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{ Background Pneumonia remains a leading cause of mortality among chil- :
dren under five years of age in Pakistan. The government of Pakistan revised
i the national Integrated Management of Childhood Illness (IMCI) protocol in
2019, recommending outpatient treatment of pneumonia, characterised by
i fast breathing and/or chest indrawing, with oral amoxicillin in children aged
2-59 months. We aimed to evaluate parents/caregivers-reported outcomes in
children presenting with chest indrawing pneumonia at primary healthcare

(PHC) facilities of Lahore, Punjab, Pakistan.

Methods We conducted a prospective observational cohort study from 3 Jan-
© uary 2024 to 28 February 2025 at five PHC facilities in the peri-urban areas of
Lahore. We enrolled children aged 2-59 months with chest indrawing pneu-
monia and followed them up on day 15 post-enrolment. The primary outcome
was the case-fatality rate (CFR), and the secondary outcomes included antibi-
otic use, treatment adherence, and hospitalisation. Two physicians conduct-
ed verbal autopsies independently for children who died during the period of
i follow-up to determine the cause of death. We calculated CFRs with 95% con-
fidence intervals (95% CI). :

Results We enrolled 360 children aged 2-59 months, of whom 356 (98.8%) com-
pleted the 15-day follow-up. The CFR for chest indrawing pneumonia was 0.6% :
(n/N=2/356; 95% CI=0.1-2.2). At follow-up, parents/caregivers reported that
i 336/356 (94.4%) children were cured, while 18/356 (5.0%) showed no improve-
ment or had worsened health. Healthcare workers prescribed oral amoxicillin
10192/356 (53.9%) children, of whom 160/192 (83.3%) adhered to the specified du-
ration of four or more days. On day 15 of follow-up, 26/356 (7.3%) parents/care- :
giver reported that they had switched to other antibiotics during treatment.
Among these, 7/26 (26.9%) were hospitalised and received injectable antibiot-
ics, 5/26 (19.2%) were managed as outpatients with injectable antibiotics, and

14/26 (53.8%) were treated with different oral antibiotics on an outpatient basis.

Conclusions The low CFR and high cure rate among children with chest in-
drawing pneumonia treated on an outpatient basis with oral antibiotics at the :
PHC settings in Lahore support the IMCI protocol. Management of chest in-
i drawing pneumonia on an outpatient basis at the primary care level is feasible,
with the potential to reduce unnecessary hospital referrals, reduce antimicro-
bial resistance, lower healthcare costs, and decrease mortality, particularly in
resource-constrained settings. '

| Registration ISRCTN: ISRCTN12687253.
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Global mortality in children under-five years of age has declined substantially over the past three
decades, from 90 deaths per 1000 live births in 1990 to 37 per 1000 live births in 2023, yet progress
remains insufficient to meet the 2030 Sustainable Development Goals target of ending preventable
child deaths [1-6]. Pneumonia continues to be a major contributor to this phenomenon, causing
more than 700000 deaths annually and accounting for 14% of global mortality for children under five
years of age [7]. Pakistan remains among the highest-burden countries, with an under-five mortal-
ity rate of 61 per 1000 live births, including seven pneumonia-related deaths per 1000 live births [8].

To improve access to timely and effective treatment, the 2012 guidelines published by the World
Health Organization (WHO) simplified pneumonia classification and recommended outpatient
management with oral amoxicillin for children aged 2-59 months with chest indrawing, but no
danger signs [9-11]. Pakistan incorporated these recommendations into its national Integrated
Management of Childhood Illness (IMCI) protocol in 2019 [12]. However, uptake remains variable;
a WHO policy survey reported that fewer than one-third of countries had fully updated national
protocols to support outpatient management with oral amoxicillin [13]. Concerns persist regarding
whether outpatient treatment of chest indrawing pneumonia is safe in routine programmatic set-
tings, especially in contexts with high prevalence of malnutrition, anaemia, or delayed care seeking
[14]. Evidence from real-world implementation is, therefore, essential for understanding how IMCI
recommendations are practised and whether outcomes remain favourable under routine PHC con-
ditions [15]. In this context, we aimed to evaluate the management and clinical outcomes of children
aged 2-59 months with chestindrawing pneumonia presenting to public-sector primary healthcare
facilities in peri-urban Lahore, Pakistan. By describing treatment patterns, adherence, hospital-
isation rates, and caregiver-reported outcomes, we provide programmatically relevant evidence
to guide improved pneumonia care delivery in similar low-and middle-income countries (LMICs).
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METHODS

This research was part of a multi-country study evaluating current practices in the outpatient
management of chest indrawing pneumonia in low- and middle-income countries (LMICs).

Study design and setting

We conducted a prospective, observational cohort study in a programmatic setting at selected PHC
facilities across peri-urban areas of Lahore District, Punjab, Pakistan. We selected facilities with
high outpatient volume for children under five years of age. The study sites were the Rural Health
Centre (RHC) Manga Mandi and Basic Health Units (BHU) Ali Raza Abad, BHU Attoki Awan, and BHU
Jallo Pind. We added BHU Manawan in mid-October 2024 to meet the target sample size (Figure 1).

Participants

We screened children aged 2-59 months who presented at a selected PHC facility with a history
of cough and/or difficult breathing for eligibility. We included children with lower chest indraw-
ing pneumonia, without danger signs and living within the catchment areas of the study sites to
ensure the feasibility of follow-up. We excluded children with any general danger signs (includ-
ing convulsions, inability to drink/feed, vomiting everything, lethargy, or unconsciousness),
oxygen saturation (Sp0,) <90%, stridor when calm, or children whose parents did not consent
to participate or were enrolled in another clinical study.

