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Abstract

Livestock interventions can improve nutrition, health, and economic well-being of communi-
ties. The objectives of this review were to identify and characterize livestock interventions in
developing countries and to assess their effectiveness in achieving development outcomes. A
scoping review, guided by a search strategy, was conducted. Papers needed to be written in
English, published in peer-reviewed journals, and describe interventions in animal health
and production. Out of 2739 publications systematically screened at the title, abstract, and
full publication levels, 70 met our inclusion criteria and were considered in the study. Eight
relatively high-quality papers were identified and added, resulting in 78 reviewed publications.
Only 15 studies used randomized controlled trial designs making it possible to confidently
link interventions with the resulting outcomes. Eight studies had human nutrition or health
as outcomes, 11 focused on disease control, and four were on livestock production. Eight
interventions were considered successful, but only four were scalable. We found good evi-
dence that livestock-transfer programs, leveraging livestock products for nutrition, and help-
ing farmers manage priority diseases, can improve human well-being. Our report highlights
challenges in garnering evidence for livestock interventions in developing countries and pro-
vides suggestions on how to improve the quantity and quality of future evaluations.

Introduction

Although declining, poverty and hunger are persistent problems in many developing countries.
In most of these, many poor people are involved in livestock: around one billion keep livestock
and two billion are estimated to be involved in livestock value chains (HLPE, 2016). Livestock
are a pathway out of poverty for poor producers; animal products are of high value and their
demand is rapidly growing, driven by urbanization and increasing middle-income classes
(Lindahl et al., 2018). These factors make livestock-based interventions attractive to develop-
ment agencies. Several logic models, or pathways, have been developed to understand how
interventions could benefit smallholder livestock keepers, livestock value chain actors, and
consumers of livestock products (Randolph et al, 2007; Mayne and Johnson, 2015). These
pathways include income generation from marketing of livestock and livestock-based products
(including products used for fuel and building), increasing assets and resilience, direct provi-
sion of food, financial services (such as guaranteeing loans), generation of power for ploughing
and transport, and providing manure for crops and aquaculture. The negative effects of live-
stock at community level include reducing the time available for mothers to take care of young
children, transmission of zoonotic infections, and creating social discord when animals stray
or are stolen.

A broad literature exists on the direct benefits of agricultural interventions on increasing
productivity and production, but links to more distal, yet important, outcomes such as resili-
ence, nutrition, health, and well-being are challenging to unravel and often difficult to estab-
lish. For example, previous reviews have found some evidence on improved production,
improved livelihoods, and increased consumption but little on improved nutritional status
in terms of height for age, weight for age, or micro-nutrient adequacy (Leroy and Frongillo,
2007; Masset et al., 2011; Ruel et al., 2018).

Given the potential for livestock to contribute to development objectives, it is important to
understand which interventions have been implemented and what their effectiveness has been,
and where possible analyze their potential for adoption and scalability, including identifying
adverse effects potentially associated with their application, and how much could be mitigated.
It is equally important to consider the risks associated with livestock keeping and the numer-
ous concerns over the externalities linked to their production (especially that of climate change
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Table 1. Key words used to search for publications evaluating livestock interventions

Geographical restriction Evaluation

Intervention restriction Outcomes and impacts

Africa Experiment intervention
Asia Impact evaluation
South America Impact assessment
Latin America Trial

‘Country list’ (a list of country

names from the relevant regions)

Livestock Yield

Cattle Food security
Sheep Food safety
Goat Nutrition
Swine Income

Pig Produc*

Fish Meat produc*
Small ruminants Milk produc*
Meat Dairy prod*
Milk Livelihood
Egg

Dairy

Animal source food
Animal product
Foods of animal origin

and disease). Currently, increasing attention is being given to the
gathering and use of best evidence to support decision-making
processes. However, this is constrained by a number of challenges
including poor access to evidence and only a few studies, which
are sometimes poorly designed, poorly conducted, or poorly
reported (Alonso et al., 2016a).

A broad category of livestock interventions exists (including
technology transfers, policy change, infrastructure provision,
training, and provision of information). Moreover, interventions
can be implemented by a variety of different actors, for example
(e.g., actors from disciplines of epidemiology, agriculture, eco-
nomics, sociology, and development). Scoping reviews can be
used to answer broad research questions and are recommended
where findings from heterogeneous sources (either in methods
or discipline) need to be summarized (Tricco et al., 2016).
Hence, a study was designed to identify and characterize livestock
interventions and assess their effectiveness in achieving develop-
ment outcomes in a data-poor context. The results were used to
determine where the gaps are and to make recommendations to
guide the future evaluation of livestock-based interventions.
They would also inform the direction of future research (e.g. to
determine what methodologies should be used to ensure a non-
biased assessment of impact).

Material and methods
Study approach

A scoping review was conducted in a systematic way following the
PRISMA guidelines (Moher et al., 2009; Tricco et al., 2016).
Briefly, the methodology provides a framework to identify, review,
and analyze evidence to support some specified research ques-
tions. A priori study protocol was developed, based on what
had successfully been used to answer similar questions (Alonso
et al., 2016a, 2016b) (Annex 1). The protocol was used to system-
atically find publications that could answer the research question.
It was not pre-published.

Our research question was ‘what is the evidence that farm-
based livestock interventions in smallholder systems in developing
countries have benefited people’.

