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Abstract

Allwell-Brown, G. 2022. Antibiotic use among children in low- and middle-income countries.
Studies on global trends, and contextual determinants of antibiotic prescribing in Eastern
Uganda. Digital Comprehensive Summaries of Uppsala Dissertations from the Faculty of
Medicine 1830. 79 pp. Uppsala: Acta Universitatis Upsaliensis. ISBN 978-91-513-1466-2.

This thesis aimed to systematically map trends in reported antibiotic use (RAU) among sick
under-five children across low- and middle-income countries (LMICs) in 2005-2017, and, to
understand the contextual determinants of antibiotic prescribing in Eastern Uganda.

Based on 132 national surveys from 73 LMICs, and using Bayesian linear regression models,
trends in RAU among sick under-five children (with symptoms of fever, diarrhoea or cough with
fast/difficult breathing) across LMICs in 2005-2017 were mapped by WHO region, World Bank
country income group, symptom complaint (Study-I), and by the following user characteristics:
rural/urban residence, maternal education, household wealth and source of care (Study-II).
To provide context, Study-III investigated patterns and contextual determinants of antibiotic
prescribing for febrile under-five outpatients (FUO) attending 37 primary and secondary
healthcare facilities across Bugisu, a sub-region in Eastern Uganda, based on a healthcare
facility survey, and a two-year retrospective review of outpatient registers from January
2019-December 2020. To further strengthen the understanding of contextual determinants of
antibiotic prescribing, in Study-IV, 10 focus group discussions and 10 in-depth interviews were
conducted with 85 healthcare providers across primary and secondary healthcare facilities in
Bugisu, and analysed using thematic analysis.

A modest (17%) relative increase in RAU for sick under-five children across LMICs
in 2005-2017 was found, with about 43% of the children reportedly receiving antibiotics
for their illness in 2017. Low-income, African, and South-East Asian countries consistently
recorded the lowest RAU for sick under-five children. Within LMICs, RAU for sick under-
five children increased across all user groups in 2005-2017 but remained lowest among the
poorest children, those living in rural areas, and having mothers with the lowest education levels.
In Bugisu, 62.2% of FUO in surveyed healthcare facilities received antibiotic prescriptions.
Amoxicillin and co-trimoxazole accounted for two-thirds of all antibiotic prescriptions.
Cotrimoxazole and ampicillin/cloxacillin were prescribed, despite not being indicated in any
of the reported conditions in Study-III. Among other interrelated factors across multiple levels
of the health system, availability of antibiotics and diagnostics within healthcare facilities,
caregiver demands, and governance at national and sub-national levels were important health
worker considerations in antibiotic prescribing for febrile under-five patients.

These studies suggest that inequitable access to antibiotics remains a challenge between
and within LMICs. Yet, misuse and wastage of antibiotics persists in the same populations
with the greatest lack of access to antibiotics and formal healthcare services. A health systems
strengthening approach is required to improve antibiotic stewardship and overall quality of care
in LMICs.
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Glossary

Antibiotic: a chemical compound that kills or inhibits the growth of bacteria
and is used to treat bacterial infections.

Antimicrobial: a chemical agent that acts against microorganisms, namely
bacteria, fungi, viruses and protozoa.

Antimicrobial resistance (AMR): the development by a disease-causing mi-
croorganism [bacteria, fungi, viruses or protozoa], through mutation or gene
transfer, of the ability to survive exposure to an antimicrobial agent that was
previously an effective treatment. (“Antibiotic resistance” or “bacterial AMR”
is a subset of AMR, referring specifically to bacteria becoming resistant to
antibiotics.)

Antimicrobial/ antibiotic stewardship: A coherent set of actions which pro-
mote the responsible use of antimicrobials/ antibiotics.

Antimicrobial/ antibiotic consumption data: This term is used in this report
to refer to estimates of aggregated data, mainly derived from import, sales or
reimbursement databases.

Antimicrobial/ antibiotic use data: This term is used in this report to refer
to estimates derived from patient-level data, which may allow disaggregation
of data based on patient characteristics (e.g. gender, age), or indication for
which the medicine is being used.

Low- and middle-income countries: a collective term for low income-,
lower-middle-income- and upper-middle-income countries, based on the
World Bank’s grouping of countries according to gross national income (GNI)
per capita for a specified year.
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Introduction

Antimicrobial resistance — a global challenge with
greatest implications for low- and middle-income
countries

Antimicrobial resistance (AMR) is a leading global health challenge that
threatens our ability to treat common infections or to conduct a wide range of
medical procedures often associated with infectious complications. Bacterial
AMR, which is the focus of this thesis, is a major contributor to the overall
AMR burden. In 2019, 4.97 million deaths were associated with bacterial
AMR, with 1.27 million of these deaths being directly attributable to bacterial
AMR.' The same study found that the highest death rates from bacterial AMR
across all ages were seen in Sub-Saharan Africa and South Asia.’

The greatest health and economic impacts of AMR are felt in low- and
middle-income countries (LMICs), where infectious diseases remain a leading
cause of morbidity and mortality, and where weak health systems are inade-
quately equipped to care for patients with resistant infections.” Furthermore,
high poverty rates and out-of-pocket health expenditure in LMICs increase the
vulnerability of majority of these populations to catastrophic health spending,
fuelling a vicious cycle of poverty and infectious diseases. With increasing
AMR in LMICs, older, affordable antibiotics lose effectiveness, while newer,
more expensive medicines remain inaccessible to the majority.’

Bacterial AMR (or antibiotic resistance) is a natural and inevitable phe-
nomenon. The use of antibiotics in humans and animals, and the exposure of
bacteria to antibiotics in the environment (such as through antibiotic-contain-
ing waste-water) exerts selection pressure on bacteria, such that those suscep-
tible to the antibiotic are killed or inhibited, allowing resistant bacteria to pro-
liferate.* To slow the development of resistance, bacterial antibiotic exposure
must therefore be kept to a minimum. It is recognised that a “One Health”
approach (one that takes into consideration bacterial antibiotic exposure
through humans, animals and the environment) must be taken to understand
and effectively tackle bacterial AMR.’ However, this thesis focuses on human
antibiotic use, specifically among under-five children in LMICs.
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Antimicrobial resistance on the global agenda

AMR has at least in the past 25 years been acknowledged by the World Health
Assembly as a global health threat.’ By the mid to late 1990s, initiatives to
tackle AMR were already being taken at national and regional levels to various
degrees, according to the level of priority placed on the problem.® In an at-
tempt to harmonise and synergise global efforts in tackling AMR, the World
Health Organization (WHO) in 2001 produced a “Global Strategy for Con-
tainment of Antimicrobial Resistance”.” Yet, because at the time, AMR was
still widely perceived as a vague and distant threat, with little evidence to jus-
tify immediate political and financial commitment to action, this proposed
strategy received little global attention.” Over the years, advocacy for action
on AMR continued, including the building up of evidence to justify the prior-
itisation of action on AMR, and improving global awareness and concern
about AMR.®

In 2013, the World Economic Forum identified bacterial AMR as one of
the three most significant global risks requiring mitigating action within the
coming decade, and one which was beyond the capacity of any nation or or-
ganization to undertake alone.” With renewed momentum following this re-
port and as a result of continued advocacy, a request was made at the 2014
World Health Assembly for the WHO to draft a Global Action Plan (GAP) on
AMR, building on the 2001 Global Strategy.'’ In May 2015, the WHO GAP
on AMR was adopted at the 68™ World Health Assembly, its overarching goal
being to “ensure, for as long as possible, continuity of the ability to treat and
prevent infectious diseases with effective and safe medicines that are quality-
assured, used in a responsible way, and accessible to all who need them”.’
This goal was to be attained through five key objectives: (i) improving aware-
ness and understanding of AMR, (ii) strengthening the knowledge and evi-
dence base on AMR, (iii) reducing the incidence of infection, (iv) optimising
the use of antimicrobials, and (v) developing and economic case for sustaina-
ble investment in tackling AMR.’

In a commissioned report the following year, an economic cost was at-
tached to AMR.? This report projected that by 2050, in the absence of any
mitigating actions, the global cost of inaction on AMR would rise to 100 tril-
lion USD, and AMR would lead to the loss of up to ten million lives per year.
This report was featured at the United Nations General Assembly in the same
year, culminating in a landmark political declaration on AMR."" Member
states acknowledged AMR as a priority global challenge, and committed to
adopting the WHO GAP on AMR as a blueprint for developing their own Na-
tional Action Plans (NAPs) by 2017."" Today (as of October 2021), 148 coun-
tries have NAPs in place in line with the GAP, and 38 countries are still in the
process of developing NAPs.'? Implementation of NAPs in many countries
however remains stalled, chiefly by lack of sufficient financial backing, and
waning political interest.'* !4
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Global recommendations to tackle bacterial AMR — innovation,
conservation and access

To keep up with resistance development rates, innovation in maintaining a
flowing “pipeline” of new antibiotics is crucial.'® Yet, there remains an anti-
biotic “discovery void”, which has been attributed to a shift of priority in the
pharmaceutical industry away from antibiotic development since the late
1980s, as antibiotics are considered to yield low returns on investment, com-
pared for instance to medicines for chronic diseases.’ Furthermore, the process
of bringing a new antibiotic into the market is a highly capital-intensive, tech-
nically tedious and long-term endeavour, with relatively low success rates.'
Though considerable efforts have been made in the last decade to revive the
antibiotic pipeline, successful outcomes in the foreseeable future remain un-
certain.'* " It is therefore crucial to conserve existing antibiotics by limiting
their use to situations of absolute necessity. Central to antibiotic conservation
are efforts to reduce the incidence of infections through improved hygiene and
sanitation and vaccination,'® as well as investment in research and develop-
ment of new and affordable point-of-care diagnostic tools to support health
workers."”

Regulation of antibiotic sales, so that they are available as prescription-only
medicines is also a recognised conservation strategy, but one which must be
applied with caution, and with careful consideration for context.? It has been
estimated that lack of access to antibiotics is associated with greater mortality
in LMICs than bacterial AMR.?! Thus, strict antibiotic conservation measures
in LMICs could lead to inadequate access to antibiotics amongst populations
with the greatest need, such as those living in remote rural areas with limited
access to formal healthcare services.” It is therefore critical that antibiotic
conservation efforts, especially in LMICs, are balanced by complementary ef-
forts to ensure sustainable access for all in need.'

Balancing antibiotic conservation and access in LMICs: an
ethical dilemma

In many LMICs, the burden of lack of access to antibiotics often co-exists
with the opposite problem of antibiotic overuse and misuse, creating unique
ethical challenges to stewardship.”? The fragmented health systems that char-
acterise many LMICs, coupled with the often poorly regulated, yet, pervasive
private health sector, creates a situation whereby achieving high level access
to an antibiotic in LMIC settings is commonly accompanied by its misuse and
overuse.?’ Furthermore, many LMICs are still lacking the infrastructural and
regulatory capacity to fully capture, routinely document, and transparently re-
port antibiotic consumption at national level.” Unlimited access to the full
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“menu” of globally available antibiotics in LMICs [or anywhere] could there-
fore contribute to the premature loss of their effectiveness and undermine
global conservation efforts.*’

In an effort to address some of these ethical challenges in balancing antibi-
otic access and conservation globally, the WHO AWaRe (Access, Watch and
Reserve) classification system for antibiotics was developed in 2017.%* Access
antibiotics have the lowest resistance potential of the three groups, and are the
preferred first- or second-line empirical treatment for a broad range of infec-
tious syndromes.” They should be widely available, at an appropriate quality,
dose, formulation and price.?® Watch antibiotics are recommended as first- or
second-line empirical treatment for a limited number of infectious syndromes
due to their greater resistance potential, and monitoring their use should be
prioritised in antimicrobial stewardship activities.”” Reserve antibiotics are
considered as last-resort options, and should be used only for confirmed or
suspected infections due to multi-drug resistant organisms.*> *° Based on this
classification, the WHO recommends that Access antibiotics should constitute
at least 60% of countries’ national antibiotic consumption by 2023.%

Importance of monitoring of antibiotic consumption
patterns

Antibiotic use is recognised as a modifiable and important driver of resistance,
both at population and individual levels.* ** Hence, monitoring global trends
in antibiotic consumption or use over time is essential to track progress in
efforts made to reduce antibiotic overuse.”

Antimicrobial “consumption” refers to the quantity of antimicrobials used
by a population in a specified setting, over a specified period of time.** Typical
sources of antimicrobial consumption data include import, wholesale, pro-
curement, reimbursement, and hospital dispensing databases.?*** Antibiotic
“use”, on the other hand, could be considered as a subset of antibiotic con-
sumption, with data obtained at patient-level, which allows for more direct
measures of usage, including disaggregation by user characteristics (such as
age and sex), and clinical indications for use.*® Antibiotic consumption data,
though aggregated and lacking information on user characteristics, are com-
monly used as a proxy measure of antibiotic use.”

Antibiotic consumption trends over time, combined with data on resistance
patterns could improve the understanding of bacterial AMR, and strengthen
the evidence linking antibiotic consumption to resistance.’' Furthermore, data
on antibiotic consumption and use at national and regional levels could con-
tribute to understanding trends and inequalities in access to antibiotics within
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and between countries and world regions. More so, further disaggregating an-
tibiotic use data by user characteristics could provide critical input for targeted
antibiotic stewardship.

