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Abstract

Universal access to healthcare, including quality medicines, is a fundamental human right

but is still out of reach for many in low- and middle-income countries (LMICs). An existing

framework capturing variability of access to healthcare in low-resource settings includes the

5 dimensions: availability, accessibility, affordability, adequacy, and acceptability. This

framework encompasses key components, including health infrastructure and means to

access it as well as service organisation, costs, and factors that influence users’ satisfaction.

However, in reality, the effectiveness of accessed healthcare is measured by the likelihood

of a positive outcome. We therefore propose an expansion of this framework to include an

additional dimension, “aspects of quality,” incorporating quality, which critically influences

the ability of the accessed services to generate optimal health outcomes. Within this frame-

work, we explore literature from East Africa likely relevant to a range of LMIC contexts,

mainly focusing on the provision of widely used antimicrobials such as antimalarials and

antibiotics. We argue that major inadequacies exist across all 6 dimensions of access and

quality of drugs and their provision. While the global focus is on curbing excessive antimicro-

bial use to tackle the antimicrobial resistance (AMR) crisis, major constraints around access

shape patients’ health-seeking decisions leading to potentially problematic practices that

might exacerbate the AMR problem. We advocate for a holistic approach to tackling these

inadequacies, encompassing all dimensions of access and quality of healthcare in order to

improve health outcomes while simultaneously counteracting the AMR crisis.

Introduction

Background

In the last decade, sub-Saharan Africa has consistently registered a high burden of disease in

both humans [1] and livestock [2], which is consistent with patterns observed in low- and mid-

dle-income countries (LMICs) more broadly. Some of the most prevalent and devastating
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illnesses are of infectious nature [1,2]. Noticeably, infections play a major role in maternal and

child mortality, being the cause of 11% of maternal and 25% of newborn deaths, respectively

[3]. Surgical site infections (SSIs) are a substantial cause of deaths in hospitals [4]. Cesarean

sections constitute one of the most performed surgeries in sub-Saharan Africa [5,6], and SSIs

represent the main complications of this procedure. This disease burden has direct effects on

economic growth and constrains the attainment of key Sustainable Development Goals

(SDGs) [7]. Beyond the mortality burden, disease morbidity has a high socioeconomic impact

on individuals and communities [7]. Indeed, it is often remote or poor communities who are

the most disadvantaged by health disparities and inequalities [8].

Antimicrobials save thousands of lives every year and reduce disease mortality and morbid-

ity all over the world. Together with biosecurity, antimicrobials have also transformed live-

stock production and enhanced food security, especially in parts of the world where human

health and well-being are strongly dependent on livestock [9]. Yet, the antimicrobial resistance

(AMR) crisis has switched the focus to excessive antimicrobial use, creating tension between

the need to improve universal access to essential drugs and the global push to reduce their use

[10].

Frameworks for examining access to quality healthcare

Penchansky and Thomas (1981) introduced 5 dimensions of access [11], which Obrist and col-

leagues (2007) modified and adapted as an analytical framework “to explore and improve

access to health care in resource-poor countries, especially in Africa” [12]. These 5 dimensions

are availability, accessibility, affordability, adequacy, and acceptability, and encompass a wide

range of factors critical to optimal health care, from the existence and accessibility of health

infrastructure in a broad sense (e.g., health centres, pharmacies, personnel, diagnostics, and

drugs) to their organisation, acceptability to patients, and associated costs.

Access alone, however, does not guarantee positive health outcomes. To achieve this goal,

the accessed care must be of good quality, i.e., possess the ability to treat and cure patients.

Quality of care is defined by the World Health Organization (WHO) as “the degree to which

health services for individuals and populations increase the likelihood of desired health out-

comes and are consistent with current professional knowledge” [13]. In their report “Deliver-

ing Quality Health Services,” they emphasise the need for “providing effective, safe, people-

centred care that is timely, equitable, integrated and efficient” [13]. All these aspects are influ-

enced by the quality of medicines and diagnostics used, the accurate prescription, dispensing,

administration and usage of these medicines, and the appropriateness of the counselling and

instructions patients receive in order to guide treatment at home.

To take all these factors into account, we expand Obrist and colleagues’ framework [12] by

adding a sixth component linked to these “aspects of quality.” This not only allows us to dis-

cuss issues of access to medical drugs, but also the degree to which the accessed medicines are

used in a way that ensures maximum likelihood of positive health outcomes. We define the 6

dimensions of access to quality healthcare in Table 1 and highlight aspects that influence the

agency and choice of individuals to seek and benefit from health provision.

In this paper, we use our expansion of Obrist and colleagues’ framework [12] to review rele-

vant literature from East Africa (focusing on Tanzania, Kenya, and Uganda) in order to discuss

the 6 dimensions of access to quality healthcare, including the provision of essential drugs, for

humans and animals. We consider both institutional and retail facilities in the public and pri-

vate healthcare realms, delivering formal or informal services (see Box 1). We discuss how

dimensions of access and quality interact in a way that limits patients’ agency and choice dur-

ing health seeking, and that shapes their practices including those that might impact on AMR
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Table 1. Definitions of the 5 dimensions of access to quality healthcare (availability, accessibility, affordability, adequacy, and acceptability) adapted from Obrist

and colleagues (2007) [12] but expanded to include a sixth dimension that we define “aspects of quality” (in bold) to account for aspects of quality and accuracy of

treatment and care.

Dimension Definition Factors influencing access to healthcare

Availability The physical existence of health facilities for patients to attend or of drugs/diagnostics

for clients to buy/use.

- What service providers are available?

- What drugs/diagnostics are available?

- What kind of infrastructure is available and is this

sufficient?

- Is there an adequate number of trained staff?

Accessibility The ability of patients to reach, attend, and use the available health service. - Can patients reach the available facilities?

- Is transport available?

- Is the service in the patient’s language?

- Is the infrastructure of the facility usable?

- Are patients seen promptly by a physician when they are

at a facility?

Affordability The ability of patients to pay for health services, including drugs. - Are prices of drugs/services affordable for patients?

- Are transport costs affordable?

- Can patients afford the time off work/childcare?

Adequacy The ability of the organisational structures and processes of the provider to meet

patients’ requirements.

- Is the service tailored to patients’ daily schedules and

duties?

- Is the service in the patient’s language?

- Is the facility and its infrastructure well-kept and usable?

- Are patients seen by physician in a timely way?

