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ABSTRACT
Mobile technology is very prevalent in Kenya—mobile
phone penetration is at 88% and mobile data
subscriptions form 99% of all internet subscriptions.
While there is great potential for such ubiquitous
technology to revolutionise access and quality of
healthcare in low-resource settings, there have been few
successes at scale. Implementations of electronic health
(e-Health) and mobile health (m-Health) technologies in
countries like Kenya are yet to tackle human resource
constraints or the political, ethical and financial
considerations of such technologies. We outline recent
innovations that could improve access and quality while
considering the costs of healthcare. One is an attempt to
create a scalable clinical decision support system by
engaging a global network of specialist doctors and
reversing some of the damaging effects of medical brain
drain. The other efficiently extracts digital information
from paper-based records using low-cost and locally
produced tools such as rubber stamps to improve
adherence to clinical practice guidelines. By bringing
down the costs of remote consultations and clinical
audit, respectively, these projects offer the potential for
clinics in resource-limited settings to deliver high-quality
care. This paper makes a case for continued and
increased investment in social enterprises that bridge
academia, public and private sectors to deliver
sustainable and scalable e-Health and m-Health
solutions.

INTRODUCTION
Electronic health (e-Health), a broad term inclusive
of mobile health (m-Health) that encompasses
electronic-supported processes and communication
in healthcare, is making forays in areas as diverse as
medical recordkeeping, clinical decision support
and coordination of care in almost every country
and setting.1–3 Coupled with mobile connectivity,
e-Health has been trumpeted as a means of revolu-
tionising access to healthcare. It is broadly expected
that such technology will positively impact access
and quality of healthcare services in low and
middle income countries (LMICs).4

The mobile technology revolution is very real in
Kenya. In a country of 44 million people, there are
almost 38 million mobile phone subscriptions
(penetration of over 88%), about 29 million
mobile money transfer subscriptions and an esti-
mated 32 million internet users; mobile data sub-
scriptions form 99% of all internet subscriptions.5

The rest of the continent is not far behind.
However, this advance in connectivity has yet to
reach its potential in healthcare. Technology

initiatives are indeed making significant differences
to both healthcare delivery and management in
Kenya and other countries,4 These advances are,
however, primarily at limited scale and mostly
focused on well-funded, vertical disease pro-
grammes like HIV/AIDS.2–4

Why has e-Health not yet engendered the ‘revo-
lution’ in access to and quality of medical care in
LMICs that was expected? Some reasons include
traditional challenges such as the severe shortfall of
human resources that limit any initiative to increase
access to care.4 Others include ‘human’ issues that
limit the buy-in and use of new technologies by
their stakeholders.6 Variously referred to as
‘human-centred design’ or ‘process innovation’,7

attention to existing workflows, incentive struc-
tures, participation of users at multiple levels of
implementation and broader links into the health
system are all important issues that can determine
the success of e-Health interventions. Even if a
pilot is considered ‘successful’, small-scale imple-
mentations often lack programmatic evidence to
inform the scale-up of e-Health interventions.8 In
this article, we detail some of the broader barriers
to technology adoption in LMIC healthcare
systems and possible ways to addressing them.

ADOPTION OF E-HEALTH SYSTEMS IN
HIGH-INCOME COUNTRIES VERSUS
LOW-INCOME COUNTRIES
Over the last two decades, e-Health systems such as
Electronic Medical Records (EMRs), Picture
Archiving and Communication Systems (PACS) and
Patient Administration Systems (PAS) have been
widely adopted in high-income countries. This
adoption has been achieved at a high cost, and dif-
ferent drivers of adoption, from medical coding
and billing to participating in government pro-
grammes, have resulted in systems that are often
difficult to use at the point of care and limited in
their ability to share clinical information across
facilities.9 10 Increasing emphasis is therefore being
placed on issues of interoperability and clinical
usability.11

To address the problems with sharing data and
allowing e-Health systems to communicate with
each other, a process of international standardisa-
tion has emerged. Led by institutions such as
Health Level 7 (HL7), Integrating the Healthcare
Enterprise (IHE), Digital Imaging and
Communications in Medicine (DICOM) and the
International Health Terminology and Standards
Development Organisation (IHTSDO), these stan-
dards have achieved high levels of adoption.
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However, much work is still needed to ensure seamless integra-
tion of systems and secure sharing of health data. By using inter-
nationally agreed standards, the global marketplace for e-Health
systems can grow with less friction and benefit from pooling
expertise from different countries. The market in LMICs, where
e-Health systems are just starting to be implemented at scale,
could especially benefit from such efforts.