Current global antibiotic consumption surveillance initiatives

Harmonizing antimicrobial consumption data collected across countries is
considered a priority activity to support the second objective of the WHO GAP
on AMR (strengthening the knowledge and evidence base on AMR). To this
end, the Global Antimicrobial Resistance and Use Surveillance System
(GLASS) which was launched in 2015 [originally as Global Antimicrobial
Resistance Surveillance System] included a module for systematic collection
of data on antimicrobial consumption at national level (GLASS-AMC) in
2019.* In the GLASS-AMC module, reporting on consumption of antibiotics
is prioritised for all countries, while reporting for other antimicrobial types
(antimalarials, antifungals, antivirals, and antimycobacterials) is considered
optional. ¥

The GLASS-AMC promises to be especially useful for data collection from
LMICs, but this is still a long-term endeavour. As of the latest GLASS report
(2021), only 18 countries had enrolled in the GLASS-AMC.* Of these, 15
provided information on the level of implementation of their surveillance sys-
tems (which was still in the early stages for the majority), but none of these
countries produced actual antimicrobial consumption data. This report also
featured data on antimicrobial use among hospitalised patients, obtained via
point prevalence surveys across 34 countries.** Point prevalence surveys could
be a technically and financially feasible means of obtaining “snapshot”
measures of antimicrobial consumption across countries.** However, many
LMICs are still in the early phases of adoption and implementation of this
methodology. And, in countries where they have been implemented, surveys
so far have only been conducted in selected centres across countries (often by
convenience sampling), thus results have not been nationally representative.**
33 Furthermore, point prevalence surveys so far have had a focus on hospital-
ised patients, and methods are not yet sufficiently expanded to accommodate
outpatient settings where most antibiotics are prescribed.®

Global trends in antibiotic consumption — the need for
evidence from LMICs

Prior to the studies in this thesis, few studies had been conducted since 2000,
investigating global trends in antibiotic consumption. These studies were,
however, based on pharmaceutical sales data chiefly from high-income coun-
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tries and upper-middle income countries (LMICs-UM), with lower-middle in-
come countries (LMICs-LM) and low-income countries (LICs) being un-
derrepresented.®’ ** " This underrepresentation owes, largely, to the fact that
many LMICs-LM and LICs lack systems for routine and harmonised national
data collection on pharmaceutical sales, that could be drawn upon for such
analyses.?® Furthermore, it is difficult to fully appreciate or accurately quantify
the true extent of antibiotic consumption in these settings, where unregulated
sales and non-prescription use of antibiotics are highly prevalent.*®** Indeed,
it has been acknowledged that methods capable of accounting for non-pre-
scribed antibiotic use (particularly community-based surveys) should be pro-
moted for antibiotic use surveillance in low-income settings.*’

Nonetheless, when taken together, these assessments of global antibiotic
consumption patterns suggest that antibiotic consumption increased globally
between 2000 and 2015, and much of this increase was driven by rising con-
sumption in LMICs.*"** " Yet, on average, antibiotic consumption rates in
high-income countries remained higher than in LMICs, despite the greater in-
fectious disease burden in the latter.?'- %37

Under-five children in LMICs — priority need for antibiotic
stewardship

Under-five children are an important group of antibiotic users, given the
higher prevalence of infectious diseases and associated mortality risk in this
age group, compared to older children and adults.** Even more so, under-five
children living in malaria-endemic LMICs constitute a population with prior-
ity need for antibiotic stewardship. The most prevalent medical conditions in
under-five children in these settings (respiratory tract infections, malaria and
diarrhoea) tend to present with overlapping symptoms, fever being a common
feature.*" * With rapid malaria tests now widely available and accessible
across LMICs, and in the absence of similar affordable diagnostic tools for
non-malarial fevers, healthcare providers in these settings often have to rely
on clinical judgement in deciding whether or not to prescribe antibiotics.** **
More often than not, because the decision regarding antibiotic prescribing
could be a matter of life and death, they choose to err on the side of caution
by prescribing antibiotics.****

Antibiotic consumption and use in under-five children from
LMICs: evidence gap and research agenda

Prior to this doctoral work, few studies had attempted to study patterns in an-
tibiotic consumption among under-five children across multiple LMICs. The

only available study on global paediatric antibiotic consumption trends over
time reported a “slight increase” in global consumption of child-appropriate
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antibiotic formulations in 2011-2015.* Similar to findings from other global
antibiotic consumption trend analyses, the study also found that total antibiotic
consumption was higher in LMICs, but consumption per person was higher in
high-income countries.*” However, like the others, this study was also based
on national pharmaceutical sales data, hence, also reflected an underrepresen-
tation of LICs and LMICs-LM.

Among studies conducted solely in LMICs, findings point to over-exposure
to antibiotics in this age group, with about two-thirds of the children receiving
antibiotic prescriptions on outpatient basis.*»*® One of these studies also found
that on average, the children received 24.5 antibiotic prescriptions by the age
of five years.*” These studies*>*® were however based on data from a few
countries, and did not investigate trends in antibiotic exposure over time. Fur-
thermore, the studies provided evidence for antibiotic prescribing [as proxy
for antibiotic exposure] and not use, and did not explore antibiotic exposure
in children who did not visit healthcare facilities.**

Rationale for thesis

It is recognised that while many high income countries need to reduce exces-
sive antibiotic consumption, a considerable proportion of people living in
LMICs still lack access to life-saving antibiotics.> *’ Yet this access-excess
divide in antibiotic consumption is more complicated than simply between
rich and poor countries.*® Within LMICs, where social gaps are typically wide,
there may be important socio-demographic variables that further create their
own access-excess divide.*’

LMICs (particularly LMICs-LM and LICs) have been largely underrepre-
sented in previous global analyses on antibiotic consumption trends since
2000. 3! 363740 Moreover, these studies have been based on pharmaceutical
sales data, which do not directly measure individual-level antibiotic usage or
its variations across user groups, such as by socio-economic status. Disaggre-
gating antibiotic consumption trends by user characteristics could contribute
to elucidating patterns of inequities in antibiotic use over time, especially
among populations with poor access to medicines and formal health services.

Yet, beyond the mapping of global antibiotic consumption trends, there is
an equally important need for a contextual understanding of the underlying
drivers of the observed trends, to aid in the design and implementation of an-
tibiotic stewardship interventions that would be acceptable, feasible and sus-
tainable in LMICs.
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Aim

This project aimed to systematically map trends in reported antibiotic use
among sick under-five children across LMICs in 2005-2017, and, to under-
stand the contextual determinants of antibiotic prescribing in Eastern Uganda

Objectives

Studies I and IT address the first part of the aim, that is, the systematic map-
ping of trends in reported antibiotic use for sick children across LMICs in
2005-2017, using nationally representative community-based surveys. The
second part of the aim — understanding the contextual determinants of antibi-
otic prescribing in Eastern Uganda — is addressed by Studies III and IV.

Study I: to analyse trends in the proportion of reported antibiotic use among
children under five years of age with fever, diarrhoea or cough with fast or
difficult breathing across LMICs between 2005-2017 by WHO region, World
Bank income classification, and symptom complaint.

Study II: to examine trends and differentials in reported antibiotic usage
among children under five years of age with fever, diarrhoea or cough with
fast or difficult breathing across LMICs during 2005-2017 by the following
user characteristics: rural/urban residence, maternal education, household
wealth, and healthcare source visited.

Study III: to describe patterns and contextual determinants of antibiotic pre-
scribing for febrile under-five outpatients at primary and secondary healthcare
facilities across Bugisu, Eastern Uganda.

Study IV: to qualitatively explore healthcare providers’ considerations in an-

tibiotic prescribing for febrile under-five patients attending primary and sec-
ondary healthcare facilities in Bugisu, Eastern Uganda.
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Conceptual framework

The conceptual framework for this thesis is based on an adaptation of the “ac-
cess to medicines from a health systems perspective” framework by Bigdeli
et al (2013).* The purpose of the original framework was to help situate ac-
cess to medicines (ATM) within the larger health systems strengthening dis-
cussion.® The authors argued that ATM should be seen as a dynamic part of
the health system, (one that influences and is influenced by the entire system)
and not merely a system input to improve service delivery, which addressing
supply issues alone was sufficient to sustain).*’ In 2014, Tomson and Vlad
proposed using this same health systems perspective in understanding and ad-
dressing the bacterial AMR problem, noting that when adapting this frame-
work to the bacterial AMR context, a key paradigm shift would be to weigh
the current benefits of antibiotic use against the potential associated re-
sistance.”® More recently, lessons learnt from the COVID-19 pandemic on the
importance of resilient health systems have inspired a renewed call to reframe
bacterial AMR advocacy using a health systems approach.’’

Key adaptations and applications of the framework in current
thesis

The original framework highlighted five levels at which barriers to ATM
could occur, which also provide opportunities for interventions to improve
ATM, including (i) individuals, households and communities, (ii) service de-
livery, (iii) health sector, (iv) national context, and (V) international context.*
For the purposes of this thesis, these levels are adapted to reflect levels at
which contextual determinants of antibiotic prescribing could be analysed.
These levels in the adapted framework also serve as a guide to situate the
component studies in this thesis. (Figure 1).

At the centre of all the studies in this thesis are the individuals, households
(specifically under-five children and their caregivers), and the communities in
which they live (Level-1). Studies I and II estimate global and regional trends
in reported antibiotic use for sick under-five children, and are thus also placed
at the international context (Level-V) since the trends are described at this
level. Studies III and IV are primarily situated at the service delivery level
(Level-II), being healthcare facility-based studies. In addition, Study IV, be-
ing an exploratory qualitative study, touches upon influences on antibiotic pre-
scribing practices at multiple levels of the framework. (Figure 1).

Like the original framework,* and in order to help understand contextual
determinants of antibiotic prescribing, this framework also highlights the dy-
namic interactions between the Medicines (antibiotics) and Technologies
component of the health system with other health system resources, and how
these together influence [and are influenced by] service delivery. As with the
original framework,*’ the multi-level role of governance at each of the five
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levels is also acknowledged in this thesis, though with a stronger focus on the
national and sub-national context (Level-1V). Finally, the underlying message
that runs through all aspects of this thesis is that of equity.

Within the next chapters this thesis, this framework (Figure 1) will be used
specifically in analysing and presenting the results of Study IV, and will guide
the discussion of overall thesis findings.
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Methods

Overview of study methods

In Studies I and II global trends in reported antibiotic use among sick under-
five children across LMICs including by user characteristics were systemati-
cally mapped, based on 132 national cross-sectional surveys conducted across
73 LMICs from 2005 to 2017. Studies III and IV were conducted in primary
and secondary healthcare facilities in Bugisu, Eastern Uganda. Study III was
a cross-sectional healthcare facility survey with a retrospective analysis of
outpatient register data for antibiotic treatment prescribed by type, to febrile
under-five outpatients, while Study IV used qualitative methods to explore
healthcare providers’ considerations in antibiotic prescribing and administra-
tion for febrile under-five patients. Table 1 provides an overview of Studies
I-1V.
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Studies I and 11

Data sources

Two data sources were employed in these studies: Demographic and Health
Surveys (DHS), and Multiple Indicator Cluster Surveys (MICS). The DHS
and MICS are cross-sectional cluster surveys that have been routinely imple-
mented across LMICs since the mid-eighties (1995 for MICS), based on na-
tionally representative samples of households. The DHS and MICS are funded
by the USAID and UNICEF, respectively, and use similar methods and tools.
Surveys are routinely conducted (typically every 3-5 years) via the national
statistical offices of individual countries by local staff, but with technical guid-
ance and oversight from The DHS Program (DHS) and UNICEF (MICS).
Both surveys collect information on a wide range of important socio-demo-
graphic and health issues relevant to LMICs, including data on recent illness
symptoms experienced by children in surveyed households, how they were
managed, and what medications (including antibiotics) were administered. To
obtain this information, all women aged 15-49 years in surveyed households
are identified and interviewed about their children under five years of age.

The surveys are designed to be representative at national and regional lev-
els, and by rural/urban residence.’? They aim to cover 100% of the target pop-
ulation, which is all women aged 15-49 years and under-five children living
in residential households.> Samples are based on a stratified two-stage cluster
design. A nationally recognised sampling frame (usually national census files)
containing all enumeration areas (EAs) in the country is used. An EA in a
country is considered as the smallest geographical statistical unit containing a
number of households, created for the purposes of national census-taking.>*
The number of households in EAs vary, but an EA could generally be consid-
ered as an area small enough for a single enumerator to cover during a national
census (e.g., a city block, a village or part of a village, or group of villages).**
At the first stage, EAs are drawn from the national census files with probabil-
ity proportional to size. In the second stage, a complete listing of households
in sampled EAs is made, and a sample of households from each cluster drawn.

