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Dedication
Richard H. Morrow (1932-2013)

We dedicate this book to the memory of Dick Morrow who died after a short illness in
the final stages of editing the book (Figure D.1). Dick Morrow had a profound influence
on the careers and development of the very many students and colleagues he mentored,
including my own. It was an enormous privilege to have worked with him in various
locations over a period in excess of 40 years. We first met in 1970 when he was teaching
epidemiology at Makerere University in Uganda, and I was a newly arrived lecturer. It
was my great good fortune to be allocated an office next to Dick at the top of Mulago
Hill. He guided me through writing my first grant application to the Wellcome Trust,
for a trial to assess whether BCG vaccination protected against Buruli ulcer and, with
his ever present optimism, persuaded me to start the study with my own funds, antici-
pating a positive outcome from the Trust! The short time we overlapped in Kampala
cemented what was to become a lifelong friendship.

We both worked in Uganda on the ambitious cohort study designed to evaluate
whether prior infection with the Epstein—Barr virus was the trigger for causing the Af-
rican childhood cancer Burkitt’s ymphoma. This study involved many players and was
executed by the World Health Organization (WHO) International Agency for Research
on Cancer, but what has been lost in the history of that research is the key role that Dick
had in the genesis of the study and the enormous intellectual contribution he made to
its design. However, one of the most endearing features of the man was his indifference
to personal credit, believing that what was important was that the right things were
done and what was key were the scientific insights, rather than who had them.

In the 1970s, Dick returned to Ghana to work in the newly formed Health Planning
Unit, and, in extended visits, I worked with him and Ghanaian colleagues to pursue
his idea of a new way of measuring the burden of different diseases in Ghana through
the concept of ‘years of healthy life lost, a combination measure of years lost due to
premature mortality and time spent in different states of morbidity, each of which was
accorded a weight according to severity. We published the method and data for Ghana,
and DicK’s insights were later taken up by others in developing the Global Burden of
Disease exercise. The origination of this methodology from Dick has never been prop-
erly acknowledged, but this never really bothered Dick whose pleasure came from see-
ing the idea being taken forward and built upon.

In 1979, Dick became the epidemiologist for the then recently formed Tropical Dis-
ease Research (TDR) Programme at WHO in Geneva, first working under the director-
ship of Ade Lucas and then Tore Godal. Dick’s emphasis of the fundamental importance
of epidemiology and rigorous design in field research on tropical diseases did much to
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Figure D.1 Richard H. Morrow (1932-2013).
Photograph Claudio Vazquez. Reproduced with the permission of Richard H Morrow’s
family, and the photographer, Claudio Vazquez. This image is distributed under the terms
of the Creative Commons Attribution Non Commercial 4.0 International licence (CC-
BY-NC), a copy of which is available at http://creativecommons.org/licenses/by-nc/4.0/.
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lay the foundations of the TDR programme. The joy that Dick always had in helping
and seeing others develop and succeed suited him ideally for work in a programme in
which capacity development was a major part. I had the pleasure of accompanying him
on a large number of field trips, promoting epidemiology and epidemiological meth-
ods in many low- and middle-income countries. In 1987, I was able to work with Dick
for a year in Geneva with TDR, and it was then we devised the idea of producing a book
on the aspects of field research methods that are rarely detailed in published papers.
This was very much a labour of love on both our parts, and we were able to persuade
numerous colleagues, with a wealth of field research experience, to contribute to the
venture. The first edition of what came to be known as ‘The toolbox’ was published in
1990, and we revised it in 1996. Sections of the book have become dated, and, a couple
of years ago, we decided that a complete revision was required, taking on David Ross as
a co-editor. We worked on this on a regular basis, again enlisting the help of numerous
colleagues, during meetings and conference calls, every few weeks, between the three
of us. We were revising the manuscript right up to the time of Dick’s untimely short
final illness, and he was able to complete his review and revisions of all of the chapters.

DicK’s passing has left an enormous hole in my life and in that of all those who en-
joyed his friendship and mentorship in a life devoted to improving the health and well-
being of those in the most deprived communities. His legendary rock-like calmness,
intellectual curiosity, and warm kindness were an inspiration. Appreciation of DicK’s
many qualities was shared by many friends and colleagues, including contributors to
The toolbox—his intellect, integrity, sense of humour, creativity, willingness to give oth-
ers credit for what he started, and making himself available and giving of himself to
his colleagues and students, often to the detriment of his own work. He believed in the
goodness of mankind, always saw the best in people, never spoke badly of anyone, and
truly treated all equally, with respect and kindness, whether this was a first-year student
or the Director General of WHO.

Peter G. Smith
2015
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Foreword to the third edition

The organizations that we represent have a long-standing commitment to the develop-
ment of capacity to conduct high-quality field research to evaluate the impact of inter-
ventions against diseases prevalent in low- and middle-income countries (LMICs). The
idea of producing a book detailing the methods used to conduct intervention trials of
health interventions in LMICs was conceived in the 1980s when one of us (T. G.) was
the TDR Director. Since it was first published, the “Toolbox’ has been very widely used,
both by those undertaking intervention trials and epidemiological research in LMICs
and in teaching courses. Since the 1980s, significant progress has been made in devel-
oping interventions that have reduced the burden of many diseases in impoverished
communities, and much of this progress has been through the rigorous evaluation of in-
terventions in randomized controlled trials before their adoption into public health use.
Notable examples have been the evaluation and deployment of insecticide-impregnated
bed-nets for malaria control and the development, testing, and introduction into public
health programmes of vaccines against diseases which are major killers of infants and
children, such as diarrhoeal diseases and respiratory infections.

