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Objectives: To describe patterns and contextual determinants of antibiotic prescribing for febrile under-five out
patients at primary and secondary healthcare facilities across Bugisu, Eastern Uganda.

Methods: We surveyed 37 public and private-not-for-profit healthcare facilities and conducted a retrospective 
review of antimicrobial prescribing patterns among febrile under-five outpatients (with a focus on antibiotics) in 
2019–20, based on outpatient registers. Multilevel logistic regression analysis was used to identify determinants 
of antibiotic prescribing at patient- and healthcare facility-levels.

Results: Antibiotics were prescribed for 62.2% of 3471 febrile under-five outpatients. There were a total of 2478 
antibiotic prescriptions of 22 antibiotic types: amoxicillin (52.2%), co-trimoxazole (14.7%), metronidazole 
(6.9%), gentamicin (5.7%), ceftriaxone (5.3%), ampicillin/cloxacillin (3.6%), penicillin (3.1%), and others 
(8.6%). Acute upper respiratory tract infection (AURTI) was the commonest single indication for antibiotic pre
scribing, with 76.3% of children having AURTI as their only documented diagnosis receiving antibiotic prescrip
tions. Only 9.2% of children aged 2–59 months with non-severe pneumonia received antibiotic prescriptions in 
line with national guidelines. Higher health centre levels, and private-not-for-profit ownership (adjusted OR, 
4.30; 95% CI, 1.91–9.72) were significant contextual determinants of antibiotic prescribing.

Conclusions: We demonstrated a high antibiotic prescribing prevalence among febrile under-five outpatients in 
Bugisu, Eastern Uganda, including prescriptions for co-trimoxazole and ampicillin/cloxacillin (which are not indi
cated in the management of the common causes of under-five febrile illness in Uganda). Study findings may be 
linked to limited diagnostic capacity and inadequate antibiotic availability, which require prioritization in inter
ventions aimed at improving rational antibiotic prescribing among febrile under-five outpatients.

© The Author(s) 2022. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Antimicrobial resistance (AMR) is a global challenge, with worse 
health and economic implications for low- and middle-income 
countries (LMICs).1 Uganda, an East-African low-income country, 
adopted a National Action Plan (NAP) on AMR in 2018,2 but as 
with other African LMICs, implementation has been slow.3

Promoting the optimal use of antimicrobials is a key objective 
of Uganda’s NAP, but inadequate local data on current patterns 

and determinants of antimicrobial prescribing and use hampers 
the implementation of context-relevant antimicrobial steward
ship interventions at health facilities.2

Children under 5 years old are an important group of antibiotic 
users, one for which antibiotics are often over-prescribed and in
appropriately prescribed.4,5 Importantly, the commonest condi
tions in the under-five age group for which antibiotics are most 
often inappropriately prescribed [such as acute upper respiratory 
tract infections (AURTI) and acute watery diarrhoea]5–8 are 
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largely managed on an outpatient basis at primary and second
ary healthcare facilities. Hence, understanding antibiotic pre
scribing practices especially at these levels of healthcare is a 
prerequisite for optimizing antimicrobial use and improving 
health outcomes for young children. However, evidence on anti
biotic prescribing patterns among paediatric outpatients in pri
mary and secondary healthcare facilities in Uganda remains 
scarce.9

Prescribing behaviour is complex, and is influenced not only by 
the patient–provider interaction, but also by broader healthcare 
facility and health system factors.10 In Uganda and similar set
tings, contextual health system factors such as heavy workload 
for healthcare workers, and limited availability of essential diag
nostics and antibiotics may contribute to inappropriate antibiotic 
prescribing.11,12 Yet, to our knowledge, little is known about the 
influence of contextual health system factors on antibiotic pre
scribing for paediatric outpatients in Uganda. Such evidence 
could further elucidate modifiable drivers of antibiotic prescrib
ing, which is important for the design of context-appropriate, sus
tainable antimicrobial stewardship interventions in Ugandan 
outpatient settings and similar contexts elsewhere. Therefore, 
this study aimed to describe patterns and contextual determi
nants of antibiotic prescribing for febrile under-five outpatients 
at primary and secondary healthcare facilities in Bugisu, 
Eastern Uganda.

Patients and methods
Study design and study setting
This was a cross-sectional study conducted in outpatient settings of 37 
primary and secondary healthcare facilities across the six districts of 
Bugisu (Bulambuli, Sironko, Bududa, Manafwa, Mbale and Namisindwa). 
Bugisu, a sub-region in Eastern Uganda, is a malaria-endemic setting, 
with an estimated population of 1.8 million inhabitants,13 and has 
under-five mortality and poverty rates higher than the national 
average.14,15

Healthcare in Uganda is based on a referral system and a tiered 
healthcare structure, and is delivered through public and private health
care facilities. Formal healthcare facilities in Uganda are organized into six 
levels, according to the services provided and catchment area covered, as 
described elsewhere.16 Health Centre level two (HC-II) and HC-III are pri
mary healthcare centres; HC-IV and general hospitals provide secondary 
healthcare services; and tertiary-level healthcare services are provided at 
regional- and national referral hospitals.16,17 The lead role in prescribing is 
taken by nurses at HC-II, Clinical Officers at HC-III, and Medical Doctors, 
where available, at higher healthcare levels. Clinical Officers are non- 
physician clinicians with training in clinical aspects of medicine, and 
with fewer clinical skills than physicians but more than basic nurses.18

This study included public and private-not-for-profit healthcare facil
ities at four levels: HC-II, -III, -IV, and general hospital. There were two 
study components: a healthcare facility survey, and a register-based 
retrospective review of antimicrobial prescribing patterns among febrile 
under-five outpatients [children aged under 5 years (including neonates) 
with febrile illness that were managed as outpatients] at the study 
healthcare facilities, from January 2019 to December 2020.

Selection of healthcare facilities
Multi-stage and purposive sampling were used in the selection of health
care facilities for this study, to ensure representation of the six districts, 
and the multiple levels of healthcare provision in Bugisu. First, two general 

hospitals and 10 HC-IV facilities in Bugisu were enrolled. Second, 16 HC-III 
and 11 HC-II were purposively selected, taking into account representa
tion of the districts, health sub-districts, and ownership (public versus 
private-not-for-profit). One general hospital was excluded because it pro
vided only specialized services, which did not match the aim of the study, 
and one HC-IV was excluded due to unavailability of the medical records 
staff on all occasions the facility was visited for data collection. 
Altogether, 37 healthcare facilities were enrolled, six of which were 
private-not-for-profit. (see Table S1, available as Supplementary data at 
JAC-AMR Online)

Sampling of febrile under-five outpatients
Records of febrile under-five outpatients that presented to the study 
healthcare facilities from 1 January 2019 to 31 December 2020 were con
sidered eligible for inclusion. Records were excluded if: (i) fever was not 
documented as a presenting clinical sign or symptom, or (ii) records 
had incomplete or illegible entries about the diagnoses and prescriptions.