Three main considerations are made in sample size determination for the
surveys: (i) the number of survey domains in the country, i.e., sub-national
units such as regions, (ii) the level of precision required for priority indicators
(typically fertility and childhood mortality estimates), and (iii) the budget.’
For example, a total sample size of about 10,000 women would be considered
ideal for a country with 10 domains, with 800-1000 women sampled from
each domain (800 in domains with high total fertility rates, and 1000 in areas
with low total fertility rates).>

Data collection tools are pre-tested over a period of one to two weeks, and
fieldwork teams are trained on the use of data collection tools over four to six
weeks. Thereafter, data collection is implemented over a period of about four
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months.*® Fieldwork teams are comprised of individuals with at least second-
ary level education, and include supervisors, drivers, field data editors, and
interviewers including persons with healthcare backgrounds (such as nurses,
laboratory technicians). Further detail on survey methods and tools are avail-
able on the DHS and MICS websites.””>®

Systematic selection of surveys

For Studies I and II, all national DHS and MICS conducted from 2000 to
2017 were screened for inclusion. Surveys were excluded if they (i) did not
have datasets publicly available as of August 15, 2018, (ii) the questionnaire
was not publicly available, (iii) the treatment question did not contain an an-
tibiotic response category for one or more of the illness symptoms, or (iv) the
skip pattern of survey questions on reported antibiotic use was not consistent
with the primary outcome as defined below. (Flowchart of survey screening
and inclusion is available in Figure 1 of attached Paper I).

Primary outcome

Studies I and II focused on survey questions related to the management of
recent reported illness symptoms of fever, diarrhoea or cough with fast or dif-
ficult breathing among under-five children in the two weeks prior to the survey
interviews. Caregivers were asked how these symptoms were managed, in-
cluding if and where they sought care, and what medicines (including antibi-
otics), if any, were administered. In Studies I and I, a child was considered
to have received an antibiotic if the caregiver reported administering an anti-
biotic in any form (pill, syrup, injection, or specific antibiotic type).

The primary outcome was defined as the proportion of under-five children
with reported symptoms of fever, diarrhoea, or cough with fast or difficult
breathing in the two weeks prior to the survey interview that were reportedly
given antibiotics to treat the condition. This is subsequently referred to in this
thesis as “reported antibiotic use for sick children” or “the outcome” for Stud-
ies I and II.

Data analysis

In Study I, global trends in reported antibiotic use for sick under-five children
across LMICs were analysed by:
e WHO region: African, Americas, Eastern Mediterranean, Euro-
pean, South-East Asia, or Western Pacific region
e World Bank country income classification: LIC, LMIC-LM, or
LMIC-UM
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e Symptom complaint: fever, diarrhoea, or cough with fast or diffi-
cult breathing

In Study II, these trends were analysed by user characteristics associated with
access to medicines and treatment outcomes in LMICs: rural/urban residence,
maternal education, household wealth, and healthcare source visited.**!

User characteristics

e Rural/urban residence was as defined by individual national statis-
tical offices in the surveys.

e Maternal education was categorised as (i) no formal education or
some primary school attendance, (ii) primary school completion or
some secondary school attendance; and (iii) secondary school com-
pletion or higher education.

e Household wealth was a measure of relative economic status of
households within their society at the time of the survey interview,
and grouped into quintiles from poorest to richest, based on survey-
specific wealth indices.

e Source of care visited was grouped as (i) public medical sector
(government hospitals, government health centres, government
health posts, mobile clinics, community health workers, or other
country-specific public sector); (ii) private medical source (private
hospitals or clinics, pharmacies, private doctors, or other country-
specific medical private sector); and (iii) private informal source
(shops, traditional practitioners, or other informal sources) or no
care sought. This was coded such that if a sick child was taken to
multiple sources, the public medical source took priority, followed
by private medical and private informal source.

Statistical analysis

Studies I and II used hierarchical Bayesian linear regression models to esti-
mate trends in reported antibiotic use for sick under-five children across
LMICs and to account for uncertainty around estimates.

Bayesian methodology is not as well-known in epidemiological studies as the
more traditional “frequentist” methods. While the frequentist approach to
probability and inference making is based on the number of times an event
would occur if an experiment were to be repeated many times, the Bayesian
approach expresses the degree of belief in a hypothesis (possibly based on pre-
existing evidence), given the data at hand.®* When applied, Bayesian methods
are often favoured because of their intuitiveness and flexibility, and they are
especially suitable for making inferences when available data are scarce.
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Bayesian methods need not rely on observed data alone, but are capable of
incorporating pre-existing knowledge about a given parameter of interest
(known as the “prior”) to generate an updated belief about the parameter, re-
ferred to as the “posterior”. The “posterior” (i.e., the end-product of the Bayes-
ian analysis) is presented in the form of a probability distribution of the pa-
rameter of interest, which, as in our studies, could be described by a mean and
a measure of uncertainty about the mean. Uncertainty in Bayesian analysis is
expressed within a “Credible Interval” (although in our studies we used the
term “Uncertainty Interval” which is in line with earlier epidemiological anal-
yses using the same methodology).®: ® The Credible Interval in Bayesian
analysis has a direct interpretation. For example, a 95% Credible Interval
means that there is a 95% probability that the parameter of interest lies within
the stated interval. Where there is no pre-existing evidence about a parameter
of interest, or the researcher prefers to begin with no assumptions, a “flat” or
“non-informative” prior is used. Bayesian analyses often rely on “Markov
Chain Monte Carlo” simulations to generate the posterior distributions of the
parameter of interest.

A commonly cited limitation of Bayesian methodology also stems from its
flexibility, as results of analyses are influenced not only by observed data, but
by the researcher’s prior beliefs which may be subjective or based on faulty
pre-existing evidence. Therefore, importantly, in Bayesian analyses, prior be-
liefs must be explicitly stated and justified, so that readers can draw well-in-
formed conclusions.

In Studies I and 11, the proportion of sick children that received antibiotics in
each survey were logit-transformed to ensure that estimates always fell be-
tween 0 and 1 before regression models were run. To generate estimates for
missing country-year data points, country-level socioeconomic, disease inci-
dence, and health system covariates were included in the models. These in-
cluded: (i) Human Development Index value,® (ii) national population of un-
der-five children, (iii) national incidence rates of malaria and respiratory and
diarrhoeal infections for children aged 0—4 years,”” and (iv) national public
and private health spending per capita (in international dollars).’® Non-in-
formative priors were used in both studies.

Markov Chain Monte Carlo simulations were used to generate the posterior
distributions of model coefficients, and to generate estimates of the outcome
for all country-years. A burn-in period of 30,000 samples and three chains
each with a sample size of 10,000 were used. Country-level values for the
proportion of reported antibiotic use for sick under-five children were then
weighted to regional or country income groupings using national population
estimates for under-five children. The 2™ and 98™ percentiles (10™ and 90™
percentiles for Study II) of posterior samples were obtained based on 30,000
posterior draws.
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In Study I, trends in reported antibiotic use for sick under-five children
across LMICs were modelled by WHO region, World Bank income classifi-
cation, and symptom complaint. In Study 11, the data were disaggregated by
the various user characteristics. Study II further compared these trends be-
tween the WHO regions of Africa and South-East Asia, with the sample lim-
ited to these regions.

Studies III and IV
Study setting

Uganda is a low-income country in Eastern Africa with a population of 45.7
million inhabitants,*” majority (75%) living in rural areas.”® The population is
predominantly young, with an average fertility rate of 4.8 births per woman,”'
and 46% of the population aged fourteen years or below.’”> Between 2000 and
2020, Uganda saw a decline in under-five mortality rate from 146.1 to 43.3
deaths per 1,000 live births.” Today, the leading causes of under-five mortal-
ity in Uganda are still infectious diseases — pneumonia, malaria, and diarrhoea,
implicated in 16%, 13% and 10% of under-five deaths, respectively.”

Healthcare in Uganda

Healthcare services in Uganda can be accessed through the public and private
healthcare sectors. The private sector as formally recognised by the govern-
ment includes private-for-profit (PFP), private-not-for-profit (PNFP), and
Traditional and Complimentary Medicine Practitioners.”

Public healthcare facilities in Uganda are owned and managed by the gov-
ernment, with services (including medicines and diagnostics) available free-
of-cost to the population.” PFPs are owned and run by private entities, and
are fully dependent on user fees for revenue generation. PNFPs are mostly
faith-based organisations with a central mission to reach rural and underserved
populations.”” They are funded by foreign development partners, but also re-
ceive financial and material support from the government.” In addition, they
are expected to charge subsidized user fees to supplement revenues.”® ”’ Over-
all, out-of-pocket expenditure contributes 41% of total health expenditure in
Uganda, with government funding contributing 15%, and external aid up to
42% (as of 2016).%°

There are 6,937 documented healthcare facilities in Uganda. Of these, 45%
are public healthcare facilities, 40% are PFP, and 15% are PNFPs.*! About
86% of the Ugandan population live within Skm of a healthcare facility
providing at least primary healthcare services.*® And, care-seeking for febrile
illness among under-five children in Uganda is mostly from private sources.®

There are six recognised levels of formal healthcare services in Uganda,
based on the catchment area covered and the range of services provided, *' as
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presented in Table 2. Health Centre level II (HC-1I) and HC-III are primary
healthcare facilities, HC-IV and General Hospitals provide secondary-level
healthcare services, and tertiary healthcare services are offered at Regional
and National Referral Hospital levels. (Table 2)

Table 2: Formal healthcare services in Uganda (Adapted from: Uganda Health Sector
Strategic and Investment Plan 2010/11-2014-15 # ; and Katende et al (2015) 3*)

Health centre
level
HC-II

Population
served
5,000

Services provided

Primary
healthcare
facilities

Preventive, Promotive
and Outpatient Curative
Health Services, outreach
care, and first-line emer-
gency care

In addition to HC-II ser-
vices, Maternity and sim-
ple laboratory services.

HC-1II 20,000

Secondary
healthcare fa-
cilities

HC-IV

100,000

In addition to HC-III ser-
vices,

Emergency surgery and
Blood transfusion and La-
boratory services

General Hos-
pital

500,000

In addition HC-IV ser-
vices, in-service training,
consultation and research
to support community-
based healthcare pro-
grammes

Tertiary
healthcare fa-
cilities

Regional Re-
ferral Hospital

2,000,000

In addition to services of-
fered at General Hospital,
RRH offer specialist ser-
vices such as Ophthalmol-
ogy and Dentistry.

National Re-
ferral Hospital

10,000,000

These provide compre-
hensive specialist ser-
vices. In addition, they
are involved in teaching
and research.

Antibiotic use and resistance in Uganda

Following a situational analysis of the nation’s AMR landscape in 2015,%
Uganda adopted a National Action Plan on AMR in 2018, with a goal to “pre-
vent, slow down, and control the spread of resistant organisms”.*® The situa-
tional analysis had indicated that bacterial infections were responsible for 37%
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of all hospital admissions and 20% of in-patient deaths across all age groups.®
Among under-five children, 25% of deaths were attributed to bacterial infec-
tions, with pneumonia taking the largest share at 12%.% The report also high-
lighted widespread irrational antibiotic use with associated spread of re-
sistance.®

Antibiotics can be obtained free-of-cost at public healthcare facilities in
Uganda, but must be paid for by private means at PFPs and PNFPs. Among
under-five children, care-seeking from a healthcare facility has been reported
as a key determinant of antibiotic use in Uganda.®”*® Outside healthcare facil-
ities and licenced pharmacies, antibiotics are widely sold over-the counter by
drug shops.®*°

Studies IIT and IV specific setting

Studies III and IV were conducted in Bugisu, a sub-region in Eastern Uganda,
bordering Kenya and lying on the slopes of Mt. Elgon. (Figure 2). Bugisu has
a population of 1.8 million inhabitants,”’ and is comprised of six districts (Bu-
lambuli, Sironko, Bududa, Manafwa, Mbale and Namisindwa), with Mbale as
its commercial hub. It is a mostly rural population, with under-five mortality
and poverty rates higher than the national average.”>°* Altogether, Bugisu has
160 primary and secondary healthcare facilities, including public facilities,
PFPs and PNFPs: 146 primary healthcare facilities (66 Health Centre level II
(HC-II) and 80 HC-III), and 14 secondary healthcare facilities (10 HC-IV and
four general hospitals.®' The focus of Studies III and IV was on primary and
secondary healthcare facilities of public and PNFP ownership in Bugisu.
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Figure 2: Map of Uganda indicating Bugisu sub-region (Adapted from: Uganda De-
mographic and Health Surveys (2016) final report)
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Study III data collection and analysis

All public and PNFP General Hospital and HC-IV facilities in Bugisu sub-
region were included in the study. For logistic purposes, HC-III and HC-II
facilities were purposively selected, taking into consideration the districts,
health sub-districts, and ownership (public versus PNFP). Two General Hos-
pitals and 10 HC-IV were initially included in the study. However, one Gen-
eral Hospital was excluded because it provided only specialised services,
which did not match the aim of the study. Additionally, one HC-IV facility
was excluded due to absence of medical records staff on all occasions when
the facility was visited for data collection. Altogether, 37 primary and second-
ary healthcare facilities in Bugisu sub-region were surveyed (including 11
HC-II, 16 HC-III, nine HC-IV, and one General Hospital). Of the total 37 fa-
cilities, 31 were public and six were PNFP facilities. In these facilities, a two-
year retrospective review of antimicrobial prescribing patterns for febrile un-
der-five outpatients from 1st January 2019 to 31st December 2020 was con-
ducted based on outpatient registers, with a focus on antibiotics.