The standards to which field trials of health interventions have been conducted have
undoubtedly improved markedly over the last three decades, and dissemination and
use of the Toolbox has contributed to this. In parallel, over this period, there has been
a substantial increase in oversight and regulatory requirements related to clinical and
field trials, and it was timely therefore for the authors of the Toolbox to produce a re-
vised version, taking account not only of these regulatory changes, but also of the revo-
lution in data collecting, processing, and computing methods.

Although the Toolbox is aimed at those conducting health intervention trials in
LMIGCs, it is likely to be valuable for anyone undertaking field research or surveys in
those countries, as many of the issues that arise in trials also arise in other kinds of
investigation. We are confident that the Toolbox will continue to make an important
contribution to building up epidemiological capacity in LMICs.

We congratulate the authors on their labours. We believe that this new edition of the
Toolbox is likely to enhance the quality and quantity of field research that is being con-
ducted on the health conditions afflicting those in LMICs, and this can only speed the
control of these diseases that cause so much suffering to so much of mankind.

Tore Godal, Director (1986-98) of TDR, the Special Programme for Research and Training in
Tropical Diseases

John Reeder, Present Director of TDR, the Special Programme for Research and Training in
Tropical Diseases

Cesar Victora, President of the International Epidemiological Association

Jimmy Whitworth, Head of Department of Population Health, the Wellcome Trust
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Preface to the third edition

Field trials of interventions against disease in LMICs may be complex and expensive
undertakings, requiring the follow-up of hundreds, or thousands, of individuals for
long periods. The conduct of such trials requires careful planning, in order to assure
their timely and successful completion. Over the last several decades, an increasing
number of large field trials have been conducted successfully in LMICs and have pro-
vided information critical to the assessment of the likely health impact of potential
interventions. With a few exceptions, descriptions of the detailed procedures and
methods that were essential for the conduct of successful trials are not published. A
consequence of this is that those planning field trials have few practical guidelines
available to them, and investigators have to design a study, often with little access to the
knowledge and experience that has been accumulated previously. Personal experience
is a good teacher, but, all too often, investigators have learned by repeating the mistakes
of previous field researchers, at considerable cost and inconvenience.

Problems arise in the design, conduct, or analysis of many trials that may be unique
to the particular study, but most potential problems have been faced by many investi-
gators previously, some of whom devised good solutions and some not so good ones.
Few publications exist which document this wealth of experience, and it is very difficult
for potential field investigators to learn the practical issues in trial design and conduct.

The intention of this manual is to go some way towards filling this gap in the literature.
It builds on the first two editions and has been comprehensively revised to take account
of the evolution of methods that has taken place since the first edition in 1990. It has been
compiled by contributors with extensive direct experience in the design, conduct, and
analysis of field trials, and it attempts to document their accumulated experience for the
guidance of those who might undertake field trials of health interventions in LMICs. It
canbe read in its entirety as an introduction to the field and/or can serve as a reference vol-
ume during each of the different stages of planning, conducting, and analysing a field trial.

The first edition had the title Methods for field trials of interventions against tropical
diseases: a toolbox. We changed the title for the second edition to Field trials of health
interventions in developing countries: a toolbox, recognizing that many issues discussed
in the manual will be relevant to the conduct of field epidemiological studies on dis-
eases that would not necessarily be classed as ‘tropical’ For the third edition, we have
changed the title again to Field trials of health interventions: a toolbox, as the ‘develop-
ing country’ terminology has been generally replaced by ‘LMICs,, but this would have
made for a rather tortuous title! The focus of the book nonetheless is on field research
in LMICs. Though some sections have wider relevance, we have preserved trials in the
title because they are the main orientation of the book.

For the third edition, we have comprehensively reviewed the content of all the chap-
ters that were included in the second edition. In addition, we have added chapters on
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topics or issues that were incompletely covered previously. Specifically, there are new
chapters on conducting systematic literature reviews, trial governance, preliminary
studies and pilot testing, budgeting and accounting, intervention costing and eco-
nomic analysis, and Phase IV studies. Most of the other chapters have been rewritten,
taking into account the substantial developments in trial methodology that have taken
place since the second edition was published in 1996.

The Toolbox will always be a work in progress, and our intention is to continue to re-
fine and improve it, as experience is gained with its practical use. We encourage those
who use the manual to write to the editors if there are aspects of the manual that they
think are in need of improvement.

Responsibility for producing initial drafts of the different chapters of the manual was
assigned among the participants listed at the front of the book. The editors reviewed
each of the contributions, and input was also sought from contributors other than those
who had drafted the specific chapter. In this way, many different persons contributed to
each chapter, and it seemed inappropriate therefore to attribute responsibility for any
one chapter to individuals, as each chapter owes its final form to the collective contri-
butions of those listed.

The text was discussed extensively and edited by the three of us to try to maintain a uni-
form style. The manual was also circulated to other field research scientists for their sug-
gestions for any changes. We gratefully acknowledge valuable contributions from: Salim
Abdulla, Martin Adjuik, Chris Grundy, Claudia Hanson, Adnan Hyder, Maria Merritt,
Honorati Masanja, Luke Mullany, Hassan Mshinda, Annabelle South, and Susanne Wedner.