Acceptability The perceived appropriateness of the form of service provision by the patient. - Do patients trust service providers?

- Do patients feel welcomed and cared for?

- Are patients’ expectations met?

- Are local understandings and perceptions around illness,

and social values considered by the provider?

Aspects of

quality

The aspects of quality of healthcare products and their provision that influence the

ability of the given treatment to produce a positive health outcome. This includes drug

quality, accuracy of drug choice, and the appropriateness of counselling and advice.

Drug quality:

- Are drugs/treatments of good quality?

Accuracy of drug choice and usage:

- Are guidelines related to diagnostics and treatment

followed?

- Are the prescriptions accurate (type/kind of drug,

dosage)?

- Are treatments/drugs taken accurately (dosage, route of

administration, length of course)?

Appropriateness of counselling and advice:

- Do patients receive the needed advice on how to use or

administer drugs/treatment?

- Are diagnoses, prescriptions, and instructions

communicated to patients in an understandable manner?

- Are counselling, information, and instructions for use

accurate?

https://doi.org/10.1371/journal.pntd.0009529.t001

Box 1. Type of health provision

For the purpose of this review, we consider the following human and animal healthcare

providers:

• Institutional: Institutional healthcare providers who perform consultative services for

patients in facilities run by medically trained staff.

• Retail: Outlets that primarily sell medical products to clients.

• Public: Government-led facilities that serve the general public at no profit.

• Private: Owned by either private organisations or individuals, who may pursue their

own interests, hence often designed as for-profit.
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emergence. We highlight where shortcomings in equitable healthcare access and service provi-

sion lie and what efforts and investments are required to achieve universal health coverage that

produces positive health outcomes without exacerbating AMR.

Methods

Articles reviewed in this paper were identified by searching (“demand” OR “sale” OR “use”

OR “usage” OR “quality” OR “access” OR “accessibility”) AND (“drug�” OR “medication�”

OR “treatment” OR “antibiotic�” OR “antimicrobial�” OR “anti-microbial�” OR “anti-

malarial�” OR “growth promoter�”) AND (“Africa” OR “East Africa” OR “Eastern Africa” OR

“Tanzania” OR “Uganda” OR “Kenya”) AND (“human�” OR “animal�” OR “livestock” OR

“cattle” OR “cow�” OR “goat�” OR “sheep�” OR “poultry” OR “chicken�” OR “pig�”).

To reduce the number of papers to review in full, terms were searched for in the title or the

abstract. Only the last group of terms was searched for in all fields. Two searches were con-

ducted in PubMed and the University of Glasgow’s (UoG) library interface, respectively. After

initial sorting, the UoG and PubMed resulting papers were combined and reviewed manually.

Inclusion criteria included article in English and set in East Africa. Papers were excluded if

they discussed viral diseases, noninfectious diseases, recreational drugs, or access or quality of

life without reference to medical drugs. Additional papers were reviewed as identified through

snowball methodology from the initial search results. Finally, for broader context, we included

and reviewed relevant literature suggested by peers with related content expertise. Overall, 154

publications (86 from the initial search, 22 from reference lists of identified articles, 8 from

suggestions, and 37 from searches related to the broader context) were reviewed in full. How-

ever, only selected references are provided in this review.

Result of the literature search

Availability

In East Africa, human and animal healthcare facilities are unevenly distributed, which leads to

inadequate coverage, especially in rural, hard-to-reach areas [14,15]. Many public human

health services are severely understaffed [15], and the level of training of human health profes-

sionals is variable [10,15,16]. Underfunding and understaffing are widespread also within pub-

lic veterinary services [2,17,18]. Staff shortages translate into long waiting times for patients,

• Formal: Official, state-recognised, licensed services and therefore subject to state regu-

lations and controls under the formal health system.

• Informal: Not officially recognised or licensed and therefore operating outside the for-

mal health system.

We recognise that the boundaries between these health provision bodies, especially

between formal and informal entities, are often unclear, porous, and blurry. For

instance, institutional health providers may include a retail shop at their premises, health

professionals may work both in public and private facilities, and informalities may occur

at all levels [68]. For example, community health workers or dispensers in accredited

drug shops often operate at the border of formal and informal care due to limited oppor-

tunities for their formal training and certification [68]. All providers we include herewith

play a critical role in health provision for humans and animals in the East African con-

text. We therefore discuss them while recognising that different health policy approaches

might include or exclude some of them from the formal health system [68].
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constraining availability of formal human and animal health services for many people

[14,17,19]. Furthermore, an inefficient supply and procurement system leaves public health

facilities and formal veterinary staff with stockouts or expiry of essential medicines like antibi-

otics or antimalarials [20,21]. Similarly, diagnostic tools and supplies frequently face low avail-

ability or are underused both in human and animal health. For example, a human health

service readiness and availability assessment conducted in Tanzania in 2012 found that only

27% of public hospitals were able to perform tuberculosis microscopy and that 40% of dispen-

saries had malaria diagnostic capacity [22]. Despite their suitability for low-resource and field

settings, limited diagnostic capacity extends to low-cost rapid tests that would enable relatively

underskilled staff to diagnose human and animal diseases without access to specialised labora-

tory equipment [22,23]. In higher-tier human and animal healthcare, shortage of staff who can

operate the equipment or perform laboratory techniques restrict access to more sophisticated

diagnostic tools [23,24]. Long-distance transport of diagnostic samples to specialised laborato-

ries increases turnaround time and costs for patients [10,23].

Where availability of institutionalised human or animal health services is very poor, most

people are forced to turn to the retail sector, i.e., pharmacies, agrovet, and drug shops, which

are more abundant [17–19,25–27]. In these facilities, staff with professional medical back-

ground are not the norm, and restrictions on sales for prescription-only medicines impact

drug availability [19,26–28]. In addition, diagnostic capacity to inform treatment is typically

absent [29]. Yet, many unlicensed outlets still stock and sell human and veterinary medicines,

including antimalarials and antibiotics, thereby increasing the availability of these essential

drugs in areas far away from formal health services [26,30,31]. Private retailers have become a

very important secondary source of vital drugs in case of stockouts at public human health

facilities [31,32]. Similarly, farmers often buy and administer drugs to their livestock them-

selves or rely on lay personnel when veterinarians are in short supply [17,18,25].

