for height Z-score was -2.28
and he was partially immunised, having received only two doses
of oral polio vaccine. However, his condition did not improve, and
his parents sought medical consultation at a private clinic, where
he was given outpatient treatment and advised hospitalisation.
However, the family declined the medical advice for inpatient care
and instead visited multiple private local clinics and received differ-
ent treatments, none improving the child’s condition, which dete-
riorated over time. By day 14, the child’s condition further dete-
riorated and he developed seizures along with high-grade fever,
cough, and severe difficulty in breathing, following which he was
immediately taken to the nearest primary health care facility,
where he was given some injections (contents unknown) and was
yet again advised to seek immediate hospital admission, but the
family did not follow the medical advice, and the child eventually
died at home on the day 14 of his illness. Based on verbal autopsy
information reviewed by two independent physicians, the possible
cause was assigned as either meningitis or septicaemia.

Case 2: An eight-month-old male child, presented to the primary
health facility with a history of cough and difficult breathing, was
classified as having chest indrawing pneumonia and prescribed oral
amoxicillin for five days at home. His respiratory rate was 52 breaths
per minute, weight was 6.9 kg, length was 68 cm, weight for height
Z-score was -1.28 and he was partially immunised with Bacillus
Calmette-Guerin, oral polio vaccine 1 and 2 (OPV-1 & 2), pneumo-
coccal conjugate vaccine 2 (PCV-2) and Rotavirus-2 (ROTA-2) vaccines.
According to the mother, the child was given antibiotics as advised,
his condition improved and was declared cured by the physician at a
follow-up visit. As per the mother’s statement on the day 14 of enrol-
ment, the child was active, alert and playful throughout the day.
During the late hours of the night, the mother breastfed her infant
under conditions of limited visibility due to a power outage, accom-
panied by severe cold weather. Following the feeding, she covered
the infant with two blankets to ensure warmth. In the early morning
hours, when the mother attempted to wake the infant for another
feeding, she discovered that the child was unresponsive, with milk
present in the mouth and nostrils; the infant had died. A verbal
autopsy, reviewed by two independent physicians, suggested that
the most likely cause of death was either aspiration or suffocation.

Secondary outcomes

Among the 450 children who survived,
the incidence of hospitalisation was 0.3
(95% CI=0.03-1.07) per 1000 child days.
A 12-month-old male child was admitted
to a private hospital four days after enrol-
ment. Oxygen saturation was not assessed
atenrolment. He was hospitalised for four
days and was first treated with injected
ampicillin four times daily for three days.
Treatment was subsequently changed to
an injection of ceftriaxone once daily for
three days plus zinc syrup twice daily for
three days. A four-month-old male child
was admitted to a government hospital
one day after enrolment. His SpO, was
96% at enrolment. He was hospitalised for
two days and was first treated with inject-
able ampicillin thrice daily for three days,
followed by an injection of ceftriaxone
twice daily for three days plus injectable
hydrocortisone twice daily for three days.
The duration from enrolment to hospital-
isation for the two cases was X =2.5 days
(SD=2.12). Both children survived. When
stratified by age category, the incidence
of hospitalisation was 0.2 (95% CI=0.001-
1.28) per 1000 child-days for children
aged 2-11 months and 0.4 (95% CI=0.01-
2.33) per 1000 child-days for children aged
12-59 months.

All enrolled children received oral antibi-
otics for outpatient management of chest
indrawing pneumonia prescribed by
HCPs. Among 452 children, 282 (62.4%)
received oral amoxicillin, while 114
(25.2%) were prescribed cefixime, primar-
ily at the rural health centre Jungshahi
(Table S4 in the Online Supplementary
Document). Oral amoxicillin for five
days or more was received by 236 (N=282,
83.7%). A higher adherence rate of 88.0%
was observed among children aged 12-59
months. Collectively in both age groups,
46 (16.3%) children were non-adherent to
five days of therapy (Table 3).
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Table 3. Details of antibiotics taken by the age of the child followed up after 15 days*

Follow-up children Children aged 2-11 months Children aged 12-59 months

Oral antibiotics given to followed up children n=452 n=293 n=159

Amoxicillin 282 (62.4) 207 (70.6) 75 (47.2)

Cefixime 114 (25.2) 62 (21.2) 52 (32.7)
Amoxicillin/clavulanic acid 25 (5.5) 10 (3.4) 15(9.4)

Agzithromycin 18 (4.0) 9 (3.1) 9 (5.7)

Other antibiotics’ 13 (2.9) 5(1.7) 8 (5.0)

Amoxicillin duration in days¥ n=282 n=207 n=75 &3
<5 46 (16.3) 37 (17.9) 9 (12.0) =
5 154 (54.6) 112 (54.1) 42 (56.0) Ay
6-8 81(28.7) 57 (27.5) 24 (32.0) E
Missing$ 1(0.4) 1(0.5) 0 (0.0)

*Presented as n (%).

tOther medicines including Cefpodoxime, Cephalexin, Ciprofloxacin, Sulfamethoxazole-trimethoprim, Fosfomycin, and Linezolid.
$The IMCI protocol recommends oral amoxicillin twice daily for five days.