We are also very grateful to those who authored the first and second editions of the
book, upon whose contributions the third edition is built. These are: Jackie Cattani, John
Cleland, Nick Day, Joel Gittelsohn, Andy Hall, Birthe Hogh, Betty Kirkwood, Lindlwe
Makubalo, Tom Marshall, Louis Molineaux, Jorg Pénnighaus, S. Radhakrishna, Ian
Riley, Bob Snow, Harrison Spencer, Marcel Tanner, Carol Vlassoff, and Fred Wurapa.
In addition, we are grateful to the following field research scientists who commented
on chapters in the first two editions: Astier Almedon, Steve Bennett, Boachie Boatin,
Loretta Brabin, David Brandling-Bennett, Gilbert Burnham, Peter Byass, Andreas de
Francisco, Tony Degrement, Aime de Muynck, Isabelle de Zoysa, Anne Dick, Nicola
Dollimore, Herbert Gillies, Brian Greenwood, Hazel Inskip, Japhet Killewo, Sarah
Macfarlane, Bruce Macleod, Gilly Maude, Daan Mulder, Andrzej Radalowicz, Brian
Southgate, Malcolm Pike, Roger Webber, Jimmy Whitworth, and Andrew Wilkins.

From the above, it is apparent that the Toolbox benefited from the wisdom of a large
number of field research scientists. We apologize to those whose suggestions we have
incorporated, but whose contribution we have inadvertently omitted to acknowledge!

We have been very keen to ensure that the Toolbox is made available as widely as pos-
sible, especially to those in LMICs. We are delighted therefore that, in addition to a paper-
back version, it has been possible to make the book available online and in open access
through generous financial support from the UNDP/World Bank/WHO Special Pro-
gramme for Research and Training in Tropical Diseases and from the Wellcome Trust.

London and Baltimore P.G.S.
2015 R.H. M.
D.A.R.
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Chapter 1

Introduction to field trials
of health interventions

1 Scope of the book 1
2 OQOutline of contents 2

1 Scope of the book

In this book, we aim to provide a practical and comprehensive guide to the design and
conduct of field trials of health interventions directed against disease problems in low-
and middle-income countries (LMICs). Our main emphasis is on randomized con-
trolled trials (RCTs), but many of the issues discussed are of relevance to other kinds
of field research in LMICs. Published papers reporting the results of intervention trials
rarely include details of the practical aspects of preparation for a trial and its conduct,
yet these are crucial to the execution of a successful trial. Those conducting trials for the
first time often do not have access to references detailing the many practical issues that
have to be addressed in the organization and conduct of a trial. New investigators gen-
erally have to learn by experience and, as a consequence, often repeat mistakes that oth-
ers have learned not to make. While ‘learning by doing’ can be a valuable educational
method, it is usually inefficient and wasteful. We have tried to synthesize the experience
of investigators with substantial experience of conducting field trials in LMICs and de-
scribe procedures and practices found to work well in LMIC settings. Thereby, we hope
that new investigators will build on and extend the experience of others, rather than
repeat the same mistakes.

Trials of health interventions involve the implementation of a specific health inter-
vention and comparison of the effects of that intervention with the effects of the cur-
rently available ‘best’ intervention or, if there is none, comparison with what happens
with no intervention (or with a placebo). In order to avoid bias in the allocation of par-
ticipants to the intervention or comparison group, assignment of individuals or groups
to a particular intervention should be done by randomization. The ‘trial’ approach is
in contrast to observational studies such as cross-sectional surveys, cohort studies, and
case-control studies. But many of the methods and techniques described in this book
may also be usefully deployed in observational studies.

We use the term ‘field trial’ for trials conducted outside clinical settings, in contrast
to ‘clinical trial’ that is used for studies carried out in health facilities. Thus, field trials
generally involve participants who are living at home in their normal environment,
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rather than being ‘captive’ in hospitals or outpatient clinics. Most trials of preventive
measures, such as immunizations or health education, are ‘field trials. Important dif-
ferences in field and clinical trials include inclusion and exclusion criteria that may be
less stringent in field trials than criteria often imposed in clinical trials, in which it may
be important to have a clearly defined disease condition for treatment. To the extent
that there are less stringent inclusion and exclusion criteria, there may be fewer prob-
lems with the external validity of trial conclusions than there often are for clinical trials
that limit the generalizability of conclusions. Another difference is that randomization
of intervention by groups (clusters), rather than by individuals, is more often necessary
or useful in field trials than in clinical trials (see Chapter 4, Section 4).

Clinical trials of drugs and vaccines are commonly carried out in successive phases,
as described in Chapter 2, Section 3. Phase I trials are early studies conducted in a few
human volunteers to test the safety of a promising new drug or vaccine. Thereafter, Phase
II trials are carried out on larger numbers of volunteers, often to gauge immunogenicity
(of a vaccine) and the effect of different doses or number of doses and to monitor for
any adverse reactions. When these phases are successfully completed, Phase I trials are
conducted on much larger numbers of volunteers who are randomized to receive either
the new product or the comparison product, in order to establish the efficacy of the new
intervention. The main focus of the book will be large-scale randomized field trials. For
pharmaceuticals and vaccines, these will usually be Phase I1I trials, though this designa-
tion by phase does not fit so well with some other important types of interventions such
as behaviour change interventions or environmental modification.