In summary, access to human and animal health services in East Africa is tied to the struc-

ture of the available facilities (public/private and formal/informal; see Box 1) that differ in type

of services they provide. The mentioned constraints of formal services can lead to diminished

access to professional provision of human and animal healthcare. Retail outlets are more abun-

dant and often the only source of drugs for many.

Accessibility

Accessibility refers to patients being able to physically reach health facilities. Long distances to

human health facilities are major hindrances for health seekers, especially when lack of trans-

portation is an additional obstacle [14]. Poor or nonexistent road infrastructure and public

transportation, or seasonal weather conditions can exacerbate accessibility problems [33]. The

same is true for animal health services where veterinarians and animal health workers need to

travel to remote areas in order to attend farmers [34]. Retail shops tend to be located nearer to

patients and clients than institutional health facilities, especially in rural areas, and often

become the only source of care [17–19,25,31].

Affordability

Affordability, i.e., cost of treatment, is often cited as a prohibitive constraint for people seeking

healthcare [14,19,31–33,35]. Drug purchases make up a substantial proportion of a house-

hold’s budget, especially for poor people [36,37]. For example, Machuki and colleagues (2019)

found that treating a child with pneumonia in a public health facility had an average cost of US

$4.7, with the price of medicines and opportunity costs (caregiver time and forgone wages)

making up the biggest part [38]. Generally, purchasing drugs was found to have an
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impoverishing effect for people in several LMICs [39]. Issues of costs are particularly problem-

atic in the most under-resourced areas, for example, Tanzania and Uganda, where the propor-

tion of the population in danger of falling below the poverty threshold (US$1.25/day) was 60%

and 54%, respectively [39].

Affordability heavily influences the type of care or drug clients choose to pursue. People

may choose cheaper, nonrecommended, or low-quality drugs over recommended treatments

[19,32,35]. If, as a result of inappropriate treatment, the illness persists or is exacerbated by

adverse effects, costs escalate even more [36]. To counter affordability issues, certain essential

treatments, like antimalarials for children, are available for free in some public health facilities

[32,40–42]. However, user fees and diagnostic testing can still pose challenges, especially for

the rural poor [10,38]. Transport and waiting times may be too costly or lengthy, during which

time the person is unable to work, rendering the service unaffordable for patients [10]. All

these expenditures are often paid out of pocket because insurance schemes are rarely func-

tional [43].

Affordability impacted decisions on antimicrobial use in studies in northern Tanzania [34]

and Kenya [28]. In Caudell and colleagues’ (2020) study, a Kenyan farmer explained that most

money in his household is spent on food and medicines, which leaves little for biosecurity and

infection prevention [18]. The same study also mentions costs as a barrier to accessing veteri-

nary professionals [18].

Adequacy

Adequacy refers to the organisation of health services and how this impacts patients’ access to

drugs. For example, restricted opening hours and long waiting times caused by understaffing

at institutional facilities can decrease access to formal human and animal healthcare

[14,17,19,31,32]. Nonfunctionality of diagnostic equipment or the inability to repair or main-

tain it can make specific services inaccessible for patients [10,14,23]. In contrast, retail shops

selling human and animal health products tend to have longer and more flexible opening

hours, including weekends, and have faster service, making them a more adequate source of

care compared to other health providers [19,28,31,32].

Acceptability

Patient expectations and attitudes play a major role in their considerations of what makes a

provider or a treatment acceptable to them or not. These often determine which of various

treatment or provider options are taken. When patient expectations are not met, this can deter

patients from seeking further care in a given facility. Patient dissatisfaction with formal health-

care often results from unreliable drug supply and frequent stockouts [21,35]. Inconsistent

treatment within and across facilities, for example, due to different work environments or

varying levels of staff training, is a further issue that can potentially decrease acceptance

[14,40].

Patients who seek care in the retail sector have more freedom over which treatment they

choose and often base their decisions on acceptability rather than appropriateness. Customer

preferences and demand influence what drugs are stocked in drug shops. Specific brands or

forms of drugs are sometimes preferred, like medicines from western countries or more

expensive drugs, because they are considered more effective [10,19]. Patient preference and

pressure can also lead physicians in institutional facilities into prescribing specific (antimicro-

bial) drugs patients are familiar with or believe they require, even without indication [26,44].

Refusal to do so can lower patient trust, satisfaction, and acceptability of the treatment [26,44].

When physicians give in to patient demand, acceptability defines which or how many drugs

PLOS NEGLECTED TROPICAL DISEASES Health access and care—A review from East Africa

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009529 July 22, 2021 6 / 17

https://doi.org/10.1371/journal.pntd.0009529


are dispensed at institutional health facilities [26,45]. In other instances, diagnostic testing to

inform treatment is important for patient’s satisfaction [19,46,47].

While most studies address issues of acceptability in the context of human health, farmers’

expectations and preferences are likely to be important also in the treatment of animals. For

example, Higham and colleagues’ (2016) study showed that in agrovet stores in the Kenyan

Rift Valley, customer choice was considered one of the leading motivations of drug selection

[28].

Aspects of quality

The quality of medicines prescribed or bought as well as the appropriateness and accuracy of

drug choice, prescription, dispensing, and use (dosage, route of administration, and course

length) all influence if a given drug possesses the ability to effectively treat and cure the patient.

More broadly, the quality of treatment provision, i.e., professional counselling and advice by

the provider, is an important part of quality of care. In the following section, we expand upon

these 3 components.

Drug quality. The quality of medicines is an essential aspect of drug-based treatments

and their ability to address a given medical condition effectively. Drug safety, efficacy, and

good quality are central to achieve the best health outcomes possible. Entirely or partially inef-

fective drugs do not completely clear pathogens or do not relief symptoms of disease. There-

fore, they lead to increased mortality, morbidity, and suffering for patients and animals, as well

as higher costs [36,37].

Drugs of poor quality (defined in Table 2) are sold globally and include a wide range of

medical products [36,43]. Aggregated observed failure rates of substandard and falsified medi-

cines are increasing worldwide and reported by WHO to be around 10.5% in LMICs [37]. A

literature review by Almuzaini (2013) found a median global prevalence of 28.5% of substan-

dard and counterfeit drugs (range 11.0% to 48.0%) with higher prevalence in sub-Saharan

Africa and southern Asia [48]. A systematic review by Ozawa and colleagues (2018) found a

global prevalence of substandard/falsified products of 19.1% (15.0% to 23.3%) for antimalarials

and 12.4% (7.1% to 17.7%) for antibiotics [49].