The PICO elements were as described below:

« Population: people involved in smallholder livestock production
in developing countries
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o Intervention: any planned action that, when implemented,
could impact on smallholder livestock production and has the
potential to benefit people

o Comparison: the comparison for the intervention, it could be a
control group or a ‘before-and-after’ comparison. Results are
less meaningful in studies that lack a comparison group.

o Outcome: any documented outcome which describes or is
plausibly related to human well-being (includes development
outcome, primary outcome, secondary outcome, surrogate out-
come, intermediate outcome, or end outcome) (see Table 1 for
detailed listing).

Papers published before 23 May 2017, with no set start time,
were considered in the study. Studies had to be in English, to
describe interventions in animal production and health, and be
published in peer-reviewed journals to be included in the review.
Screening was applied at the title, abstract, and full paper review
stages.

Eligibility criteria and definitions

We defined ‘farm-based interventions” as any actions planned to
bring change in smallholder livestock systems, and those with the
potential to improve human well-being in developing countries.
There is no unique or universal definition of a smallholder.
They may be defined on the basis of either area of farm, number
of animals owned, farming system used, farming purpose, farm
income, farm capital and labor, or combinations of these (Grace
et al., 2008a, 2008b). For each publication, we relied on the infor-
mation provided to determine if an intervention was a
smallholder-based one or not. We considered developing coun-
tries to be low- or middle-income countries as assigned by the
World Bank at the time this review was conducted (World
Bank, 2019). Outcomes affecting human well-being were those
with the potential to improve health, nutrition, and income (or
livelihoods).

Studies that included the evaluation of farm-level interventions
(in animal production and health) and had a comparison group
(either a control group or before-and-after data) were eligible
for consideration. Interventions implemented as experiments
and in restricted environments such as research centers or on
research stations (i.e. agricultural premises operated by a research
organization) were excluded. Challenge trials were also excluded.
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Such studies are systematically different from field studies (and
over-optimistic of impact) and have limited external validity
(Levitt and List, 2009; Wisener et al., 2014). We did not consider
trials with relevance only to large-scale intensive livestock produc-
tion, even where there was evidence that the projects had been
implemented in developing countries (Wallach et al., 2008),
largely because of their limited relevance to smallholder farming
systems.

We captured development outcomes, development impact,
epidemiological outcomes, surrogate outcomes, intermediate out-
comes, and end outcomes using the following definitions. It is
important to note that epidemiological research, economic
research, and development initiatives often have different defini-
tions for these commonly used words.

+ Development outcomes and impacts: The OECD Development
Assistant Committee (OECD, 2012) defines outcomes as ‘the
likely or achieved short-term and medium-term effects of an
intervention’s outputs’ and impacts as ‘positive and negative, pri-
mary and secondary long-term effects produced by a develop-
ment intervention, directly or indirectly, intended or unintended .

« In epidemiological studies, outcomes can either be primary or
secondary. Primary outcomes are those that are most relevant
to the research question being addressed by the project, while
secondary outcomes are the additional ones that are monitored
to help interpret the primary ones (Sibbald and Roland, 1998).
A primary outcome might be a reduction in mastitis while an
associated secondary outcome could be an improvement in
farmer knowledge. Outcomes should be stated before the
research is implemented (Sibbald and Roland, 1998).

« Surrogate outcomes are measures that are not of direct practical
importance but are believed to reflect the outcome of interest.
For example, antibody response to a vaccine is not of real-world
significance but may indicate that animals are being protected
from the disease. Though easy to measure, surrogate outcomes
may lead to a false interpretation of the efficacy of the interven-
tion if the surrogate used is not a very good predictor of the pri-
mary outcome (Sibbald and Roland, 1998).

« Intermediate outcomes apply to project management and refer
to changes on the way to the ‘end outcome’ or a higher-level
change that an intervention hopes to bring about. For example,
increased knowledge of mastitis by farmers has no direct bene-
fit, but may lead to, or support, better mastitis control which
may lead to higher milk production, more milk sales, and
increased consumption within the household. In this case,
knowledge about mastitis is an intermediate outcome. The
end outcome may be better control of mastitis, or improved
income and nutrition for farmers depending on the objectives
of the intervention.

Information sources
Searches were done in PubMed and CAB Direct databases.

Search terms and study selection strategies

Keywords were chosen (Table 1) and search strings to capture
relevant studies defined (Annex 1), based on the region where
they were implemented, the type, livestock species involved, and
the outcome measured. The terms were developed by the research
team, tested, and judged for their suitability on the basis of the
publications captured (and modified where appropriate). We
kept the terms unspecific at the start to make it possible to capture
as many intervention studies as possible, and any type of farm-

https://doi.org/10.1017/51466252320000146 Published online by Cambridge University Press

Johanna F. Lindahl et al.

level intervention, either on animal production or on health,
was considered at this early stage. Screening was done at the
title, abstract, and full publication stage of the review. All titles
and abstracts were reviewed by two reviewers, who also, inde-
pendently, made decisions on whether to accept or reject. An art-
icle entered the next reviewing stage if it was accepted by at least
one of the reviewers. First, the publication title was considered,
and where judged eligible (based on the inclusion criteria speci-
fied in the protocol), its abstract was sought and reviewed to
determine its eligibility. We checked for duplicate entries and
removed them whenever present. Full publications linked to
accepted abstracts were retrieved, reviewed to determine their eli-
gibility, and data extracted from the eligible ones. We also
extracted data from abstracts considered eligible but whose full
papers could not be found. After having reviewed the results
from the systematic search, the authors also included studies
they considered relevant to the study question (i.e. those they
were aware of but had not been captured by the search process)
for the more in-depth review of interventions.