We do not envisage that many readers will sit down and read the book from begin-
ning to end! We have called it a ‘toolbox, because we think this reflects how it might
be used, i.e. to consult different chapters and sections to guide different stages in the
planning and execution of a trial.

2 Outline of contents

The chapters of this book can be considered in three main groupings. Chapters 2
through to 13 review issues to consider and steps to be taken before starting a trial.
Chapters 14 through to 20 detail the tasks to be carried out during the conduct of a
trial, with a focus on data collection. Chapters 21 and 23 discuss the analysis, interpre-
tation, and reporting of trial results. We have also included a short chapter on Phase
IV studies (Chapter 22), that are usually conducted after a product has been licensed
and is in, or is about to go into, public health use. Phase IV studies are usually not ran-
domized designs, because of the ethical issues in withholding a licensed intervention
from participants, and such studies are not a main focus of this book. However, we
have included this chapter because many of the design, conduct, and analysis issues
discussed in other chapters have relevance for Phase IV studies and also because it will
often be desirable for Phase III trials, which usually measure the efficacy of an interven-
tion delivered in a highly controlled manner, to be followed by Phase IV evaluations in
‘real-life’ programmes.

Before embarking on a trial, the first steps are to define the goals, objectives, and key
questions for the study. As background to this, the broad array of potential types of
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interventions is catalogued in Chapter 2. The importance of critically reviewing essen-
tial background information relevant to a trial, including trials of similar interventions,
through a systematic review of literature is emphasized in Chapter 3. The heart of the
book is concerned with the design of the trial, as outlined in Chapter 4, and making it of
appropriate size (Chapter 5). Many of the design details are guided by ethical concerns
(Chapter 6), regulatory requirements, and governance issues (Chapter 7). A major
issue in planning a trial is generating the resources to carry it out, and guidance is given
in Chapter 8 on the preparation of grant applications for trials to funding agencies.

Field trials are generally based in communities, and their successful conduct is
highly dependent on investigators engaging appropriately with community members
at all stages in the planning and execution of a trial (Chapter 9). Before a trial starts,
the target population has to be defined and registered (Chapter 10), and then the inter-
ventions under test must be allocated to individuals or communities, in an unbiased
way, by randomization, with the intervention allocations being kept ‘blind;, if possible,
to investigators and participants. Ways of achieving this are discussed in Chapter 11.
Evaluation of the impact of an intervention depends upon appropriate definition of the
outcomes that the intervention is expected to affect. Choice of appropriate outcome
measures and unambiguous definition of these is considered in Chapter 12.

Undertaking a trial is often a major activity, involving a large trial team for several
years. It is rarely possible to start a trial immediately the protocol has been written and
the funding obtained. Almost always, it is necessary to have collected preliminary data
to facilitate the planning of the trial and to conduct studies to test out the procedures
that are proposed for use in the trial, and modifying them appropriately if they are not
found to be fit for purpose. Such preliminary studies and pilot testing of procedures
are covered in Chapter 13. Information about trial participants is commonly collected
through the administration of questionnaires. The various forms that these might take
and different methods of administering them are summarized in Chapter 14.

Most intervention trials involve some element of behaviour change, both on the parts
of those administering the intervention (for example, workers in the health service)
and of those taking it up—the trial participants. The extent of behaviour change re-
quired will vary, according to the intervention under test. Evaluating a new vaccine
which is administered at the same time as routine vaccinations in the childhood im-
munization programme may require relatively little behaviour change, but implement-
ing an intervention to reduce high-risk sexual behaviour to lower the risk of human
immunodeficiency virus (HIV) infection, or promoting hand-washing to reduce the
risk of diarrhoeal diseases, will involve substantial behaviour changes. Undertaking
social and behavioural research to facilitate the design and implementation of inter-
ventions is reviewed in Chapter 15.

Quality control of all aspects of conducting a trial is crucial if the findings from the
trial are to be used to make important public health decisions about the use, or other-
wise, of an intervention, based on the trial results. These issues are discussed in Chapter
16, while Chapter 17 specifically focuses on methods and quality control in field labo-
ratories, which are an important component of most trials.

Nothing can be done without financial support for the trial. The essentials for the
preparation of budgets for grant applications are given in Chapter 8. The efficient
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planning and management of finances during a trial are also key to success, and a re-
quirement of funding agencies. The necessary budgeting and accounting methods are
outlined in Chapter 18. Chapter 19 affords an overview of the main methods used to
assess the costs of health interventions and summarizes the types of economic ana-
lyses that can be conducted to assist decisions concerning resource allocation to health
interventions.

In all but the smallest trials, substantial amounts of data are collected and have to be
efficiently processed, both during the conduct of the trial and for the analysis of the re-
sults during, and at the end of, the trial. Methods of data management are summarized in
Chapter 20, and an outline of methods of statistical analysis of trials is given in Chapter 21.
In most trials it will be necessary to employ a statistician to oversee the analysis of the data
from the trial, but the relatively simple methods summarized in this chapter should be suf-
ficient to elucidate the main results from most trials.

Finally, Chapter 23 stresses the importance of communication at all stages of the
trial, how best to communicate to the many different audiences who should be in-
formed about the trial, and the necessary steps to translate research findings into policy
and public health action.