Records were selected systematically at the health facilities. To obtain 
the sampling interval, the total number of under-five children attending 
the outpatient clinics at each of the facilities within the study period 
was first obtained. This was determined using health facility monthly re
ports from the Health Information Management System Form 105,19

where these were available, or by tallying daily attendances from the out
patient registers. This was then divided by the required sample size at that 
healthcare facility to obtain a sampling interval. Records were then se
lected by the determined sampling interval, taking the first eligible child 
attending in January 2019 as the starting point. Whenever an ineligible 
record was encountered, it was skipped and replaced with the next eli
gible record without breaking the original sampling interval.

Study size for febrile under-five outpatients
Sample size was estimated using the Kish Leslie formula for cross- 
sectional studies,20 using a 5% level of precision and a 95% CI. The pro
portion of under-five children prescribed an antibiotic was assumed as 
84.9%, based on a similar study conducted among paediatric inpatient 
and outpatients in Tanzania.21 This yielded a sample size of 196, which 
was adjusted to cater for clustering at the four levels of service delivery 
(HC-II, -III, -IV and General Hospital), with a 10% allowance for missing 
data and incomplete records, resulting in an estimated sample size of 
2309 (for details see Supplementary data).

Data sources
Data on healthcare facility characteristics were collected via a pre-tested, 
structured questionnaire administered to the persons-in-charge at each 
facility, combined with inspection, using a checklist. (Supplementary 
data). Data were collected about healthcare facility level and ownership, 
services provided, diagnostics availability, patient attendance at out
patient clinics, staffing, and availability of Uganda Clinical Guidelines 
(UCG).

For the retrospective assessment of prescribing patterns for febrile 
under-five outpatients, data from outpatient registers were collected 
using an electronic data abstraction tool developed by the investigators 
(Supplementary data). Outpatient registers are physical documents 
used for recording details of patients attending the outpatient depart
ments of healthcare facilities in Uganda. They capture patient data in
cluding their name, age, sex, weight, height, residence, body 
temperature, diagnostic tests performed, diagnosis, medicines pre
scribed (including dosage), attendance classification (new- or re- 
attendance), and referral details.
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Assessment of antimicrobial prescribing patterns for 
febrile under-five outpatients
Each medication prescribed was considered as one prescription, such that 
one child could have multiple prescriptions. All prescriptions were as
sessed to determine the proportion of antimicrobial agents in any form 
(topical or systemic), which were then classified as antibacterials, anti
malarials, antifungals, or antiviral agents. Antibiotics were defined as 
antibacterial medications belonging to the Anatomical Therapeutic 
Chemical (ATC) J01 (Antibacterials for systemic use), and P01AB 
(Nitroimidazole derivatives) classes,22,23 and further categorized by 
WHO Access, Watch and Reserve (AWaRe) group.24,25 Access antibiotics 
have the lowest resistance-development potential, and should be widely 
accessible as first-line antibiotics for most indications; Watch antibiotics 
are mainly used as second-line treatment; and Reserve antibiotics with 
the greatest resistance-development potential are last-resort medica
tions.24,25 Where feasible, prescriptions and their corresponding indica
tions were compared with the UCG,26 to assess degree of congruence. 
Descriptive statistics were summarized using a bar graph, pie chart and 
cross-tabulations.

Variables and statistical analyses
Multilevel logistic regression was used to investigate the determinants of 
antibiotic prescribing at patient- (Level-1) and healthcare facility-levels 
(Level-2), taking the 37 healthcare facilities as clusters. The outcome vari
able was dichotomous, indicating whether a child had a documented pre
scription for any oral or parenteral antibiotic (ATC J01/P01AB) or not. 
Level-1 variables included in the models were: child’s age (<6 months, 
6–24 months, or >24 months), child’s sex, date of presentation (obtained 
by dividing the 2 year study period into successive 3 month periods, to ac
count for seasonality), child’s malaria test result, and dichotomous vari
ables for the presence or absence of the commonest reported 
diagnoses. At Level-2, the following variables were included: health cen
tre level (HC-II, HC-III, HC-IV, or General Hospital), healthcare facility 
ownership (public or private-not-for-profit), availability of UCG, and a con
tinuous variable representing patient-to-prescriber ratio, obtained by div
iding the average outpatient attendance over the 5 working days before 
the survey, by the total number of prescribers available at the healthcare 
facility. (At HC-II and HC-III, nurses and Clinical Officers were considered 
as prescribers, and at HC-IV and General Hospital, Clinical Officers and 
Medical Doctors were considered as prescribers).

The following models were run: Model 1, the null-model containing 
only the outcome variable and the healthcare facility identifier (cluster) 
variable; Model 2, which included Level-1 variables with the facility iden
tifier; and Model 3, which included Level-1 and Level-2 variables with the 
facility identifier. The level of statistical significance was set at 0.05. 
Variance inflation factor (VIF) was used to assess covariates for multicol
linearity. The mean VIF was 1.14 (multicollinearity was defined as a VIF 
value of 10 or greater). Data were analysed using Stata 15.1 (Stata 
Corp., College Station, TX).

Ethics
Ethics approval was obtained from the Makerere University School of Health 
Sciences Research and Ethics Committee, reference number 
MakSHSREC-2020-21. The study was registered and cleared by the Uganda 
National Council for Science and Technology, reference number HS1155ES.

Results
Characteristics of surveyed healthcare facilities and 
febrile under-five outpatients
Characteristics of the 37 surveyed healthcare facilities (11 HC-II, 
16 HC-III, 9 HC-IV and 1 General Hospital) are shown in Table 1. 

Malaria rapid diagnostic test (mRDT) was the most widely avail
able diagnostic tool (available in 36/37 healthcare facilities), 
and UCG were available in 32 healthcare facilities.

