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Abstract

Background. Health information systems are inadequate in many countries.
For childhood diarrhoea and pneumonia specifically, the leading infectious causes of
child mortality worldwide, current data collection methods are not providing
sufficient information for surveillance. The collection of health data could be greatly
assisted with the use of mobile devices (mHealth). Mobile phone text messaging is
widely used, but its potential for health data collection has not yet been realised.
Aim. To explore the application of mHealth-based collection of information relevant
to childhood diarrhoea and pneumonia in rural China.

Methods. A mixed methods approach was used: (i) a survey and semi-structured
interviews to assess the usage of mobile phones by caregivers of young children;
(ii) cognitive interviews, usability testing and a cluster randomised cross-over study
to determine the validity of a text messaging survey on care-seeking for childhood
diarrhoea and pneumonia; and (iii) researchers’ observations and structured
interviews with participants of the cross-over study to evaluate factors influencing
participation in mHealth-based studies.

Results. Many of the 1854 survey participants (1620; 87.4%) used mobile phones.
Of 1014 participants in the cross-over study, 662 (65.3%) responded to the first text
message. Of 651 participants willing to participate, 356 (54.7%) completed the text
messaging survey. Overall, text message data were moderately to substantially
equivalent to face-to-face data. The text messaging survey was acceptable to parents,
but grandparents were often unable to use text messages. Among many factors
influencing participation were trust, perceived usefulness and ease of use.
Conclusions. Text messaging can be applied to collect data on care-seeking for
childhood diarrhoea and pneumonia in rural China, but several questions remain,
including how to improve accuracy and response rates. Further work needs to
advance innovative mHealth-based data collection methods that can improve health
surveillance, enhance implementation of appropriate interventions and ultimately

save children’s lives.
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Overview of thesis

This thesis explores the application of mHealth-based collection of information
relevant to care-seeking for childhood diarrhoea and pneumonia in rural China and

has the following 11 chapters.

Chapter 1

The first chapter provides the background to this thesis. First, the potential that the
widespread usage of mobile phones and text messaging offer to increase the quantity
and quality of health information in low- and middle-income countries is introduced.
Second, filling gaps in information on care-seeking is highlighted as a research
priority to reduce the burden of the leading infectious causes of global child
mortality: diarrhoea and pneumonia. Third, text messaging is described as an
alternative data collection method for the currently used face-to-face household
surveys on care-seeking for childhood diarrhoea and pneumonia in China. Fourth,
studies on text messaging for health data collection are reviewed and it is shown that
none assessed usage for household surveys. Fifth, a lack of evidence and low
adoption of mHealth-based interventions is common and challenges and the need for

development, evaluation and implementation of these interventions is described.

Chapter 2

The second chapter describes the rationale for the thesis. The study took place in
China, because, despite being an upper-middle-income country, China has resource-
limited areas in needs of health improvements. Collaborators were found in China
who faced challenges in conducting household surveys and were interested in using
mobile technology to improve data collection. The aim, objectives and
methodological approach is explained. Given the complexity of developing and
evaluating mHealth-based interventions, a mixed methods approach was most
appropriate. In contrast to previous studies, of which many did not evaluate mobile
phone usage, did not make comparisons between data collection methods, used a
non-randomised design or included a small number of participants, the research in
this thesis made an original contribution by assessing usage of mobile phones,
comparing data collection methods using a cluster randomised cross-over design

with a large number of participants and evaluating factors influencing participation.
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Chapter 3

The third chapter provides an understanding of the Chinese study context. It starts
by describing the PhD candidate’s background and experiences related to China,
because these shaped the research. Then a short introduction to China and mHealth
in China is given. Lastly, the field site is described: Zhao County, a rural setting in

Northern China with high levels of mobile phone usage and literacy.