We have deliberately not included large numbers of references, as the book is in-
tended to stand largely on its own, without readers needing access to a well-stocked
library. Referencing has been reserved for where a particular study has been described,
or as a guide for readers who may require a more detailed explanation of a concept than
can be included in this text. Whenever possible, we have favoured open access or rela-
tively low-cost resources.
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1 Introduction to types of intervention
and their development

This book is about the evaluation of the effectiveness of health-related interventions.
We use the term ‘intervention’ to apply to any activity undertaken with the objective of
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improving human health by preventing disease, by curing or reducing the severity or
duration of an existing disease, or by restoring function lost through disease or injury.
There are a wide variety of new interventions, and new strategies for the use of inter-
ventions, that are being developed against the major diseases common in LMICs. These
include both public health and clinical care measures, and include drugs for acute and
chronic conditions, vaccines, vector control, health education, behaviour change strat-
egies, injury prevention, and better health planning and management methods that
improve a spectrum of health-related activities. Research involving a wide range of
disciplines is needed to develop, deploy, and assess these interventions, ranging from
molecular biology and immunology to social sciences, epidemiology, and statistics.
The focus of this book is on the evaluation of interventions through field trials. Field
trials are required to assess how interventions, both old and new, may be best applied in
populations and to determine their impact on improving the health of the population.

In this chapter, the characteristics of different kinds of intervention that may be
used in disease control programmes are reviewed. How each type of intervention is
implemented is outlined, and the implications of these implementation strategies for
the design, conduct, and interpretation of field trials are discussed. The nature of an
intervention will determine the way in which it can be evaluated in a field trial. Some
interventions which are applied to individuals can be evaluated through the random
allocation of individuals to the intervention or the ‘control’ arms. Other interventions
are applied to groups of individuals, such as households or whole communities, and the
group should therefore be the unit of randomization.

2 Types of intervention

Interventions can be classified into two broad categories: (1) preventive interventions
are those that prevent disease from occurring and thus reduce the incidence (new
cases) of disease, and (2) therapeutic interventions are those that treat, mitigate, or
postpone the effects of disease, once it is under way, and thus reduce the case fatality
rate or reduce the disability or morbidity associated with a disease. Some interventions
may have both effects.

2.1 Preventive interventions

2.1.1 Vaccines

Vaccines are administered to individuals, usually before they have encountered the
infectious agent against which the vaccine is targeted, in order to protect them when
they are naturally exposed to the agent. Many are among the most cost-effective inter-
ventions, because, after a single dose or a series of doses of the vaccine, an individual
may acquire long-term protection against the agent. They work by inducing a variety
of immune mechanisms, through the humoral and/or cellular immune systems. The
immunological responses and associated immunological memory induced by vacci-
nation confer protection from later infections, though a booster vaccination may be
necessary if the interval between the original vaccination and exposure to the agent is
long. Most vaccines have to be administered before the infectious agent is encountered
naturally, and thus field trials of such vaccines will involve the enrolment of healthy
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individuals and often involve infants or very young children—though the vaccine may
be given at a later age if the age of natural infection is at later ages, for example, for most
sexually transmitted infections (STIs), or if a new infectious agent, to which no one has
been previously exposed, enters a community such as a new strain of influenza.

Not all vaccines are targeted at persons without previous exposure to the infectious
agent. For example, there is substantial research to develop vaccines against parasitic
diseases. The mode of action of some of these vaccines is to prevent parasitic prolifera-
tion within the host after invasion (and hence curtailment of disease), and some vac-
cines against vector-borne diseases are even targeted to prevent replication of the forms
of the infection in the vector, so that onward transmission to humans is prevented.

For infectious diseases that affect both high-income countries (HICs) and LMICs,
the first trials of new vaccines are usually conducted in HICs. This is because currently
most new vaccines are developed and produced in HICs (though this situation is chang-
ing), and it is generally accepted that at least early clinical studies should be conducted
in the country of vaccine manufacture. However, the results of trials in HICs may not
be directly applicable to LMICs for a variety of reasons such as differing prevalences of
other infections or of nutritional deficiencies, which might interfere with the mode of
action of the vaccine. Thus, there will often be a need for further trials of the vaccine
in LMICs, even if efficacy has been established in HICs. In addition, there has been in-
creased focus in recent years on the development of vaccines against infectious agents
that only, or almost only, occur in LMICs, such as malaria or visceral leishmaniasis, or
where the overwhelming disease burden is in such countries, such as tuberculosis (TB)
or HIV infection. For vaccines against these agents, the first major field trials to assess
efficacy are likely to be conducted in LMICs.

2.1.2 Nutritional interventions

Food and nutrition are major determinants of human health and disease. Particu-
larly in low-income countries and deprived populations in middle-income countries,
under-nutrition remains a major cause of disease. Severe malnutrition, such as kwashi-
orkor or marasmus, is life-threatening, but milder forms of malnutrition are major risk
factors that adversely influence the susceptibility to, and the outcome of, many infec-
tious and other diseases, as well as cognitive development. In addition to calorie and
protein deficiencies, specific deficiencies in micronutrients, such as iron, folate, zinc,
iodine, and vitamin A, may be important determinants of severe diseases. Trials to ad-
dress these problems may involve the regular provision of high-protein/calorie diets or
supplementation to individuals with specific micronutrients, involving repeated visits
to the same persons over several years, the frequency of administration depending on
the nature of the supplement(s). Other trials, often with the intervention being applied
at a community level, may involve food fortification (for example, iron, iodine, vitamin
D) and experiments to change agricultural practices or eating or food preparation hab-
its to increase the intake of particular micronutrients.