Records of 3598 febrile under-five outpatients that attended 
the surveyed healthcare facilities between 1 January 2019 and 
31 December 2020 were retrospectively reviewed. The majority, 
3583 (99.6%), were reported as first-time presentations, 1774 
(49.3%) were male; 1883 (52.3%) were aged 6–23 months, 
(Table 2), with 132 (3.6%) aged 2 months or younger (including 
three neonates).

Antimicrobial prescribing patterns
The majority, 3471 (96.8%), of the 3598 surveyed febrile 
under-five outpatients were prescribed at least one medication, 
resulting in a total of 9745 prescriptions. On average, each febrile 
under-five outpatient received 2.81 prescriptions per clinical en
counter, with 487 (14.0%) receiving at least one injection 
prescription.

Table 1. Characteristics of surveyed primary and secondary healthcare 
facilities in Bugisu, Eastern Uganda

Healthcare facility 
characteristics

HC-II 
(n = 11)

HC-III 
(n = 16)

HC-IV 
(n = 9)

General 
Hospital 
(n = 1)

Total 
(N = 37)

Ownership
Public 9 14 7 1 31
Private-not-for-profit 2 2 2 0 6

Average no. of staff 
per healthcare 
facility
Doctors 0 0 2.7 5 -
Clinical officers 0.1 1.4 3.6 4 -
Nurses and midwives 3.3 6.2 16.9 59 -
Pharmacists 0 0 0 1 -
Dispensers 0 0.06 0.3 2 -
Laboratory 
personnel

0.5 1.3 3.1 8 -

Records personnel 0.2 0.9 1.7 2 -
Average outpatient 

clinic attendance 
over 5 working days 
preceding the 
survey

16.8 27.6 71.4 104.4 -

Diagnostics 
availability
Malaria RDT 10 16 9 1 36
Malaria microscopy 3 13 9 1 26
Complete blood 
count

0 2 1 1 4

Typhoid test 3 1 4 1 9
Urinalysis 2 14 7 1 24
Gram stain 1 8 6 0 15
Culture and 
sensitivity

0 0 0 0 0

Drug susceptibility 
test

0 0 0 0 0

Tuberculosis test 1 12 5 1 19
HIV test 9 16 7 1 33
COVID-19 test 1 0 2 0 3

Availability of Uganda 
Clinical Guidelines

10 13 8 1 32
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Of the total 9745 prescriptions, 4114 (42.2%) were for 
antimicrobials in any form (Figure 1). Of these, 2611 (63.5%) 
were antibacterials, 1407 (34.2%) were antimalarials, 95 (2.3%) 
were antifungals, and 2 (0.05%) were antivirals; comprising 
26.8%, 14.4%, 0.9% and 0.02% of all prescriptions, respectively 
(Figure 1). Among antibacterial prescriptions, 94.5% were for sys
temic administration in the form of injectable or oral formula
tions (ATC J01/P01AB), while the remaining were topical 
(creams, ointments and eye-drops).

A total of 22 different antibiotics were prescribed, including 12 
and 6 from the WHO Access and Watch categories, respectively, 
and 4 unclassified antibiotics (Figure 2). There were no prescriptions 

of Reserve group antibiotics documented. Altogether, there were 
2478 antibiotic prescriptions. Topmost among these were 
prescriptions for amoxicillin (52.2%), co-trimoxazole (14.7%), 
metronidazole (6.9%), gentamicin (5.7%), from the Access group; 
ceftriaxone (5.3%) from the Watch-group; and ampicillin/cloxacillin 
(3.6%) from the unclassified group (Figure 2).

Clinical characteristics and antimicrobial prescribing for 
febrile under-five outpatients
The commonest diagnoses reported were malaria [1414 
(39.3%)], AURTI [1381 (38.4%)], diarrhoea [548 (15.2%)], and 

Table 2. Background and clinical characteristics of surveyed febrile under-five outpatients attending lower-level healthcare facilities in Bugisu, Eastern 
Uganda in 2019 and 2020

Children receiving at least one ATC J01/P01AB antibiotic, n (%)

Variable n (%) (N = 3598) No (%) Yes (%) Not reported (%)

Child’s age
<6 months 349 (9.7%) 88 (25.2%) 246 (70.5%) 15 (4.3%)
6–23 months 1883 (52.3%) 668 (35.5%) 1150 (61.1%) 65 (3.5%)
≥24 months 1366 (38.0%) 557 (40.8%) 762 (55.8%) 47 (3.4%)

Child’s sex
Male 1774 (49.3%) 637 (35.9%) 1068 (60.2%) 69 (3.9%)
Female 1824 (50.7%) 676 (37.1%) 1090 (59.8%) 58 (3.2%)

Year of attendance
2019 1838 (51.1%) 688 (37.4%) 1073 (58.4%) 77 (4.2%)
2020 1760 (48.9%) 625 (35.5%) 1085 (61.7%) 50 (2.8%)

Attendance
New attendance 3583 (99.6%) 1309 (36.5%) 2148 (60.0%) 126 (3.5%)
Re-attendance 15 (0.4%) 4 (26.7%) 10 (66.7%) 1 (6.7%)

Diagnostic test
Malaria RDT 2415a (67.1%) 1001 (41.4%) 1333 (55.2%) 81 (3.4%)
Malaria microscopy 344a (9.6%) 119 (34.6%) 208 (60.5%) 17 (4.9%)
Gram staining 1 (0.03%) 0 (0.0%) 1 (100.0%) 0 (0.0%)
Not reported 838 (23.3%) 193 (23.0%) 616 (73.5%) 29 (3.5%)