Data collection process

Data were extracted from full papers and abstracts meeting the
inclusion criteria. The abstracts referred to are those that were
judged acceptable but for which full papers were not available
for review. Data extraction for each paper was carried out by
one reviewer; however, to monitor the process and ensure accur-
acy, both reviewers extracted data in approximately 6% of the
publications. An Excel® database was designed into which all
the extracted data were entered. Codes were provided for most
of the variables and an additional spacing provided to expand
on selected options. In a few of the entries, no restrictions were
applied as responses were expected to vary across publications.
For example, the question ‘which outcome variable was studied?’
revealed a variety of responses, even within the same study. An
observation was treated as ‘missing’ in the case where a response
was difficult to find during the article review process. Table 2 is a
summary of key data extracted from the eligible publications.
Factors likely to influence the adoption of the studied technolo-
gies (as reported by authors of the reviewed publications) were
also captured (i.e. challenges faced in the implementation of the
study, the successes, and opportunities). We also identified factors
that were likely to be confounders including those highlighted in
the publications.

Quality assessment of individual studies

Because the papers were expected to be highly variable in content,
reporting, and quality, we conducted a quality assessment based
on the criteria developed by Alonso et al. (2016a), a broad and
easy-to-apply criteria that has also been found to be suitable for
use in data-poor contexts. It included the assessment of method-
ologies used in the study (i.e. were they consistent with good prac-
tice, was the writing coherent, and were data presented in a
manner that enabled extraction) (Annex 1). This method of qual-
ity assessment is more subjective and cannot be relied on as a tool
for risk-of-bias assessment (and was only used as a guide to iden-
tifying the publications we needed to consider in the study). We
did not assess the quality of accepted abstracts.

Synthesis of results

There are several reasons why it was not possible to present sum-
mary estimates in the study. First, the diversity of the interven-
tions, and second, the statistical tools reported were variable
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Table 2. Summary of key data extracted from the literature on livestock-related interventions

Stage of

review What data were extracted

Title and Publication details Title, year of publication, author list, if original or review, if duplicate or not
abstract

Full paper Reviewers decision Is the paper of acceptable or not acceptable quality

review

Details related to the
accepted paper

Year the study was done, region, country, area, if an urban, peri-urban or rural setting

Description of the
intervention

What the implementation consisted of, step in the value chain where applied, type of study, species
involved, duration, etc.

Description of the
evaluation

If an evaluation was done, how long after the intervention, who did the evaluation, does the study take
other interventions into account; does the study take other confounding variables into account, was

there before and after data, was there an intervention and control group, were interventions randomly

allocated to groups

Assessment of effects

Which statistics were used, what was measured (improved knowledge, improved animal health,

increased production, increased food consumption, etc.)

What other data extracted

If an exit plan (plan for sustainability after the end of the project) was provided in the study, reported

weaknesses, challenges, strengths and opportunities, summary of the paper conclusion, quality of the

paper, etc.

(and ranged from simple descriptive analyses to tests of hypoth-
esis — t* tests, ANOVA, regression models, etc.). But even where
the same tests were used, a great variability of outcomes across
the studies was observed. Our analyses were thus descriptive; fre-
quency tabulations and graphs were used to support the thematic
description of the reviewed papers.

Results
Studies retrieved in the systematic process

The total number of articles included and excluded at each stage
of the review is summarized in Fig. 1. Our scoping of the literature
identified a total of 70 publications (56 full papers and 14
abstracts); 23 (32.8%) were from studies conducted in Asia, 45
(64.3%) in Africa, one (1.4%) in Latin America (Mexico), and
one (1.4%) in multiple countries across the three regions. The
publications (n=70) described interventions in cattle (40%),
other ruminants (17%), and poultry (17%) (Annex 2).

Data on specific areas where the studies had been implemen-
ted were missing in 26 of the publications reviewed. Most studies
had been done in rural areas (94%; n =44). Our search strategy
aimed to capture papers published before May 2017, although
we did not specify start periods, our search captured publications
from as early as 1979 (Fig. 2). For 19 of the publications reviewed,
it was not possible to determine when the intervention study had
been conducted. One publication could not be dated.

Out of the 70 studies identified by our search protocol, many (32)
did not provide data on the time interval between when they were
implemented and when they were evaluated (implementation-
to-evaluation period). An implementation-to-evaluation period of
at least 12 months was observed in five of the studies reviewed; the
longest time period reported was 48 months. For the remaining stud-
ies (33), the duration was variable, but less than 1 year.

Quality assessment and evaluation of interventions

The criteria developed by Alonso et al. (2016a) (Annex 1) was
used to assess the quality of the reviewed publications (n = 56;
34 in Africa, 21 in Asia, and one from multiple continents).
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Sixty-eight percent and 71% of the papers were judged as accept-
able, for the Africa-based and Asia-based publications, respect-
ively, which is in the range of acceptable publications (as
reported by Alonso et al, 2016a). A total of 17 publications
were of unacceptable quality, on the basis of either study designs
or approaches that were inadequately described, or writing that
was too poor to follow and understand, or conclusions that
were unsubstantiated, which made data extraction moot. We
did not assess the quality of reviewed abstracts (n = 14) although
there were indications that some of the abstracts were of poor
quality. In one case, the abstract was found to be too unspecific
to even determine if the study was original or a review. The
eight additionally added publications (described later) were all
judged to have good quality.