Findings regarding drug quality in East Africa are mixed. For example, Kaale and colleagues

(2016) found that 92.6% of the medicines, including antimalarials and antibiotics, sold by Tan-

zanian licensed retailers met quality standards [50]. In contrast, Atemnkeng and colleagues

(2007) found only 50.0% of their samples of registered antimalarials from Nairobi, Kenya, to

qualify for content requirements [51]. Similarly, Kaur and colleagues (2008) found 12.2% of

their antimalarial samples from 21 districts in Tanzania to be of poor quality [52]. Regarding

antibiotics, Mwambete and colleagues (2014) found “variability in the effectiveness of antibiot-

ics available” in the northern border region of Tanzania [53], and in Uganda, Kitutu and the

Uganda Medicines Transparency Alliance (2017) reported various antibiotic samples that

failed a thin layer chromatography (TLC) test [54]. Poor-quality drugs have been detected also

in public health facilities, for example, in Kenya, where Wafula and colleagues (2017) docu-

mented drug samples (including antibiotics), which did not pass compendial tests [55].

Table 2. Definitions of poor-quality drugs based on the international classification by WHO [43].

Unregistered/unlicensed Substandard Falsified

Products that have not

undergone evaluation or

approval processes

Authorised products that fail to

meet specifications or quality

standards

Products that deliberately and/or

fraudulently misrepresent their identity,

composition, or source

https://doi.org/10.1371/journal.pntd.0009529.t002
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Overall, poor quality of drugs seems to be a bigger concern in informal retail, but data are lack-

ing to make confident statements. Similarly, while very little is known about the quality of vet-

erinary drugs, single studies anecdotally suggest that poor-quality medicines are sold also in

this sector [9,17,25,28].

Substandard quality is partly attributed to inadequate transport and storage conditions or

poor manufacturing [9,36,51]. Studies suggest that for most drugs, the shelf life changes when

stored in equatorial climates [36], especially as some stores or households may not have access

to reliable cooling facilities. Furthermore, in-depth quality testing of drugs requires expensive

laboratory equipment and specialised staff, making it very costly, especially in resource-con-

strained settings. Consequently, in these contexts, post-marketing quality surveillance of anti-

microbials is largely lacking [36,43].

Accuracy of drug choice and usage. Choice, prescription, and dispensing of drugs appro-

priate to a given health issue, and correct modalities of use are critical, yet they are often consid-

ered suboptimal in East Africa in both human and veterinary medicine, irrespective of the source

of treatment [10,56,57]. For example, Mboya and colleagues (2018) state that, in Tanzania, antibi-

otics are bought without prescription and used in incomplete dosages or to treat nonbacterial ill-

nesses in more than 80% of cases [57]. Similarly, in their animal health study in Kenya, Higham

and colleagues (2016) reported that all customers either always (15%) or sometimes (85%) ask for

specific drugs and that these are often provided without advice on modality of use [28].

In many cases, guidelines on drug prescription, use, and antimicrobial stewardship are

either nonexistent or unavailable to those prescribing treatment, especially in the retail sector,

or they are inadequate, incomplete, or change regularly [30,45,47,58]. These changes are not

communicated effectively; hence, healthcare providers lag behind on the latest recommenda-

tions, policies, and guideline updates [58].

However, even where such treatment guidelines are actively implemented, depending on

available resources and work environment, healthcare providers are not always able to follow

these procedures. For example, at public human and animal facilities, the choice of drugs

should be informed by a diagnosis, but tools for confirmation are often unavailable [16,23,59]

or underused [10,41,58]. Therefore, patients are often treated on the basis of symptoms and

clinical signs instead [23,28,47,58]. In case of diagnostic uncertainty, healthcare providers tend

to play it safe and prescribe antimicrobials. While this approach gives patients access to lifesav-

ing drugs, it could conversely lead to a misalignment between drugs prescribed and the condi-

tion the patient or sick animal presents with [10,26,47]. Furthermore, even when diagnostics

are available, physicians do not always trust negative test results, particularly if prior self-treat-

ment by the patient is suspected [26,60]. Patient pressure and demand [18,26,28,44,56],

patient’s affordability issues [14,19,28,31–33,35], and stockouts [20,21,32] further complicate

drug choice in all human and animal health settings. Consequently, these factors may lead to

less positive health outcomes, which, in turn, can create mistrust or reluctance in patients and

impair acceptability [13,47].

When self-medicating themselves or their animals, farmers and patients may use drugs for

the wrong condition [25,57,61], and incomplete courses of treatment and under or overdosing

are commonly reported [17,18,35]. Treatment may be stopped prematurely because of symp-

tom improvement [18,26,35], side effects [26], or because patients/farmers want to save medi-

cine for later or share it with others [26,35]. Use of low-dose antibiotics mixed with feed for

growth promotion is common in commercial farming [9], while it is less practised in tradi-

tional livestock production systems, which are the most predominant in East Africa [17,28].

Appropriateness of counselling and advice. Patients and livestock owners do not always

receive appropriate advice on drug choice, administration, dosage, frequency, and length of

medication course [18,27,28,62]. Obtaining such information in informal outlets can be even
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harder, as dispensers often do not have formal medical training [27,28]. Studies assessing

knowledge, attitudes, and perceptions of antibiotic use and AMR have shown that even trained

human and veterinary medical staff do not always have sufficient knowledge or awareness of

AMR in Africa [63,64]. This impacts patient safety and appropriateness of treatment. Thus,

problems with appropriateness of service provision have several causes. For example, under-

staffing creates an inadequate patient–provider ratio in formal services, which increases staff

workload [16,18]. Resulting limitations in counselling time, along with the stress that providers

face, impact the quality of care [45]. Variable levels of training and supervision of human and

animal health professionals and shop dispensers further impair ideal health provision, impact-

ing health outcomes [10,27,45,56].

Discussion

Increasing access and ensuring optimal use

As we discuss above, gaps in equitable access to drugs and the quality of their provision still

remain in East Africa. There are many instances in which inadequacies may manifest during

the health-seeking process for people and animals (Fig 1). Infrastructural, economic, organisa-

tional, and social barriers exist at all levels and involve all 6 dimensions of access and quality of

human and animal healthcare.