Data about healthcare facility characteristics were collected by means of ques-
tionnaires administered to facility persons-in-charge, and a checklist-guided
inspection of the healthcare facilities. These data included health centre level
and ownership, services provided, diagnostics availability, patient attendance
at outpatient clinics, staffing, and physical availability of Uganda Clinical
Guidelines. Outpatient registers collected information including the patient’s
name, age, sex, weight, height, residence, body temperature, diagnostic tests
performed, diagnosis, medicines prescribed (including dosage), attendance
classification (new- or re-attendance), and referral details.

Records for febrile under-five outpatients were selected systematically at
the healthcare facilities. Sampling intervals at each facility were determined
by dividing the total number of under-five children attending the outpatient
clinic during the study period, by the required sample size for the healthcare
facility. All records of under-five children attending the study healthcare fa-
cilities in the study period were eligible for inclusion. Records were excluded
if: (i) fever was not documented as a presenting clinical sign or symptom, or
(i1) records had incomplete or illegible entries about the diagnoses and pre-
scriptions.

The study sample size was estimated using the Kish Leslie formula for sample
size determination for cross-sectional studies,” using a 5% level of precision
and a 95% confidence interval. The proportion of under-five children pre-
scribed an antibiotic was taken as 84.9% from a cross-sectional study con-
ducted in Tanzania assessing antibiotic prescribing patterns in the manage-
ment of diarrhoea and cough among children under five years old attending
hospitals in the region.”” This yielded a sample size of 196. Because the study
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was to be conducted at four levels of service delivery (HC-II, -III, -IV and
General Hospital), the sample size was adjusted to cater for clustering. As-
suming the clusters were of equal weights, the average number of responses
expected per cluster, b, was (196/4) = 49.

The Design Effect (DE), was then calculated using the formula,
DE = 1+ (b-1) roh where roh was the expected inter-cluster variability esti-
mated at 0.20.
DE = 1+ (49-1)0.2 =10.6
This gave a sample size, N=196*10.6 =2,078. After an adjustment of 10% for
missing data and incomplete records, this came to a final sample size of 2,309.

Descriptive statistics on antimicrobial prescribing patterns were summarized
using a bar graph, pie chart and cross-tabulations. Specifically, antibiotics
were defined as medications belonging to the Anatomical Therapeutic Chem-
ical (ATC) JO1 (Antibacterials for systemic use), and PO1AB (Nitroimidazole
derivatives) classes, and were further categorised by WHO Access, Watch and
Reserve (AWaRe) group.

Multilevel analysis

Multilevel analysis is an approach to statistical inference making when obser-
vations are clustered (that is, the outcome variable is measured at a level of
analysis contained within larger grouping units). Specifically, we applied mul-
tilevel logistic regression to identify determinants of antibiotic prescribing at
patient- (Level-1) and healthcare facility levels (Level-2), taking the 37
healthcare facilities as clusters. The outcome variable, Level-1 variables, and
Level-2 variables are presented in Table 3.

The outcome of interest (whether or not a child received an antibiotic pre-
scription) could be explained by a combination of factors intrinsic to the indi-
vidual patient (Level-1 variables), and external to the patient (Level-2 varia-
bles). Multilevel analysis enables us to quantify the effects on the outcome
that are attributable to individual-level characteristics, as separate from the
contextual (healthcare facility) effects.

Observations within a cluster tend to be correlated. That is, in our study,
antibiotic prescribing patterns for children attending the same healthcare fa-
cility may be more similar, than if compared to that for a patient attending
another healthcare facility. The application of multilevel analysis is therefore
to account for the cluster nature of such data, thereby avoiding the attribution
of group effects to individuals or vice versa, as can be the case when different
levels of analysis are mixed.
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Table 3: Study III variables and variable descriptions (*AURTI: Acute upper respira-

tory tract infection; ** Includes the diagnoses “bacteraemia”,

and “bacterial infection”)

” “septicaemia”, “sepsis”,

Variable Categories or description
Outcome | Antibiotic prescribed | Yes/ No
variable
Level-1 Child’s age <6 months/ 6-24 months/ >24 months
variables
Child’s sex Male/ Female
Date of presentation | Categorical variable obtained by dividing the
two-year study period into six successive
three-month periods, to account for season-
ality
Child’s malaria test Positive/ Negative
result
Pneumonia diagno- Yes/ No
sis
AURTI* diagnosis Yes/ No
Acute watery diar- Yes/ No
rhoea diagnosis
Skin infection diag- Yes/ No
nosis
Non-specific bacte- Yes/ No
rial infection** diag-
nosis
Helminthiasis diag- Yes/ No
nosis
Level-2 Health centre level HC-1l/ HC-III/ HC-IV/ General hospital
variables
Healthcare facility Public/ PNFP
ownership
Uganda Clinical Yes/ No

Guidelines available

Patient/prescriber
ratio

Continuous variable obtained by dividing the
average outpatient attendance over the five
working days preceding the survey, by the
total number of prescribers available at the
healthcare facility.

(At HC-Il and HC-IlI, nurses and Clinical Offic-
ers were considered as prescribers, and at
HC-IV and General Hospital, Clinical Officers
and Medical Doctors were considered as
prescribers).
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In our analyses, three models were run: Model 1, the null-model containing
only the outcome variable and the healthcare facility identifier (cluster) vari-
able; Model 2, which included Level-1 variables with the facility identifier;
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 infla-
tion factor (VIF) was used to assess covariates for multicollinearity. 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).

Study IV data collection and analysis

Ten focus group discussions (FGDs) and 10 in-depth interviews were con-
ducted with 85 purposively selected healthcare workers involved in the pre-
scribing, dispensing or administration of medicines to under-five children at
primary and secondary, public and PNFP facilities in Bugisu. Cadres of
healthcare workers interviewed included medical officers, clinical officers,
nurses, midwives, laboratory staff, and medicine dispensers. FGDs and in-
depth interviews sought to understand healthcare providers’ considerations
when prescribing antibiotics to febrile under-five patients attending their
healthcare facilities, with particular interest in contextual influences beyond
the patients’ clinical presentation, physical examination findings and guide-
line recommendations.

Data were collected by two female Ugandan researchers with experience
and training in qualitative research methods: JNS, a pharmacist with a Mas-
ter’s degree in Public Health, and another researcher (OLP) with a Bachelor’s
degree in Social Sciences. Interviews were conducted in English, audio-rec-
orded, and transcribed verbatim. Data were analysed by thematic analysis,
which is a method for qualitative data analysis that entails searching the data
to identify and report patterns (or themes) in the data. In this study, we used
the methodology for thematic analysis proposed by Braun and Clarke:’ the
transcripts were repeatedly read for familiarization with the data and identifi-
cation of general patterns and meanings, all data were coded, and the codes
were sorted into overarching themes and sub-themes which were revised and
modified based on rounds of discussion among authors. An inductive ap-
proach to thematic analysis was taken in the main study (manuscript), that is,
themes were data-driven, and did not rely on any pre-existing framework.
However, for the purposes of this thesis, I have taken a deductive approach to
re-analyse the data, using the framework guiding this thesis (Figure 1).
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Ethical considerations

Studies I and II were secondary analyses of open-access survey data. Proce-
dures for obtaining ethical approval and participant consent in these surveys
are described in detail elsewhere.””*® Access to DHS and MICS datasets is
granted on two conditions: (i) that a research project description is submitted,
and (ii) that data are used solely for the indicated purposes. Studies III and
IV were conducted as part of a larger project, SAMSU (Strengthening
Healthcare professionals’ capability for effective Antimicrobial Stewardship,
Consumption and Use in Uganda), which is aimed at improving antimicrobial
stewardship in selected hospitals in Eastern Uganda. SAMSU received ethical
approval from the Makerere University School of Health Sciences Institu-
tional Review Board and Ethics committee (MakSHSREC-2020-21) and the
Uganda National Council of Science and Technology (HS1155ES). For Study
III, permission from District Health Offices at the local governments were
obtained, which were presented to persons-in-charge at specific healthcare fa-
cilities for their acknowledgement and for record purposes. As Study III re-
lied on records from outpatient registers, a waiver of written informed consent
was granted by the MakSHSREC on the grounds that risks were minimal, and
it was not practically possible to contact the caregivers of the children whose
records were assessed. For Study IV, written informed consent for the study
was obtained from all participants. The aim and purpose of the study were
clearly explained, and participation was voluntary. All data were anonymised
and kept confidential. Though confidentiality could not be guaranteed in
FGDs, participants were asked to keep all group discussions confidential.
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Results

Study I: Global trends in reported antibiotic use for sick
children across LMICs in 2005-2017

Globally, LMICs saw a modest increase in reported antibiotic use for sick
children during the study period, with a 17% relative increase from 36.8%
(28.8-44.7) in 2005 to 43.1% (33.2-50.5) in 2017. Among WHO regions,
South-East Asia and Africa with the lowest starting points also recorded the
greatest relative increases in reported antibiotic use for sick children during
the study period. In South-East Asia, the outcome increased 23% from 24.5%
(16.3-34.3) in 2005 to 30.1% (20.3-42.0) in 2017. Similarly, in Africa, there
was a 19% relative increase from 29.8% (22.3-38.0) in 2005 to 35.4% (29.8-
41.4)in 2017. (Table 4) Yet, reported antibiotic use for sick children remained
below the global LMIC average in Africa and South-East Asia throughout the
study period. (Figure 3)

Compared to the other country income groups, LICs saw the greatest abso-
lute (9.9%) and relative (34%) increases in the outcome during the study pe-
riod, from 29.6% (21.2-41.1) in 2005 to 39.5% (32.9-47.6) in 2017. In con-
trast, the smallest gains in the outcome (1% absolute increase and 2% relative
increase) were seen in LMICs-LM, from 40.7% (32.4-48.6) in 2005 to 41.7%
(33.7-48.7) in 2017. (Table 4) Throughout the study period, reported antibiotic
use for sick children remained highest and above global LMIC average in
LMICs-UM. For LICs on the other hand, the outcome was consistently below
global LMIC average in 2005-2017.

Among symptom complaints, the greatest absolute and relative increases
in the outcome were seen among children with reported cough with fast or
difficult breathing, from 41.4% (7.6-80.3) in 2005 to 49.6% (14.3-84.5) in
2017. (Table 4) This was also the group with the highest reported antibiotic
use throughout the study period. The lowest reported antibiotic use throughout
the study period was seen among children with reported diarrhoea symptoms.
(Table 4)
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Table 4: Reported antibiotic use for sick children across LMICs in 2005 and 2017
across LMICs globally, by WHO region, country income group, and symptom com-
plaint.

Proportion of reported antibiotic use for sick children, mean (Uncertainty

Interval (Ul) 2" and 98th percentile)

2005 2017 Absolute in- Relative in-
crease in crease in
mean mean
2005-2017 2005-2017

Global LMIC 36.8 (28.8-44.7) 43.1(33.2-50.5) 6.3% 17%
WHO region
Africa 29.8 (22.3-38.0) 35.4 (29.8-41.4) 5.6% 19%
Americas 46.4 (27.6-64.4) 52.4 (36.0-65.9) 6.0% 13%
E. Mediterranean | 42.0(31.2-53.7) 45.4 (35.5-55.3) 3.4% 8%
European 60.6 (35.7-78.6) 67.7 (33.0-87.1) 7.1% 12%
South-East Asia 24.5 (16.3-34.3) 30.1(20.3-42.0) 5.6% 23%
Western Pacific 53.3 (27.7-75.7) 61.7 (28.5-83.8) 8.4% 16%
Income group
LIC 29.6 (21.2-41.1) 39.5(32.9-47.6) 9.9% 34%
LMIC-LM 40.7 (32.4-48.6) 41.7 (33.7-48.7) 1.0% 2%
LMIC-UM 55.9 (34.9-73.2) 59.2 (35.3-76.3) 3.3% 6%
Symptom complaint
Fever 38.8(9.0-79.2) 43.7 (12.2-82.6) 4.9% 13%
Diarrhoea 34.7 (9.3-70.6) 33.4(9.3-69.0) -1.3% -4%
Cough with fast 41.4 (7.6-80.3) 49.6 (14.3-84.5) 8.2% 20%
or difficult breathing
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Study II: Global trends in reported antibiotic use for
sick children in LMICs by user characteristics in 2005-
2017

Across LMICs in 2005-2017, all user groups showed increasing trends in re-
ported antibiotic use for sick children. (Figure 4) However, the outcome was
consistently highest during the study period among urban residents, the rich-
est, children having mothers with the highest education levels and those who
sought care from the private medical sector. On the contrary, the lowest re-
ported antibiotic use for sick children was consistently reported among the
rural, poorest, children having mothers with the lowest education levels, and
those who sought care from private informal sources or did not seek care.
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Figure 4: Trends in reported antibiotic use among sick under-five children across low-
and middle-income countries in 2005-2017 by user characteristics. (Note: Lines rep-
resent mean values for reported antibiotic use in specified user groups. 10th-90th per-
centile uncertainty intervals for percentage of reported antibiotic use for sick children
in 2005 and 2017 are presented in source paper (Allwell-Brown et al, 2021).%)
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Greater absolute and relative increases in the outcome were seen in rural areas
compared to urban areas, and among the poorest compared to the richest chil-
dren across LMICs during the study period. (Table 5) Rural areas saw a 33%
relative increase, from 30.0% (9.0-63.7) in 2005 to0 39.9% (14.4-76.2) in 2017,
compared to the 21% relative increase in urban areas from 36.2% (13.0-68.7)
in 2005 to 43.9% (17.4-77.9) in 2017 (Table 5). Similarly, there was a 30%
relative increase in the outcome among the poorest, from 27.1% (9.0-53.6) in
2005 to 35.2% (14.3-64.6) in 2017, compared to a 17% relative increase
among the richest children. (Table 5)

Table 5: Reported antibiotic use among sick under-five children across LMICs in 2005
and 2017, by user characteristics.