For the evaluations, we sought to understand if these had been
planned while designing the intervention, and if the activity was
implemented by the group that had implemented the interven-
tion. Evaluation was considered in advance (or was judged to
have been planned based on the methodology presented) in 51
of the reports representing 73% (n =70) of publications found
using the protocol. In seven studies, the evaluation seemed not
to have been planned for at the start of the intervention. In
some cases, a separate group of researchers was involved in the
project evaluation exercise; in others, the implementers also eval-
uated the intervention. It was often difficult to determine how
long interventions lasted (i.e. time from start to end); we were
not able to determine this in 12 of the studies. Randomized con-
trolled trial (RCT) was not an inclusion criteria, so studies with
control groups and those presenting before-and-after compari-
sons were included. However, in most cases, it was difficult to
determine if a comparison group for the intervention existed.
Surprisingly, 30 studies provided no comparison group, raising
questions on what the authors had relied on to determine the sig-
nificance of any change. In yet another case, authors presented
results of a comparison between two different interventions, but
no control group was provided, again raising concerns on how
these two performed when compared to a control.

Impact was assessed either using ‘before-and-after’ data (in 27
out of 70 publications) or using mid-term data (as observed in
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2739 (initial number of articles) retrieved from CAB Direct and PubMed

2511 (not meeting inclusion criteria)

8 (duplicates)

70 (included)

(56

228 (included based on abstract)

220 (included)

150 (excluded)
Poor quality or not
meeting inclusion criteria

full text/14 abstracts)

78 data
extracted

8 high quality
studies added

Fig. 1. Summary of the number of publications included or excluded at each stage of the scoping literature review process.

Number of
publications

Fig. 2. Description of the number of publications
included in the systematic review of literature on
livestock-related interventions.

two publications). There was a mention of randomness in 18 of
the publications reviewed; however, it was not always clear at
what level in the study these had been implemented (if in the
selection of participants for surveys, and if it applied to all sam-
plings in the study, or if it meant the actual random assignment
to the intervention or the control groups, and if individual, or
clustered assignment). Only one publication considered the effects
of other interventions in both the analyses and interpretation of
the findings.

Addition of selected publications

After the screening process was over, we realized important pub-
lications had not been identified and this prompted us to deviate
from the protocol to manually add these. Eight publications were
added after the review process. These studies, according to the
authors, represented a high quality of evaluation, and relied on
RCT design to assess effects arising from the interventions.
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These had not been detected in spite of the search syntax includ-
ing the word ‘trial’. Six of the publications were from studies con-
ducted in Africa, one in Asia, and one in multiple countries across
the three regions. The eight studies focused on cattle (2), pigs or
pork (2), equids (1), poultry (1), and both cattle and small rumi-
nants (2). Thus, in total, 15 studies, including the seven from
the search component, used an RCT design which allowed the
researchers to draw causal inferences, supporting the claim that
the intervention actually caused the reported outcomes.

Syntheses of results

We observed a varied range of interventions, including (1) cap-
acity building initiatives, varying from simple provision of infor-
mation to long-term, hands-on training; (2) strategies to improve
production, including feeding, disease control, breeding, etc.;
(3) improving marketing; and (4) interventions that focused on
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specific technologies (e.g. vaccines, vector repellants, etc.). These
projects were implemented either singly or in combination, and
were delivered through a variety of modalities including govern-
ment extension services, non-governmental organizations, com-
munity development programs, vouchers redeemable against
private sector services and inputs, and mass or social media.
Training targeted different actors in the value chain: In a
Newcastle disease (ND) control project, vaccinators were trained
and supplied with vaccine (Danho et al., 2006), while in a differ-
ent project, farmers received animal health, nutrition, and
marketing information that included vaccination, parasite man-
agement and bio-security, forage establishment, and husbandry.
In the project by Heifer International, model farms were identified,
given inputs to construct poultry houses, and provided with basic
training on highly pathogenic avian influenza disease (i.e., symp-
toms, prevention, and control) (Bhandari et al, 2011). The farmers
would then participate in educating other farmers in the commu-
nity, through demonstrations, informal discussions, exchange visits,
and public education campaigns. Collaborators were issued training
packages, which included syringes, needles, and educational pro-
motion materials about early detection, reporting, and rapid
response, and they were retrained every 6-12 months.

The goat improvement project not only provided farmers with
starter goats but it also promoted the formation of farmer groups
and established joint saving schemes (Ayele and Peacock, 2003).
Women were given goats and encouraged to grow fodder. The
project also promoted the establishment of goat groups and for-
mation of credit schemes.

Overall, interventions were either research-based, development-
based, or a combination of the two approaches. Assessment of dif-
ferent mastitis control interventions provides a good example of a
research-based project, while those based on capacity building to
support livelihood diversification (e.g. following drought periods)
are development-based.

In-depth analysis of the selected high-quality studies

For the purpose of this analysis, we define ‘high-quality’ studies as
RCTs, and included the seven studies from the initial review and
the eight that were added during the review and analyses stage
(for a total of 15 studies). Six of the studies were by authors, or
co-authors from, the CGIAR (mostly from the International
Livestock Research Institute (ILRI), Kenya). Nearly all these pub-
lications had lead or last authors from high-income countries, and
almost all were co-authored by scientists from developing coun-
tries. Table 3 is a summary of the studies we considered as high-
quality RCTs (an additional description is given in the follow-up
text). The interventions have been categorized with reference to
the role played by relevant value chains (vc), as those: (1) that
were directly based on leveraging the value chain (i.e. direct vc);
(2) not directly based on leveraging the value chain but with ben-
efits that may have been mediated via value chains (i.e. indirect
vc); and (3) with zero involvement of the value chain (i.e. no
vc). The final outcome is also considered (on human health, ani-
mal health, and livelihoods).