Chapter 4 and 5

These chapters present a study addressing the first objective of the thesis: assessing
the prevalence and factors influencing usage of mobile phones by caregivers. Chapter
4 introduces and describes methods of this study. A quantitative survey and
qualitative semi-structured interviews were combined and data were compared and
integrated. Chapter 5 presents the results and discussion of this study. Four main
themes were found: (i) trends in mobile phone ownership; (ii) usage of mobile phone
functions; (iii) factors influencing replying to text messages; and (iv) uses of mobile
phones for health care. High mobile phone ownership and usage were confirmed, but
text messaging was infrequently used by grandparents. The findings of this study

were used to guide the study described in Chapter 6 and 7.

Chapter 6 and 7

These chapters present a study addressing the second objective of the thesis:
determining the validity of a text messaging survey on care-seeking for childhood
diarrhoea and pneumonia. Chapter 6 introduces and describes the methods of this
study. Firstly, interviews and a pilot were conducted to develop and test the text
messaging survey. Secondly, a feasibility study using a cluster randomised cross-over
design was conducted to compare the novel text messaging survey to the standard
face-to-face survey. Chapter 7 presents the results and discussion of this study. Six
outcomes were assessed: (i) the response rate; (i) characteristics of responders
versus non-responders and completers versus non-completers; (iii) the error rate of
the text messaging survey; (iv) data equivalence; (v) the amount of information in
responses; and (vi) reasons for differences in responses. The text messaging data
were shown to be moderately to substantially equivalent to the face-to-face data.
However, challenges with recruiting and following up participants were experienced,

which were evaluated in Chapter 8 and 9.
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Chapter 8 and 9

These chapters present a study addressing the third objective of the thesis:
evaluating factors influencing participation in mHealth-based studies. Chapter 8
introduces and describes the methods of this study. Researchers’ observations and
structured interviews with caregivers were used. Chapter 9 presents the results and
discussion of this study. Several factors influencing recruitment related to
organisation, village doctors and caregivers were found, including the availability of
lists with names and mobile phone numbers, peoples’ understanding of the study,
perceived usefulness, incentives, interference with work, trust, and ease of use.
Recommendations of ways to improve recruitment and follow-up of caregivers are

provided.

Chapter 10

This chapter addresses the final fourth objective. Three ideas where mobile
technology could potentially facilitate health data collection are proposed: (i) to
conduct and validate household surveys; (ii) to measure the burden of disease; and

(iii) to monitor large-scale health programmes.

Chapter 11

The last chapter discusses the thesis’ principle findings, strengths and limitations, its
recommendations for future research, as well as describing the conclusions from the
thesis. This thesis shows the application of text messaging for collection of
information relevant to childhood diarrhoea and pneumonia in rural China. It makes
a significant contribution to both the scarce evidence-base and methodology for
development and evaluation of an mHealth-based intervention. However, since this
study took place in a single rural Chinese county which has high levels of both
literacy and mobile phone use, the findings may not be generalizable to other
contexts. Since this thesis is an example of early stage research, no firm conclusions
and recommendations for practice and policy can be made regarding the potential
and pitfalls of data collection by text messaging until more research is carried out in
this area. This work would be valuable, because mHealth-based data collection could
be used to increase the quantity and quality of child health indicators, which can
improve implementation of appropriate health interventions and ultimately save

children’s lives.
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1 Background to thesis

Overview of chapter

This chapter provides the background to this thesis on the application of mobile
phone text messaging for collection of information relevant to care-seeking for
childhood diarrhoea and pneumonia in rural China. First, this chapter introduces the
potential that the widespread use of mobile phones and text messaging offer to
increase the quantity and quality of health information in low- and middle-income
countries. Second, gaps in information on care-seeking for childhood diarrhoea and
pneumonia are highlighted as a research priority. Third, mobile phone text
messaging is described as a novel method for collection of data on care-seeking for
childhood diarrhoea and pneumonia in China. Fourth, a review of studies on text
messaging for health data collection is provided. Fifth, challenges and needs for the

use of mHealth-based interventions are described.
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Photograph 1 Mother using a mobile phone

Photograph courtesy of QW, personal collection
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1.1 The potential mobile phones offer to increase the quantity
and quality of health information in low- and middle-income

countries

Overview of section

The first section of this chapter starts with introducing opportunities that the
widespread usage of mobile phones offer for improving health in low- and middle-
income countries. Then an overview of mHealth is provided. The section concludes
by describing the potential of mobile technologies for increasing the quantity and

quality of health information.