Diagnosisb

Malaria 1414 (39.3%) 577/680c (84.9%) 103/680c (15.2%) -
AURTI 1381 (38.4%) 160/676d (23.7%) 516/676d (76.3%) -
Diarrhoeae 548 (15.2%) 115/192f (59.9%) 77/192f (40.1%) -
Pneumoniag 370 (10.3%) 12/356h (3.4%) 344/356h (96.6%) -
Skin infections 227 (6.3%) 23/120i (19.2%) 97/120i (80.8%) -
Non-specific bacterial infectionsj 200 (5.6%) 5/143k (3.5%) 138/143k (96.5%) -
Helminthiasis 154 (4.3%) 9/15l (60.0%) 6/15l (40.0%) -

aMalaria RDT and microscopy were reported in four cases. These are grouped as RDT. 
bCategories are not exclusive, and only the most common diagnoses (reported in at least 100 cases) are listed. 
cDenominator is 680 cases with malaria as the only recorded diagnosis, supported by documented positive malaria test. 
dDenominator is 676 cases with AURTI as the only recorded diagnosis. 
eIncludes 526 cases of acute watery diarrhoea, 14 cases of dysentery and 8 cases of persistent diarrhoea. 
fDenominator is 192 cases with acute watery diarrhoea as the only recorded diagnosis. 
gIncludes 337 cases of non-severe pneumonia and 33 cases of severe pneumonia. 
hDenominator is 356 cases with a diagnosis of pneumonia (severe or non-severe), regardless of any other diagnosis. 
iDenominator is 120 cases with skin infection as the only recorded diagnosis. 
jIncludes the diagnoses ‘bacteraemia’, ‘septicaemia’, ‘sepsis’, and ‘bacterial infection’. 
kDenominator is 143 cases with non-specific bacterial infection as the only recorded diagnosis. 
lDenominator is 15 cases with helminthiasis as the only recorded diagnosis.
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pneumonia [370 (10.3%)]. Other diagnoses included skin 
infections in 227 (6.3%), non-specific bacterial infections (‘bac
teraemia’, ‘septicaemia’, ‘sepsis’, and ‘bacterial infection’) in 
200 (5.6%), and helminthiasis in 154 (4.3%) children. 
Diagnostic tests were reportedly performed in 2760 (76.7%) of 
the 3598 surveyed children (Table 2). The diagnostic tests 

performed were almost exclusively malaria tests, with only one 
case where Gram staining was reported (Table 2). Of the 2759 
children that had malaria test results available, 1344 (48.7%) 
were malaria positive either by mRDT or microscopy.

Of 3471 children with documented prescriptions, 3044 
(87.7%) received at least one antimicrobial: 2158 (62.2%) re
ceived a prescription of at least one antibiotic, 1327 (38.2%) at 
least one antimalarial, 95 (2.7%) an antifungal, and 2 (0.06%) 
an antiviral. 484 (13.9%) received both an antibiotic and an anti
malarial. The number of antibiotics prescribed per patient ranged 
from 0 to 4, with patients receiving on average 0.74 antibiotics 
prescribed per clinical encounter.

Antibiotic prescribing for AURTI, pneumonia, malaria, and 
diarrhoea
AURTI was the commonest single indication for antibiotic pre
scribing. Of 676 children with AURTI as the only documented 
diagnosis, 76.3% received at least one antibiotic prescription 
(Table 2). At least 592 (45.7%) amoxicillin prescriptions and 174 
(47.8%) co-trimoxazole prescriptions were for AURTI (after exclu
sion of possible prescribing for co-existing pneumonia, dysentery, 
otitis media, or urinary tract infections).

Of 314 children aged 2–59 months diagnosed with non-severe 
pneumonia, 303 (96.5%) received at least one antibiotic prescrip
tion, with 226 (72.0%) receiving prescriptions for amoxicillin. Only 
29 children (9.2%) received a prescription for amoxicillin at the 
appropriate dose for up to 5 days, in accordance with national 
guidelines.26 Irrespective of age, amoxicillin for non-severe pneu
monia among children aged 2–59 months was mostly prescribed 
at 250 mg three times daily [104/221 (47.0%)], and for 5 days 
[184/218 (84.4%)].

Of 680 children with malaria as the only documented diagno
sis (supported by a positive malaria test), 103 (15.2%) received at 
least one antibiotic prescription. Similarly, out of 192 children 
with a single diagnosis of acute watery diarrhoea, 77 (40.1%) 

Figure 1. Distribution of all prescriptions for febrile under-five children attending study healthcare facilities in Bugisu, Eastern Uganda in 2019 and 
2020 (N = 9745).

Figure 2. Frequency of antibiotic prescriptions for febrile children 
under-five attending lower-level healthcare facilities in Bugisu, Eastern 
Uganda in 2019 and 2020 by AWaRe classification. O, oral preparation; 
P, parenteral preparation. A list of the ‘Other’ antibiotics and their fre
quency of prescription is available in the Supplementary data.
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Table 3. Patient- and healthcare facility-level determinants of ATC J01/P01AB antibiotic prescribing for febrile outpatients under-five at surveyed 
healthcare facilities in Bugisu, Eastern Uganda

AOR (95% CI)a

Characteristic Model 1 Model 2 Model 3

Child’s age
<6 months - Ref Ref
6–24 months - 1.04 (0.69–1.56) 1.04 (0.69–1.57)
>24 months - 1.07 (0.70–1.64) 1.09 (0.71–1.68)

Child’s sex
Male - Ref Ref
Female - 0.97 (0.79–1.19) 0.97 (0.79–1.19)

Date of presentation
Jan-Mar 2019 - Ref Ref
Apr-Jun 2019 - 0.94 (0.63–1.39) 0.91 (0.61–1.36)
Jul-Sep 2019 - 0.90 (0.60–1.35) 0.90 (0.60–1.35)
Oct-Dec 2019 - 0.70 (0.45–1.10) 0.70 (0.44–1.10)
Jan-Mar 2020 - 0.87 (0.58–1.29) 0.85 (0.57–1.27)
Apr-Jun 2020 - 0.94 (0.61–1.44) 0.95 (0.61–1.46)
Jul-Sep 2020 - 0.55 (0.36–0.84)* 0.56 (0.36–0.86)*
Oct-Dec 2020 - 0.82 (0.54–1.23) 0.81 (0.54–1.22)

Malaria test result
Positive - Ref Ref
Negative - 4.88 (3.80–6.26)* 4.80 (3.74–6.16)*

Pneumoniab

No - Ref Ref
Yes - 42.99 (21.86–84.54)* 44.80 (22.01–91.22)*

AURTI
No - Ref Ref
Yes - 4.96 (3.92–6.27)* 5.18 (4.09–6.57)*

Acute watery diarrhoea
No - Ref Ref
Yes - 0.71 (0.53–0.96)* 0.75 (0.56–1.01)

Skin infection
No - Ref Ref
Yes - 5.00 (2.75–9.12)* 5.11 (2.78–9.41)*

Non-specific bacterial infectionc

No - Ref Ref
Yes - 22.62 (9.45–54.10)* 22.42 (9.39–53.56)*

Helminthiasis
No - Ref Ref
Yes - 0.60 (0.37–0.99)* 0.61 (0.37–0.99)*

Health centre level
HC II - - Ref
HC III - - 4.56 (2.43–8.55)*
HC IV - - 2.44 (1.23–4.82)*
General hospital - - 6.82 (1.42–32.82)*

Healthcare facility ownership
Public - - Ref
Private not for profit - - 4.30 (1.91–9.72)*

Uganda Clinical Guidelines available
No - - Ref
Yes - - 0.59 (0.27–1.29)

Patient/prescriber ratio - - 1.04 (1.00–1.09)
Model measures of clustering

Continued 
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received at least one antibiotic prescription (Table 2). All 13 chil
dren with dysentery, and all 30 children with severe pneumonia 
diagnosis received at least one antibiotic, though choice and 
combinations of antibiotics varied, and in almost all cases did 
not match guideline recommendations.