Study procedures

Preparatory phase

We developed standardised questionnaires in the English language and translated them into the
local language, Urdu. We implemented a digital system utilising an electronic data collection
application to manage data in real-time.
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Figure 1. The map shows selected primary healthcare facilities in the Lahore district.

IMCI master trainers conducted a three-day refresher training on the pneumonia component of
the IMCI chart booklet for facility-based healthcare providers (HCPs) to ensure adherence to the
IMCI protocol. The training covered counting respiratory rate, observing chest indrawing, gen-
eral danger signs, and assessing SpO, using Masimo Rad 5v pulse oximeters (Masimo Corporation,
Irvine, CA, USA). Data collectors received three days of training on using study tools, electronic
handheld devices, and conducting anthropometric assessments. Subsequently, we conducted a
pilot study from 4 December 2023 to 2 January 2024, by screening more than 200 children pre-
senting with cough and/or difficult breathing to validate study tools, workflow, the digital sys-
tem for data management, and study feasibility.

Selection of primary healthcare facilities

We performed a health facility assessment at nine PHC facilities, using the Service Provision
Assessment assessment tool [16] and the Service Availability and Reaadiness Assessment tool [17]
to assess service availability and readiness, medicines and commodities availability. Moreover,
we evaluated the availability of human resources, catchment population, and immunisation ser-
vices at these facilities. With consensus, we selected five PHC facilities for the study: RHC Manga
Mandi, BHU Ali Raza Abad, BHU Attoki Awan, BHU Jallo Pind and BHU Manawan.

Screening and enrolment

IMCI-trained HCPs at the selected PHC facilities screened all children aged 2-59 months pre-
senting with cough and/or difficult breathing. The clinical assessment included respiratory rate
counting per minute using a respiratory rate timer and measurements of SpO, using pulse oxi-
meters with infant probes, as well as axillary temperature measurements using digital thermom-
eters. The HCPs classified children into three mutually exclusive categories according to IMCI
chart booklet: no pneumonia (cough/cold only), pneumonia (fast breathing pneumonia defined
as 250 breaths per minute in 2-11-month-old infants and >40 breaths per minute in 12-59-month-
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old children) and/or chest indrawing pneumonia and severe pneumonia/severe disease defined
as presence of any general danger sign (inability to drink or breastfeed, vomiting everything,
convulsions, lethargy or unconsciousness), stridor in a calm child or hypoxaemia (Sp0,<90%).
Following the HCPs’ assessment, children classified as having chest indrawing pneumonia were
enrolled by trained study staff after written informed consent was obtained from their caregiv-
ers. During enrolment, they collected detailed contact information, including the home address,
parents/caregivers phone numbers, and landmark descriptions. They recorded anthropometric
data at the time of screening, such as weight, height or length, and mid-upper arm circumfer-
ence (MUAC). With the parent’s/caregiver’s permission, we also recorded a video clip excluding
the child’s face to document clinical signs such as chest indrawing.
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The project manager conducted periodic validation of study data at both the PHC facility and
household levels. At PHCs, we validated 2.4% (n/N=165/6700) of children to assess HCPs’ adher-
ence to the IMCI chart booklet for assessment, classification, and management during monitor-
ing and supervision. In the event of any discrepancy, it was addressed by providing refresher
training. At the household level, 45.5% (n/N=162/356) of the children who were followed up in
the study were validated to verify PHC facility visits, treatment prescribed by HCP, treatment
received, and the data collector’s household visit.

Follow-up and outcome assessment

Data collectors conducted a systematic follow-up of all enrolled children on day 15 after enrolment,
allowing a permissible window of +2 days. We contacted the parents/caregivers 1-2 days before the
follow-up visit by telephone to confirm their home addresses and availability. When parents/caregiv-
ers were challenging to reach, or the provided addresses were unclear, local community healthcare
personnel - including lady health workers, lady health visitors, and vaccinators affiliated with the
Expanded Programme on Immunization (EPI) were engaged to assist in locating the correct house-
holds for follow-up. We collected follow-up data electronically using handheld devices. We obtained
detailed information from parents/caregivers on the child’s status at day 15, including whether the
child had recovered, remained the same, worsened, or died. The clinical outcome was entirely based
on parent/caregiver information. Parents/caregivers were asked to report the child’s condition as
“cured,” “the same,” or “worse”; these categories reflected their perceived resolution, lack of change,
or deterioration in the child’s health compared with the time of enrolment.

We collected additional data, including the treatment received, names of antibiotics, route of
administration, duration, frequency, and adherence to the prescribed treatment. We documented
relevant details for hospitalised children and verified antibiotic use through parent/caregivers’s
confirmation of the prescription provided by the HCP during the initial visit at the PHC facility.
If a prescription was unavailable, data collectors asked to see medication bottles or leaflets to
recognise the prescribed and used medications. When neither was available, a pictorial chart
of commonly used antibiotics for pneumonia was shown to parents/caregivers to identify them.