1.1.1 Opportunities for mobile phones to improve health

Mobile phones and other information and communication technologies have been
said to “surely play a pivotal role in the future of global health” [5]. This was
highlighted by the commitment of the United Nations member states to make use of
advancements in information and communication technologies to enhance health
care delivery, public health, research and health-related activities in the 58t World
Health Assembly in 2005 [6].

Mobile phones are a particularly interesting information and communication
technology in low- and middle-income countries; since 2005, more mobile phone
users have been located in low- and middle-income counties than high-income
countries [7]. By the end of 2014, an estimated 78% of the 6.9 billion mobile phone
subscriptions will be in low- and middle-income countries [8]. In contrast to high-
income countries, where fixed telephones and computers have been adopted on a
large scale, these technologies have not been widely used in low- and middle-income
countries where mobile phones have leapfrogged the telephone- and computer-age
[9,10].

Globally, adoption of mobile phones has mainly taken place over the past 15
years. In 2000, there were 739 million mobile phone subscriptions worldwide, which
was equivalent to 12.1 mobile phone subscriptions per 100 people. In 2002, the
number of mobile phone subscriptions overtook the number of landline telephones
(18.4 versus 17.2 subscriptions per 100 people respectively) [11]. By the end of 2014,
the number of mobile phone subscriptions will approach the number of people in the

world (96 subscriptions per 100 people) [8].
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These numbers overestimate the actual number of mobile phone users,
because an estimated 10% of subscriptions are inactive and people use an average of
1.85 Subscriber Identity Modules (SIM) cards each. Thus, only around 45% of the
world’s subscriptions are unique users of mobile phones [12]. However, access to
mobile phones is higher when mobile phones are shared between people, which can
be common in resource-limited settings [13].

The growth in mobile telephone use has been enabled by a good mobile phone
distribution system, high network coverage, falling prices of handsets and airtime
and usage of prepaid cards [13-15]. People lacking domestic electricity supplies can
charge mobile phone batteries in generators that are available in local markets and
shops [15]. Moreover, mobile phones have a high social value in various settings
[16,17]. Therefore, mobile phones possibly play an even more significant role in

societies of low- and middle-income countries compared with high-income countries

[10,14].

The functionality of mobile phones has increased enormously since introduction of
the first mobile phone to the public in the United States in the early 1980s: the
Motorola DynaTAC 8ooox (DynaTAC stands for “Dynamic Adaptive Total Area
Coverage”). This phone was barely mobile due to its large size and heavy battery that
allowed for only about 20 minutes of talk time. Its high price (US$3995) restricted
use to those with significant financial resources [18]. Since, huge advancements in
technology have taken place, including decreased weight, increased talk time and the
introduction of new functions, such as messaging and applications (apps) [17]. Now
mobile phones can broadly be categorised into simple mobile phones and
smartphones. Smartphones are mobile phones with advanced computing functions
that have Internet access. After the introduction of the iPhone® in 2007,
smartphones and apps have become very popular and are increasingly used in low-
and middle-income countries [19].

At the moment, calling and text messaging are the main functions of the
mobile phones used in low- and middle-income countries. These functions are
relatively easy to learn by practicing or learning from others. People often continue to
use their mobile phone for receiving phone calls and text messages even when their

mobile phone is out of credit.
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Globally, the number of text messages sent tripled from approximately 1.8
trillion in 2007 to 6.1 trillion (around 200.000 text messages every second) in 2010
[20]. It has been forecasted that an estimated 9.4 trillion text messages will be sent in

2016 [21].

Mobile phones have become part of daily life and many people carry them at all
times. Therefore, they provide an opportunity to reach people who were previously
hard to reach via traditional modes of communication. This is particularly relevant to
people who do not have access to high quality health care in low- and middle-income
countries [16,22-24]. Health systems in those settings face a disproportionally high
burden of disease whilst having structural problems including limited funds, poor
health care infrastructure and information systems and a huge shortage of health
workers [5]. Mobile phones can improve communication and delivery of information
over vast distances between health care providers, patients and healthy individuals
[25]. They can provide access to remote health care facilities and facilitate training
for health workers and consultations among health workers. Also mobile phones
allow for remote monitoring and surveillance to improve health information systems.
This has the potential to lead to an overall increase in the efficiency and effectiveness
of under-resourced health infrastructures and ultimately translate into benefits for

populations [26,27].