In countries such as Kenya, hospital-level systems are now
beginning to be implemented following several years of success-
ful implantation of clinic-level EMR systems. One of these
systems, OpenMRS, has been installed in multiple East African
countries and in over 300 clinics in Kenya.12 However, the
majority of the documentation of the implementation of such
systems has focused on functionality and organisational and
technical infrastructure. As highlighted in a recent review of 47
articles that reported success criteria for EMR system implemen-
tation in low-resource settings, training criteria (sufficient train-
ing and skilled personnel) only constituted 10% of 381 success
criteria collected; political, ethical or financial considerations
were rarely reported.13 While it is likely that low-income coun-
tries will take a different approach to the large-scale adoption of
e-Health systems that has been seen in high-income countries,
there are similar concerns around issues such as interoperability,
privacy and sustainability that must be addressed while generat-
ing an evidence base for scale-up.

TELEMEDICINE AND TABLETS—CHALLENGES AND
SOLUTIONS TO GAPS IN HUMAN RESOURCES FOR HEALTH
There are large shortfalls of human resources for health (HRH)
in LMICs. The WHO recommends a minimum health worker
to population ratio of 23 per 10 000.14 This ratio in the 47
counties of Kenya varies from a high of 15.6 to as low as 1.2
(figure 1).15 Similar shortfalls and disparities in HRH exist for
secondary care services, as measured by proxy through the
number of hospital beds and cots available to the population.
The number of hospital beds (across public and private sectors)
ranges from approximately 34.8 per 10 000 people to as few as
3.9—an almost 10-fold difference across Kenya’s counties.16

LMICs also face a large and growing burden of non-
communicable diseases (NCDs) alongside a continued presence
of infectious diseases. With the latter still representing the
majority investment into healthcare, the limited ability to
manage NCDs like hypertension, diabetes, heart disease and

cancer is a looming challenge for LMIC health systems.17 For
example, Kenya has just 12 oncologists and 64 orthopaedic sur-
geons for a population of almost 45 million (author’s compil-
ation). Most of the few specialists (83% of the oncologists and
73% of the orthopaedic surgeons) practise in Nairobi, which is
home to just 8% of the Kenyan population. Exacerbating this
disparity, secondary care services are mainly delivered via the
private sector, and most of the costs of these services borne
out-of-pocket.18 When combined with large geographic scales,
poor rural roads and high costs of transport, access to services
beyond primary healthcare is mostly restricted to urban and/or
affluent populations.

Telemedicine has been viewed as a potential means of over-
coming geographic disparities in access to care. The ‘promise’
has been that telemedicine could be more practical, affordable
and sustainable than traditional programmes and attract physi-
cians, nurses and other HRH to work in remote areas (or on
health issues in these areas) on a short-term or long-term
basis.19 This is yet to be demonstrated at scale, especially in
LMICs due to some significant limitations. The first challenge is
the traditional ‘hub-and-spoke’ design of telemedicine services
where a tertiary hospital or ‘hub’ provides the technology and
clinical expertise to support rural or ‘outreach’ sites. The scal-
ability of this design is limited by the number of doctors in any
given hub and the amount of time they can spend offering
remote consultations. This is an absolute limitation beyond chal-
lenges such as legal and billing hurdles that restrict the use of
remote consultations in Western countries.20

An alternative to a hub-and-spoke model is a distributed
network of individual doctors and institutions to provide
remote consultations. This model is currently being tested in
Kenya21 and involves a mix of local and global skills, including
retired and diaspora doctors, medical missionaries and medical
schools with global health track residency programmes, each
with different, but powerful incentives to support healthcare in
LMICs (figure 2). Consultations are requested through and
mediated by locally registered medical professionals, typically
nurses and clinical officers. Such mediated, ‘provider–provider’
remote consultations can be logistically simpler than direct
‘patient–provider’ remote consultations, expose healthcare pro-
fessionals in LMICs to global knowledge and practices and
potentially contribute to building local capacity. The distributed
network limits the time required of any one provider and

Figure 1 Within-country disparities
in human and hospital resources for
health in Kenya, by county. The line
represents the population of the 47
counties of Kenya (millions). Red bars
represent the number of healthcare
workers (nurses, clinical officers,
doctors) per 1000 people in the public
sector, which ranges from 1.56 in
Isiolo county to 0.12 in Mandera
county.15 Blue and green bars
represent beds and cots (both public
and private sectors) per 1000 people,
respectively. Counties are arranged in
descending order of beds-to-population
ratio, from 3.48 beds per 1000 people
in Isiolo to 0.39 in Mandera. Cots
available range from 0.93 cots per
1000 people in Isiolo to 0.03 in
Bungoma.16
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overcomes the constraint of the number of remote professionals
available in any one centre. However, the service has limited
control over turnaround times, making such ‘network’ telemedi-
cine less suitable to emergency situations.