Proportion of reported antibiotic use for sick children,
mean (Uncertainty Interval (Ul) 10" and 90™ percentile)
LMIC
2005 2017 Absolute in- Relative in-
crease in crease in
mean (2005- | mean
2017) (2005-2017)
Place of resi- Rural 30.0 (9.0- 39.9 (14.4- 9.9% 33%
dence 63.7) 76.2)
Urban 36.2 (13.0- 43.9(17.4- 7.7% 21%
68.7) 77.9)
Household Lowest 27.1(9.0- 35.2 (14.3- 8.1% 30%
wealth 53.6) 64.6)
Second 29.9 (10.2- 38.8 (16.1- 8.9% 30%
57.8) 68.8)
Middle 33.3(12.3- 40.5 (17.5- 7.2% 22%
60.2) 69.2)
Fourth 34.6 (13.1- 44.2 (20.4- 9.6% 28%
61.5) 71.4)
Highest 39.2 (17.0- 46.0 (22.5- 6.8% 17%
65.0) 72.4)
Maternal edu- None/some pri- 33.3(8.9- 38.7 (12.5- 5.4% 16%
cation mary 70.4) 77.7)
Primary com- 34.3 (10.3- 39.8 (15.6- 5.5% 16%
plete/some sec- 67.4) 73.3)
ondary
Secondary com- 37.8 (12.4- 45.4 (19.3- 7.6% 20%
plete or higher 69.6) 76.7)
Healthcare Public 46.0 (24.3- 54.3 (29.7- 8.3% 18%
source visited 68.1) 77.4)
Private medical 50.5 (25.7- 58.2 (30.6- 7.7% 15%
74.7) 82.0)
Private informal or 19.5 (7.6- 21.8 (8.6- 2.3% 12%
no care sought 39.0) 45.4)
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Similar trends as observed across LMICs globally were seen in Africa and
South-East Asia. However, the increases in the outcome among user groups
were greater in South-East Asia compared to Africa (Figure 5). For example,
in South-East Asia in 2005-2017, there was an 81% relative increase in the
outcome in rural areas from 25.9% (7.1-73.0) in 2005 to 46.8% (15.8-93.0) in
2017, compared to a 7% rise in South-East Asian urban areas. In comparison,
rural African areas saw a 28% relative increase from 24.0% (5.7%-56.9) in
2005 to 30.8% (12.0-61.0) in 2017 compared to 19% rise in urban African
areas.
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Figure 5: Trends in reported antibiotic use among sick under-five children in WHO
regions Africa and South-East Asia in 2005-2017 by user characteristics. Note: Lines
represent mean values for reported antibiotic use in specified user groups. 10th-90th
percentile uncertainty intervals for percentage of reported antibiotic use for sick chil-
dren in 2005 and 2017 are presented in source paper (Allwell-Brown et al, 2021)*®
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Study III: Antibiotic prescribing patterns in Bugisu,
Eastern Uganda

Antibiotics were prescribed for 62.2% of 3,471 febrile under-five outpatients
that attended 37 public and PNFP primary and secondary healthcare facilities
in Bugisu, Eastern Uganda between January 2019 and December 2020. There
were a total of 2,478 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 oth-
ers (8.6%). (Figure 6). Febrile under-five outpatients received on average,
0.74 antibiotics per clinical encounter.

The commonest reported diagnoses were malaria (1,414 (39.3%)), acute
upper respiratory tract infection, AURTI (1,381 (38.4%)), diarrhoea (548
(15.2%)), pneumonia (370 (10.3%)), skin infections (227 (6.3%)), non-spe-
cific bacterial infections (“bacteraemia”, “septicaemia”, “sepsis”, and “bacte-
rial infection™) in 200 (5.6%), and helminthiasis in 154 (4.3%) children.
AURTI was the commonest single indication for antibiotic prescribing. Of
676 children with AURTI as the only documented diagnosis, 516 (76.3%) re-
ceived antibiotics.

Of 314 children aged 2-59 months diagnosed with non-severe pneumonia,
almost all (303 (96.5%)) received at least one antibiotic prescription. Of these,
226 (72.0%) received prescriptions for amoxicillin, with only 29 children
(9.2%) receiving a prescription for amoxicillin at the appropriate dose for up
to five days, in accordance with national guidelines. One-hundred-and-three
(15.2%) of 680 children with malaria as the only documented diagnosis, and
77 (40.1%) of 192 children with acute watery diarrhoea as the only docu-
mented diagnosis received antibiotics.

All 13 children with dysentery, and all 30 children with severe pneumonia
diagnosis received at least one antibiotic. In these cases, the choice and com-
binations of antibiotics prescribed varied, and in almost all cases did not match
guideline recommendations.
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Figure 6: Frequency of antibiotic prescriptions for febrile under-five children attend-
ing lower-level healthcare facilities in Bugisu, Eastern Uganda in 2019 and 2020 by
AWaRe classification

Contextual determinants of antibiotic prescribing

After adjusting for patient-level variables (Level-1), 22.0% of the variation in
antibiotic prescribing for febrile under-five outpatients was attributed to be-
tween-healthcare facility differences. (Model 2, Table 6). In the final model,
11.4% of this variation remained unexplained. (Model 3, Table 6).

Higher health centre levels compared to HC-II facilities, and PNFP owner-
ship (Adjusted Odds Ratio, 4.30; 95% Confidence Interval, 1.91-9.72) (Model
3, Table 6) were significant contextual determinants of antibiotic prescribing.
A higher patient-to-prescriber ratio and physical presence of Uganda Clinical
Guidelines at healthcare facilities showed no significant association with an-
tibiotic prescribing. (Model 3, Table 6).
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Table 6: Patient- and healthcare facility-level determinants of ATC JO1/PO1AB anti-
biotic prescribing for febrile under-five outpatients at surveyed healthcare facilities in
Bugisu, Eastern Uganda. Model 1 is the null model; Model 2 includes Level-1 varia-
bles; Model 3 includes Level-1 and Level-2 variables.

Model 1 Model 2 Model 3
AOR (95% Cl) AOR (95% Cl) AOR (95% Cl)

Child’s age

<6months - 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 - 4.8 (3.80-6.26)* 4.80 (3.74-6.16)*
Pneumonia®

No - Ref Ref

Yes - 42.99 (21.86-84.54)* 44.80 (22.01-91.22)*
AURTI

No - Ref Ref

Yes B 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 infec-
tion®

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 I - - Ref

HC Il - - 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

PNFP - - 4.30(1.91-9.72)*
Uganda Clinical Guidelines
available

No - - Ref

Yes B - 0.59 (0.27-1.29)
Patient/prescriber ratio - - 1.04 (1.00-1.09)
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Model measures of clustering
Healthcare facility-level vari- .931(0.248) 0.929 (0.266) 0.425 (0.140)
ance (Standard Error)
Proportional change in vari- - 0.21% 54.25%
ance
Intra-class correlation 0.221 0.220 0.114
Median Odds Ratio 2.51 2.51 1.86

@ Includes 526 cases of acute watery diarrhoea, 14 cases of dysentery and 8 cases of persistent
diarrhoea

b Includes 337 cases of non-severe pneumonia and 33 cases of severe pneumonia

¢ “Non-specific bacterial infection” refers to the following diagnoses: “bacteraemia”, “septi-
caemia”, “sepsis”, and “bacterial infection”.

Study IV: Healthcare providers’ considerations in
antibiotic prescribing for febrile under-five patients

FGDs and in-depth interviews were conducted with a total of 85 participants
from 16 primary and secondary healthcare facilities in Bugisu, Eastern
Uganda. Participants had a mean age of 36.8 years, and were mostly females
(64/85), from public (61/85) and secondary (54/85) healthcare facilities.
Results of data analysis are presented at five levels, in accordance with the
theoretical framework guiding this thesis (Figure 1): (i) Individuals, house-
holds and communities, (ii) Service delivery, (iii) Health sector, (iv) Govern-
ance at national and sub-national levels, and (v) International level

Level I: Individuals, households and communities

Care-seeking from healthcare facilities was described as heavily influenced
by availability of medicines, with high attendance rates when medicines were
available, and low attendance during medicine stock-outs. Community mem-
bers were said to be generally aware of the status of medicine stocks at local
healthcare facilities, and came with high expectations of receiving medicines,
including antibiotics.

OLP: So you become busy when there is stock? How do they (the community)
know that there is stock?
R: [Audible reactions in the group]
R6: Yeah, they will know of course! Like ‘Let me come and get- they brought
medicine’, so they come.
R3: There are those who know the vehicle, they see the vehicle coming.
R1: Even if the vehicle comes today at this time, the people will be here, and
when indeed they are sick.
OLP: So at this point in time they are not sick?
RI: They are sick, they are sick. And there are few now who are buying [med-
icines], and there are those who are just at home. They are waiting for the
government drugs.

FGD 6 (Public and PNFP HC-II nurses)
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When antibiotics were not available at healthcare facilities, affordability was
said to be a challenge for many. Participants described that some caregivers
would rather wait at home with sick children, than buy antibiotics or go to a
referral centre.

R6: You tell this mother, ‘I would have loved to give you ABCD but I don’t
have [...].Go to the referral’. They will tell you ‘I will not’. [...] The following
day they will come back, ‘Musawo (doctor) have they brought the drugs? - just
like that!

FGD 4 (Nurses, public secondary healthcare facility)

Participants stated that sometimes caregivers came to the healthcare facilities,
giving false medical histories, or presenting several children in a single visit
s0 as to obtain medicines (including antibiotics) for later use.

R6: ...that's why you see that the number (patient load) is always big here,

because the mother will come with her seven children and I cannot chase her

away. And maybe her target is just to get some first aid and keep at home...
FGD 8 (Nurses, public HC-111)

Level II: Service delivery

Availability of diagnostics and antibiotics

Participants from public healthcare facilities felt that, by regulation, they were
expected to prescribe antibiotics available within their healthcare facilities,
which patients should receive free-of-cost. They reported adhering to these
regulations when antibiotic stocks were available, but were forced to ask pa-
tients to buy antibiotics from external sources during stock-outs. Sometimes
stock-outs provided an opportunity to prescribe outside the range of antibiot-
ics normally supplied to the healthcare facilities.

Furthermore, diagnostic tests or other materials to facilitate testing (such as
gloves, reagents, vacutainers, etc.) were not always available. Malaria rapid
diagnostic tests (mRDTs) were reported as routinely performed across all
health centre levels, while microscopy was available at some HC-III and
above, and complete blood count (CBC) was available in some HC-IV and
General Hospital level facilities. Patients thought to require culture and sensi-
tivity testing were referred, or [less commonly] had their samples sent to the
Regional Referral Hospital. During stock-outs of mRDTs and other supplies,
respondents asked patients to procure test kits from private markets, referred
the patient, or gave symptom-based treatment often covering for both malaria
and “bacterial infection”.

Participants, especially those from public primary healthcare centres, re-
ported feeling limited in terms of antibiotic choices, as they were only sup-
plied with “one drug”- amoxicillin. They felt constrained to prescribe the
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“same drug” even when the patient had already been exposed to it, or was in
their opinion, clearly not responding to amoxicillin treatment.

At PNFPs [and public healthcare facilities during stock-outs], affordability
of antibiotics was an important consideration in prescribing.

RI: ...The cost of the drug also influences my prescription. I may want to give
someone ceftriaxone (an antibiotic), but this person tells me, ‘I only came with
2000 [Ugandan Shillings] . So I will automatically opt for a cheaper drug and
we look at Amoxil (amoxicillin). So the availability and the cost [are consid-
erations] for us the PNFPs.

FGD 6 (Nurses, PNFP and public HC-1I)

Health Financing

Participants expressed that financing for medicines and supplies to their
healthcare facilities was insufficient, and that stocks ran out soon after sup-
plies were received.

RI: As you sit down as Health Centre Ill's and budget, you realize that because
we have very many demands, we normally go beyond the money we are given.
So you have to sit down and reduce certain things, that's why we always come
to a limited number [ ...]. So, for example if you are saying we need 100 boxes
of Amoxikid (amoxicillin) and it goes beyond, you have to reduce and reduce
until maybe like now we are getting 40. So that's the challenge we normally
get. It's the money that we are assigned to as Health Centre Il that limits us.
FGD 8 (Public HC-III nurses)

RI1: ...we last received drugs in May (three months ago) and up to now, we
have not received, and most of the drugs are out of stock. What they also give
us is very little compared to the number of patients we are handling, it can take
us less than even a month and the drugs get out of stock. So, stock-outs are
very common.