Parental education was documented by categorising whether the mother, father, or both were
illiterate, able to provide a signature only, or had completed primary (up to 5 years of studies), sec-
ondary (between 6 and 10 years of studies), higher secondary education (between 11 and 12 years
of studies) or graduation and above. The child’s immunisation status was verified through vac-
cination cards when available; otherwise, caregiver recall was used. We asked the respondents
specific questions regarding the timing of age-appropriate vaccinations according to the National
EPIschedule, the route and site of administration, and whether they observed a scar mark on the
child’s body in case of Bacillus Calmette-Guérin vaccination. In cases of child’s death, a verbal
autopsy was conducted after 4-6 weeks, using the WHO 2016 verbal autopsy questionnaire [18]
for children aged 4 weeks to 14 years, alongside detailed parent/caregivers’s narratives to com-
prehensively document the events leading up to the child’s death. Two qualified physicians inde-
pendently determined the probable cause of death; no automated algorithms were applied due
to the small number of deaths.
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Sample size

We calculated the sample size for the descriptive analysis to estimate the case fatality ratio (CFR)
among children aged 2-59 months with chest indrawing pneumonia at each study site. The cal-
culation was based on the standard single-proportion formula:

Z'xpx(1-p)
Where pis the expected CFR (5%, based on primary care data from Malawi), Zis 1.96 (correspond-
ing to a 95% confidence level (95% CI)), and d is the desired precision (margin of error), applied
as 3.0%. These parameters yielded a required sample size of 292 children.

PAPERS

To account for an anticipated 5% loss to follow-up, the sample size was adjusted as follows:
292

1-0.0%

=310

Magipemg =

Therefore, our total sample size was 310 children aged 2-59 months with chest indrawing pneumo-
nia. This target applied to our study site as a whole, rather than to each health facility. Including
a design effect of 1.15, we arrived at a sample size of 356, which we rounded off to 360 [19].

Outcomes

We collected data on primary and secondary outcomes on day 15 through parent/caregiver reports
during the follow-up visit. The primary outcome was to determine the CFR among children aged
2-59 months who presented with chest indrawing pneumonia at the selected PHC facility. Secondary
outcomes included assessing the type and duration of antibiotic treatment received, as well as adher-
ence to the prescribed regimen. In addition, we aimed to determine the proportion of children who
were hospitalised for chest indrawing pneumonia and to document the treatment they received.

Data analysis

We examined the data for completeness before analysis. We described the baseline characteristics
of children aged 2-59 months with chest indrawing pneumonia using frequencies and percentages
for categorical variables. For continuous variables, we reported means and standard deviations
(SD), as well as medians and interquartile ranges (IQR). The primary outcome, CFR, was deter-
mined by dividing the number of deaths recorded on day 15 post-enrolment by the total number
of enrolled children who completed follow-up, with a 95% CI. To evaluate the potential impact of
missing outcome data on the CFR, we conducted a simple sensitivity analysis for the four children
who were lost to follow-up. The primary analysis followed a complete-case approach, excluding
these four children from the denominator. For the sensitivity analysis, we recalculated the CFR
under two extreme assumptions to assess the possible range of mortality estimates: a worst-case
scenario in which all four missing children were assumed to have died; and a best-case scenario
in which all four were assumed to have recovered.

We defined adherence as the administration of oral amoxicillin for 4-5 days or more. We calcu-
lated anthropometric indices as z-scores based on the 2006 WHO growth reference standards [20].
We considered children fully immunised if they had received all age-appropriate vaccinations
according to Pakistan’s National EPI schedule. Two physicians independently reviewed verbal
autopsy data to assign the cause of death. If the two assessments disagreed, we consulted a third
expert physician to resolve discrepancies and establish the most probable cause of death. We used
Stata, version 17.0 (StataCorp LLC, College Station, TX, USA) for analysis.

RESULTS

A total of 6,700 children presenting with cough and/or difficult breathing were screened at the
selected primary healthcare facilities between 3 January 2024 and 28 February 2025. One screened
child was younger than two months and was therefore excluded as ineligible from the analysis. Of
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the remaining 6,699 eligible children aged 2-59 months, 360 children with chest indrawing pneu-
monia were enrolled. Follow-up data were available for 356 children, while four children were lost
to follow-up because the study team was unable to contact their parents/caregivers or locate their
households (Figure 2). During the study period, the monthly number of children screened and
enrolled varied in line with the seasonal pattern of acute respiratory infections in Pakistan. ARI/
pneumonia cases were higher during the winter months, particularly from November to February,
and declined thereafter, with comparatively fewer cases observed during the summer months.
The month-wise distribution of screened and enrolled children reflects these seasonal fluctua-

A

5]
o= tions (Figure 3).
=
=
(o Screened children aged 2-59-months presenting with cough and/or difficult
breathing,
N=6,700 Excluded from study, n = 6,340
. Cough and cold/no pneumonia, n= 5,651
. Fast breathing pneumonia, n = 667
> . Severe pneumonia,* n= 21
e Wrong screening age <2 months,n=1
A\
Enrolled children aged 2-59-months with chest indrawing pneumonia,
n=360 (360/6,699 = 5.3%)
={ Loss to follow-up, n=4

Outcome data available for analysis of the enrolled 2-59-month-old children

with chest indrawing, n=356

Cured,
n=336
(336/356=94.4%)

Same,
n=10
(10/356=2.8%)

Worse,
n=8
(8/356=2.2%)

Died,
n=2

(2/356=0.6%)

Figure 2. Flowchart of the study. *Severe pneumonia: presence of general danger sign (unable to eat or
drink, vomits everything, convulsions or history of convulsions, lethargic or unconscious), stridor in a
calm child; hypoxaemia (oxygen saturation using pulse oximetry Sp0O,<90%).