Other limitations of traditional telemedicine approaches
include a reliance on ‘real-time’ video-based technology and the
limited ability to digitise, store and share medical data as part of
the consultation. The use of interactive video can be traced to
the origins of telemedicine,19 22 and most instances of telemedi-
cine expect multiple care providers and patient to engage simul-
taneously. This, however, is in contrast to much of consultative
medicine, which is practised asynchronously, with clinicians
leaving messages for each other, requesting tests and referrals.19

Real-time telemedicine implementations (eg, ‘call-a-doctor’ ser-
vices or videoconferencing) often ignore the need for sharing
medical records, limiting the meaningfulness of such consulta-
tions, or are paired with traditional EMRs—complex software
that typically requires extensive training to use. With very
limited use of EMRs in LMICs, the pairing of telemedicine
with traditional EMRs is likely to limit its ability to scale in
low-resource settings.

Possible solutions to these limitations include the asynchron-
ous or ‘store-and-forward’ telemedicine model (rarely used
beyond teleradiology or telepathology),23 24 and EMRs based
on the concept of a structured narrative.25 A narrative history is
intuitive for healthcare workers to enter electronically with
minimal training and provides important context and place-
holders for structured digital data. A current implementation
being tested by one of the authors is a tablet-based application
combining efficient, offline entry of narrative information, cre-
ation of digital medical data from paper-based records

(including tools to redact confidential information and link
data to the narrative) and a communications platform to asyn-
chronously interact with a distributed network of remote
physicians.21

RUBBER STAMPS AND MOBILE PHONES—CHALLENGES
AND SOLUTIONS TO ADHERENCE TO CLINICAL PRACTICE
GUIDELINES
There are other barriers beside shortages in HRH to delivering
high-quality clinical care in LMICs. These are particularly
evident in rapidly growing urban slums, where even within a
setting considered relatively homogenous the quality of care can
vary greatly.26 Improving adherence to clinical practice guide-
lines (CPGs) is one means of improving quality of care.
However, there are challenges to developing guidelines relevant
for use in low-resource settings and even greater ones to imple-
menting and monitoring their use.27 28

To be effective, CPGs need to be (a) developed or adapted in
an inclusive manner with direct input from the medical staff
who will be implementing them,29 (b) included into existing
workflows without requiring significant additional effort or
cost30 and (c) paired with systems to measure, evaluate, feed-
back and reward evidence-based practice, thus motivating provi-
ders to deliver high-quality clinical care.31 While the impact of
audits and feedback in LMIC healthcare systems can be high,32

one factor limiting the use of such methods is the high cost of
performing audits,33 particularly in the absence of EMRs. The
alternatives to clinical audits for collecting data on quality of
clinical care in LMICs are also expensive, involving detailed
interviews and observations,34 or standardised patients.35

Figure 2 Illustration of the shortfall of doctors in low and middle income countries and global skills available to provide remote medical
consultations. There are two or fewer doctors per 10 000 people in 37 countries in Africa (including South Sudan).48 However, both local and global
resources can be used to temporarily address this shortfall using telemedicine. These include diaspora doctors,49 retired doctors,50 those taking part
in medical missions51 and residents enrolled in global health track programmes.
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A solution to some of these challenges of measuring and
improving quality of clinical care is the use of checklists, as
widely demonstrated in surgical settings.36 An extension of this
concept being tested in Nairobi involves the use of rubber
stamps to place checklists to support the diagnosis and manage-
ment of various clinical conditions into paper case sheets for
use during patient encounters.37 The Guideline Adherence in
Slums Project (GASP) has prototyped rubber stamp CPG tem-
plates (RSTs) that are condition specific (eg, urinary tract infec-
tion (UTI), hypertension, etc) and incorporates important
elements of relevant CPGs, diagnostic differentials and treat-
ment options while accounting for the limitations of a particular
clinic or clinical setting. The RSTs (figure 3) function both as a
‘checklist’, reminding providers of often-missed care (eg,
screening for sexually transmitted infections in cases present-
ing as UTIs), and as a means to record important clinical infor-
mation (eg, antibiotic used and justification for use). While
RSTs are not intended to replace traditional paper-based case
documentation, they are designed for easy digitisation using a
mobile phone camera, rapidly capturing key clinical data in
settings with limited resources. Early results from RST use
show promising reductions in antibiotic prescription rates for
common infections and other metrics of quality of clinical
care, as well as enthusiastic support from providers using the
tools.37