FGD 5 (Public HC-III nurses)

Laboratory staff at public primary healthcare facilities described that their lim-
ited budget was spent mainly on mRDTs, giving little room for other diagnos-
tic tests, even when they desired and felt capable of providing a wider range
of diagnostic services, for example, microscopy.

Of course now I cannot put a microscope there (on the list of supplies to be
ordered), [ can’t. [...] When you make a budget, they want you to use 1,800,000
[Ugandan Shillings] in a year [...] When you look at the RDT, government
buys it 45,000 a box. Now government is looking at the high prevalence of
malaria, so for them they will finish the whole budget on malaria. When you
see their consignment, it is full of RDTs.

IDI 7 (Laboratory technician, public HC-I1I)
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Results-based financing (RBF) was desirable among participants, as
healthcare facilities with RBF funds had greater autonomy in procurement of
medicines, and could access a wider range of antibiotics. Also, the effect of
stock-outs of medicines from the National Medical Stores (NMS) in these fa-
cilities were said to be mitigated by RBF funds.

JNS: So when the medicines are out of stock before [the end of the quarter],
are you able to make a request to have them delivered?

R: Like with NMS, you wait for the cycle to come, except for those RBF facili-
ties [...]. You breach the gap by using RBF funds, and then you buy some com-
modities to make you run as you wait for NMS to deliver. But here there is
nothing like that, they just wait- no RBF.

IDI 4 (Clinical Officer, public HC-II)

Health information

Participants from public primary healthcare facilities described that patients
were expected to be responsible for their own medical records keeping. Each
patient should keep notebook where their medical records are documented,
and present this at each visit to the healthcare facility. Participants however
reported that a common practice among caregivers was to re-use the same
notebook for several members of the same family, tearing out used pages so
the book appears new at each visit. This presented challenges in following up
antibiotic treatment trails, and health workers often had to rely on memory to
identify and manage follow-up patients, or start antibiotic treatment afresh.

Health infrastructure

Health workers described that referral of patients was challenging, as caregiv-
ers were generally reluctant to be referred. Even though diagnostic tests and
treatment were available free-of-cost at public referral centres, distance and
transportation costs were cited as major barriers to referral.

R2: Another challenge that I see it is the referral system. If you get a very ill
patient referral is very hard. Like if you want to get like a special vehicle it's
100,000 Shillings, whereby people are very poor- they can't afford. So most of
the people carry their people home and they go to die there. [...] Let's say you
use a vehicle from here in the main taxi you can take four hours on the way.
So if someone is very ill and you want emergency, the transport is very hard.
FGD 10 (PNFP HC-1V nurses)

As such, health workers sometimes took personal measures to expand services
within their healthcare facilities as an alternative to referral.
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JNS: Do you normally have or stock any injectable medicines here?

R: We as a health centre I, we have not been stocking them and the district
does not give them to us. But if there are conditions which require us to use
them, we go to other health centre IVs [...]. We can go there and ask if we need
drugs like Artesunate, ampicillin, and we use them in babies and in severe ma-
laria, but we don’t get them as health centre II’s.

IDI 8 (Clinical Officer, public HC-II)

Human resources
Healthcare worker roles

The task of antibiotic prescribing was described as primarily that of Clinical
Officers and Medical Officers, but nurses and nursing assistants reported tak-
ing on this role in their absence, or in facilities that lacked these cadres. Some
reported that in such instances, lack of clinical support in situations of diag-
nostic uncertainty affected prescribing behaviour.

RI: ... since health centre II's don’t have Clinical Officers, we handle pre-
scriptions as nurses. Yet for some situations we require some consultation, and
since that immediate supervisor of a Clinical Officer is not around, you end up
fidgeting with the prescription.

Female, FGD 9 (Nurses, PNFP and public HC-1I)

Heavy patient load especially at public secondary healthcare facilities was re-
ported as leading to inadequate time for proper history and examination, long
waiting times for lab results, missed doses for parenteral antibiotics, and over-
prescribing of ceftriaxone because of its convenient, once-daily dosing.

Participants from public primary healthcare facilities expressed dissatisfac-
tion that their capacities were being under-used at their healthcare facilities,
and that working at these lower-level healthcare facilities led to a deterioration
of clinical skills. Some also expressed a sense of loss of prestige among care-
givers as a result of the limited range of medicines or procedures they were
allowed to prescribe or carry out. Administering medicines (including antibi-
otics) outside the recommended range for their health centre level sometimes
provided an opportunity to demonstrate their skills and gain prestige among
caregivers.

R6: ... I hope the government would at least add in more drugs, rather than
giving us only one type of drug because these patients, they don't suffer from
the same illness or suffer from the same sickness whereby always one drug,
one drug! It is a bit challenging.

R5: It is challenging.

R6: And some patients may think that these nurses do not know, yet that's
all.

RI: That's why they give them one type of drug.

[.]
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R1: No injectable, no emergency drugs, the boy then starts convulsing, we
Just look [...]

R5: Actually it is true because these people go and buy drugs- the injecta-
bles- and they come here, and they first ask you: "doctor do you know how to
administer and you help me?"

(All laugh)

[...]

R1: I have spent five years here without cannulation.

OLP: No wonder they come and ask you if you can put cannulas

R3: They always come; and they will see- if they give you their time and
you attend to them, that is when they will realize that these people also know.

FGD 6 (Nurses, public and PNFP HC-II)

Health worker motivations
Empathy

Sometimes, participants were motivated by empathy to prescribe antibiotics,
due to perceived or expressed caregiver social constraints; for example, ina-
bility to afford diagnostics or medicines when stocks were out, or real or per-
ceived reluctance to be referred due to financial constraints or transportation
difficulties.

“...the reason why the patient has come to you is because there is need for a
service but they lack the money to avail the service, so the only option is you
at the facility. So, if you cannot be able to help them in a way that you are not
able to give them that antibiotic, then definitely it will make them feel bad...”

IDI 3 (Clinical Officer, public HC-III)

“...there is a low supply from the National Medical Stores- it is not sufficient
to our [healthcare facility], but the policy stipulates that we are not supposed
to tell the patients to go out to buy the drugs [...]. But we always endeavour.
We feel. We are parents. We find ourselves saying ‘please go and buy’ and
sometimes we sacrifice because the child is very ill and convulsing, and you

sacrifice your 1000 [Ugandan Shillings] — ‘please you go and buy this’.
FGD 2 (Nurses, public secondary healthcare facility)

Financial gain

One participant from a PNFP primary healthcare facility described financial
gain as a motivation for antibiotic prescribing, as health worker salary where
she worked was directly correlated with revenue generated at individual level.

“...If a month ends and I only raised 20,000 a month, questions and worries
may come. What’s happening? So, I may opt for bigger drugs to fetch in some
bigger money...”

FGD 6 (Nurses, PNFP and public HC-1I)
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In a public secondary healthcare facility, participants in a FGD of nurses de-
scribed “motivation” from medicine sales reps as influencing prescribing be-
haviour.

Level III: Health sector

Caregivers were commonly reported to have administered antibiotics to their
children before seeking care at healthcare facilities, either by self-medication
(sometimes based on older prescriptions), or through prior care-seeking from
private drug shops, pharmacies or clinics. Participants expressed that the pri-
vate retail sector was in dire need of regulation, as antibiotics could easily be
obtained over-the-counter at drug shops, and quantities bought were based on
“how much they had in the pocket”, rather than quantities needed. Oftentimes,
patients having received prior medications came to healthcare facilities with-
out documentation, so that health workers needed to guess what antibiotics
they had received, or simply disregard any prior antibiotic use.

R5: They just buy from some clinics or drug shops but they do not prescribe,
they do not write anything down so you guess what this would have been. This
very tablet or this coloured capsule- you don’t know exactly what they have
given, so that’s the dilemma we are in.

FGD 1 (Clinical Officers, public secondary healthcare facility)

Sometimes, more well-off caregivers brought children to public healthcare fa-
cilities, having already administered “higher-class” antibiotics. They thus ex-
pressed a sense of distrust in the government-provided antibiotics, which they
perceived to be of inferior quality. Health workers were sometimes also of the
opinion that more expensive antibiotic brands were of higher quality, and that
changing of brands of the same antibiotics affected treatment.

R6: ...German Fansidar (antimalarial) was at 3000 Shillings while Ugandan
Fansidar was at 600, meaning that the other one was more effective than the
Ugandan one. Even cefiriaxone- there is a type that is at 9000 Shillings and
another one that is at 2000, meaning that the effectiveness of some of these
drugs is not all that good, depending on the manufacturers.

FGD 1 (Clinical Officers, public secondary healthcare facility)

R6: ...You will find that a patient may not respond to the “Cef” (ceftriaxone)
from India that we stock. Yet, if you give them the “Cef” from Egypt, it will be
more effective- and the one from Germany will also work better.

FGD 4 (Nurses, public secondary healthcare facility)
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Level IV: Governance at national and sub-national levels

Local government and word in the community

Caregiver reports about quality of services provided were described as influ-
encing antibiotic prescribing among participants from both public and PNFP
facilities. While PNFP participants’ concerns were mainly related to revenue
generation, participants from public healthcare facilities expressed that failure
to provide satisfactory services (including the provision of antibiotics) could
be met with negative comments about poor service delivery spread in the com-
munity, or reports made to local government officials which could impact their
employment. For instance, when under-aged children came to healthcare fa-
cilities as guardians of younger children, health workers feared that turning
them back and asking them to return with an adult (who could give a proper
clinical history and better understand treatment instructions) could lead to ex-
aggerated or false reports at the sub-county.

R7: Sometimes you send them back to call the parents, but before coming
here, she first goes to the sub-county, ‘they have sent my children back, they
have not offered them any services’.

JNS: The parent?

R7: Yes, she first goes to the sub-county and reports, then she will come
back.

JNS: After reporting?

R7: Yes.

R6: And the councillor will come for you!

FGD 8 (Nurses, public HC-III)

National clinical guidelines

National clinical guidelines were cited as a common consideration in antibi-
otic prescribing across all FGDs and in-depth interviews. However, these were
sometimes said to be physically unavailable, in short supply, or outdated. A
few participants expressed doubt in the guidelines, regarding the prescribing
of ciprofloxacin for dysentery, and gentamicin in children

Level V: International context

In some PNFPs, support from foreign development partners was said to con-
tribute to the sustained availability of available medicine stocks in the facili-
ties, although diagnostics availability remained a challenge. And, in one pub-
lic secondary healthcare facility, it was reported that support from foreign im-
plementing partners during the COVID-19 pandemic with the provision of
pulse oximeters helped to broaden the diagnostic capacity at the facility.
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Discussion

The discussion of study findings is divided into two main parts: Part [ is a
discussion of the LMIC trends in reported antibiotic use for sick under-five
children in relation to findings from other global trend analyses on antibiotic
consumption since 2000. Part II discusses the determinants of antibiotic pre-
scribing for febrile under-five patients in the Ugandan context, based on the
framework guiding this thesis (Figure 1). Parts I and /I findings are later inte-
grated under the title “Implications of study findings” in the Conclusion sec-
tion of the thesis.

Part I: Reported antibiotic use for sick under-five
children in LMICs

We found a modest increase (17% relative increase) in reported antibiotic use
for sick under-five children across LMICs in 2005-2017. And, in 2017, about
43% of sick under-five children in LMICs reportedly received antibiotics for
fever, diarrhoea, or cough with fast or difficult breathing. LICs, African and
South-East Asian countries recorded the greatest relative increases in the out-
come during the study period, but also consistently recorded the lowest re-
ported antibiotic use for sick under-five children. Within LMICs, reported an-
tibiotic use for sick under-five children increased across all user groups. The
greatest gains (yet consistently lowest reported antibiotic use for sick under-
five children) were seen among the poorest children, those living in rural ar-
eas, and having mothers with the lowest education levels. Conversely, the out-
come remained highest among the wealthiest children, those living in urban
areas, and having mothers with the highest education levels.

The global LMIC increase in the outcome reported in Studies I and II is much
less pronounced than those reported by earlier studies, which could have been
as a result of different methodological approaches, or differences in countries
included and population groups studied. For instance, while LICs and LMICs-
LM were under-represented in earlier studies, *'+3*37 they were the main fea-
ture of our studies. An earlier study attributed 76% of the global increase in
antibiotic consumption to five countries: Brazil, Russia, India, China and
South Africa.’” Of these countries, only India featured in our studies and drove
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South-East Asia trends, where we found the greatest increases in reported an-
tibiotic use for sick under-five children across user groups. Yet, despite the
large increases in total antibiotic consumption in India documented in earlier
studies,’'*% "% antibiotic consumption rates (consumption per person) in In-
dia remain lower than the European average.”” This supports our finding that
proportion of reported antibiotic use for sick under-five children in South-East
Asia remained below global LMIC average in 2005-2017.