U
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Monthly distribution of screened vs enrolled children (Jan 2024—Feb 2025)

862
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l_ Screened [ Enrolled (chest indrawing) I

Baseline demographic and clinical
characteristics

The highest number of participants was enrolled
at RHC Manga Mandi (n=132, 36.7%), followed by
BHU Ali Raza Abad (n=90, 25.0%). Among the 360
enrolled children, 193 (53.6%) were aged 2-5 months,
with a mean age of 9.1 months (SD=9.5), and 202
(56.1%) were male. The mean respiratory rate was 59
breaths/min (SD=7.9) for children aged 2-11 months.
The mean SpO, was 96.0% (SD=2.2%). Most children
were malnourished; 81 (22.5%) had a weight-for-
age z-score (WAZ)<-3, 66 (18.3%) had a height-for-
age z-score (stunted)<-3, and 13.9% had a weight-
for-length z-score (severe acute malnutrition) <-3.

Figure 3. Monthly distribution of all children screened

for cough, cold, and/or difficult breathing and the subset
enrolled with chest indrawing pneumonia across five pri-
mary healthcare facilities (January 2024-February 2025).

MUAC was measured in 167 children aged 6-59
months, and only 9 (5.3%) had a MUAC of <11.5 cm.
Both parents were educated in 189 (52.5%) children.
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A total of 210 (58.3%) were fully immunised (Table 1). The study was not powered to detect dif-
ferences across nutritional or immunisation strata, nor to assess statistical associations between
these characteristics and clinical outcomes. However, we have included stratified descriptive
summaries to enhance transparency (Table S1 in the Online Supplementary Document).

Table 1. Baseline demographic and clinical characteristics of children aged 2-59 months with chest indrawing pneumo-

nia (n=360)*

n (%) n (%)
Name of the participating health facility Anthropometry
RHC Manga Mandi 132 (36.7) WAZ
BHU Ali Raza Abad 90 (25.0) <3 81 (22.5)
BHU Jallo Pind 55 (15.3) —3<WAZ<-2 62 (17.2)
BHU Attoki Awan 42 (11.7) 22 214 (59.4)
U Mamawan A aLe Flag (WAZ<—6 or WAZ>5) 3(0.8)
g WLZ
Age in months <3 50 (13.9)
% (SD) 9.1 9.5) “3<WLZ<-2 44 (12.2)
MD (IQR) 5.4 (3.8—9.6) >-2 260 (72'2)
Age category in months Flag (WLZ<-5 or WLZ>5) 6 (1.7)
2-5 193 (53.6) HAZ
6-11 94 (26.1) <-3 66 (18.3)
12-59 73 (20.3) -3<HAZ<-2 54 (15.0)
Sex of the child 22 230 (63.9)
Male 202 (56.1) Flag (H.AZ<76 or HAZ>6) 10 (2.8)
Female 158 (43.9) MUAC in cm (n=167)t
- — >12.5 154 (92.2)
Axillary temperature in °C 11.5-<12.5 42.3)
% (SD) 36.9 (0.6) <11s 9(5.3)
MD (IQR) 36.8 (36.7, 37.2) Immunisation status
Temperature in °C Fully immunisedt 210 (58.3)
<38.0 340 (94.4) Partially immunised 136 (37.8)
>38.0 20 (5.6) Not immunised 10 (2.8)
Respiratory rate/min (age 2-11 months) Missing$ 4(1.1)
% (SD) 58.6 (7.9) Adult primary respondent
MD (IQR) 57.0 (53.0,63.0)  Mother 312 (86.7)
Respiratory rate/min (age 12-59 months) Father 34 0.4)
2 SD) 52.30.6) Grandmother 7 (1.9)
Other** 3(0.8)
MD (IQR) 52.0 (46.0, 57.0) Missings 4(L1)
Oxygen saturation (Sp02) % Parental educationq
X (SD) 96.0 (2.2) Both uneducated 73 (20.3)
MD (IQR) 97.0 (94.0-98.0) Both educated 189 (52.5)
Oxygen saturation (Sp02) in % (age 2-59 Only father educated 44 (12.2)
months) Only mother educated 50 (13.9)
90-93 61 (16.9) Missing$ 4(1.1)
94-100 299 (83.1) BHU - basic health unit, RHC - rural health centre, IQR - interquar-
Oxygen saturation (Sp02) in % (age 2-5 months), n=193 tile range, MD - median, SD - standard deviation, WAZ - weight-for-
age z-score, WLZ - weight-for-length/height z-score, HAZ - height-
90-93 34 (17.6) . ? -
for-age z-score, MUAC - mid-upper arm circumference, X - mean
94-100 159 (82.4)

Oxygen saturation (Sp02) in % (age 6-11 months), n=94

90-93

11 (11.7)

94-100

83(88.3)

Oxygen saturation (Sp02) in % (age 12-59 months), n=73

90-93 16 (21.9)
94-100 57 (78.1)
Classification of enrolled children

Chest indrawing pneumonia 9(2.5)
Chest indrawing pneumonia along with fast 351 (97.5)

breathing

*Presented as n (%) unless specified otherwise.

TWe measured MUAC only in children aged 6 months or older.
$Fully immunised child is defined as a child who has received all
age-appropriate vaccines: Bacillus Calmette-Guérin dose at birth,
four doses of polio, one dose of inactivated poliovirus vaccine, triva-
lent doses of Penta, three doses of pneumococcal conjugate vaccine,
two doses of Rota, and one dose of measles.

§Children lost to follow-up.

Parental education was classified as educated if they had primary
education or higher, and uneducated if illiterate or able to sign only.
Categories reflect combined parental education status.