1.1.2 Scope of mHealth

mHealth can be interpreted in different ways. Firstly, there are “natural” uses of
mobile devices for health-related purposes. For example people can use mobile
phones to contact their doctor. Secondly, there are formal mHealth-based initiatives,
either building on mobile services or on the broader usage of information and
communication technologies in health care [23]. In the latter view, mHealth is a
branch of the usage of wired information and communication technology in health
care, known as eHealth [28]. mHealth and eHealth build on the principles of medical
or health informatics (field of information science focussing on analysing and
disseminating medical data through computers with over 320,000 publications in
Medline alone [29]) including telemedicine and telehealth (delivery of health services
and clinical support, including consultation and diagnostics, at a distance via remote

information and communication technology to improve health outcomes) [28,30].
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mHealth encompasses many different mobile devices including mobile
phones, smartphones, personal digital assistants (also known as PDAs), and ultra-
portable computers such as tablets, monitoring devices, portable media players and
handheld video-game consoles. The different functions of these devices can be used
for delivering interventions, including voice (calling and voice messages), text
messaging (also known as “short messaging service” or SMS), multimedia messaging
(or MMS), photo, videos, multimedia playback, apps, add-ons (for example a gluco-
meter to measure blood glucose), automated sensing and the Internet. These
different functions can make use of networks such as telecommunication (second,
third and fourth generation mobile telephony systems), Global Package Radio
Service (also known as GPRS), Bluetooth, Global Positioning System (also known as
GPS) and Wi-Fi. Communication taking place can be one-way (communications in
one direction), two-way (interactive communication) and multi-way (one-to-many,

many-to-one and many-to-many communication using social media) [4,31].

Black et al. described three main overlapping functions of eHealth [32], which when
adapted to mHealth can be described as the following: (i) to facilitate communication
between healthy individuals, patients and health providers; (ii) to support health
workers in their clinical decision making; and (iii) to collect, store and transmit data
in health information systems.

Previous reviews on mHealth-based interventions identified 5 [33], 6 [4,34], 9
[35] or 12 [36] functions of mHealth-based interventions in low- and middle-income
countries. When combining these functions within the three main functions, the
scope of mHealth-based interventions can be described as follows.

Firstly, mHealth can be used to facilitate communication between healthy
individuals, patients and health providers [37], including communicating test results
[38], appointment reminders [39,40], medication reminders (for example for
antiretroviral therapy [41], tuberculosis treatment [42]), behaviour change for health
promotion and disease prevention [37,43-46] (such as nutrition, exercise [47],
tobacco usage [48], alcohol usage, sexual health [49], maternal health [25,50],
mental health, malaria and diarrhoea [46]) and management of long-term conditions
[37,51,52] (such as diabetes [53], asthma [54], chronic obstructive pulmonary
conditions, Alzheimer [52], depression, hearing loss, low vision, osteoarthritis,
migraine [55] and HIV/AIDS [56]).
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Secondly, mHealth can be used to support health workers through point-of
care diagnostics, education and training, communication between health workers,
planning and scheduling work, human resource management and electronic decision
support [26,31,36,57-60].

Thirdly, mHealth can be used to collect, store and transmit data in health
information systems through household surveys, surveillance (tracking diseases and
emergencies), electronic health records, financial transactions and incentives and

supply chain management [26,31,33,36,60].

1.1.3 mHealth-based data collection

Mobile phones can play a particularly interesting role in improving data collection in
health information systems [26,31,61]. The function of those systems is to produce,
analyse and disseminate sound data. Timely available, relevant and sound data are
crucial to evaluate health, monitor trends, assess coverage and effectiveness of
interventions, inform evidence-based health policy and set priorities [62-64].
Inaccurate data can lead to misleading, biased and potentially harmful decisions
[65]. While accurate health information is critical for proper functioning health
systems, health information systems in many low- and middle-income countries are
weak and do not allow for regular monitoring [62,66].