§0ne child who died does not have information on amoxicillin dose.

DISCUSSION

In this prospective cohort study from Pakistan, we observed a very low CFR (0.4%) among enrolled
children, and only one death was related to the pneumonia episode. All enrolled children who
received oral antibiotics, oral amoxicillin was prescribed and taken by nearly two-thirds of the
patients, and over 80% were adherent to the treatment regimen. The majority of children were
cured, and only two children were hospitalised during treatment. One death and two hospitalisa-
tions were treated with oral cefixime and not oral amoxicillin. Four cases were lost to follow-up.
Only 15% of enrolled children were fully immunised.

In the current study, we observed <1% CFR among children aged 2-59 months with chest indraw-
ing pneumonia. Only two deaths were reported in our study, which is similar to data reported
from three observational studies that treated chest indrawing pneumonia with oral amoxicillin
in children aged 2-59 months. A community-based study conducted in Kenya [19] reported a CFR
of 0.26%, and no deaths were reported from an outpatient-based study from Papua New Guinea
[20] nor from a study from four countries named Bangladesh, Egypt, Ghana and Vietnam [21].
Three multi-site community-based randomised controlled trials, two conducted in Pakistan and
one in four countries named Bangladesh, Ethiopia, India and Malawi, reported <1% CFR where
community-level health workers (CLHW) treated children aged 2-59 months with chest indraw-
ing pneumonia with oral amoxicillin at home [22-24]. The above-mentioned trials show that the
management of chest indrawing pneumonia in children aged 2-59 months without any danger
signs or hypoxaemia with oral amoxicillin at home is successful and safe. This is also supported
by a systematic review [7]. However, other studies have reported higher CFRs, which can be attrib-
uted to variations in the study population, follow-up duration, and the period during which the
studies were conducted. A study conducted in semi-urban areas near Karachi, Sindh, utilising
household surveillance for 16 months, reported CFRs of 1.4% for fast breathing and 1.9% for chest
indrawing pneumonia, which might reflect limited access to health care services and the inclu-
sion of cases where children might not have sought appropriate health care [25]. Another study
based on hospital records from four years (1989-1992) reported CFRs ranging from 2.3-7.8% for
fast breathing and chest indrawing respectively, reflecting the management protocols and treat-
ment options available during that time [26].

The child who died due to pneumonia complications did not receive appropriate care because par-
ents refused referral advice for inpatient care. Delays in appropriate care, including refusal to accept
referral advice for inpatient care, are associated with an increased risk of death due to pneumo-
nia [27]. Unfortunately, refusal to accept referral advice is fairly common in many LMICs because
of various factors like finances, travel costs, distance to health care facilities, cultural norms, past
negative experiences with quality of care and the attitude of health workers at the hospital [28,29].
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In our study, the health workers’ adherence to the IMCI protocol regarding assessment and clas-
sification was high. All patients were treated with oral antibiotics, and none were referred for
hospitalisation except for the two cases with hypoxaemia. Only two-thirds of the patients were
advised oral amoxicillin, of which over 80% were cured. However, not all children with severe
malnutrition were referred to a hospital per IMCI recommendation. Reports of non-adherence to
various components of the IMCI chart booklet have been reported from several countries [30-33].
Sometimes, this non-adherence to IMCI guidance is because of a lack of knowledge or non-availa-
bility of appropriate antibiotics, but it can also be due to a lack of motivation to adhere to the IMCI
protocol, sometimes due to poor remuneration [34]. We had a very low rate of loss to follow-up,
<1%, which was much less than that reported by other observational chest indrawing pneumonia
management studies [19-21]. This low loss to follow-up can be attributed to a stable community
with no frequent migration, call reminders before follow-up visits, thorough mapping of house-
holds and collaboration with CLHWSs to reach households of those enrolled children whose fam-
ilies were not reachable by telephone. In our study, only 15% of children were fully vaccinated,
which is worrisome. This calls for public health interventions to promote the uptake of routine
immunisation, particularly for measles, Haemophilus influenzae type b and Pneumococcal conju-
gate vaccines to reduce the incidence of pneumonia and associated mortality in children under
five years of age.