**Two aunts and one sister.
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Primary outcome

Of the 360 enrolled children, 356 (98.8%) completed follow-up on day 15. According to parents’/
caregivers’ reports, 336 (94.4%) recovered and only two (CFR=0.6%; 95% CI=0.1-2.2) infants
younger than six months died (Table 2, Box 1). Based on the sensitivity analysis, the worst-case
scenario, assuming all four children lost to follow-up had died, the CFR (95% CI) increased to
1.7% (n/N=6/360; 95% CI=0.6-3.6), whereas under the best-case scenario, assuming all four had
recovered, CFR remained 0.6% (n/N=2/360; 95% CI=0.1-2.0).

N

E Table 2. Treatment outcomes reported by parents/caregivers in enrolled followed-up children (n=356)

2 2-5 months (n = 190) 6-11 months (n = 94) 12-59 months (n=72)

(oW n (%) (95% CI) n (%) (95% CI) n (%) (95% CI) n (%) (95% CI)
Cured 336 (94.4) (91.4-96.3) 178 (93.7) (89.2-96.4) 89 (94.7)  (87.8-97.8) 69 (95.8) (87.6-98.7)
Same 10 (2.8) (1.5-5.1) 5(2.6) (1.1-6.2) 4(4.2) (1.6-10.9) 1(1.4) (0.2-9.5)
Worse 8(2.2) (1.1-44) 5.6  (1.1-6.2) 1(1.1) 01-7.3)  2(2.8) (0.6-10.7)
Died 2(0.6) (0.1-2.2)  2@.1) (0.2-4.1)

CI - confidence interval

Secondary outcomes

Antibiotic prescription

Among 356 followed-up children, all were prescribed at least one oral antibiotic at the time of
enrolment. Oral amoxicillin was prescribed for 192/356 (53.9%) children across all PHC facili-
ties. The prescription frequency was highest at BHU Manawan (n/N=30/41, 73.2%), followed by
BHU Jallo Pind (n/N=38/54, 70.4%) and Ali Raza Abad (n/N=58/89, 65.2%). The prescription rate
for oral amoxicillin was lowest at RHC Manga Mandi (n/N=42/131, 32.1%). Oral cefixime was pre-
scribed in n/N=58/356 (16.3%) and oral amoxicillin-clavulanic acid in n/N=54/356 (15.2%) chil-
dren, mainly at RHC Manga Mandi (Table S2 in the Online Supplementary Document).

Duration of antibiotic prescription and adherence patterns

The PHC facilities’ HCPs prescribed oral amoxicillin for 4-5 days in 166 out of 192 (86.5%) chil-
dren. Parents/caregivers administered oral amoxicillin for 4-5 days in 125/166 (75.3%) chil-
dren, while 35/166 (21.1%) children were given the antibiotic for more than 5 days. Children
who received fewer than 4 days of amoxicillin were classified as non-adherent, in accordance
with WHO-recommended treatment duration. Overall, 160/166 (96.3%) adhered to the prescribed
course of oral amoxicillin (Table 3).

Hospitalisations

Among 356 children, 7 (2.0%; 95% CI=0.8, 4.0) were hospitalised during the 15-day follow-up
period. Parents/caregivers self-referred four of these seven admissions (57%), PHC providers ini-
tiated two, and a community health worker referred one. Three admissions occurred within the
first three days post-enrolment, while four occurred later in the follow-up period (Table S3in the
Online Supplementary Document).

Treatment change during the follow-up period

According to parents/caregivers, 26/356 izbrisati (7.3%) children reported a change in their anti-
biotic treatment during the 15-day follow-up period. Of these, 7 (26.9%) were hospitalised and
received injectable antibiotics, 5 (19.2%) received injectable antibiotics on an outpatient basis,
and 14 (53.8%) were switched to alternative oral antibiotics as an outpatient (Table S3 in the
Online Supplementary Document). Among these 26 children, 14 were initially prescribed oral
amoxicillin at enrolment, of whom 10 (71.4%) completed the full prescribed course. Among the
10 children who adhered to the initially prescribed course of oral amoxicillin, treatment changes
occurred at different time points after enrolment. Three children (30.0%) had a change in treat-
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Box 1. Verbal autopsy details of deaths

Casel

A three-month and 14-day-old male infant presented to a selected PHC facility with a one-day his-
tory of fever, cough, and/or difficulty in breathing. He was screened and classified with chestindraw-
ing pneumonia and managed as an outpatient with a five-day course of oral amoxicillin-clavulanic
acid. Atenrolment, the child’s respiratory rate was 60 breaths per minute, oxygen saturation (Sp02)
was 92%, temperature was 37.8°C, weight was 4.5 kg, and length was 55 cm. His weight-for-height
z-score was —0.12, and he had received all age-appropriate vaccinations.

The parents reported noimprovement in the child’s condition. They subsequently sought care from
a private clinic, where he received unspecified outpatient treatment. According to the parents, his
condition continued to worsen, prompting a second visit to the same private clinic. Upon reassess-
ment, the HCP referred the child to the same PHC facility where he was initially enrolled.

PAPERS

On day 14 of illness, the child re-visited the PHC facility and was immediately referred to a tertiary
care hospital. The parents reported that his initial symptoms - fever, cough, and respiratory diffi-
culty - had persisted throughout the illness. Upon arrival at the tertiary care hospital, the child’s
condition further deteriorated. He was admitted, and treatment was initiated, including injectable
medications and a blood transfusion. However, the parents could not recall specific details of the
investigations or treatment administered during the hospital stay.