This causes restrictions for many countries in measuring progress towards
national and international health goals and designing and implementing appropriate
health interventions [62]. Inadequacies in health information systems are caused by
problems on both the demand and supply sides, including a lack of capacity,
responsibility and resources. Solutions to these problems must be comprehensive
and include sustained information system development [62]. Strengthening health
information systems requires production of data from a number of sources: census
(population characteristics), vital events (births, deaths, causes of deaths etc.),
monitoring, public health surveillance, resource tracking, facility-based service
statistics and household surveys [64]. Household surveys are the main mode for data
collection of indicators on health and progress towards health goals in low- and

middle-income countries [62,67].
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The quality of data is dependent on its data collection. Data collection aims to
produce data that are accurate, complete, comparable between different places where
data is collected, efficient for data recording and processing and suitable for analysis
[62]. Data collection in household surveys takes place by interviewers visiting
households, administering the questionnaire and recording the responses. Paper-
based data collection methods have been the standard method for data collection and
involves collection of paper forms and transfer to computer software, which is done

twice (double-data entry) to avoid human errors [68].

Over the past 25 years, electronic data collection methods have been developed to
avoid procedures that can introduce errors. These methods include computer-
assisted personal interviewing applications on mobile devices, such as personal
digital assistants and more recently smartphones [67,69-72]. Data can then be
transferred to a central database from which it can be analysed. Electronic data
collection has been facilitated by open-source tools. These tools have a website and
an app that can be downloaded for free on different mobile devices and used for
creation of questionnaires [26,33]. Some popular mobile phone software for data
collection include Epicollect [73], Magpi (previously named Episurveyor) [74] and
Opendatakit [75].

Electronic data collection has been preferred over paper-based data collection,
because it can have a similar or higher quality of data, similar or lower costs, reduce
item errors, and decrease time of interviews, data handling and data transfer [70-
72,76]. Another advantage of electronic data collection is the possibility to use
measures that can detect data fabrication [69]. Electronic data collection has shown

to be acceptable and feasible for participants and interviewers [69-71].

Still with these advancements, interviewer-administered electronic household
surveys face several challenges including limited resources and the need to visit field
sites. In high-income countries, household survey data collection often takes place
through self-administered questionnaires using post, phones (interactive voice
response calls) and computers (online, email). However, these methods have not
been feasible in low- and middle-income countries where none of these technologies

have been widely used till recently.
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Now that mobile phones are widely used, even in resource-limited settings,
they provide opportunities to collect data at an individual level and overcome
challenges of interviewer-administered surveys (explained later in section 1.3).
However, this is an under-researched field, particularly in low- and middle-income
countries [33,61] (shown later in section 1.4). Therefore, mHealth-based data
collection was the focus of this thesis. Further information on challenges and needs
for mHealth is provided in section 1.5. First, in the next section (section 1.2), a
specific research priority where mHealth-based data collection can play a role is

introduced.
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Structured summary of section

The first section of this chapter introduced the use of mobile phones for increasing

the quantity and quality of health information in low- and middle-income countries.

In sum:

1.

Mobile phones have become widely adopted and text messaging is a widely used
communication method even in low-resource settings. Therefore, mobile phones
offer the opportunity to reach people who were previously hard to reach via
traditional communication modes. Mobile phones can improve the
communication, delivery and collection of health information over vast
distances;

mHealth can be used to facilitate communication between healthy individuals,
patients and health providers, to support health workers in their clinical
decision making and to collect, store and transmit data in health information
systems;

Mobile phones can play a particularly important role for data collection at an
individual level, whereby they can enhance health information that can be used

to measure progress towards health goals.
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1.2 Gaps in information on care-seeking for childhood diarrhoea

and pneumonia in low- and middle-income countries

Overview of section

After describing the potential of mobile phones for health in low- and middle-income
countries, this section introduces a specific area for mHealth-based data collection. A
brief overview of progress in child health is given. Childhood diarrhoea and
pneumonia are introduced as the main infectious causes of death in children under
five years. It is explained that improving knowledge about care-seeking is a research

priority for reducing the burden of these illnesses.