The only study prior to Studies I and II that estimated global trends in
paediatric antibiotic consumption in 2011-2015 (using consumption of child
appropriate formulations as proxy) also reported a “slight increase”,*’ support-
ing our findings of a modest increase in the paediatric population. However,
the time frame studied was shorter than ours, which may have also explained
the modest increase the study was able to demonstrate. A more recent study
combined pharmaceutical sales data (used in previous global analyses) with
DHS and MICS data to provide estimated antibiotic consumption trends glob-
ally in 2000-2018." Though our results are not directly comparable (due to
differences in methodology, and regional groupings used), their finding that
antibiotic consumption rates in Sub-Saharan Africa, and in South-East Asia,
East Asia and Oceania were lower than the LMIC average are in line with our
findings.

In LMICs, rising antibiotic consumption is positively correlated with eco-
nomic growth (specifically Gross Domestic Product per capita).’"*” This sup-
ports our findings that within LMICs, proportion of reported antibiotic use for
sick under-five children tended to increase with higher country income group,
and remained above global LMIC average in wealthier WHO regions (all re-
gions except Africa and South-East Asia). In addition, Study II findings sug-
gest that the same “wealth effect” on antibiotic consumption may apply at in-
dividual and household levels within LMICs. Contrary to these LMIC trends
that we report, antibiotic use tends to be higher among poorer population
groups in high-income countries with universal health coverage.'"'

LMICs are an immensely diverse group of countries, and it would be mislead-
ing to draw generalised conclusions on the implications of Studies I and II
without contextualised evidence. Moreover, as these studies did not provide
information on specific antibiotic types reportedly used, their dosages or aeti-
ologies of illness symptoms, it is difficult to evaluate the appropriateness of
reported antibiotic usage based on these studies alone. Studies III and IV con-
ducted in Eastern Uganda (a low-income setting), provide a deeper under-
standing of some of the everyday realities underlying the global trends re-
ported.

In the following paragraphs, I discuss contextual determinants of antibiotic
prescribing at public and PNFP, primary and secondary healthcare facilities,
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in Bugisu, Eastern Uganda, using the conceptual framework guiding this the-
sis (Figure 1). [ have deliberately taken a comprehensive approach that covers
the entire framework, to emphasize the potential of all parts of the health sys-
tem to influence antibiotic prescribing and access, thus creating opportunities
for interventions. Since Study IV is the only study that cuts across all levels
of the framework, its findings will guide the general discussion, with elements
of other component studies drawn upon where relevant.

Part II: Contextual determinants of antibiotic
prescribing in Eastern Uganda

Level-I: Individuals, households and communities

Caregiver expectations and demands were important influences on antibiotic
prescribing among both public and PNFP study participants. And, in public
healthcare facilities, when antibiotics were not available, affordability was re-
ported as being a problem for many. This is a plausible finding, given the high
level of poverty in the region,” and that poorer populations in Uganda have a
greater tendency to use public healthcare facilities where services are free.'®
Participants reported that even when antibiotics may have been available at
referral centres, distance and transport barriers made caregivers reluctant to-
wards referral. Similar findings about distance and cost barriers to referral
have been reported in Wakiso, a densely-populated district bordering Kam-
pala, Uganda’s capital.'®

Medicines (including antibiotics) could not always be guaranteed to be
available at public healthcare facilities. Therefore, while there were available
medicine stocks, caregivers were described as going to various lengths (such
as giving false medical histories, and presenting several children at a time who
were suspected not to be ill) to procure medicines, presumably for home stor-
age in case of eventual illness. Inevitably, this community behaviour contrib-
utes to an overload of the public healthcare system, and a drain on already
strained resources, perpetuating a vicious cycle of lack of access to diagnostics
and antibiotics, and lack of trust in the public healthcare system.

Level-II: Service delivery

Medicines and technologies: availability of diagnostics

Studies III and IV demonstrated an uneven availability of diagnostic tests
within and between health centre levels. mRDT was the only test reported to
be routinely performed across all healthcare facilities regardless of level. Yet,
stock-outs of malaria test kits were common, and even in facilities where other
types of diagnostic tools (e.g. microscopy, CBC) were said to be available,
lack of other materials such as gloves or reagents, and frequent breakdown of
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equipment commonly hindered their use. Lack of adequate diagnostic capac-
ity at primary and secondary healthcare facility levels is not uncommon in
Uganda and similar LMIC contexts. One study found that median availability
of diagnostics across 10 LMICs including Uganda was 19.1% at basic primary
healthcare facilities, and 49.2% in advanced primary care level.'™* Another
study in Uganda found that laboratory tests were performed in less than 30%
of patients attending primary healthcare facilities with diagnoses requiring in-
vestigations.'® When health workers were unable to perform diagnostic tests,
caregivers were generally described as being unable or unwilling to procure
diagnostic services from private sources, or to be referred. This commonly led
to empirical prescribing of both antimalarials and antibiotics.

Findings from Study III suggested an over-prescribing of antibiotics, with
62.2% of febrile under-five outpatients receiving an antibiotic prescription.
This rate is similar to the 60.1% and 62.7% antibiotic prescribing proportions
reported on average across other LMIC settings, including Uganda.*>*® Given
the relatively low prevalence of conditions with clear clinical indications for
antibiotic prescriptions in Study III (dysentery (0.39%) and pneumonia
(10.3%)), the 62.2% antibiotic prescribing proportion we found is likely high.
There were other, more “generic” diagnoses reported in Study III that may
have warranted antibiotic prescriptions (skin infections, and non-specific bac-
terial infections). Yet, even if all of these patients, including those with dys-
entery and pneumonia, required antibiotics for each condition separately, their
total prevalence (22.6%) would still be well-below the antibiotic prescribing
proportion of 62.2% that we found. The high antibiotic prescribing rate could
at least be partly attributed to the lack of diagnostic support for non-malarial
fevers that has been described in other studies.** '*®

Even in the absence of affordable, context-appropriate point-of-care diag-
nostic tools for non-malarial fevers, there are some relatively high-impact,
“low-hanging fruits” that, could be addressed in LMICs. Study III found an-
tibiotic prescribing for AURTI, malaria, and acute watery diarrhoea, even
when these were the only reported diagnoses; and in Study I, about one-third
of children across LMICs with diarrhoea received antibiotics in 2017, despite
only a small proportion of diarrhoea cases requiring antibiotic treatment. Sim-
ilar reports of antibiotic prescribing for AURTI, malaria, and acute watery
diarrhoea have been made in other studies in LMIC contexts; *>- 46 107-109 yet,
these prescriptions may to a large extent be considered unnecessary.''* Given
the high prevalence of these conditions in Uganda and similar settings, inter-
ventions to minimise antibiotic prescribing for these conditions could greatly
reduce antibiotic consumption in these populations.
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Medicines and technologies: availability of antibiotics
Study III found that the main antibiotics being prescribed for febrile under-
five outpatients at primary and secondary healthcare facilities were amoxicil-
lin and co-trimoxazole of the Access group. These were also the top two anti-
biotics distributed by Uganda’s National Medical Stores to public secondary
and tertiary healthcare facilities in 2019.""! Study III also found that, co-tri-
moxazole and ampicillin/cloxacillin were commonly prescribed, despite their
not being indicated in any of the reported diagnoses in the study.''”
Availability of antibiotics within public healthcare facilities was cited as
perhaps the strongest consideration in antibiotic choice among healthcare
workers, as health workers felt they were required by regulation to prescribe
antibiotics available within the healthcare facility, which could be obtained
free-of-cost by patients. Participants from public primary healthcare facilities
felt particularly constrained by the limited range of antibiotics they were sup-
plied, and were therefore expected to prescribe. Similar to our findings at
lower level facilities, availability of antibiotics within tertiary healthcare fa-
cilities in Uganda has also been shown to be a key influence on prescribing
practices.''?

Health information

Patient record keeping and follow-up is important in monitoring antibiotic
treatment response or suspected resistance. As observed in Study III (manu-
script), surveyed primary healthcare facilities lacked the capacity (human and
material resources) to maintain patient records. Indeed, Study IV found that
patients were expected to be responsible for their own medical records keep-
ing — caregivers visiting public primary healthcare facilities were expected to
buy a notebook (one per patient) for their medical records, and presenting the
book was considered a prerequisite to being attended to at the healthcare fa-
cility. To save cost, caregivers re-used books for other children or family
members, tearing off old documentation so as to give the appearance of a new
book at each visit. This presented a challenge to follow-up so that health work-
ers often needed to rely on memory or start antibiotic treatment afresh with
each patient visit. This may be an under-investigated area, as no studies were
found that reported similar findings. Perhaps allowing caregivers to keep a
“family book” instead of a book per patient may facilitate adherence in this
population.

Health financing

Funding for medicines and supplies was generally described as insufficient,
especially at public healthcare facilities. However, participants from PNFPs
and public healthcare facilities with access to RBF enjoyed access to a wider
range of antibiotics within their healthcare facilities. Some PNFP participants
in addition had the possibility to source for unavailable medicines on behalf
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of patients. PNFPs are partially funded by out-of-pocket payment, in addition
to foreign development partner support and government contributions,”
which could explain their access to a wider range of medicines and the signif-
icantly higher antibiotic prescribing in PNFPs compared to public healthcare
facilities that was seen in Study III .

RBF was generally considered desirable among participants from public
healthcare facilities, as the additional funds helped to mitigate the effects of
medicine stock-outs and increased their autonomy in medicines procurement.
RBF refers to a “cash payment or non-monetary transfer made to a national or
sub-national government, manager, provider, payer or consumer of health ser-
vices after attainment and verification of predefined results”.'"> Though rec-
ognised and promoted in Uganda as an innovative means to improve health
systems performance, national uptake and implementation of RBF has been
slow, mainly due to perceived difficulties with integration into public health
systems.''* Similar to our findings, RBF has been reported to increase
healthcare facility autonomy and perceived access to essential medicines in
similar LMIC contexts.''> "¢ Yet RBF as currently implemented in many con-
texts has been criticised as an unsustainable donor fad, possibly doing more
harm than good to health systems in LMICs.''” Nevertheless, recent renewed
policy interest in RBF adoption in Uganda has been attributed, among other
factors, to the incentive of foreign funding.''®

Human resources for health

A key factor influencing antibiotic prescribing behaviour, especially at public
primary healthcare facilities, was the sense of prestige that came with pre-
scribing or administering antibiotics that were typically out-of-supply-range
for the healthcare facility level. To the health workers, the availability of “one
drug” at their facilities gave an impression to caregivers that their knowledge
about alternatives was as limited as the range of supplies they received. More-
over, some health workers took personal measures to expand services for pa-
tients within their healthcare facilities instead of referral, such as collecting
antibiotics from other healthcare facilities that were not normally supplied at
their health centre level. This behaviour was partly driven by a sense of per-
sonal capability to handle more complicated conditions than what was ex-
pected for their facility level. Indeed, health workers with sufficient training
may be capable of providing a wider range of services, which could be life-
saving in some instances where access to alternative healthcare services is
limited. However, in the absence of clear regulations (with effective monitor-
ing) on what cadres are allowed to prescribe specific antibiotic types, such
actions could perpetuate or worsen poor antibiotic prescribing practices. Our
findings highlight the need for greater investment in human resources for
health, and improved alignment of health worker capacities with community
health needs.'"”
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Level-11I: Health sector

Study participants felt that there was a dire need for regulation and oversight
in Uganda’s private retail pharmaceutical sector. Children were often brought
to facilities, having already taken some antibiotics, yet, the types or appropri-
ateness of prior antibiotic use could not always be ascertained, given the lack
of documentation and poor dispensing practices at drug shops and private clin-
ics. Furthermore, the availability and exposure of patients to “superior” anti-
biotic classes from the private retail sector was seen as causing caregivers to
lose respect for public healthcare workers and the medicines they provided,
which were seen as being of inferior quality.

Indeed, the private sector is the dominant source of care-seeking for child-
hood illnesses in LMICs'? (also observed in Study IT). Populations in these
settings often prefer to seek care from private sources (particularly informal
sources), given their faster services, nearness, and flexibility, among other rea-
sons.'?! The potential of the private sector to contribute to expanding national
child health services coverage in LMICs, [while also helping to relieve public
healthcare services] is well-recognised.'* Yet, antibiotic dispensing practices
at private drug shops in Uganda and other LMIC settings remain sub-opti-
mal.'#"'?% For instance, one study in Uganda based on 428 exit interviews with
care-givers of under-five children found that appropriate antibiotics were dis-
pensed in only 4% of cases.'”” Nevertheless, another study suggests that
achieving high-levels of adherence to childhood illness treatment guidelines
in drug shops may be possible in Uganda.'*®

Among healthcare workers, not all brands of antibiotics (of the same type)
were equal. More expensive, often foreign brands were perceived as being of
higher quality, and some participants felt that changing brands of the same
antibiotic type during the course of treatment influenced treatment outcomes.
Antibiotic brand scepticism is not limited to LMIC healthcare practitioners,'*
and concerns expressed by health workers in LMICs may be even more legit-
imate, given the ubiquity of sub-standard and falsified medicines (including
antibiotics) in these settings.”*’ Studies comparing generic antibiotics to
branded forms are limited and varied in outcomes (for example'*'"'*), and a
literature review on the efficacy of generic antibiotics was inconclusive.'*
This is an area warranting investigation, especially in LMICs where availabil-
ity of generics is crucial to achieving universal antibiotic access.