CONCLUSIONS
The shortage of skilled HRH coupled with other challenges to
document, manage and deliver high-quality healthcare in
LMICs creates a fundamentally different setting for the design
and deployment of e-Health solutions from those in high-
income countries. At the individual level, almost every patient
and provider in LMICs owns a mobile phone, so it is vital that
mobile technologies play a part in improving healthcare. With
ever-greater processing power in mobile devices and growing
telephone and internet connectivity, the capacity for these
devices to deliver change is unprecedented. However, many
social challenges remain: for example, mobile phone ownership
and usage in Kenya is associated with gender, level of education,
literacy, urbanisation and the socioeconomic status of indivi-
duals.38 39 Beyond these barriers to reaching consumers of
healthcare (a major focus of e-Health technologies in high-
income countries), the shortage of skilled HRH in LMICs also
highlights the need for such tools to help empower healthcare
providers in these settings.40 41

There are likely to be other differences in the ways e-Health
interventions will be used in LMICs when compared with high-
income countries. For example, with greater efforts being made
in the standardisation of such technologies, it is likely that open
source software will garner a larger proportion of the e-Health
market. Hospital systems in LMICs are also likely to adopt
‘mobile first’ and patient-centred approaches to their technolo-
gies. As high-income countries adapt their existing PC-based
systems to support mobile technology, it is possible that innov-
ation in low-income settings could ‘leap-frog’ usability, connect-
ivity and privacy issues that are causing serious problems in the
high-income world due to legacy systems still in use. To succeed,
however, e-Health solutions in LMICs also need to innovate on
additional fronts to overcome the HRH and other challenges
mentioned earlier.

The growing number of non-state actors in e-Health is also
highlighting the challenges to effective regulation of healthcare
technologies. Weak institutional capacity is recognised as a chal-
lenge to effective regulation of healthcare in LMICs, driving a
rethink of the role of the state in regulation.42 In Kenya, the
rapid advancement of the information & communications tech-
nology (ICT) sector, coupled with the presence of a sizeable
ICT human resource base, has contributed to increased imple-
mentation of e-Health projects in the country. As a result, in
2011, the Ministry of Health launched a National e-Health
Strategy 2011–2017.43 The strategy describes how the Kenyan
health system is faced with the challenge of rising cost and
demand for quality healthcare services against a backdrop of
shortages in skilled HRH. The e-Health strategy therefore high-
lights the gaps in healthcare services and aims to address these
challenges by harnessing ICT. Five strategic areas have been
identified: telemedicine, health information systems, m-Health,
e-Learning and information for citizens. The strategy anticipates
that ICT would promote and efficiently deliver healthcare ser-
vices to Kenyans. The launch of the national e-Health strategy
in Kenya has seen numerous public and private sector initiatives
across the strategic areas.44 45

Driving change in low-resource settings also requires appro-
priate ‘change agents’. For-profit enterprises and related invest-
ment vehicles have traditionally been the agents that design and
deliver sustainable, demand-driven solutions. However, improv-
ing healthcare for underserved populations in LMICs may not
generate the large margins required to attract traditional enter-
prises. But the inherent value in private sector enterprise

Figure 3 A to-scale illustration of a template for managing urinary
tract infections (UTIs). The template is placed in the case sheet using a
rubber stamp. Fiducial markings in the corners allow for accurate
digitisation and image analysis using mobile phone cameras. The
optical ‘bubble’ sheet format allows for rapid and efficient extraction
and analysis of digital data from paper-based medical records.
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methods has resulted in a proliferation of ‘social enterprises’—
businesses with social objectives.46 Social enterprises could
prove to be the change agents for the innovation needed in
e-Health, merging entrepreneurship with efficient financing and
operations needed for delivering impact that is both sustainable
and scalable.

E-Health solutions in healthcare, especially in LMICs, are still
in their infancy. It is a time for policymakers, funders and regu-
lators in LMICs to actively encourage innovation and entrepre-
neurship, the main vehicles driving change. Regulation will
naturally follow in the wake of innovations, encouraging
changes that benefit society while protecting its citizens.47
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