1.2.1 Progress in child health in low- and middle-income countries

In 1990, approximately 12.6 million children younger than five died, a number which
has decreased to 6.6 million in 2012 [77]. Over recent decades, huge efforts to reduce
poverty and improve child health have taken place, particularly in low- and middle-
income countries. Around the mid-20% century, a number of United Nations
agencies and programmes were established, including the World Bank (1944),
United Nations Children’s Fund (1946) and World Health Organization (1948) [5].
The World Health Organization defined health as “a state of complete physical,
mental, and social well-being and not merely the absence of disease or infirmity”
[78]. Later in 1978, the Declaration of Alma Ata stated that the achievement of
optimal health as a “most important world-wide social goal” and highlighted the
importance of primary health care [79]. These efforts increased after the year 2000
when the World Health Report was released, which focussed on improving health
systems (defined as “all the activities whose primary purpose is to promote, restore
or maintain health”) [80]. Moreover, the Millennium Development declaration was
adopted in 2000 by leaders of United Nations member states to reduce extreme
poverty [81]. Targets of the declaration, known as the eight Millennium Development
Goals (MDGs), were set out in 2001 and were agreed to be achieved by 2015. The
MDGs have specific targets and indicators in a very broad range of development
issues including poverty, education, gender, health, the environment and
international relations. Three goals are explicitly related to health: (i) MDG 4
(reduction of child mortality); (ii) MDG 5 (reduction of maternal mortality); and (iii)
MDG 6 (combatting HIV/AIDS, malaria and other diseases) [82].
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However, the MDGs have received criticism: interactions between different MDGs
are not clear, they are too narrow, lack key development needs and equity issues are
not well addressed [83]. For maternal and child health, some of these issues have
been addressed by launch of the Countdown to 2015 for Maternal, Newborn and
Child Survival by the Bellagio Study Group on Child Survival in 2003 [84] and
Commission on Information and Accountability for Women’s and Children’s Health
by the United Nations Secretary-General in 2010. The initiatives focus on a selection
of indicators for MDGs 4 and 5 and aim to address the interrelatedness of these
MDGs [85].

While these global efforts, alongside economic and social development, have
contributed to significant progress in achieving MDG 4, most countries will not reach
MDG4 and many children die unnecessarily. MDG 4 aims to reduce child mortality
by two thirds between 1990 and 2015, but a reduction from 12.6 million to a
maximum of 4 million child deaths will most likely not be achieved by 2015 [86].
Childhood diarrhoea and pneumonia are the leading infectious causes of death in
children under five years old and caused almost a third of the 6.6 million child deaths

in 2012 [77].

1.2.2 A brief introduction to childhood diarrhoea and pneumonia

Diarrhoea

Diarrhoea is defined by the World Health Organization as “the passage of three or
more loose or liquid stools per day (or more frequent passage than is normal for the
individual)”. Diarrhoea is not the frequent passing of formed stools or the passing of
loose stools by breastfed infants [87]. Diarrhoea is commonly a symptom of an
infection in the intestinal tract caused by different viruses, bacteria and parasites.
These infections spread through contaminated water or food, or from one person to
another person.

Risk factors for diarrhoea include Vitamin A deficiency and inadequate water
and sanitation, including poor water quality and hand washing. Diarrhoea can often
be prevented through drinking safe water, improved hygiene, vaccination (rotavirus
and measles), adequate nutrition, breastfeeding and micronutrient supplementation
(Vitamin A and zinc) [88].
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Care for diarrhoea does not always have to be sought at a health facility and non-
severe diarrhoea can be treated at home with oral rehydration therapy (Oral
Rehydration Salts (ORS, a mixture of clean water, sugar and salt), recommended
homemade fluids, breast milk, or increased fluids, along with continued feeding),
nutrient-rich food and zinc [89,90]. Most deaths from diarrhoea are caused by
dehydration, which occurs when a large amount of water and electrolytes (sodium,
potassium and bicarbonate) leave the body through liquid stools. Consultation with a
health worker is needed in cases of dehydration, diarrhoea with blood in stools

(dysentery) and persistent diarrhoea [87].