While access to quality drugs is critical for positive health outcomes, their overuse increases

the risk of AMR development. Pharmaceuticalisation of healthcare means that patients per-

ceive the provision of drugs as the most important component of healthcare [26,56]. Com-

modification of care, patient preference, diagnostic uncertainty, hence poorly informed drug

Fig 1. Components of the healthcare system and health-seeking process. The shapes show where shortcomings in access or quality of human and animal healthcare

could happen and impair ideal health provision. They also indicate the dimension of the framework affected.

https://doi.org/10.1371/journal.pntd.0009529.g001
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choice—all driven by limited access to and uneven quality of care—lead to polypharmacy,

overuse, and overprescription of antimicrobials in the cases when these can be accessed. Addi-

tionally, self-administration with suboptimal drug dosage or course length results in patients

over or underdosing themselves or their animals. Such practices are a consequence of variable

availability and quality of formal, professional healthcare, information, and training of staff.

Along with raising levels of substandard and falsified medical products on the market, all of

the above contribute to AMR risks in LMICs.

Recommendations for future action and research

Concerns around AMR should not compromise optimal access to lifesaving drugs. The biggest

challenge therefore lies within balancing access to essential medicines and their over and sub-

optimal use [10]. As Mendelson and colleagues (2016) write, “Limited access to and overuse of

antimicrobials often coexist within one health system and cannot be tackled by targeting any

one of these challenges in isolation” [10].

Our framework integrates all dimensions of access and quality of human and animal

healthcare to highlight existing shortcomings in the system resulting from the interplay of all

these complex factors (Fig 1). We advocate that, to balance the need for universal and equitable

access and for accurate, nonexcessive usage of drugs, actions should target all 6 dimensions.

Interventions involving key players in the system, from patients and farmers to healthcare staff

and policy makers, offer opportunities to improve health outcomes while simultaneously

counteracting the AMR crisis (see Box 2 for examples).

Box 2. Recommended actions to improve health outcomes while
counteracting AMR

Assuring quality of medicines

• Reporting cases of substandard, unregistered, or falsified drugs [43].

• International harmonisation of laws and jurisdiction about drug manufacturing, mar-

keting, and distribution [36,43].

• Implementation of drug quality testing and monitoring at all stages in the supply

chain [36,43].

• Establishing adequate storing capacity at point of care facilities [36,43].

• Enforcement of state drug quality regulations [36,53].

• Establishing international networks to enable exchange of information and skills [43].

Making medicines affordable

• Free dispensing of essential medicines for vulnerable groups at public health facilities

[42].

• Universal affordable insurance schemes [43].

• Subsidy schemes to make essential medicines affordable in the private sector (see The

Affordable Medicines Facility–malaria (AMFm) programme for an example) [41].

• Implementation of awareness and social marketing campaigns to nudge patients into

using recommended, affordable, and safe services [14,21,32].
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Conclusions

Well-equipped and trained health providers remain the backbone of effective healthcare.

Understanding the constraints health seekers face in a complex health system comprising mul-

tiple actors will help tailor interventions to relevant issues. Efforts to increase access to health-

care need to be combined with appropriate dispensing and accessible diagnostic tests to enable

accurate diagnosis and targeted usage of drugs. Good governance is also needed for local,

national, and international policy development around drug quality and use. Further research

elucidating the link between human and veterinary antimicrobial use and AMR will inform

guidelines for drug prescription, dispensing, and use. Stewardship programmes and surveil-

lance systems need to be designed, evaluated, and updated regularly on the basis of this infor-

mation [10,59]. Incorporating training in these processes in medical, nursing, and pharmacy

schools, but also tailored to informal providers, will increase health provider’s knowledge

Ensuring availability of medicines and appropriate provision at point of care

• Optimisation of the drug supply chain to public services to avoid stockouts [20,36].

• Ensuring availability of diagnostics to enable evidence-based, focused drug use

[10,26,40].

• Investments in infrastructure and diagnostic capability, especially in rural areas

[12,65].

• Training and employment of additional staff to reduce waiting times and workload,

allowing more time for appropriate counselling and advice [15,17].

• Integration of training focusing on AMR in medical (human and animal) schools

[63,64].

Continued education, patient management, communication, and public health literacy

• Distribution and clear communication of national treatment guidelines in all sectors

[10].

• Formation of adequate training, supervision, and feedback loops for health profession-

als at all levels [10,26].

• Regular (refresher) courses for drug dispensers to disseminate/reinforce knowledge

and messages around drug dispensing, diagnostics, and stewardship [14,26,44].

• Inclusion of communication skills in the training of drug dispensers to help them cope

with patient demand [26].

• Awareness campaigns and health education for the public emphasising the need for

professional advice on human and animal health matters and where to find it. Aware-

ness creation for patients and farmers of what good healthcare is and what they can/

cannot expect from different healthcare providers [21,26].

Inclusion of informal care into health system planning

• Officially recognise retail and community-based providers as an essential part of the

public health sector and integrate them into formal health planning [31,66].
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about antimicrobials and how best to deliver them to mitigate AMR risks [14,44,63,64]. More

broadly, essential preventive measures enabled by water, sanitation, and hygiene infrastructure

and quality as well as deployment of mass vaccination and biosecurity measures on farms

would reduce the need and demand for antimicrobials at source [10,59]. The focus should lie

on scaling up successful programmes (for examples, see [14,21,41,46,65,66]), making quality

healthcare a priority and finding sustainable ways of funding. East African countries could

benefit greatly from international collaborations and knowledge and skill transfer. For

instance, much could be learnt on how to ensure broad and equitable access to drugs through

public health infrastructure while minimising informal provision from South Africa’s experi-

ences of tackling human immunodeficiency virus/acquired immunodeficiency syndrome

(HIV/AIDS). Lessons from implementing AMR surveillance in this part of Africa would also

be of value [67].

Ultimately, broad access to good quality human and animal healthcare and targeted use of

drugs will reduce the burden of illness, particularly among disadvantaged and vulnerable

groups, while simultaneously decreasing risks of AMR emergence.

Limitations

This study is not a systematic review, and we have not undertaken methodical classification of

evidence. Because of the sheer number of studies about access to, demand for, and use and

quality of antimicrobials, and about AMR, it was necessary to limit certain search terms to title

or abstract. However, in the process of reviewing the identified papers, we reached a point of

saturation with no further issues emerging around antimicrobials and AMR than those

described in this paper. Therefore, we are confident that the selected papers and topics pre-

sented here are a good representation of the situation of access to and quality of antimicrobial

drugs in human and animal healthcare in East Africa. However, one aspect our search clearly

identified relates to a general overrepresentation of research on human health (135/154 stud-

ies) over animal health (17/154 studies) with only 2 out of 154 studies integrating animal and

human health processes. In addition, within the 135 human health studies, research on anti-

malarials (91/135 studies) predominated compared to antibiotics (66/135 studies) and other

kinds of drugs (29/135 studies). This highlights the need for further research examining anti-

microbial access and quality in animal health more specifically, and for a greater focus on

antibiotics.