The reporting format was also not uniform. In most papers,
the results were presented in ways which made it difficult to ana-
lyze the uptake, magnitude of the effects, and the value of benefits
and costs associated with the interventions. The papers lacked
essential details as recommended in the CONSORT and
REFLECT guidelines (Begg et al., 1996; Schulz, 1997; Brand,
2009; O’Connor et al., 2010).
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Olney et al. study: improving childhood nutrition

The study by Olney et al. (2016) was implemented in Burkina
Faso, involved women and aimed to improve their nutrition.
The authors describe a large, well-designed, cluster-randomized
trial of a 2-year intervention covering both agriculture and nutri-
tion. Weaknesses were found in the manner in which data were
analyzed and the way the results were presented, specifically: a
failure to clearly report primary and secondary outcomes; making
causal claims for secondary outcomes; multiple primary and sec-
ondary outcomes without adjusting significance levels for mul-
tiple comparisons; limited discussion of clinical significance;
and making causal claims for sub-group analyses. Nonetheless,
the study suggests, but does not demonstrate, that an integrated
livestock-based intervention can have benefits on child and
maternal health. Interestingly, another paper from the same
study was not retrieved by our search syntax (Olney et al.,
2015), likely because poultry was only a minor part of the inter-
vention and was not mentioned in the title, keywords, or abstract;
however, both papers are discussed here.

Saenger et al. study: impact of milk quality information on
behavior of dairy farmers
The authors evaluated the behavioral impact of sharing milk qual-
ity information with dairy farmers (Saenger et al., 2014). As milk
companies pay farmers based on the quality of milk, there is an
incentive for them to under-report quality and therefore under-
pay farmers. By introducing vouchers for third-party quality
measurement, the company’s credibility with dairy farmers was
improved. However, <10% of farmers opted for this information,
although it was easy, cheap, and credible. Treatment farmers (who
received information on milk quality) fed their animals more con-
centrates than control farmers; output also increased (when milk
collection center was controlled for in the analyses). Primary and
secondary outcomes were not specified. Overall costs were also
not specified. By linking farmers to third-party quality checkers,
under-reporting of milk quality was ruled out and farmers were
able to allocate their resources more efficiently leading to higher
outputs (and better incomes). The extent and uptake of the ben-
efits were difficult to evaluate from the paper.

Four studies had a primary focus on livestock disease control
(although one also evaluated income and livestock product
consumption).

Henning et al. study: Newcastle disease (ND) vaccination and
improved chick management

A large RCT on village chickens in Myanmar compared ND vac-
cination and improved chick management with a control
(Henning et al., 2009). The management changes included con-
fined rearing of chicks with the hen under locally-designed
coops combined with supplementary feeding with a creep feeder.
A nested trial compared serological titers to ND in vaccinated and
non-vaccinated birds. The first trial had seven outcomes, and pri-
mary and secondary outcomes were not specified. Vaccination
against ND did not decrease crude mortality: however, overall
infection pressure from ND was found to be low. Management
changes lowered mortality, more birds were sold, and an income
increase of $US2.50 per month was observed. More households
reported hatching chicks, and after a lag period of 7 months,
they were also more likely to consume home-produced birds.
External validity was addressed. Although multiple comparisons
may be problematic, this study provides good evidence that
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Table 3. Summary of 15 high-quality evaluations of livestock interventions using randomized controlled trial methods, classifying significant as effects with P-values

<0.05
End outcome Intervention Step Significant results Not significant Study
Human health Integrated program Farm, None Primary outcomes: child (Olney
providing livestock inputs indirect anemia; anthropometrics et al., 2015)
and training and nutrition value .
messages . Secondary outcomes: ) Secondary outcomes: intake (Olney
prevalence of underweight meat/poultry; mean BMI; et al., 2016)
mothers; empowerment dietary diversity score
Human health Training on biosecurity, Farm, no Primary outcomes: significant None (Madsen
infrastructure change, value and substantial decreases in et al., 2015)
awareness chain fish infection with zoonotic
trematodes
Human Livestock, livestock training, Farm, 2 consumption indicators, 3 Physical health; women’s (Banerjee
well-being vet services, savings, human indirect financial indicators, mental empowerment et al., 2015)
health (farm, indirect value value health, more household time
chain) chain spent working, political
awareness
Human Livestock, livestock training, Farm, 2 consumption indicators, 3 Household time spent (Bandiera
well-being vet services, savings, human indirect financial indicators, mental working, women’s et al., 2017)
health value health, more women’s time empowerment
chain spent working, political
awareness, physical health
Human Providing pigs, training and Farm, Increase in livestock. Increase Domestic violence (Glass
well-being inputs indirect in loans. Improvement in 3 of 4 One of 4 health measures et al., 2017)
value health measures
chain
Human and Effect of (a) hygiene; (b) Farm, no Reduction of contagious Milk yield; somatic cell (Omore
animal health therapy; (c) hygiene and value pathogens from treatment c in counts; clinical mastitis; et al., 1999)
therapy on bovine mastitis chain one mode infected quarter; contagious
pathogens; environmental
pathogens
Animal and Effect of a new Rift Valley Farm, no High (>90%) immunogenicity in None (Njenga
human health fever vaccine on value sheep and goats and moderate et al., 2015)
immunogenicity and safety chain (>65%) immunogenicity in
cattle
Animal health Effect of Newcastle disease Farm, Higher antibody titers; farmer Crude mortality in ND (Henning
and human vaccination and improved indirect perception of less death from vaccination group et al., 2009)
nutrition and management on poultry value ND in vaccinated birds
income health, sero-conversion and chain Lower mortality, more
livelihoods hatchings, higher sales, and
higher consumption in chick
management group
Animal health Effect of anthelminthic Farm, no Secondary outcomes: body Primary outcome: body (Crane
treatment on equids value condition score; fecal egg weight Secondary outcome: et al., 2011)
chain count; 5 out of 18 owner 13 out of 18 owner
appreciation questions appreciation questions
Animal health Effect of a repellant on Farm, no Primary outcome: (Bett et al.,
reducing trypanosomosis value trypanosome infection 2010)
chain incidence per animal per
year
Farmer Effect of a brochure on Farm, no Primary outcomes: increase in Primary outcome: increase (Grace
capacity, trypanosomosis treatment value farmer knowledge and in herd hematocrit etal.,
animal health on farmer knowledge, chain successful treatments 2008b)
practice and animal health
Farmer Effect of providing milk Farm, Increase in feed inputs to dairy None (Saenger
behavior testing results direct cattle et al., 2014)
value
chain
Farmer Effect of different Farm, no Knowledge of mastitis None (Bell et al.,
knowledge communication methods on value increased 2005)
knowledge of mastitis chain
Farmer Effect of different Farm, no Knowledge of equid health None (Stringer
knowledge communication methods on value increased et al., 2011)
knowledge of equid health chain
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chicken management leads to better animal health and livelihood
outcomes.