95
s
=
=
A

The implementation of outpatient management for chest indrawing pneumonia with oral amox-
icillin can reduce health care costs, particularly in LMICs, including Pakistan, where health
systems are overburdened, and where families face financial challenges to seek care at referral
facilities. Hussain et al. [35] reported that the average cost for outpatient management of child-
hood pneumonia was USD 13.4. In comparison, management in a hospital in the northern areas
of Pakistan costs USD 71.0. In further economic analyses of childhood pneumonia treatment, the
total societal cost for treatment of a pneumonia episode was estimated to be USD 22.6 compared
to USD 142.9 for severe pneumonia [12]. Moreover, medicines (40.5%) comprised the highest pro-
portion of household expenditure, followed by meals (23.7%), hospitalisation (13.2%) and trans-
port costs (12.2%) [12]. In another community-based study in Pakistan [36], the average household
cost of treatment of pneumonia by a CLHW was USD 1.5 compared with USD 7.6 for those referred
to a hospital. An analysis of 74 LMICs found the 2012 WHO pneumonia management guidelines
[8] were more cost-effective compared to the 2005 WHO guidelines [11,37]. For Pakistan, the hos-
pital costs were estimated to be one-sixth using the 2012 protocol compared to that of 2005. This
reduction was primarily due to the management of chest indrawing pneumonia at home with
oral amoxicillin instead of hospitalisation [11]. Therefore, the pneumonia guideline of treating
chest indrawing pneumonia at home with oral amoxicillin saves money for the health system
and is also favourable to families, substantially reducing costs for medicines, meals, transport
and other related issues [38].

All childrenin the current study were treated at home with oral antibiotics. Health-care-associated
infections (HAIs) are more common in LMICs compared to high-income countries and lead to
substantial morbidity and mortality [39,40]. These infections often result in severe complications,
prolonged hospital stays, and a risk of contracting additional severe infections, thus complicating
the initial disease and requiring extreme medical interventions increasing health care costs [41]
A study analysing point prevalence surveys from 99 countries reported that 136 million episodes
of HAI occurred yearly, with the highest burden in China, India and Pakistan [42]. Outpatient
management of pneumonia can considerably reduce the burden of HAI and additional associ-
ated costs borne by the health system and families, particularly in low-resource settings, allow-
ing more efficient utilisation of limited resources.

The IMCI strategy provides protocols for standard case management of common childhood
illnesses, including pneumonia. Standard case management saves lives and reduces unnecessary
antibiotic use [26,43-45]. Inappropriate and unnecessary antibiotic use increases antimicrobial
resistance (AMR), which is now a global public health emergency [46]. An estimated 7.7 million
deaths are attributed to bacterial infections globally, of which 1.3 million deaths are caused by
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resistant bacterial pathogens [47]. AMR is a critical health issue in Pakistan, with an increased
emergence of multidrug-resistant pathogens [48]. The application of evidence-based standard
case management for the outpatient treatment of chest indrawing pneumonia with oral amoxi-
cillin will reduce the misuse and overuse of antibiotics, not only benefiting individual patient out-
comes but also safeguarding public health by reducing the spread of resistant bacteria. Promoting
rational antibiotic use will contribute to reducing AMR pressure and mitigating drug-resistant
pneumonia in children. Our study illustrates the benefits of standard case management using the
IMCI protocol at PHC facilities and at the outpatient departments of small hospitals.

This study has several strengths. Integration of this study into the primary health care delivery
system in Thatta district ensured real-time identification of pneumonia cases, reflecting the
actual burden and care-seeking practices in the community. We were able to enrol a substantial
number of pneumonia cases with no refusals to participate, which enhanced the reliability of
our findings. The negligible loss to follow-up reduced the potential for attrition bias, thus ensur-
ing the representativeness of the results. The use of a standardised case management IMCI pro-
tocol by the HCPs for the assessment, classification, and management of pneumonia was quite
encouraging. These results could be reflective of similar socio-economic conditions and settings.

Our study had some limitations. The primary outcome status was reported as per the respondent’s
statements on day 15 post-enrolment, which could introduce a misclassification bias. To mitigate
this, data collectors used probing questions to elicit detailed information about the child’s condi-
tion to verify the parent’s statements. Despite these measures, the reliance on parental reports
could still introduce some level of bias, particularly recall bias, in cases where parents/caregiv-
ers may inaccurately remember details about their child’s illness or the treatment administered,
affecting the accuracy of the collected data. Another challenge was the intermittent stockouts of
oral amoxicillin at the primary health facilities during the study. This may have influenced the
local prescribing practices at these facilities. Such logistical challenges are commonly encoun-
tered in resource-limited settings contributing to the observed treatment patterns. We found
that 54.4% of caregivers obtained antibiotics free of cost from health care facilities, while 45.1%
had to purchase them from external vendors and 0.41% did not purchase the antibiotic (Table S3
in the Online Supplementary Document). This indicates potential stockouts at PHC-level facil-
ities. However, since oral amoxicillin was inexpensive and widely available from vendors, this
workaround did not negatively impact adherence.

CONCLUSIONS

Our findings support the use of the IMCI protocol to treat chest indrawing pneumonia in chil-
dren aged 2-59 months with a five-day course of oral amoxicillin on an outpatient basis. This
intervention has the potential to reduce childhood pneumonia deaths, increase access to treat-
ment, improve treatment coverage, reduce referrals and pressure on the overburdened referral
health facilities and reduce costs for the health system and families in resource-limited settings.
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