The mother reported that a nasogastric (NG) tube was inserted and that blood was observed in the
NG tube. She also noted the onset of abdominal distension and an absence of urine output before
the child’s death. The child was later transferred to the intensive care unit, where he was placed on
mechanical ventilation. Despite these efforts, he did not survive and passed away on the 15th day
of illness. Based on the verbal autopsy independently reviewed by two physicians, the most likely
cause of death was septicaemia.

Case 2

A three-month-old male infant presented to a selected PHC facility with an eight-day history of
cough and difficulty in breathing, along with a three-day history of high-grade fever. He was screened
and classified as chest indrawing pneumonia according to IMCI protocol and was prescribed a five-
day course of oral cefixime for outpatient management. At the time of enrolment, his respiratory rate
was 74 breaths per minute, SpO2 was 93%, and body temperature was 37.0°C. His weight was 3.6 kg,
length 56 cm, and weight-for-height z-score was -3.58. The child was partially immunised for his age.

According to the parents, there was noimprovementin the child’s condition following the prescribed
treatment. The next day, they sought care at a private clinic, where some investigations were con-
ducted, and oral medications (names unknown) were prescribed.

Despite the change in treatment, the child’s condition continued to deteriorate. Subsequently, he
was taken to a private hospital (exact time unknown), where he was administered injectable medica-
tions and received a blood transfusion. The parents reported that the child showed slight improve-
ment during the transfusion; however, shortly after its completion, his condition worsened. He
began gasping, and his eyes rolled upward. Believing that the child had passed away, the parents
alerted the HCP. Upon examination, the HCP confirmed that the child was still alive and advised
immediate referral to a tertiary care hospital. The child was promptly transferred to the tertiary
care hospital. However, upon arrival, the attending physician informed the parents that the child
had died. Based on data collected through verbal autopsy and independently reviewed by two phy-
sicians, the most probable cause of death was determined to be severe pneumonia.

ment within up to three days of enrolment (including two early escalations and one switch to
symptomatic cough treatment). Two children (20.0%) had a change between day three and day
five, and another two children (20.0%) had initiated a new antibiotic treatment between day six
and day nine. The remaining three children (30.0%) had initiated a new antibiotic treatment on
day 10 or later (Table S3 in the Online Supplementary Document).
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Table 3. Duration of antibiotic treatment prescribed by the healthcare provider at the primary healthcare facility and
administered by parents/caregivers in successfully followed-up children (n=356)*

Name of antibiotics prescribed by HCP

Total, Oral amoxicil- Oral cefixime, Oralamoxicillin-clavu- Oral cotrimoxaz- Other oral anti-
n=356 lin,n=192 n=58 lanic acid, n=54 ole,n=33 biotics, n=19%
Treatment duration in days prescribed by HCP
1-3 67 (18.8) 26 (13.5) 14 (24.1) 5(9.3) 11 (33.3) 11 (57.9)
4-5 289 (81.2) 166 (86.5) 44 (75.9) 49 (90.7) 22 (66.7) 8 (42.1)
(5 Treatment duration in days administered by parents/caregivers
o 1-3 79 (22.2) 32 (16.7) 14 (24.1) 9 (16.7) 11 (33.3) 13 (68.4)
E 4-5 209 (58.7) 125 (65.1) 31 (53.4) 28 (51.9) 20 (60.6) 5(26.3)
E >5 68 (19.1) 35(18.2) 13 (22.4) 17 (31.5) 2(6.1) 1(5.3)

HCP - healthcare provider
*Presented as n (%)
tOther oral antibiotics include azithromycin (n=15), doxycycline (n = 3), and cefadroxil (n =1).

DISCUSSION

This prospective observational cohort study showed a low CFR (0.6%) by day 15 post-enrolment
among 2-59-month-old children with chest indrawing pneumonia when managed at selected PHC
facilities in Lahore, Pakistan. Parents/caregivers reported that nearly 95% of enrolled children
were cured at the time of follow-up on day 15. The HCPs at the selected PHC facilities prescribed
oral antibiotics to all enrolled children; over half (54%) were prescribed oral amoxicillin, which
is recommended as the first-line treatment for chest indrawing pneumonia in children aged 2-59
months by both the WHO and Pakistan’s national IMCI 2019 [12], while the rest were prescribed
an alternative oral antibiotic.