Determinants of antibiotic prescribing
After adjusting for Level-1 variables, 22.0% of the variation in 
antibiotic prescribing for febrile under-five outpatients was attrib
uted to between-healthcare facility differences. (Model 2, 
Table 3). In the final model, 11.4% of this variation remained un
explained (Model 3, Table 3). Level-1 variables that significantly 
increased the odds of antibiotic prescribing were: negative 
malaria test result [adjusted odds ratio (AOR) 4.80; 95% CI 
3.74–6.16], a diagnosis of pneumonia, AURTI, skin infection, or 
non-specific bacterial infection (Model 3, Table 3). On the other 
hand, a diagnosis of helminthiasis [AOR (95% CI) 0.61 (0.37– 
0.99)], and visiting a healthcare facility in July–September, 
2020 [AOR (95% CI) 0.56 (0.36–0.86)] significantly lowered the 
odds of antibiotic prescribing (Model 3, Table 3).

At Level-2, there were higher odds of antibiotic prescribing at 
HC-III, HC-IV and General Hospital, compared with HC-II facilities 
(Model 3, Table 3). Similarly, the odds of antibiotic prescribing 
were greater in private-not-for-profit healthcare facilities, com
pared with public facilities [AOR (95% CI) 4.30 (1.91–9.72)] 
(Model 3, Table 3). A higher patient-to-prescriber ratio and pres
ence of UCG at healthcare facilities showed no significant associ
ation with antibiotic prescribing (Model 3, Table 3).

Discussion
Antibiotics were prescribed to a large proportion (62.2%) of febrile 
under-five outpatients in this study, with amoxicillin and co- 
trimoxazole accounting for two-thirds of all antibiotic prescrip
tions. AURTI was the commonest single indication for antibiotic 
prescribing, with a prescribing proportion of 76.3% when AURTI 
was the only documented diagnosis. Notably, only 9.2% of chil
dren aged 2–59 months with non-severe pneumonia received 
an appropriate antibiotic prescription per the national guidelines. 
Higher health centre levels (compared with HC-II) and 

private-not-for-profit ownership were significant contextual de
terminants of antibiotic prescribing.

Antibiotic prescribing proportions of 60.1% and 62.7% have 
been reported on average for under-five outpatients across 
LMICs, including Uganda.5,27 Given the relatively low prevalence 
of diagnoses necessitating antibiotic prescribing in this study 
[pneumonia (10.3%) and dysentery (0.39%)], the overall anti
biotic prescribing proportion of 62.2% likely indicates over- 
prescribing. Akin to reports from other LMICs,5,6,27–29 we found 
antibiotic prescriptions for AURTI, acute watery diarrhoea and 
malaria, which to a large extent may be unnecessary.26

Antibiotic prescribing for other commonly reported conditions, 
such as skin infections and non-specific bacterial infections was 
also significant but were less straightforward to appraise. Such 
generic diagnoses are likely a result of diagnostic uncertainty, 
considering the limited diagnostic capacity of the study health
care facilities. Yet, assuming all patients in our study with re
ported pneumonia, dysentery, skin infections and non-specific 
bacterial infections required antibiotics for each condition separ
ately, the total prevalence of these conditions (22.6%) would still 
be well-below the antibiotic prescribing proportion of 62.2%.

Diagnostic test availability was uneven within and between 
healthcare facility levels, with mRDTs being most commonly 
available. Similar to reports from other studies,30 negative mal
aria tests significantly increased the odds of antibiotic prescrib
ing. Limited diagnostic capacity for non-malarial fevers remains 
a major driver of inappropriate antibiotic prescribing in 
malaria-endemic settings such as Uganda.31 Thus, improving 
the differential diagnostic capacity with microbiology and/or bio
marker point-of-care tests for non-malarial fevers at these levels 
of care could contribute to a reduction in inappropriate antibiotic 
prescribing.

The antibiotic prescribing patterns observed in this study may 
be more linked to availability than appropriate indication. For ex
ample, amoxicillin and co-trimoxazole, the most commonly pre
scribed antibiotics in the current study were also the top two 
antibiotics supplied across public secondary and tertiary health
care facilities nationwide in 2019 by Uganda’s National Medical 
Stores (NMS).17 And, while amoxicillin is the first-line treatment 
recommended for most uncomplicated bacterial infections in 
Uganda, co-trimoxazole is not indicated in the management of 

Table 3. Continued  

AOR (95% CI)a

Characteristic Model 1 Model 2 Model 3

Healthcare facility-level variance (standard error) 0.931 (0.248) 0.929 (0.266) 0.425 (0.140)
Proportional change in variance - 0.21% 54.25%
Intra-class correlation 0.221 0.220 0.114
Median odds ratio 2.51 2.51 1.86

Model 1 is the null model; Model 2 includes Level-1 variables; Model 3 includes Level-1 and Level-2 variables. 
aThe asterisks indicate results that are statistically significant. 
bIncludes 337 cases of non-severe pneumonia and 33 cases of severe pneumonia. 
cThe designation ‘Non-specific bacterial infection’ refers to the following diagnoses: ‘bacteraemia’, ‘septicaemia’, ‘sepsis’, and ‘bacterial infection’.
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any of the conditions reported in this study (its main indication 
among under-five children in the UCG is as prophylaxis against op
portunistic infections in children with HIV).26 Yet, co-trimoxazole 
was the second-most-prescribed antibiotic, accounting for 14.7% 
of all antibiotic prescriptions. Similarly, ampicillin/cloxacillin, the 
fifth most commonly distributed antibiotic by the NMS in 2019,17

was the most commonly prescribed uncategorized antibiotic in 
this study, despite having no indication in the national guidelines. 
The prevalent use of co-trimoxazole and ampicillin/cloxacillin des
pite their lack of indication is likely a pointer to the inadequate 
access to effective antibiotics in East-Africa that has been charac
terized by other authors.32