Finally, our results are geographically confined to Tanzania, Kenya, and Uganda and may

not apply to other countries or regions. Nevertheless, our framework can potentially be applied

to evaluate healthcare-related shortcomings of access and quality in any LMIC context.

Key Learning Points

• We use a framework containing 6 dimensions of access and quality of healthcare,

including availability, accessibility, affordability, adequacy, acceptability, and aspects

of quality, to explore literature from East Africa.

• We find shortcomings in access to basic healthcare and quality of care provision,

which span all 6 dimensions of the framework.
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• Such inadequacies lead to suboptimal health outcomes and can potentially fuel prob-

lematic practices around antimicrobial use, hence antimicrobial resistance (AMR).

• In order to balance the need for better access to essential medicines and the threat of

AMR, interventions should target all 6 dimensions of access to quality healthcare.

• In particular, the dimension aspects of quality, including the quality of medicines and

provision of health services, is an important aspect to consider in health policy and

interventions targeting the AMR crisis.
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3. Say L, Chou D, Gemmill A, Tunçalp Ö, Moller AB, Daniels J, et al. Global causes of maternal death: A

WHO systematic analysis. Lancet Glob Health. 2014; 2(6):323–33. https://doi.org/10.1016/S2214-

109X(14)70227-X PMID: 25103301

4. Allegranzi B, Nejad SB, Combescure C, Graafmans W, Attar H, Donaldson L, et al. Burden of endemic

health-care-associated infection in developing countries: Systematic review and meta-analysis. Lancet.

2011; 377(9761):228–41. Available from: https://doi.org/10.1016/S0140-6736(10)61458-4 PMID:

21146207

5. Di Gennaro F, Marotta C, Pisani L, Veronese N, Pisani V, Lippolis V, et al. Maternal caesarean section

infection (MACSI) in Sierra Leone: a case-control study. Epidemiol Infect. 2020:1–6. https://doi.org/10.

1017/S0950268820000370 PMID: 32102721

6. Aiken AM, Wanyoro AK, Mwangi J, Juma F, Mugoya IK, Scott JAG. Changing use of surgical antibiotic

prophylaxis in Thika Hospital, Kenya: A quality improvement intervention with an interrupted time series

design. PLoS ONE. 2013; 8(11). https://doi.org/10.1371/journal.pone.0078942 PMID: 24244390

7. Boutayeb A. The Impact of Infectious Diseases on the Development of Africa. In: Preedy, Watson RR,

editors. Handbook of Disease Burdens and Quality of Life Measures. New York, NY: Springer New

York; 2010. p. 1171–88.

8. Marmot M, Friel S, Bell R, Houweling TA, Taylor S. Closing the gap in a generation: health equity

through action on the social determinants of health. Lancet. 2008; 372(9650):1661–9. https://doi.org/

10.1016/S0140-6736(08)61690-6 PMID: 18994664

9. Page SW, Gautier P. Use of antimicrobial agents in livestock. OIE Rev Sci Tech. 2012; 31(1):145–88.

https://doi.org/10.20506/rst.31.1.2106 PMID: 22849274

10. Mendelson M, Røttingen JA, Gopinathan U, Hamer DH, Wertheim H, Basnyat B, et al. Maximising

access to achieve appropriate human antimicrobial use in low-income and middle-income countries.

Lancet. 2016; 387(10014):188–98. https://doi.org/10.1016/S0140-6736(15)00547-4 PMID: 26603919

11. Penchansky R, Thomas JW. The concept of access: Definition and relationship to consumer satisfac-

tion. Med Care. 1981; 19(2):127–40. https://doi.org/10.1097/00005650-198102000-00001 PMID:

7206846

12. Obrist B, Iteba N, Lengeler C, Makemba A, Mshana C, Nathan R, et al. Access to health care in contexts

of livelihood insecurity: A framework for analysis and action. PLoS Med. 2007; 4 (10):1584–8. https://

doi.org/10.1371/journal.pmed.0040308 PMID: 17958467

13. WHO, OECD, The World Bank. Delivering quality health services—A global imperative for universal

health coverage. Geneva; 2018. Available from: https://apps.who.int/iris/bitstream/handle/10665/

272465/9789241513906-eng.pdf?ua=1

14. Hetzel MW, Iteba N, Makemba A, Mshana C, Lengeler C, Obrist B, et al. Understanding and improving

access to prompt and effective malaria treatment and care in rural Tanzania: The ACCESS Pro-

gramme. Malar J. 2007; 6:1–15. https://doi.org/10.1186/1475-2875-6-1 PMID: 17204149

15. Crisp N, Chen L. Global supply of health professionals. N Engl J Med. 2014; 370(10):950–7. https://doi.

org/10.1056/NEJMra1111610 PMID: 24597868

16. Batwala V, Magnussen P, Nuwaha F. Antibiotic use among patients with febrile illness in a low malaria

endemicity setting in Uganda. Malar J. 2011; 10(377).

17. Roderick S, Stevenson P, Mwendia C, Okech G. The use of trypanocides and antibiotics by Maasai

pastoralists. Tropl Anim Health Prod. 2000; 32(6):361–74. https://doi.org/10.1023/a:1005277518352

PMID: 11147276

18. Caudell MA, Dorado-Garcia A, Eckford S, Creese C, Byarugaba DK, Afakye K, et al. Towards a bottom-

up understanding of antimicrobial use and resistance on the farm: A knowledge, attitudes, and practices

survey across livestock systems in five African countries. PLoS ONE. 2020; 15(1):1–26. Available from:

http://dx.doi.org/10.1371/journal.pone.0220274

19. Rutebemberwa E, Nsabagasani X, Pariyo G, Tomson G, Peterson S, Kallander K. Use of drugs, per-

ceived drug efficacy and preferred providers for febrile children: Implications for home management of

fever. Malar J. 2009; 8(1).