2.1.3 Maternal and neonatal interventions

A mother’s health and well-being during pregnancy and around the time of delivery, in-
cluding access to appropriate care, are critical determinants of maternal mortality and
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neonatal and child health in the early years of life, and possibly for much longer. Pre-
ventive interventions before or during pregnancy include family planning, treatment
of infections, such as syphilis and malaria, good nutrition, including micronutrients,
good antenatal monitoring and care, and access to skilled care at the time of delivery
and post-partum. Trials of maternal interventions may involve both community-based
studies, with the early identification of pregnancies and the instigation of preventive
interventions to avoid pregnancy complications, or may be hospital- or health centre-
based, directed at improving the performance of the health system in caring for women
during and after pregnancy and at the time of birth.

Interventions directed to the neonate are also important, such as exclusive breast-
feeding and care practices, such as ‘kangaroo mother care, a method of care of pre-
term infants, involving infants being carried, usually by the mother, with skin-to-skin
contact.

2.1.4 Education and behaviour change

Some interventions directed at preventing disease are based solely upon changing
human behaviour (for example, anti-smoking campaigns or campaigns to promote
breastfeeding). Nearly all health interventions must have an associated educational
component for their effective deployment, but the extent of educational effort required
ranges from the provision of simple information (for example, when and where a clinic
for immunization will be held) to efforts at increasing understanding (for example, of
the importance of male circumcision for the prevention of HIV) and to attempts to
change lifestyles (for example, diet or sexual habits). Education to increase knowledge
and impart new skills may be necessary but is rarely sufficient to induce behaviour
change. Individuals must also have the capacity, willingness, and motivation to act on
the knowledge and to use the skills. The design and implementation of an educational
intervention, and other ‘complex’ interventions (Craig et al., 2008), will usually need
to be researched through careful investigations in the community, using the kinds of
methods discussed in Chapters 9 and 15.
Examples of educational components of disease control programmes include:

¢ educating children or mothers about the causes of the disease, such as diarrhoea,
and how to prevent it

¢ promoting adherence to long-term treatment such as for HIV infection or TB
¢ developing effective participation in programmes that:

 need broad coverage to maximize the effects of immunization or drug
distribution

« require people to recognize disease symptoms for early treatment

« necessitate active co-operation in home improvements or insecticide
programmes

« involve direct action and responsibility in deploying vector, or intermediate
host, traps

« need community efforts for environmental improvements such as developing
and maintaining improved water supplies or better disposal methods for faeces.
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Organizing trials of behaviour change interventions are among the most challeng-
ing, and there are few examples illustrating the design of replicable interventions that
achieve lasting behavioural change in the context of a trial. For example, changing to-
bacco smoking behaviour at a population level required decades of concerted, multi-
faceted campaigns. However, attempts to reduce diarrhoeal diseases and respiratory
infections through the promotion of hand-washing with soap have produced encour-
aging results.

2.1.5 Environmental alterations

Alterations to the environment directed at reducing the transmission of infections are
central to the control of many infectious diseases, particularly those that are trans-
mitted through water, such as cholera, or through the faecal-oral route such as many
gastrointestinal infections. Environmental interventions to reduce human faecal and
urine contamination include latrine construction, provision of sewage systems, clean
water supplies, and protected food storage. Other environmental interventions tackle
indoor or outdoor air pollution or involve the disposal of contaminants such as pesti-
cides or heavy metals. Many of these interventions require substantial educational ef-
forts and lifestyle changes. They are also interventions that typically have to be applied
to whole communities, rather than to individuals in a community, so that, in trials, the
unit of randomization is the community or, in some instances, the household.

2.1.6 Vector and intermediate host control

Some major communicable diseases in developing countries depend on vector and
intermediate hosts for their transmission. For different infections, the vectors include
mosquitoes, tsetse flies, triatomine bugs, sandflies, ticks, and snails. There are a wide
variety of control measures to reduce transmission of these infections through attack-
ing the vectors or the reservoirs of infection. Most interventions require a good un-
derstanding of the vector or intermediate host, its life cycle, and the environmental
conditions that it requires to propagate infections. Control measures may include the
application of insecticides or larvicides, new or improved selective biological agents
against disease vectors, engineering techniques for reducing vector habitats, commu-
nity involvement in eliminating vector breeding sites and in deploying traps, housing
and screening improvement for reducing human-vector contact, and strategies involv-
ing combinations of methods with, for example, the objective of reducing or delaying
insecticide resistance. For many of these methods, intermediate process indicators,
such as reduction in vector density, can be used for the assessment of impact, but it
is often also necessary to determine the impact of the measures on the health status
of the population. For example, for malaria, many different approaches to vector con-
trol have been used, based upon attacking the mosquito in various stages of its life
cycle. These include control of breeding sites to reduce vector density by drainage and
waterway engineering and application of specific larvicides and biological agents; the
use of mosquito netting, screens, and repellents for personal protection from bites;
aerosol distribution of insecticides to reduce adult mosquito densities; and different
approaches to killing adult mosquitoes, through either spraying residual insecticides,
such as with dichlorodiphenyltrichloroethane (DDT), on the internal walls of houses
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where mosquitoes rest after a blood meal or through the use of insecticide-treated bed-
nets (ITNs) that kill and/or repel mosquitoes seeking a blood meal. These different
approaches require quite different study designs. Residual insecticide on the walls of
houses offers relatively little direct protection to those in the treated household, as the
mosquitoes take up the insecticide while resting after a blood meal. The protection is
to those in other households whom these mosquitoes would have bitten for their next
blood meal. To reduce transmission in high transmission areas, virtually all households
in the neighbourhood must be sprayed. The higher the intensity of transmission, the
more difficult it is to achieve sufficient coverage. The use of ITNs, developed as an inter-
vention against malaria over the last two decades, leads to reductions in transmission,
clinical disease, and overall childhood mortality. Trials of these kinds of intervention
often involve communities, rather than individuals, as the unit of randomization. These
trials are especially challenging to design, because some vectors, such as mosquitoes,
may have a flight range that may lead to the ‘contamination’ of intervention communi-
ties, with vectors coming in from outside of the community.