Almost all (96.5%) of the febrile under-five outpatients aged 
2–59 months with non-severe pneumonia received an antibiotic 
prescription. Yet, only 72.0% were prescribed the correct antibiot
ic (amoxicillin), and more so, only 9.2% received an amoxicillin 
prescription at the correct dose for the appropriate duration as in
dicated in the national guidelines. Similarly, although all children 
with diagnoses of severe pneumonia and dysentery (conditions 
which necessitate antibiotic treatment) received antibiotics, the 
choice and combinations of antibiotics prescribed varied—in 
most cases not in accordance with guidelines. These findings in
dicate that beyond promoting adequate access to antibiotics 
where indicated, additional efforts are needed to encourage ad
herence to national guidelines to ensure their appropriate 
prescribing.

We found that 22% of the variation in antibiotic prescribing 
was attributed to determinants at healthcare facility level, after 
adjusting for patient-level variables. Our results support findings 
from qualitative studies indicating that, beyond patient and pre
scriber characteristics, prescribing behaviour is often shaped by 
contextual factors.10 We identified that health centre level and 
ownership were important contextual determinants of antibiotic 
prescribing. Our finding that antibiotic prescribing was significant
ly greater at all levels above HC-II is reasonable. HC-II facilities re
ceive fewer antibiotic supplies, since they generally manage 
less-complicated cases than the higher-level facilities, most of 
which would not require antibiotics. Finally, in line with our find
ings, other studies have also shown higher antibiotic prescribing 
in private facilities,33 where revenue is often directly related to 
patient volume and medicine sales.

Limitations
First, this study relied on outpatient registers for data on treat
ment practices for febrile under-five outpatients. Thus, the study 
was limited to collected data, and could have been compromised 
by incomplete or missing data. However, our analysis did not ex
pose any systematic bias attributable to records that were not 
available at data collection. Second, important data on prescrip
tions such as dose, interval and duration that were not captured 
in full for some of the cases made it impossible to determine 
whether or not patients were prescribed the correct regimen 
for some of the diagnoses. Third, our determination of patient- 
to-prescriber ratio was not based on a direct measure of patient 
load per-prescriber, but represented average patient load at the 
healthcare facilities and thus could have dampened the effect 
of this determinant. Future studies could use more direct mea
sures of patient load per shift for each prescriber. Finally, while 

the analytical statistics took into account the survey and cluster 
structure of the data by using the mixed-effect approach, the de
scriptive statistics did not apply weights to account for unequal 
probabilities of selection due to different client volumes at 
sampled facilities. Despite the large sample and high response 
rate, which should reduce the selection bias, we have taken extra 
caution when interpreting the descriptive findings from this 
study.

Conclusions
We demonstrate a high antibiotic prescribing prevalence among 
febrile under-five outpatients attending primary and secondary 
healthcare facilities in Bugisu, Eastern Uganda, including the pre
scribing of co-trimoxazole and ampicillin/cloxacillin, which are 
not indicated in the management of the common causes of fe
brile illness in under-five children in Uganda. These prescribing 
patterns may be linked to limited diagnostic capacity and anti
biotic availability at study facilities. Our study results also provide 
quantitative evidence that health centre level and ownership are 
significant contextual determinants of antibiotic prescribing for 
children in Uganda. There is a need to prioritize access to effective 
antibiotics and essential diagnostics in interventions aimed at op
timizing antibiotic use among febrile under-five outpatients. 
Future interventions will benefit from qualitative research into 
coping strategies adopted by care-seekers and healthcare work
ers in such highly resource-constrained settings.

Acknowledgements
The authors would like to thank Makerere University, Uganda Ministry of 
Health, Department of Pharmaceuticals and Natural Medicines, and dis
trict local governments and health facilities in Bugisu sub-region for their 
support and cooperation during the conduct of the study. Additionally, 
the authors are grateful to the enumerators including Angella 
Nabakooza Kigongo, Anna Maria Namuyingo, Miriam Mukhaye, Sharon 
Nakamanya, Yvette Mukundwa Awino and Veronica Sebunya for their dili
gence and dedication in implementing the field work.

Funding
The work was supported by the Pfizer Global Medical Grants (grant num
ber: 56190499) and Uppsala University. These organizations had no role 
in the design, implementation, interpretation nor reporting of the find
ings. G.A.B., E.W.J., S.S. and A.M. received salary support from Uppsala 
University, J.S.N. received salary support from Mbarara University of 
Science and Technology, J.N.S. and F.E.K. received salary support from 
Makerere University, L.H.A. received salary support from University of 
Gothenburg.

Transparency declarations
None to declare.

Supplementary data
Additional Methods information, checklists and Table S1 are available as 
Supplementary data at JAC-AMR Online.

8

http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlac091#supplementary-data
http://academic.oup.com/jacamr/article-lookup/doi/10.1093/jacamr/dlac091#supplementary-data