Crane et al. study: the effect of an anthelmintic program for
working equids

A relatively large RCT was conducted on working equids in
Morocco (Crane et al., 2011). The study was characterized by a
large loss to follow-up. The intervention was an antihelmintic
treatment program involving the use of ivermectin and fenbenda-
zole. Primary and secondary outcomes were not specified but it
appears the major hypothesized effect was increased body weight
in the dewormed horses. Although the observed differences in
body weight were not significant, a significant effect on body con-
dition score was reported. At the early stages of the study, the
treatment group was perceived to have an improved health status,
increased ability of the horses to work, and reduced pruritus.
There was no adjustment for multiple comparisons. Fecal egg
count was numerically lower also in the untreated controls com-
pared to other studies, which could have affected the ability to
find effects. This study provides no conclusive evidence that
deworming can lead to better health outcomes in equids.

Madsen et al. study: control of fish-borne trematodes

A small, 2-year RCT was conducted on fish farms in Vietnam to
control fish-borne zoonotic trematodes (Madsen et al., 2015). The
intervention included reducing egg contamination through the
treatment of people and domestic animals, mud removal to
reduce snail density, and reduction of infection in the juvenile
striped catfish and giant gourami. Primary outcomes were stated
and not excessive in number (i.e. infection status of fish and
intensity of infection). Information was not provided on the
costs or the amount of help given to the 14 intervention farmers.
Although trematode infection in juvenile fish was reduced, levels
in adult fish, human exposure, or prevalence were not assessed.
This study provides good evidence that intensive disease control
measures can reduce zoonotic disease in fish but gives no
evidence on the feasibility or human health impacts of these
measures.

Omore et al. study: mastitis control strategies

A moderate-sized RCT conducted in smallholder dairy farms in
Kenya compared three mastitis control strategies: (a) improved
udder hygiene; (b) treatment of subclinical cases; and (c) a com-
bination of the two (Omore et al., 1999). Primary and secondary
outcomes were not stated. Six different indicators of mastitis were
assessed and two different methods of comparison were used. In
one model, there was an 18% decrease in environmental patho-
gens under treatment ¢, but no adjustment was made for multiple
comparisons. Information was given on the cost of strategies. This
study provides no evidence that mastitis control leads to better
health in animals or yields economic benefits in smallholder
systems.

Our search strategy failed to detect eight RCTs, four focused
on disease control, two on livestock production, and two on
knowledge transfer. One of the report authors was a member of
the research team in three of these studies.

Bett et al. study: impact of tsetse repellant technology

A large, cluster-randomized trial among cattle owners in Kenya
assessed the impact of a tsetse repellant technology on reduction
in trypanosomosis (Bett et al., 2010). One primary outcome was
clearly stated. Unusually, the paper addressed the attractiveness
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of intervention to end-users and not just effectiveness. A reduc-
tion of at least 50% was considered as the threshold that would
make the technology a viable alternative to other options, but
only 18% was achieved. This was attributed to the fragility of
the technology and greater susceptibility of cattle under field con-
ditions compared to earlier station experiments. This study is
good evidence that a novel technology, such as this tsetse repel-
lant, does not substantially reduce trypanosomosis.

Grace et al. study: impacts of rational drug use information
This large, cluster-randomized control trial among smallholder
farmers in Mali assessed the impact of rational drug use informa-
tion (Grace et al., 2008b). Primary outcomes were specified, and
included improvement in farmer knowledge of trypanosomosis
treatment at 2 weeks and 5 months, successful treatment of sick
animals by farmers and improvement in herd hematocrit levels
at 5 months. Improvements were significant but modest to mod-
erate for the first two outcomes (i.e. change in knowledge and ani-
mal treatment). Ten secondary outcomes were also assessed, of
which two were significantly better in the intervention group.
Adjustment for multiple outcomes was not done. External validity
was addressed. Costs of the intervention were not given, but it was
designed to be low cost, as information could be bundled with
drug treatments. This study provides good evidence that provid-
ing information to farmers can improve their knowledge, practice,
and health outcomes in their cattle.