PLOS NEGLECTED TROPICAL DISEASES Health access and care—A review from East Africa

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009529 July 22, 2021 14 / 17

https://doi.org/10.1016/S0140-6736%2820%2930925-9
https://doi.org/10.1016/S0140-6736%2820%2930925-9
http://www.ncbi.nlm.nih.gov/pubmed/33069326
https://www.au-ibar.org/pan-african-animal-resources-yearbook?showall=1&amp;limitstart=
https://doi.org/10.1016/S2214-109X%2814%2970227-X
https://doi.org/10.1016/S2214-109X%2814%2970227-X
http://www.ncbi.nlm.nih.gov/pubmed/25103301
https://doi.org/10.1016/S0140-6736%2810%2961458-4
http://www.ncbi.nlm.nih.gov/pubmed/21146207
https://doi.org/10.1017/S0950268820000370
https://doi.org/10.1017/S0950268820000370
http://www.ncbi.nlm.nih.gov/pubmed/32102721
https://doi.org/10.1371/journal.pone.0078942
http://www.ncbi.nlm.nih.gov/pubmed/24244390
https://doi.org/10.1016/S0140-6736%2808%2961690-6
https://doi.org/10.1016/S0140-6736%2808%2961690-6
http://www.ncbi.nlm.nih.gov/pubmed/18994664
https://doi.org/10.20506/rst.31.1.2106
http://www.ncbi.nlm.nih.gov/pubmed/22849274
https://doi.org/10.1016/S0140-6736%2815%2900547-4
http://www.ncbi.nlm.nih.gov/pubmed/26603919
https://doi.org/10.1097/00005650-198102000-00001
http://www.ncbi.nlm.nih.gov/pubmed/7206846
https://doi.org/10.1371/journal.pmed.0040308
https://doi.org/10.1371/journal.pmed.0040308
http://www.ncbi.nlm.nih.gov/pubmed/17958467
https://apps.who.int/iris/bitstream/handle/10665/272465/9789241513906-eng.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/272465/9789241513906-eng.pdf?ua=1
https://doi.org/10.1186/1475-2875-6-1
http://www.ncbi.nlm.nih.gov/pubmed/17204149
https://doi.org/10.1056/NEJMra1111610
https://doi.org/10.1056/NEJMra1111610
http://www.ncbi.nlm.nih.gov/pubmed/24597868
https://doi.org/10.1023/a%3A1005277518352
http://www.ncbi.nlm.nih.gov/pubmed/11147276
http://dx.doi.org/10.1371/journal.pone.0220274
https://doi.org/10.1371/journal.pntd.0009529


20. Kangwana BP, Njogu J, Wasunna B, Kedenge SV, Memusi DN, Goodman CA, et al. Short report:

Malaria drug shortages in kenya: A major failure to provide access to effective treatment. Am J Trop

Med Hyg. 2009; 80(5):737–8. PMID: 19407116

21. Wasunna B, Okiro EA, Webster J, Todd J, Snow RW, Jones C. The impact of a community awareness

strategy on caregiver treatment seeking behaviour and use of artemether-lumefantrine for febrile chil-

dren in rural Kenya. PLoS ONE. 2015; 10(7). https://doi.org/10.1371/journal.pone.0130305 PMID:

26135143

22. Ministry of Health and Social Welfare. Tanzania Service Availability and Readiness Assessment

(SARA). 2012. 2013. Available from: https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=

web&cd=&ved=2ahUKEwjm662zzNvrAhXGqqQKHTqZDFYQFjACegQIBRAB&url=http%3A%2F%

2Fdata.ihi.or.tz%2Findex.php%2Fcatalog%2F5%2Fdownload%2F27&usg=

AOvVaw0D1Ht7N3wZiq19atqElVHg

23. Hobbs EC, Colling A, Gurung RB, Allen J. The potential of diagnostic point-of-care tests (POCTs) for

infectious and zoonotic animal diseases in developing countries: Technical, regulatory and sociocultural

considerations. Transbound Emerg Dis. 2020;(September):1–15. https://doi.org/10.1111/tbed.13326

PMID: 31403747

24. Mpagama SG, Mbelele PM, Chongolo AM, Lekule IA, Lyimo JJ, Kibiki GS, et al. Gridlock from diagnosis

to treatment of multidrug-resistant tuberculosis in Tanzania: Low accessibility of molecular diagnostic

services and lack of healthcare worker empowerment in 28 districts of 5 high burden TB regions with

mixed methods evaluation. BMC Public Health. 2019; 19(1):1–11. https://doi.org/10.1186/s12889-018-

6343-3 PMID: 30606151

25. Caudell MA, Quinlan MB, Subbiah M, Call DR, Roulette CJ, Roulette JW, et al. Antimicrobial use and

veterinary care among agro-pastoralists in Northern Tanzania. PLoS ONE 2017; 12(1):1–18. https://

doi.org/10.1371/journal.pone.0170328 PMID: 28125722

26. Yantzi R, van de Walle G, Lin J. ‘The disease isn’t listening to the drug’: The socio-cultural context of

antibiotic use for viral respiratory infections in rural Uganda. Glob Public Health. 2019; 14(5):750–63.

https://doi.org/10.1080/17441692.2018.1542017 PMID: 30407891

27. Omulo S, Thumbi SM, Lockwood S, Verani JR, Bigogo G, Masyongo G, et al. Evidence of superficial

knowledge regarding antibiotics and their use: Results of two cross-sectional surveys in an urban infor-

mal settlement in Kenya. PLoS ONE. 2017; 12(10):1–13.

28. Higham LE, Ongeri W, Asena K, Thrusfield M V. Characterising and comparing drug-dispensing prac-

tices at animal health outlets in the Rift Valley, Kenya: an exploratory analysis (part II). Tropl Anim

Health Prod. 2016; 48(8):1633–43. Available from: http://dx.doi.org/10.1007/s11250-016-1137-z

29. Hanson K, Goodman C. Testing times: trends in availability, price, and market share of malaria diagnos-

tics in the public and private healthcare sector across eight sub-Saharan African countries from 2009 to

2015. Malar J. 2017; 16(1).

30. Mbonye AK, Buregyeya E, Rutebemberwa E, Clarke SE, Lal S, Hansen KS, et al. Prescription for antibi-

otics at drug shops and strategies to improve quality of care and patient safety: A cross-sectional survey

in the private sector in Uganda. BMJ Open. 2016; 6(3):1–6. https://doi.org/10.1136/bmjopen-2015-

010632 PMID: 26980439

31. Alba S, Hetzel MW, Goodman CA, Dillip A, Liana J, Mshinda H, et al. Improvements in access to

malaria treatment in Tanzania after switch to artemisinin combination therapy and the introduction of

accredited drug dispensing outlets—A provider perspective. Malar J. 2010; 9(1). https://doi.org/10.