Antibiotic prescribing in febrile under-fives in eastern Uganda                                                                         

References
1 Sulis G, Sayood S, Gandra S. Antimicrobial resistance in low- and 
middle-income countries: current status and future directions. Expert 
Rev Anti Infect Ther 2021; 20: 147–60. https://doi.org/10.1080/ 
14787210.2021.1951705
2 Government of Uganda Antimicrobial Resistance National Action 
Plan 2018-2023. 2018. https://www.cphl.go.ug/sites/default/files/2020- 
02/Uganda%20National%20Action%20Plan%20for%20Antimicrobial 
%20Resistance%202018-%202023-compressed_0.pdf.
3 Mpundu M. Moving from Paper to Action—The Status of National 
AMR Action Plans in African Countries. 2020. https://revive.gardp.org/ 
moving-from-paper-to-action-the-status-of-national-amr-action-plans- 
in-african-countries/.
4 Jackson C, Hsia Y, Bielicki JA et al. Estimating global trends in total and 
childhood antibiotic consumption, 2011-2015. BMJ Glob Health 2019; 4: 
e001241. https://doi.org/10.1136/bmjgh-2018-001241
5 Fink G, D’Acremont V, Leslie HH et al. Antibiotic exposure among chil
dren younger than 5 years in low-income and middle-income countries: 
a cross-sectional study of nationally representative facility-based and 
household-based surveys. Lancet Infect Dis 2020; 20: 179–87. https:// 
doi.org/10.1016/S1473-3099(19)30572-9
6 Rogawski ET, Platts-Mills JA, Seidman JC et al. Use of antibiotics in chil
dren younger than two years in eight countries: a prospective cohort 
study. Bull World Health Organ 2017; 95: 49–61. https://doi.org/10.2471/ 
BLT.16.176123
7 Lanyero H, Eriksen J, Obua C et al. Use of antibacterials in the manage
ment of symptoms of acute respiratory tract infections among children 
under five years in Gulu, northern Uganda: prevalence and determinants. 
PLoS One 2020; 15: e0235164. https://doi.org/10.1371/journal.pone. 
0235164
8 Lanyero H, Ocan M, Obua C et al. Antibiotic use among children under 
five years with diarrhea in rural communities of Gulu, northern Uganda: a 
cross-sectional study. BMC Public Health 2021; 21: 1254. https://doi.org/ 
10.1186/s12889-021-11254-1
9 Okello N, Oloro J, Kyakwera C et al. Antibiotic prescription practices 
among prescribers for children under five at public health centers III 
and IV in Mbarara district. PLoS One 2021; 15: e0243868. https://doi. 
org/10.1371/journal.pone.0243868
10 Rodrigues AT, Roque F, Falcão A et al. Understanding physician anti
biotic prescribing behaviour: a systematic review of qualitative studies. 
Int J Antimicrob Agents 2013; 41: 203–12. https://doi.org/10.1016/j. 
ijantimicag.2012.09.003
11 Wilkinson A, Ebata A, MacGregor H. Interventions to reduce antibiotic 
prescribing in LMICs: a scoping review of evidence from human and ani
mal health systems. Antibiotics 2018; 8: 2. https://doi.org/10.3390/ 
antibiotics8010002
12 Yantzi R, van de Walle G, Lin J. ‘The disease isn’t listening to the drug’: 
the socio-cultural context of antibiotic use for viral respiratory infections 
in rural Uganda. Glob Public Health 2019; 14: 750–63. https://doi.org/10. 
1080/17441692.2018.1542017
13 Uganda Bureau of Statistics. Population Projections by District 2015 to 
2021. 2015. https://www.ubos.org/explore-statistics/20/.
14 Uganda Bureau of Statistics (UBOS) and ICF. Uganda Demographic 
and Health Survey 2016. 2018. http://library.health.go.ug/publications/ 
statistics/uganda-demographic-and-health-survey-2016.
15 UNICEF. Multidimensional Child Poverty and Deprivation in Uganda: 
Volume 1. 2019. https://www.unicef.org/uganda/reports/multidimensional- 
child-poverty-and-deprivation-uganda-report-volume-1.
16 Ministry of Health. National Health Facility Master List 2018: 
A Complete List of All Health Facilities in Uganda. 2018. http://library. 

health.go.ug/publications/health-facility-inventory/national-health-facility- 
master-facility-list-2018.
17 Namugambe JS, Delamou A, Moses F et al. National antimicrobial 
consumption: analysis of central warehouses supplies to in-patient care 
health facilities from 2017 to 2019 in Uganda. Trop Med Infect Dis 
2021; 6: 83. https://doi.org/10.3390/tropicalmed6020083
18 Mullan F, Frehywot S. Non-physician clinicians in 47 sub-Saharan 
African countries. Lancet 2007; 370: 2158–63. https://doi.org/10.1016/ 
S0140-6736(07)60785-5
19 Uganda Ministry of Health. (HMIS Form 105) Health Unit Outpatient 
Monthly Report. 2019. https://www.malariaconsortium.org/gallery-file/ 
06081045-69-hmis105healthunitoutpatientmonthlyreport.pdf.
20 Kish L. Survey Sampling. John Wiley & Sons, Inc., 1965.
21 Gwimile JJ, Shekalaghe SA, Kapanda GN et al. Antibiotic prescribing 
practice in management of cough and/or diarrhoea in Moshi 
Municipality, Northern Tanzania: cross-sectional descriptive study. Pan 
Afr Med J 2012; 12: 103. https://doi.org/10.11604/pamj.2012.12.103. 
1716
22 WHO. GLASS Methodology for Surveillance of National 
Antimicrobial Consumption. 2020. https://www.who.int/publications/i/ 
item/9789240012639.
23 WHO. WHO Methodology for a Global Programme on Surveillance of 
Antimicrobial Consumption Version 1.0. https://www.who.int/medicines/ 
areas/rational_use/WHO_AMCsurveillance_1.0.pdf.
24 Sharland M, Gandra S, Huttner B et al. Encouraging AWaRe-ness and 
discouraging inappropriate antibiotic use-the new 2019 Essential 
Medicines List becomes a global antibiotic stewardship tool. Lancet 
Infect Dis 2019; 19: 1278–80. https://doi.org/10.1016/S1473-3099(19) 
30532-8
25 WHO. Adopt AWaRe: Handle Antibiotics with Care. https:// 
adoptaware.org/.
26 Ministry of Health. Uganda Clinical Guidelines 2016. http://library. 
health.go.ug/publications/guidelines/uganda-clinical-guidelines-2016.
27 Knowles R, Sharland M, Hsia Y et al. Measuring antibiotic availability 
and use in 20 low- and middle-income countries. Bull World Health 
Organ 2020; 98: 177–87C. https://doi.org/10.2471/BLT.19.241349
28 Huth PFB, Addo M, Daniel T et al. Extensive antibiotic and antimalarial 
prescription rate among children with acute febrile diseases in the Lake 
Victoria region, Tanzania. J Trop Pediatr 2021; 67: fmaa135. https://doi. 
org/10.1093/tropej/fmaa135
29 Fomba S, Koné D, Doumbia B et al. Management of uncomplicated 
malaria among children under five years at public and private sector fa
cilities in Mali. BMC Public Health 2020; 20: 1888. https://doi.org/10. 
1186/s12889-020-09873-1
30 Hopkins H, Bruxvoort KJ, Cairns ME et al. Impact of introduction 
of rapid diagnostic tests for malaria on antibiotic prescribing: ana
lysis of observational and randomised studies in public and private 
healthcare settings. BMJ 2017; 356: j1054. https://doi.org/10.1136/ 
bmj.j1054
31 Baltzell K, Kortz TB, Scarr E et al. ‘Not all fevers are malaria’: a mixed 
methods study of non-malarial fever management in rural Southern 
Malawi. Rural Remote Health 2019; 19: 4818. https://doi.org/10.22605/ 
RRH4818
32 Dixon J, MacPherson EE, Nayiga S et al. Antibiotic stories: a mixed- 
methods, multi-country analysis of household antibiotic use in Malawi, 
Uganda and Zimbabwe. BMJ Glob Health 2021; 6: e006920. https://doi. 
org/10.1136/bmjgh-2021-006920
33 Ofori-Asenso R, Brhlikova P, Pollock AM. Prescribing indicators at pri
mary health care centers within the WHO African region: a systematic 
analysis (1995–2015). BMC Public Health 2016; 16: 724. https://doi.org/ 
10.1186/s12889-016-3428-8