Comparison of CFR across observational studies of chest indrawing pneumonia shows uniformly
low mortality. In our study, the observed CFR closely aligns with the 0.4% reported in Thatta dis-
trict, Sindh province, Pakistan, and 0.6% in the North Gondar zone, Amhara region, Ethiopia, and
findings from methodologically comparable studies implemented in different geographic con-
texts [21,22]. Other observational studies that used oral antibiotics to treat chest indrawing pneu-
monia in children aged 2-59 months in Zambia, Papua New Guinea and a multi-country study
from Bangladesh, Egypt, Ghana, and Vietnam reported no deaths. However, both the Papua New
Guinea and the multi-country studies excluded children with severe malnutrition at enrolment
[23-25]. In contrast, one community-based study from Kenya reported a CFR of 0.3% [26]. Three
multi-site community-based randomised controlled trials, two conducted in Pakistan [27,28] and
one in four countries named Bangladesh, Ethiopia, India, and Malawi [29], reported a CFR<0.5%
where community-level health workers treated children aged 2-59 months with chest indraw-
ing pneumonia with oral amoxicillin at home. Effective management of childhood pneumonia
requires not only the appropriate antibiotic but also strong adherence to treatment protocols. We
found that adherence to oral amoxicillin, the WHO and National IMCI-recommended first-line
antibiotic, was over 95% when prescribed according to the IMCI protocol. This finding aligns
with evidence from Kenya, showing similarly high adherence to amoxicillin in community set-
tings [30]. However, contrasting patterns have been reported from Colombia and Vietnam, where
irrational prescribing practices were observed [31,32]. These variations highlight the critical role
of standardised case management and HCP training in ensuring appropriate antibiotic use. The
WHO’s Access, Watch, Reserve (AWaRe) classification framework [33] emphasises prioritising
the use of ‘Access’ antibiotics, such as oral amoxicillin, for common infections, including child-
hood pneumonia, with a target of at least 60% of total antibiotic consumption globally should be
from this group [33]. HCPs prescribed oral amoxicillin to 54% of children, compared to 62% in a
similar study conducted in Thatta, Pakistan [21], and over 85% in Zambia [23]. In line with this,
a study from the Amhara region of Ethiopia prescribed oral amoxicillin to all 345 enrolled chil-
dren with chest indrawing pneumonia, highlighting full adherence to the IMCI protocol [22]. In
contrast, in our study, the HCPs prescribed a considerable proportion of oral cefixime or amox-
icillin-clavulanic acid, both categorised as “‘Watch’ antibiotics, which should be used more judi-
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ciously [33]. This deviation from the IMCI protocol may contribute to the growing threat of anti-
microbial resistance (AMR), particularly in countries like Pakistan, where surveillance indicates
a rising burden of multidrug-resistant infections [34]. Failure to prioritise ‘Access’ antibiotics not
only undermines treatment effectiveness but also accelerates resistance by increasing selective
pressure from broader-spectrum agents [35]. This concern is echoed in global paediatric prescrib-
ing data from 56 countries, where ‘Watch’ antibiotic use frequently exceeded ‘Access’ antibiotic
use, particularly in LMICs [36]. While we did not measure antimicrobial resistance, strengthen-
ing outpatient management and promoting the use of first-line ‘Access’ antibiotics may indirectly
contribute to reducing unnecessary broad-spectrum antibiotic use [33]. These findings emphasise
the urgent need to reinforce training of HCPs at PHC facilities and strengthen the supply chain for
the ‘Access’ group of antibiotics consistently, and the implementation of IMCI protocols to ensure
evidence-based prescribing. Adopting these strategies will support both optimal clinical care and
national AMR containment goals.

PAPERS

Outpatient management of chest indrawing pneumonia in children with oral amoxicillin offers
cost-saving advantages, particularly in LMICs such as Pakistan. This strategy substantially reduces
healthcare costs and alleviates burdens on overstretched health systems [37]. Sadruddin et al.
reported an average household cost of USD 1.46 for pneumonia cases managed by community
health workers compared to USD 7.60 for hospital referrals in Pakistan [38]. Similarly, societal costs
were considerably lower for non-severe pneumonia treated on an outpatient basis (USD 22.6 per
episode) compared to severe cases, which required inpatient care and cost USD 142.9 per episode,
with medicines being the most considerable expense (40.5%), followed by meals (23.7%), hospital-
isation (13.2%), and transport (12.2%) [39]. An economic review across 74 LMICs further demon-
strated the cost-effectiveness of the updated 2012 WHO guidelines recommending oral amoxicillin
outpatient management, estimating potential savings up to USD 1.16 billion [40]. These findings
highlight the economic benefits of managing non-severe pneumonia in children as outpatients
using the 2012 WHO-recommended guidelines [9].

According to parents/caregivers, 26/356 (7.3%) children reported switching to another treatment
during the 15-day follow-up period. However, not all changes in antibiotic treatment occurring
late in the follow-up period represent treatment failure. According to the WHO Pocket Book, chil-
dren treated for pneumonia as outpatients should be reviewed after three days; lack of improve-
ment by this point suggests possible treatment failure and warrants further evaluation [10]. Most
hospital-based and specialty guidelines, including those from the Infectious Diseases Society of
America and Paediatric Infectious Diseases Society, further note that children receiving appro-
priate antibiotics are expected to show clinical improvement within 48-72 hours [41]. We found
that children who required a change in treatment more than a week after starting amoxicillin,
particularly those switching after day 10 of enrolment, are thus unlikely to represent a failure of
the recommended antibiotic, but more plausibly represent persistent symptoms, parent/caregiver
concerns, or provider preference for antibiotic escalation. Additionally, a persistent cough after
the resolution of pneumonia is well-documented and does not in itself indicate antibiotic failure.
A cough lasting several weeks after apparent recovery from pneumonia may be due to post-infec-
tious airway inflammation and does not, by itself, indicate failure of the initial antibiotic treat-
ment [42]. Similarly, a change in antibiotic within 72 hours of enrolment likely represents prema-
ture escalation before adequate time had elapsed for the expected clinical response to amoxicillin.
This distinction is crucial for clinicians to avoid unnecessary antibiotic escalation and to provide
appropriate reassurance and guidance to parents/caregivers [41].

In our study, only seven children required hospitalisation, the majority of whom were admitted to
public sector hospitals. In comparison, no hospitalisations were reported in the aforementioned
study from Zambia [23], while the study from Ethiopia reported seven [22], and the study from
Thatta, Pakistan, reported only two hospitalisations [21].

Hospitalisation was also uncommon (2%) in a study in peri-urban Karachi, where public hospitals
were the predominant site of admission [43]. In our study, four of the seven hospitalised children
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(57.1%) were self-referred, suggesting that parents/caregivers were able to recognise clinical dete-
rioration and initiate timely care-seeking without referral. The low proportion of hospitalisations
reinforces the feasibility and safety of outpatient management of chest indrawing pneumonia at
PHC facilities, using the IMCI protocol, but also the potential for appropriate caregiver response
in the event of clinical worsening, thereby supporting the implementation of PHC-based pneumo-
nia care models in similar resource-constrained settings.