Njenga et al. study: immunogenicity and safety of a new Rift
Valley fever (RVF) vaccine

A moderate-sized RCT was conducted on commercial farms in
Kenya, to assess the immunogenicity and safety of a new RVF vac-
cine (Njenga et al., 2015). This was in response to concerns over
the only existing commercial vaccine. The outcomes were clearly
stated. The results show the new vaccine is safe to use and has
high (>90%) immunogenicity in sheep and goats but moderate
(>65%) immunogenicity in cattle. Although results were signifi-
cant, immunogenicity was not satisfactory in cattle and further
trials with different doses were recommended. The study provides
good evidence on the safety and immunogenicity of the
product but not on how protected the animals would be against
infection.

Banerjee et al. study: improving nutrition and economic status
of poor households

This graduation-based program was a large, six-country RCT
which tested the effect of a package of livestock-based interven-
tions on a range of outcomes (Banerjee et al., 2015). The interven-
tion was targeted to the ultra-poor population. There were 10,495
participants in Ethiopia, Ghana, Honduras, India, Pakistan, and
Peru. The approach combined the transfer of a productive asset,
usually livestock, with cash payments, training in livestock-
keeping, follow-up visits, savings encouragement, and health edu-
cation and/or services. The value of assets varied between sites,
ranging from purchasing power parity (PPP) US$451 to PPP
US$1228 per household. The primary goal was to substantially
increase consumption among the very poor, which was achieved
by the conclusion of the program and maintained 1 year later.
Total costs varied from US$1455 per household in India to US
$5962 in Pakistan, and estimated benefits were higher than the
costs (except in Honduras where the chickens died), with a
cost/benefit ratio as high as 433% in India. There were 10 primary
outcomes, and this was not adjusted for in the analysis.
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Bandiera et al. study: livestock asset transfer

A large RCT was conducted with ultra-poor households in
Bangladesh (Bandiera et al, 2017). This followed a similar
approach to the above graduation-based program. There were
six livestock asset bundles worth US$560 and an associated sup-
port package of the same value. On average, benefits were 5.4
times more than costs.

Glass et al. study: livestock productive asset transfer
A moderate-sized RCT was conducted among rural households in
the Congo (Glass et al., 2017). The intervention included two pig-
lets, training in pig keeping, biweekly home visits by trained staff,
support for association meetings, pig health services, and 50 kg of
feed. Primary outcomes are not described and there were nine
outcomes clustered as: economic (2); physical and mental health
(4); and domestic violence related (3). Economic (2) and health
benefits (three out of four) were seen but information is not
given on the cost of the intervention. This study provides moder-
ate evidence that giving people livestock assets and training them
on management increases possession of these assets, and the more
interesting finding, that this improves their health but does not
affect domestic violence.

Two studies evaluated the methods for improving farmer
knowledge.

(1) An RCT with smallholder farmers in Tanzania compared
three different methods for imparting knowledge about mas-
titis (i.e., handout, meeting, or video) (Bell et al, 2005). Five
different combinations of methods were compared to the
control. All showed an increase in knowledge of mastitis rela-
tive to the control. The village meeting was less effective and
combining different methods had no advantage over the
handout alone. This study provides good evidence that pro-
viding information to farmers improves their knowledge.

(2) A second intervention aimed to improve farmer knowledge
was also not detected by the search strategy. A cluster-RCT
was used to evaluate and compare the effectiveness of three
methods for imparting knowledge about equid health
amongst rural Ethiopian working equid users (Stringer
et al, 2011). An audio program, a village meeting, and a
handout all significantly improved knowledge relative to the
control, with the audio program being the least effective.

Opverall, six of the 15 individual RCTs did not find evidence
that the intervention worked. These were: integrated programs
and childhood nutrition; ND vaccination and reduced poultry
mortality; RVF vaccination and immunity in cattle; equid
deworming and improved body weight; mastitis interventions
and reduced mastitis; tsetse control and reduced trypanosomosis.
Two of the six studies focused on a near-term, easy to obtain, but
unimportant change, which was to improve knowledge through
access to information; one study, focused on intermediate out-
comes (i.e. reducing fish disease through improved biosecurity),
failed to address feasibility and lacked external validity; one
study reported significant, but intermediate or surrogate out-
comes (i.e. immunogenicity of RVF vaccine in goats); another
study showed significant and meaningful outcomes (i.e. providing
pigs improves assets and health), but it was not likely to be sus-
tainable because of the high cost of the intervention. Only two
studies presented interventions with outcomes that were mean-
ingful, with improvements to animal health and human liveli-
hoods, and were likely to be sustainable and scalable because of

https://doi.org/10.1017/51466252320000146 Published online by Cambridge University Press

Johanna F. Lindahl et al.

simplicity and low cost, involving improving poultry management
and providing rational drug use information for farmer treatment
of cattle, respectively.

Non-RCTs interventions and claims of impact

Our review included experimental studies with designs that were
not RCTs, and although findings from these could suggest inter-
ventions led to outcome and impacts, we are less confident that
positive findings, or failure to find effects, were real or due to
study design weaknesses. We found several studies that randomly
assigned a small number (two to six) of herds or villages to differ-
ent intervention packages and also chose or randomly assigned a
small number as controls. In these cases, the controls were
counterfactual, but it is likely that because of the small group
sizes involved, these could not yield results equivalent to those
from RCTs that rely on prior power calculation to ensure an
appropriate number of subjects. A study in Pakistan randomly
assigned six settlements to either intervention or control groups
(Rowland et al, 2001). Another study attempted to compare
four different interventions with only four subjects per group
(Muhanguzi et al., 2014). Other studies used difference-in-differ-
ence design where both the intervention group and the control
group are compared at baseline and endline. A small number of
studies used quasi-experimental designs, which rely on a control
or counterfactual comparison group which has not been created
by randomization. Overall, 55 studies reported positive findings
following the implementation of the interventions, including
improved knowledge (5), improved human health (2), improved
animal health (15), and improved animal productivity (7). Eight
publications reported improved food consumption while 18
reported improved economy or better livelihoods of the farmers.
Negative findings were reported in two studies (i.e. a decrease in
productivity or a completely failed intervention).