Pneumonia

Pneumonia is a severe form of an acute lower respiratory infection affecting the lungs
which causes the alveoli (small sacs in the lungs that normally fill up with air when
breathing) to fill up with fluid and pus, which limits oxygen intake [91]. Pneumonia
is caused by various bacteria, viruses and fungi and the most common pathogens are
the respiratory syncytial virus followed by influenza virus (flu) [92]. Pneumonia can
spread by inhaling pathogens and through airborne droplets from coughing or
sneezing [91].

The main risk factors for childhood pneumonia are malnutrition, low birth
weight, non-exclusive breastfeeding in the first four months, solid fuel usage and
overcrowding [92]. Diarrhoea may also be a risk factor for pneumonia [93]. Key
prevention strategies for pneumonia include vaccination (measles, Streptococcus
pneumonia, influenza virus and influenza type b), adequate nutrition for mothers
and children, micronutrient supplementation (Vitamin A and zinc), reducing indoor

pollution and promoting basic hygiene practices [89].

The symptoms of pneumonia are a cough and fast or difficult breathing due to a
problem in the chest, which are common in children. Cases with these symptoms are
labelled “suspected pneumonia” (children with reported respiratory signs and
symptoms that are recognised), because many children with these symptoms do not

have “true pneumonia” (children with true disease), but a mild infection [94].
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Caregivers with children who present with pneumonia-related symptoms should seek
clinical assessment by a health worker. The Integrated Management of Childhood
Illness handbook, issued by the World Health Organization, trains health workers to
screen children and treat those with pneumonia. The following signs are used to
assess the severity in children with pneumonia: fast breathing (non-severe
pneumonia), lower chest wall indrawing (severe pneumonia) and danger signs, such
as central cyanosis, difficulty breastfeeding or drinking, vomiting, convulsions,
lethargy, unconsciousness or head nodding (very severe pneumonia). Oral antibiotics
can be given in the community in many cases of non-severe pneumonia.
Hospitalisation is recommended for infants younger than two months and in cases of

severe pneumonia. Oxygen treatment is recommended for very severe pneumonia
[87].

1.2.3 Reducing the burden of childhood diarrhoea and pneumonia

In 2011, pneumonia was responsible for an estimated 1.3 million deaths in children
under five and diarrhoea caused 0.8 million child deaths. The majority of these
deaths, 72% of deaths from diarrhoea and 81% of deaths from pneumonia, occurred
in children younger than two years. Almost three-quarters of these deaths occurred

in 15 high-burden countries [95].

There were an estimated 1.7 billion diarrhoea episodes and 120 million pneumonia
episodes in children younger than five in 2011. An estimated 2% of diarrhoea
episodes (36 million episodes) and 12% of pneumonia episodes (14 million episodes)
progressed to severe disease. The case-fatality ratio of severe diarrhoea was 2% and

this ratio of severe pneumonia was 9% [95].

The median incidence (the occurrence of new disease cases) of pneumonia was
estimated to be 0.29 episodes per child per year in 2000 (though this largely ranged
from 0.21 to 0.71) [96] and fell by nearly 25% to 0.22 in 2010 (ranging from 0.11-
0.51) [92]. The median incidence of diarrhoea incidence was 2.9 episodes per child
per year in 2010, a figure which had not decreased since the year 2000 despite

improvements in water, sanitation and hygiene [97].
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A single episode of diarrhoea has no long-term consequences, but children in
resource-limited settings often experience several diarrhoea episodes a year, which
can lead to nutritional deficits and stunting [98]. For severe pneumonia, the most
common long-term effect is a reduction in lung volume [99].

Moreover, childhood pneumonia and diarrhoea place a huge burden on
children and their families. Health services face large burdens too, as a significant
proportion of all child out-patient attendances, in-patient admissions and

medication prescriptions are caused by these illnesses [100].