2.1.7 Drugs for the prevention of disease

Drugs or other interventions may be used for the prevention of infection (prophy-
laxis) or disease consequent on infection. An example of the former would be isoniazid
prophylaxis to HIV-infected individuals to reduce their risk of TB, and of the latter, the
treatment of HIV-infected individuals with antiretroviral drugs to slow the progression
of their disease. Sometimes, the use of drugs for prophylaxis or to reduce disease pro-
gression does not involve individual diagnosis, but community or group diagnosis is
needed to identify groups that should receive the treatment. For example, mass admin-
istration of anti-helminthic treatment to schoolchildren is sometimes administered in
this way. Whether requiring specific diagnosis or not, therapeutic or preventive agents
are usually taken on an individual basis, though sometimes agents can be distributed
to everyone in a community through the water supply (for example, fluoride against
dental caries) or in food (for example, historically, diethylcarbamazine for filariasis and
chloroquine for malaria in medicated salt). Mass treatment of school-age children in
areas highly endemic for the infection with an anti-schistosomal drug every year or two
may be sufficient to virtually eliminate serious disease consequences of infection with
Schistosoma mansoni.

Prophylaxis may be aimed at preventing or limiting infection, particularly in those at
high risk for a limited period of time (for example, anti-malarials taken by those who
are temporarily visiting malaria-endemic areas). The value of such an approach is lim-
ited by the duration of action of the agent (which determines the frequency with which
it must be taken), by adverse reactions, and sometimes by the role of the intervention in
stimulating the development of drug-resistant organisms. For some purposes, prophy-
laxis may be used by permanent residents of endemic areas (for example, anti-malarials
in pregnancy).

Drugs also may be used prophylactically for treatment of preclinical infection (for
example, during the incubation period before the onset of symptoms, as for the gam-
biense type of trypanosomiasis) or for treatment of subclinical infection (for example,
ivermectin against onchocerciasis, and praziquantel against schistosomiasis).
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Strategies for the use of such interventions include the mass treatment of entire popula-
tions or the targeted treatment of identifiable subgroups (such as school-age children) in
areas where the infection is highly prevalent. Generally, such treatment is applied for the
benefit of the individuals treated, but the objective may also be to reduce the transmission
of the agent in the community more generally. When the prevalence is very high and the
treatment is cheap, treating all those in a defined population may be more cost-effective
than screening the whole population and then treating only those found infected.

2.1.8 Injury prevention

Injuries are major causes of death and disability, especially in LMICs. They dispropor-
tionately affect the young and have a large economic impact on society. For children
and young people, road traffic accidents, drowning, fires, poisoning, interpersonal vio-
lence, and war are leading global causes of serious injuries, but often these are not con-
sidered ‘health problems’ and are not sufficiently integrated into public health thinking.
Yet there are many potential interventions that might lead to reductions in deaths and
disabilities from injuries, such as traffic calming or infrastructural changes to separate
pedestrians from fast-moving vehicles to reduce motor vehicle injuries, and improving
the security of water sources to reduce drowning accidents; there is great need for more
trials of interventions directed at reducing injuries.

2.2 Therapeutic interventions

2.2.1 Treatment of infectious diseases

The mechanism of action of a drug used for disease control will influence the design of
field trials to evaluate its impact. Most drugs employed against infectious disease are
used to kill or inhibit the replication or spread of the pathogen in the host. Strategies
for disease control that use such agents may involve case detection (which requires an
appropriate case definition and a diagnostic method), followed by treatment that is
designed to reduce morbidity and mortality. Often, the public health success of this ap-
proach depends critically upon case finding, and, for diseases such as TB and leprosy, it
depends also on case holding, i.e. being able to follow and treat each patient at regular
intervals over sufficient time to eliminate the agent from the individual. Case finding
and treatment may also reduce transmission of an agent if cases are the main reservoirs
of infection, if case detection methods locate a high proportion of prevalent cases, and
if the treatment is sufficiently effective.