Level-IV: Governance at national and sub-national levels

Caregiver demands have been cited as a determinant of antibiotic prescrib-
ing."*” Yet, our findings suggest that public health workers in this setting may
be under even greater pressure to satisfy patient demands by prescribing anti-

biotics than in other settings, given the impact caregiver complaints could
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have on their employment. Since 2001, Uganda has had a “free healthcare”
policy, stipulating that public healthcare services (including diagnostic tests
and medicines) be provided free-of-cost to patients.’® Caregivers in our study
(as described by participants) saw free medicines as a right, and a yardstick
for quality of service. And when this was denied (even if reasonably so), they
expressed dissatisfaction that they were being “chased away”, or that the
health worker “refused to give them medicines”. And, local politicians tended
to take sides with the community when complaints were made against public
health workers.

Uganda’s “free healthcare” policy has been criticised — described as a mere
political ploy to secure votes.”® According to participant reports in one study,
the government clearly cannot afford it; and yet, when shortcomings become
obvious to the public, the blame is shifted onto health workers.'*® Public health
workers, on the other hand, are also not completely blameless. Given the his-
tory of corruption in Uganda’s public health sector,'*® caregivers may have
good reason to doubt their intentions when antibiotics are withheld.

Our study highlights a priority need for improved trust between communi-
ties and health workers in this setting, to improve appropriate access to anti-
biotics. Communities need to be sensitised on the impact of unnecessary anti-
biotic demand and consumption on resistance development and availability of
antibiotics for patients with genuine need. Conserving antibiotics should be
seen as a collective public responsibility, and promoted as a positive social
norm. At the same time, health workers also need to be supported (for example
through improved diagnostic capacity, locally relevant guidelines, and support
supervision) to confidently decline giving antibiotics when deemed unneces-
sary. Furthermore, opportunities for interactions between public health work-
ers, communities and local politicians should be encouraged, in an atmosphere
that fosters mutual trust rather than blame. And, importantly, community
members could use their political power to make demands for better quality
of care both from local politicians and health workers.

Level-V: International context

Assistance from foreign development partners was described as a key factor
contributing to regularity and a wider range of antibiotic stocks in PNFPs com-
pared to public healthcare facilities. And, in a public healthcare facility, sup-
port from foreign partners during the COVID-19 pandemic was described as
having helped to broaden diagnostic capacity. Foreign aid continues to form a
large part of Uganda’s health spending,* and Uganda’s foreign Health Devel-
opment Partners (HDPs) remain key influencers (even drivers) of national
health priority-setting, given their financial muscle to fund policies.'** Support
from Uganda’s HDPs, if secured, could be leveraged to prioritise improved
antibiotic access and appropriate use in Uganda.

61



Methodological considerations

Study limitations

In Studies I and II, data were not available for every country-year, and mod-
elling of the outcome was required to fill data gaps. Thus, uncertainty intervals
generated for the mean proportions of reported antibiotic use for sick under-
five children were wide and overlapping, and even more so in Study II where
data were further disaggregated by user characteristics. Interpretations are
therefore made with caution. Nevertheless, these studies based on DHS and
MICS data were the first since 2000 to provide evidence on reported antibiotic
use for sick under-five children across LMICs, particularly LICs and LMICs-
LM which have otherwise been under-represented in global analyses. The
only study after ours that also analysed reported antibiotic use in the same
populations was based on the same data sources. Second, participants may
have been prone to recall bias, and may not correctly report or classify the
treatment given to their children in the two weeks prior to the survey inter-
views. However, caregivers are encouraged to show the treatment packaging
and report trade names of administered medicines, which medically trained
personnel in the data collection team could appropriately classify. Third, there
was a lack of information on specific antibiotic type, dosage, duration of treat-
ment and illness symptom aetiology in the DHS and MICS. Hence appropri-
ateness of reported antibiotic use could not be determined.

Study III was based on outpatient register data, and analyses could have been
compromised by missing data. Nevertheless, we did not find any systematic
bias attributable to records that were not available at data collection. Second,
while the analytical statistics took into account the survey and cluster structure
of the data by using the mixed-effect approach, the descriptive statistics did
not apply weights to account for unequal probabilities of selection due to dif-
ferent client quality data volumes at sampled facilities. Despite the large sam-
ple and high response rate, which should reduce the selection bias, results of
the descriptive statistical analysis should be interpreted with caution. Third,
the study focused on antibiotic prescribing patterns, which may not directly
correspond to usage.

Study IV was based solely on reports from health workers. Thus, it was pos-
sible that they emphasized challenges while underplaying their own negative
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attitudes and behaviours that may promote poor antibiotic management. Sec-
ondly, one of the interviewers had had prior contact with study participants
during trainings on antibiotic stewardship, which may have led responses to
be influenced by social desirability bias. However, this is unlikely as the aim
was not to test participants’ knowledge on antimicrobial stewardship. On the
contrary, I consider this an advantage, as participants, already being familiar
with one of the interviewers may have felt more at ease to discuss every-day
dilemmas in antibiotic prescribing for young children.

Trustworthiness (Study IV)

Credibility refers to measures taken by the researcher to ensure rigorous col-
lection of high quality data that will be analysed in such a way as to give ac-
curate representation of the study participants’ reports. In our study, credibil-
ity was enhanced by data collection triangulation and researcher triangulation.
Data collection tools were developed with input from Ugandan and non-Ugan-
dan researchers, with backgrounds in medicine, pharmacy and social sciences.
Data collection tools were pilot-tested and adapted accordingly. Data were
collected by two Ugandan researchers with backgrounds in pharmacy and so-
cial sciences, and participant responses were regularly compared within and
across healthcare facilities. Data coding was done by three researchers: (i) a
pharmacist with qualitative research experience who also collected the data,
(ii) another Ugandan pharmacist and lecturer who is currently a doctoral stu-
dent in the United Kingdom, and (iii) myself, a Nigerian doctoral student in
Sweden, with a medical education and clinical experience in a Nigerian ter-
tiary hospital and general outpatient setting, and no prior practical experience
with qualitative research.

Field notes from data collection were reviewed during analysis for any dis-
crepancies or important themes that may have been missed. The data coding
and analysis process was recursive, with regular discussions between re-
searchers coding the data, and the principal investigator (a Ugandan pharma-
cist and senior lecturer in health systems pharmacy), with guidance from an-
other researcher with specific qualitative research expertise in the field of
AMR. Other researchers on the team, with knowledge and experience within
health systems in African LMICs brought subject matter expertise and “out-
sider” perspectives.

Transferability refers to the generalisability of study findings, which is a
judgement for individual readers to make. Nevertheless, the purposive selec-
tion of participants across public and PNFP healthcare facilities at HC-II, -III,
IV and General Hospital, rural and urban areas, multiple cadres, and the mix
of data collection strategies (in-depth interviews, and especially the use of
FGDs), may enhance transferability of our findings. Dependability refers to
the “auditability” of a qualitative study. This was addressed in our study by
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the use of field notes and memos. In addition, data were analysed using a qual-
itative data analysis software programme (Nvivo), with all themes clearly
traceable to source codes and quotes. This also partly addresses confirmabil-
ity, which refers to how well the results link to the raw data. The use of illus-
trative quotes throughout reporting also improves the confirmability of our
findings.
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Conclusions

Summary of key findings

There was a modest increase (17% relative increase) in reported antibiotic use
for sick under-five children across LMICs in 2005-2017. In 2017, about 43%
of sick under-five children in LMICs reportedly received antibiotics for fever,
diarrhoea, or cough with fast or difficult breathing. LICs, African and South-
East Asian countries saw the greatest relative increases in the outcome during
the study period, but also consistently recorded the lowest reported antibiotic
use for sick under-five children. (Study I)

Within LMICs, reported antibiotic use for sick children increased across all
user groups. The greatest gains (yet consistently lowest reported antibiotic use
for sick under-five children) were seen among the poorest children, those liv-
ing in rural areas, and having mothers with the lowest education levels. Con-
versely, the outcome remained highest among the wealthiest children, those
living in urban areas, and having mothers with the highest education levels.
(Study IT)

In the Ugandan context, 62.2% of febrile under-five outpatients attending pri-
mary and secondary healthcare (public and PNFP) facilities in Bugisu, Eastern
Uganda received antibiotic prescriptions in 2019-2020. Yet a narrow range of
antibiotics was prescribed, with amoxicillin and co-trimoxazole accounting
for two-thirds of all antibiotic prescriptions. Co-trimoxazole and ampicil-
lin/cloxacillin were prescribed, despite not being indicated in any of the re-
ported conditions in Study III. Higher health centre levels, (compared to HC-
IT), and PNFP ownership were significant contextual determinants of antibi-
otic prescribing. (Study III)

Among other interrelated factors across multiple levels of the health system,
availability of antibiotics and diagnostics within healthcare facilities, care-
giver demands, and governance at national and sub-national levels were im-
portant considerations in antibiotic prescribing for febrile under-five children
in primary and secondary healthcare facilities in Bugisu, Eastern Uganda.
(Study IV)
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Implications of study findings

Access to appropriate and effective antibiotics remains a challenge in LMICs.
While global antibiotic consumption trend analyses indicate that LMICs have
driven most of the global increases in antibiotic consumption since 2000, such
generalisation must be applied with caution. Indeed, 76% of the global in-
crease in antibiotic consumption in 2000-2010 was attributed to only five
LMICs,*” meaning the vast majority of LMICs may not share the same expe-
rience. This view is supported by our studies that provide evidence especially
from LICs and LMICs-LM that were under-represented in previous global
analyses of antibiotic consumption trends, and reinforced by our in-depth field
studies in Uganda. Furthermore, our finding that reported antibiotic use for
sick under-five children remained directly proportional to regional, national
and household wealth suggest that inequities in antibiotic access persist be-
tween and within LMICs.

Yet, as demonstrated in the Ugandan context, the pervasive misuse of an-
tibiotics and their wastage in the midst of scarcity thrives in LMICs, side-by-
side with inadequate antibiotic access. This is partly due to weak and porous
health systems, with a diverse and extensive, yet often poorly regulated net-
work of antibiotic “gatekeepers”, among other multi-level health system fac-
tors identified in these studies. Indeed, the double burden of lack of access and
inappropriate (even excessive) exposure to antibiotics in LMICs is likely
greatest among the poorest populations, since these are the same groups with
the greatest infectious diseases burden and lack of access to quality health ser-
vices. In essence, the greatest need for antibiotic stewardship in LMICs may
be among the same groups with the greatest need for improved access to anti-
biotics, requiring a health systems strengthening approach to improve both
antibiotic stewardship and overall quality of care.

Recommendations and research priorities

Health systems may be considered as complex adaptive systems, meaning that
interventions in one part of the system could have effects on all parts. And
indeed, as outlined in the discussion, there are opportunities for interventions
across all parts of the health system that could impact appropriate antibiotic
access and use, even if not directly linked to the “Medicines and Technolo-
gies” block of the framework (Figure 1). Nevertheless, I propose four recom-
mendations, inspired by study findings in the Ugandan context, but which
could have broader application in similar LMIC contexts:

1) Bottom-up approach to antibiotic stewardship: There is a need
for improved awareness among communities (and local politi-
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iii)

cians) on how individual actions could promote antibiotic re-
sistance, and the potential impact of this on individual and com-
munity health and economy. Communities, health workers and
local government officials should see themselves as partners and
key players in the health system, and embrace the common goal
of improving community (and ultimately national) health out-
comes, including appropriate access to effective antibiotics. Com-
munities could capitalise on their democratic power to make de-
mands for improved healthcare services from health workers and
local politicians.

Targeting “low-hanging fruits” as opportunities to significantly
cut down inappropriate antibiotic consumption in LMICs. By this
I refer to conditions of public health significance where there are
clear indications to safely not prescribe antibiotics, but where an-
tibiotics are still being prescribed — particularly acute watery di-
arrhoea, AURTI and malaria. Strengthening and dissemination of
supportive evidence, and regular training and support from pae-
diatricians could help less-experienced health workers make safe,
yet confident treatment choices, even while affordable point-of-
care diagnostics for non-malarial fevers are still lacking.

Stronger focus on health promotion and prevention of infec-
tious diseases by vaccination, promoting basic hygiene, clean
water and sanitation in communities, adequate nutrition, and other
basic infrastructure to promote population well-being. These
could contribute to reducing infectious disease burden and fre-
quency of febrile illness in under-five children, thus lessening the
risk of exposure to antibiotics.

Finally, I suggest two research priority areas which may con-
tribute to improved appropriate access to antibiotics in LMICs.
First, recognising that people are central to health systems func-
tions, and are generally the vehicles of interaction within health
systems, research integrating health systems and social sciences
are needed to improve health system outcomes. Second, issues of
inadequate financing underlie most (if not all) of the identified
health systems challenges. Therefore, research into innovative
health financing modalities that allow contribution from the in-
formal sector is another suggested research priority for LMICs.
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