Millions of child deaths from pneumonia and diarrhoea could be prevented through
coverage of simple and affordable interventions [86]. Pneumonia and diarrhoea
share risk factors (undernutrition, zinc deficiency and suboptimal breastfeeding
[95]) and the same prevention strategies (adequate nutrition for mothers and
children, breastfeeding promotion and support, micronutrient supplementation etc.)
and treatment interventions (improved care-seeking behaviour, improved case
management in the community and health facility) can be used for both illnesses and
be delivered through the Integrated Management of Childhood Illness approach.
Therefore, in 2012 the Global Action plan for Pneumonia and Diarrhoea was issued
by United Nation Children’s Fund, World Health Organization, and United States
Agency for International Development to integrate efforts to reduce deaths from
diarrhoea and pneumonia [89]. In 2013, series of papers in The Lancet [95,101-103]
and the Journal of Global Health [92,93,104-106] were published on this topic.

The Lancet Diarrhoea and Pneumonia Interventions Study Group estimated
that 95% of diarrhoea and 67% of pneumonia deaths in children under five years
could be prevented at a cost of US$6.7 billion by 2025 if coverage of key
interventions were scaled-up to at least 80% and immunizations to at least 90%
[102]. At least a third of severe episodes of pneumonia and two-thirds of deaths can
be prevented by vaccination for Streptococcus pneumonia, influenza virus and H.
influenza type b. Almost a third of episodes of severe diarrhoea can be prevented by
vaccination for rotavirus and cholera [95]. Furthermore, interventions that can make
a large impact on reducing the burden of childhood diarrhoea and pneumonia

include breastfeeding, ORS and community case management [102].
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Nevertheless, usage of existing interventions is not optimal as health systems do not
deliver interventions to those in the greatest need and on sufficient scale. A problem
for scale-up of childhood diarrhoea and pneumonia interventions is the lack of
attention to implementation challenges. Research on developing new interventions
has received greater attention than research on health system issues [107]. To
increase scale up and coverage of cost-effective interventions, more investment in
health systems research has been set as one of the five main steps to planning and
management of pneumonia and diarrhoea programmes. Understanding care-seeking
behaviours of caregivers is an important health system challenge that has not been

addressed adequately [103].

1.2.4 Care-seeking for childhood diarrhoea and pneumonia as research
priority

To provide effective health care, clinics, workers and treatment should not only be
available, accessible and of good quality, but illness must first be recognised and care
be sought by a caregiver of a child. A caregiver is the individual who seeks care for a
child, often a family member, such as a mother or grandmother. Care-seeking is any
care sought for a child perceived by the caregiver to be ill. The type of care sought can
be categorised according to facility type (primary or secondary facility or pharmacy),
health care provider (medically trained and unqualified providers), home care or no
care [108].

A United Nations Children's Fund report provided estimates on care-seeking
by caregivers when their children experienced diarrhoea and pneumonia symptoms.
Care-seeking for suspected pneumonia (cough with fast or difficult breathing due to a
chest-related problem) slightly increased from an average of 54% to 60% in low- and
middle-income countries between 2000 and 2010. While care-seeking for children in
rural areas improved from 50% in 2000 to 56% in 2010, care is still more frequently
sought for children with pneumonia signs in urban areas (65% in 2010). Only an
estimated 39% of children with signs of diarrhoea received oral rehydration therapy
and less than a third received recommended homemade fluids, increased fluids and
continued feeding. Only a third of children received ORS, but this was also caused by

the limited availability of ORS in low- and middle-income countries [89].
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There are many factors that influence caregivers’ decisions to seek care. Mothers’
perceptions of illness severity, abilities to recognise danger signs and cultural beliefs
about causes of illness affect their care-seeking behaviour [109,110]. Only 43% of
caregivers who had a child with fast or difficult breathing (key symptoms of
pneumonia) saw these as signs to seek immediate care for the child [89]. Caregivers
are less likely to seek care for diarrhoea when signs are less severe and children are
young [111]. Some caregivers see antibiotics as stronger treatment than ORS for
diarrhoea, which can lead to inappropriate usage of antibiotics [106]. Care has been
reported to be