The implementation of outpatient pneumonia management at PHC facilities offers several public
health benefits and has several implications for health systems. First, outpatient care reduces the
risk of hospital-acquired infections, which remain a significant cause of morbidity and mortality
in hospitalised children, particularly in low-resource settings [44,45]. Second, this approach sub-
stantially lowers the economic burden on families and health systems. Studies from Pakistan have
demonstrated that outpatient management significantly reduces household treatment costs com-
pared to inpatient care, thereby alleviating financial stress and making healthcare more accessible
[38,39]. Third, outpatient management reduces the burden on referral-level healthcare facilities,
enabling these facilities to concentrate their resources on critically ill patients and complex med-
ical conditions. Additionally, promoting rational use of first-line antibiotics such as amoxicillin
at the PHC level has been shown to mitigate AMR by limiting unnecessary use of broad-spectrum
antibiotics, preserving their effectiveness for severe infections [46]. Collectively, these findings
underscore the clinical, economic, and public health rationale for adopting outpatient manage-
ment protocols for childhood pneumonia, especially in resource-constrained settings such as
Pakistan, where policymakers and health planners have a critical role in ensuring the consistent
implementation of IMCI protocols through adequate training, reliable medicine supply, and effec-
tive supervision at PHC facilities. The implications of these findings apply specifically to non-hy-
poxaemic, carefully screened children with chest-indrawing pneumonia who are managed in set-
tings where IMCI triage and referral practices are consistently followed. The low CFR observed
in this study should therefore be interpreted within this context, and not generalised to children
with danger signs or to cases of severe pneumonia.
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s
=
=
A

Strengths and limitations

This study has several strengths. The integration of this study into the PHC delivery system in the
Lahore district enabled the real-time identification of pneumonia cases, reflecting the actual bur-
den and care-seeking practices in the community. We successfully enrolled a substantial number
of pneumonia cases, with no refusals to participate, which enhanced the reliability of our find-
ings. The negligible loss to follow-up reduced the potential for attrition bias, thus ensuring the
representativeness of the results. The use of a standardised case management IMCI protocol by
the HCPs for assessing, classifying, and managing pneumonia was encouraging. These results
could be reflective of similar socio-economic conditions and settings.

Our study also had a few limitations. First, we based the day-15 outcome solely on parent/caregiv-
er-reported information, which introduces some degree of subjectivity and the potential for mis-
classification. However, parents/caregivers reported their child’s condition as ‘cured, ‘same,’ or
‘worse’ based on their current health status compared with the time of enrolment, without clini-
cal or physiological verification. However, the 15-day follow-up period is generally sufficient for
pneumonia to either resolve or progress to a severity that would prompt parents/caregivers to
seek further care, thereby reducing the likelihood of major misclassification. The distribution of
outcomes, with 94.4% participants reported as cured, 2.8% as unchanged, 2.2% as worsened, and
0.6% as deceased, is consistent with the pattern reported in previous trials of oral amoxicillin for
chest-indrawing (or similar severity) pneumonia in Africa and Asia, which reported low rates of
treatment failure and very low mortality among appropriately treated children, supporting the
internal consistency and plausibility of caregiver-reported responses [29,47]. In addition, findings
from a pragmatic trial in Kenya also support high recovery and very low mortality, although the
study used the earlier WHO case definition of ‘severe pneumonia’, in which chest indrawing was
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included; its relevance is therefore not directly equivalent [48]. However, its findings still align
with the expected favourable clinical trajectory of non-hypoxaemic chest-indrawing pneumonia
managed with oral amoxicillin. To minimise reporting errors, data collectors used structured
probing questions during follow-up. Nevertheless, some degree of misclassification or recall bias
remains possible, mainly when the illness course or treatment details were inaccurately remem-
bered. Second, the study period was marked by occasional stockouts of oral amoxicillin at the
participating PHC facilities, which could have influenced prescribing behaviours at these sites.
Such logistical constraints are typical in resource-constrained environments and may have con-
tributed to the observed treatment patterns [49,50].

We performed the first evaluation of the outpatient management of chest indrawing pneumonia
from Punjab province following the 2019 IMCI protocol revision in Pakistan. Conducted within
routine public-sector primary care settings, it employed real-time electronic data capture and sys-
tematic verification, ensuring methodological rigour and data reliability. These features expand
the national evidence base to a new provincial context, strengthening the understanding of IMCI
implementation at the PHC level.

PAPERS

CONCLUSIONS

Our findings support using the IMCI protocol to treat chest indrawing pneumonia in children aged
2-59 months with a five-day course of oral amoxicillin on an outpatient basis. Based on our results,
we recommend the large-scale adoption and implementation of the IMCI protocol. This recom-
mendation has the potential to increase access to treatment, improve treatment coverage, reduce
referrals and pressure on overburdened referral health facilities, lower costs for the health sys-
tem and families, and subsequently curtail childhood pneumonia-related deaths in resource-lim-
ited settings. IMCI-trained healthcare providers can safely manage childhood pneumonia without
danger signs at the PHC level, while ensuring timely referral for severe pneumonia/disease, and
with sustained availability of essential antibiotics. Further studies are required to examine the
barriers and facilitators for the effective adoption of the IMCI protocol and to assess real-world
feasibility and long-term sustainability.
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