9

https://doi.org/10.1080/14787210.2021.1951705
https://doi.org/10.1080/14787210.2021.1951705
https://www.cphl.go.ug/sites/default/files/2020-02/Uganda%20National%20Action%20Plan%20for%20Antimicrobial%20Resistance%202018-%202023-compressed_0.pdf
https://www.cphl.go.ug/sites/default/files/2020-02/Uganda%20National%20Action%20Plan%20for%20Antimicrobial%20Resistance%202018-%202023-compressed_0.pdf
https://www.cphl.go.ug/sites/default/files/2020-02/Uganda%20National%20Action%20Plan%20for%20Antimicrobial%20Resistance%202018-%202023-compressed_0.pdf
https://revive.gardp.org/moving-from-paper-to-action-the-status-of-national-amr-action-plans-in-african-countries/
https://revive.gardp.org/moving-from-paper-to-action-the-status-of-national-amr-action-plans-in-african-countries/
https://revive.gardp.org/moving-from-paper-to-action-the-status-of-national-amr-action-plans-in-african-countries/
https://doi.org/10.1136/bmjgh-2018-001241
https://doi.org/10.1016/S1473-3099(19)30572-9
https://doi.org/10.1016/S1473-3099(19)30572-9
https://doi.org/10.2471/BLT.16.176123
https://doi.org/10.2471/BLT.16.176123
https://doi.org/10.1371/journal.pone.0235164
https://doi.org/10.1371/journal.pone.0235164
https://doi.org/10.1186/s12889-021-11254-1
https://doi.org/10.1186/s12889-021-11254-1
https://doi.org/10.1371/journal.pone.0243868
https://doi.org/10.1371/journal.pone.0243868
https://doi.org/10.1016/j.ijantimicag.2012.09.003
https://doi.org/10.1016/j.ijantimicag.2012.09.003
https://doi.org/10.3390/antibiotics8010002
https://doi.org/10.3390/antibiotics8010002
https://doi.org/10.1080/17441692.2018.1542017
https://doi.org/10.1080/17441692.2018.1542017
https://www.ubos.org/explore-statistics/20/
http://library.health.go.ug/publications/statistics/uganda-demographic-and-health-survey-2016
http://library.health.go.ug/publications/statistics/uganda-demographic-and-health-survey-2016
https://www.unicef.org/uganda/reports/multidimensional-child-poverty-and-deprivation-uganda-report-volume-1
https://www.unicef.org/uganda/reports/multidimensional-child-poverty-and-deprivation-uganda-report-volume-1
http://library.health.go.ug/publications/health-facility-inventory/national-health-facility-master-facility-list-2018
http://library.health.go.ug/publications/health-facility-inventory/national-health-facility-master-facility-list-2018
http://library.health.go.ug/publications/health-facility-inventory/national-health-facility-master-facility-list-2018
https://doi.org/10.3390/tropicalmed6020083
https://doi.org/10.1016/S0140-6736(07)60785-5
https://doi.org/10.1016/S0140-6736(07)60785-5
https://www.malariaconsortium.org/gallery-file/06081045-69-hmis105healthunitoutpatientmonthlyreport.pdf
https://www.malariaconsortium.org/gallery-file/06081045-69-hmis105healthunitoutpatientmonthlyreport.pdf
https://doi.org/10.11604/pamj.2012.12.103.1716
https://doi.org/10.11604/pamj.2012.12.103.1716
https://www.who.int/publications/i/item/9789240012639
https://www.who.int/publications/i/item/9789240012639
https://www.who.int/medicines/areas/rational_use/WHO_AMCsurveillance_1.0.pdf
https://www.who.int/medicines/areas/rational_use/WHO_AMCsurveillance_1.0.pdf
https://doi.org/10.1016/S1473-3099(19)30532-8
https://doi.org/10.1016/S1473-3099(19)30532-8
https://adoptaware.org/
https://adoptaware.org/
http://library.health.go.ug/publications/guidelines/uganda-clinical-guidelines-2016
http://library.health.go.ug/publications/guidelines/uganda-clinical-guidelines-2016
https://doi.org/10.2471/BLT.19.241349
https://doi.org/10.1093/tropej/fmaa135
https://doi.org/10.1093/tropej/fmaa135
https://doi.org/10.1186/s12889-020-09873-1
https://doi.org/10.1186/s12889-020-09873-1
https://doi.org/10.1136/bmj.j1054
https://doi.org/10.1136/bmj.j1054
https://doi.org/10.22605/RRH4818
https://doi.org/10.22605/RRH4818
https://doi.org/10.1136/bmjgh-2021-006920
https://doi.org/10.1136/bmjgh-2021-006920
https://doi.org/10.1186/s12889-016-3428-8
https://doi.org/10.1186/s12889-016-3428-8

	Introduction
	Patients and methods
	Study design and study setting
	Selection of healthcare facilities
	Sampling of febrile under-five outpatients
	Study size for febrile under-five outpatients
	Data sources
	Assessment of antimicrobial prescribing patterns for febrile under-five outpatients
	Variables and statistical analyses
	Ethics

	Results
	Characteristics of surveyed healthcare facilities and febrile under-five outpatients
	Antimicrobial prescribing patterns
	Clinical characteristics and antimicrobial prescribing for febrile under-five outpatients
	Antibiotic prescribing for AURTI, pneumonia, malaria, and diarrhoea
	Determinants of antibiotic prescribing

	Discussion
	Limitations
	Conclusions

	Acknowledgements
	Funding
	Transparency declarations
	Supplementary data
	References