2.2.2 Surgical and radiation treatment

RCTs of surgical and radiation treatments are usually done as clinical trials; field trials
of these interventions are relatively uncommon. However, procedures, such as cata-
ract extraction or simple inguinal hernia repair, are examples of where field trials have
been usefully undertaken. In general, the only distinctive feature that may set these
apart, in terms of study design, from other field trials is the issue of ‘blinding’ (see
Chapter 11, Section 4). For some forms of surgery, ‘sham’ operations have been used
in clinical studies and perhaps could be considered in field trials. In general, however,
randomized trials of these procedures will have to be conducted without blinding.
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2.2.3 Diagnostics to guide therapy

The efficient treatment of most diseases requires first that they be accurately diagnosed.
Often the diagnosis is made on the basis of clinical symptoms and signs, but the impre-
cision of this method for many conditions is increasingly recognized. There is an urgent
need for new, or improved, sensitive and specific diagnostic tests for many infectious
and chronic diseases, that are both simple to use and cheap. For example, intervention
strategies that depend upon case finding and treatment usually require suitable diag-
nostic tests. Specific studies may be necessary to measure the specificity, sensitivity,
and predictive values of different diagnostic tests, as these properties will impact on the
likely effectiveness of a case finding and treatment intervention. For example, the de-
velopment and widespread introduction of rapid diagnostic tests for malaria, to replace
microscopy or the presumptive treatment of fever, has been an important innovation
in malaria control and has also focused attention on the need for improved diagnostic
methods and appropriate treatment of non-malarial fevers.

Field trials to evaluate the performance characteristics of diagnostics are not dis-
cussed specifically in this book, other than in the context that they may be incorporated
as part of an intervention strategy to improve the control of a specific disease. The
design of studies to evaluate the properties of diagnostics has been discussed elsewhere
(Peeling et al., 2010).

2.2.4 Control of chronic diseases

Chronic conditions may have an infectious aetiology (for example, HIV, TB) or may
have environmental or other causes (for example, cardiovascular diseases and many
cancers). Many chronic diseases, once diagnosed, may not be curable, but they can be
controlled by a combination of education/behaviour change interventions, plus regu-
lar, often daily, use of pharmaceuticals. The nature of the clinical care required is often
more complicated than required for acute conditions, such as diarrhoea and pneumo-
nia, which, once diagnosed, usually require a single course of treatment. Interventions
for chronic disease often must include screening of communities to identify cases; as-
sessment of each case for the stage of the disease and possible attendant complications
that are likely to require a variety of laboratory tests; and developing a long-term treat-
ment and assessment plan. The treatment of such conditions often requires long-term
monitoring, with a dependence on reliable laboratory results and a system to track the
clinical and laboratory findings within a single individual over time. Trials of such in-
terventions must often be conducted over several years, or even decades, to completely
assess treatment efficacy.

2.3 Other forms of intervention

2.3.1 Legislation, legal action, taxation, and subsidies

Enforcement of anti-pollution laws, food labelling, and legal restrictions have an im-
portant role to play in public health. Behaviour may be strongly influenced by legal
restrictions, and increasing prices through taxation have been shown to be effective
in reducing tobacco and alcohol consumption, for example. However, it is difficult to
design randomized trials of such interventions, because the interventions usually have
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to be implemented at the national level, making it very difficult to identify a suitable
control group.

There has been increasing interest recently in providing various types of subsidies to
individuals to change their health-related behaviour (often known as conditional cash
transfers). Examples include incentives for children to remain in school, or to health
care providers to provide services of at least a certain minimum quality (performance
incentives). Some of these interventions have been evaluated through RCTs, and there
is further scope for using such approaches.

2.3.2 Health systems interventions

Increasing recognition of the importance of interventions that operate at health sys-
tems level, such as policy implementation, financing, educational reform, and strength-
ening of leadership, management, and governance, has led to a variety of health sector
training programmes, organization changes, decentralization and devolution, and
various incentives and personnel policies. Most of these efforts have been introduced
on a system-wide basis, with little thought about the value of rigorous assessment. But,
with adequate planning, rigorous evaluation of these kinds of interventions should be
possible through randomized trials, especially by making use of the ‘stepped wedge’ ap-
proach of a phased introduction of measures in different communities over a period of
time (Brown and Lilford, 2006). Many health systems research studies may be consid-
ered as implementation research, and most could be considered as complex interven-
tions, as discussed in Sections 2.3.3 and 2.3.4.

2.3.3 Implementation research

Within the context of field trials, implementation research does not aim to develop
new interventions but focuses on optimizing the delivery of existing interventions that
have previously been shown to be efficacious when implemented well. Implementation
research explores the challenges of how best to implement research findings in the real
world and how to contextualize interventions for specific settings. Hence, an example
of an implementation research trial was one where a comparison was made of the costs
and effectiveness of health workers delivering antiretroviral therapy to patients who
attend a central clinic or hospital, compared with lay workers delivering the antiretro-
virals to patients in their homes and only referring them to the clinic if they reported
problems on a screening questionnaire (Jaffar et al., 2009).
A general reference on implementation research is Werner (2004).

2.3.4 Complex interventions

The design of a trial to evaluate the efficacy of a new vaccine or drug is relatively straight-
forward, in the sense that there are many past examples of such evaluations to draw
upon when planning a new study. However, the evaluation of some interventions, such
as the deployment of a new procedure in the health service or in public health practice,
may involve consideration of several interacting components, including, for example,
educational components and behavioural change. Such interventions pose special prob-
lems for evaluation, and these kinds of intervention have been called ‘complex’ Many
of the extra problems relate to the difficulty of standardizing the design and delivery
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