1186/1475-2875-9-164 PMID: 20550654

32. Smith N, Obala A, Simiyu C, Menya D, Khwa-Otsyula B, O’Meara W. Accessibility, availability and

affordability of anti-malarials in a rural district in Kenya after implementation of a national subsidy

scheme. Malar J. 2011; 10(1):316. Available from: http://www.malariajournal.com/content/10/1/316

33. Rutta E, Kibassa B, McKinnon B, Liana J, Mbwasi R, Mlaki W, et al. Increasing Access to Subsidized

Artemisinin-based Combination Therapy through Accredited Drug Dispensing Outlets in Tanzania.

Heal Res Policy Syst. 2011: 9. https://doi.org/10.1186/1478-4505-9-22 PMID: 21658259

34. Ahmed H, Call DR, Quinlan RJ, Yoder JK. Relationships between livestock grazing practices, disease

risk, and antimicrobial use among East African Agropastoralists. Environ Dev Econ. 2018; 23(1).

35. Watsierah CA, Jura WG, Raballah E, Kaseje D, Abong’O B, Ouma C. Knowledge and behaviour as

determinants of anti-malarial drug use in a peri-urban population from malaria holoendemic region of

western Kenya. Malar J. 2011; 10:1–7. https://doi.org/10.1186/1475-2875-10-1 PMID: 21214892

36. Buckley GJ, Gostin LO. Countering the Problem of Falsified and Substandard Drugs. Washington, D.

C.: The National Academy Press; 2013. Available from: https://www.ncbi.nlm.nih.gov/books/

NBK202530/pdf/Bookshelf_NBK202530.pdf

PLOS NEGLECTED TROPICAL DISEASES Health access and care—A review from East Africa

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009529 July 22, 2021 15 / 17

http://www.ncbi.nlm.nih.gov/pubmed/19407116
https://doi.org/10.1371/journal.pone.0130305
http://www.ncbi.nlm.nih.gov/pubmed/26135143
https://www.google.com/url?sa=t&amp;rct=j&amp;q=&amp;esrc=s&amp;source=web&amp;cd=&amp;ved=2ahUKEwjm662zzNvrAhXGqqQKHTqZDFYQFjACegQIBRAB&amp;url=http%3A%2F%2Fdata.ihi.or.tz%2Findex.php%2Fcatalog%2F5%2Fdownload%2F27&amp;usg=AOvVaw0D1Ht7N3wZiq19atqElVHg
https://www.google.com/url?sa=t&amp;rct=j&amp;q=&amp;esrc=s&amp;source=web&amp;cd=&amp;ved=2ahUKEwjm662zzNvrAhXGqqQKHTqZDFYQFjACegQIBRAB&amp;url=http%3A%2F%2Fdata.ihi.or.tz%2Findex.php%2Fcatalog%2F5%2Fdownload%2F27&amp;usg=AOvVaw0D1Ht7N3wZiq19atqElVHg
https://www.google.com/url?sa=t&amp;rct=j&amp;q=&amp;esrc=s&amp;source=web&amp;cd=&amp;ved=2ahUKEwjm662zzNvrAhXGqqQKHTqZDFYQFjACegQIBRAB&amp;url=http%3A%2F%2Fdata.ihi.or.tz%2Findex.php%2Fcatalog%2F5%2Fdownload%2F27&amp;usg=AOvVaw0D1Ht7N3wZiq19atqElVHg
https://www.google.com/url?sa=t&amp;rct=j&amp;q=&amp;esrc=s&amp;source=web&amp;cd=&amp;ved=2ahUKEwjm662zzNvrAhXGqqQKHTqZDFYQFjACegQIBRAB&amp;url=http%3A%2F%2Fdata.ihi.or.tz%2Findex.php%2Fcatalog%2F5%2Fdownload%2F27&amp;usg=AOvVaw0D1Ht7N3wZiq19atqElVHg
https://doi.org/10.1111/tbed.13326
http://www.ncbi.nlm.nih.gov/pubmed/31403747
https://doi.org/10.1186/s12889-018-6343-3
https://doi.org/10.1186/s12889-018-6343-3
http://www.ncbi.nlm.nih.gov/pubmed/30606151
https://doi.org/10.1371/journal.pone.0170328
https://doi.org/10.1371/journal.pone.0170328
http://www.ncbi.nlm.nih.gov/pubmed/28125722
https://doi.org/10.1080/17441692.2018.1542017
http://www.ncbi.nlm.nih.gov/pubmed/30407891
http://dx.doi.org/10.1007/s11250-016-1137-z
https://doi.org/10.1136/bmjopen-2015-010632
https://doi.org/10.1136/bmjopen-2015-010632
http://www.ncbi.nlm.nih.gov/pubmed/26980439
https://doi.org/10.1186/1475-2875-9-164
https://doi.org/10.1186/1475-2875-9-164
http://www.ncbi.nlm.nih.gov/pubmed/20550654
http://www.malariajournal.com/content/10/1/316
https://doi.org/10.1186/1478-4505-9-22
http://www.ncbi.nlm.nih.gov/pubmed/21658259
https://doi.org/10.1186/1475-2875-10-1
http://www.ncbi.nlm.nih.gov/pubmed/21214892
https://www.ncbi.nlm.nih.gov/books/NBK202530/pdf/Bookshelf_NBK202530.pdf
https://www.ncbi.nlm.nih.gov/books/NBK202530/pdf/Bookshelf_NBK202530.pdf
https://doi.org/10.1371/journal.pntd.0009529


37. WHO. A study on the public health and socioeconomic impact of substandard and falsified medical

products. Geneva; 2017. Available from: https://www.who.int/medicines/regulation/ssffc/publications/

SE-Study_EN_web.pdf?ua=1

38. Machuki JA, Omondi Aduda DS, Omondi AB, Onono MA. Patient-level cost of home- And facility-based

child pneumonia treatment in Suba Sub County, Kenya. PLoS ONE. 2019; 14(11):1–10. https://doi.org/

10.1371/journal.pone.0225194 PMID: 31743375
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