Uptake of interventions (barriers and bridges)

The success of any intervention is dependent on a number of fac-
tors (Mayne and Johnson, 2015). Based on the publications
reviewed, factors such as the low adoption of technologies, inad-
equacies in the timing of interventions, and external factors such
as drought or insecurity, can reduce the impact. Providing free or
subsidized inputs is problematic, as continuation after the project
usually requires farmers to undertake the full cost of inputs which
is often beyond their means or willingness to pay, and this affects
both sustainability and scalability. Culture and access can also
limit adoption (Mathias and Mundy, 2010). The authors of the
reviewed publications suggested factors to improve the success
of interventions: targeting women to improve their participation
(e.g. to provide incentives); establishing a good relationship with
stakeholders (e.g., partners, farmers, etc.); having champions for
each intervention; using participatory approaches and processes;
considering farmer-led interventions; integrated approaches
with multiple intervention strategies; and cost sharing and estab-
lishment of micro-financing mechanisms. The short duration of
intervention or insufficient time between intervention and assess-
ment, lack of power, risk of control groups having been influenced
by intervention farmers, lack of a randomized controlled or
experimental design, and the challenges in measuring outcomes
that were influenced by factors other than the livestock interven-
tion (e.g. childhood anemia) were the reasons for failure to
observe an impact in some of the publications.
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Discussion

In this review, we described how previous livestock interventions
have been evaluated and highlighted the challenges in finding evi-
dence to support their application. The papers with a rigorous
design provided some insights into interventions involving
value chains, and nearly half of the studies had outcomes relevant
to human health or nutrition. However, in relation, the majority
of the total screened literature had outcomes related to animal
health, and a much lower proportion of studies considered
human health outcomes. This may be because of the greater
emphasis on RCT's and rigorous testing in health sciences, com-
pared to agricultural sciences (Duflo et al, 2011; Duflo and
Banerjee, 2017).

Authors also used personal experience to identify additional
documents during the analysis and development of the report.
Given the design used, such papers were judged as from high-
quality studies. It was surprising that these were not identified
by the search syntax that included the word ‘trial’ in both data-
bases and also contained six words that were related to evaluation;
perhaps using a more complete or full search term would have
helped. This suggests that evaluations of interventions may be
especially difficult to retrieve because they are not clearly flagged
in keywords, and their identification may require much more
extensive searching or the use of additional methods such as
expert information. Moreover, the use of RCTs for livestock inter-
ventions in LMICs is relatively recent and the lack of standardized
approaches may hamper identification.

Our search strategy found 15 studies that met the quality cri-
teria but only two presented interventions which had outcomes
that were meaningful (i.e. improvements to animal health and
human livelihoods) and were likely to be sustainable and scalable,
based on the costs of interventions, possibility to continue after
the end of the project, and the approach used. These two inter-
ventions, i.e. livestock transfer programs and giving famers tools
to manage diseases they consider as priorities, are good examples
of what can be considered as promising livestock-based interven-
tions, given their exceptionally strong evidence base. As reported
by Sibbald and Roland (1998), RCTs are the most rigorous way of
determining whether a cause-effect relation exists between treat-
ment and outcome, and for assessing the cost-effectiveness of a
treatment.

In evaluation science, it is commonplace that most interven-
tions do not demonstrate outcomes or impact and that the better
designed an intervention is, the less likely it is to find a significant
difference (Rossi, 1987). Our review screened several thousand
studies, analyzed 78 in-depth, and only 15 were found to be of
sufficient quality, allowing for causal inferences to be drawn.
Only two of the 15 interventions showed improvements that
were not only significant but also meaningful and likely to be scal-
able. This is not unusual as major reviews in agriculture and
nutrition have only found a handful of papers meeting quality cri-
teria. For example, the recent SLR on the impacts of livestock
product consumption on nutrition, undertaken jointly by ILRI
and Chatham House, identified just eight studies of sufficient
quality for causal inferences to be drawn (Alonso et al., 2019).

While RCTs have for years been considered the gold standard
in clinical studies, they have only recently been applied to agricul-
ture (Duflo et al,, 2011; Duflo and Banerjee, 2017). Although they
have been met with some criticism, most evaluators would agree
that RCTs offer the best way of understanding the true impact of
interventions. Typically, RCTs find fewer positive findings than
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do less rigorous means of evaluation, which, in itself, supports
the greater accuracy claimed for these studies. In this review,
around half of the livestock RCTs analyzed in-depth did have
some positive impact, which is higher than that found in some
other fields. For example, of the 90 interventions evaluated in
RCTs commissioned by the Institute of Education Sciences
(IES) since 2002, approximately 90% were found to have weak
or no positive effects, while in comparison, a majority of the
non-RCT studies showed benefits (Coalition for Evidence-Based
Policy, 2013).

We highlight a number of limitations (and bias) observed in
our review:

o Methodological flaws — weaknesses identified in the sub-set of
reviewed RCTs is consistent with what has been reported else-
where in the literature. For example, a recent study compared
effectiveness studies in animal and human health (Di
Girolamo and Meursinge Reynders, 2016). Based on the study
findings, only 2% of the veterinary RCTs, versus 77% of the
human RCTs, reported primary outcomes, random allocation,
allocation concealment, and estimation methods.

o Pooling of results and determination of summary statistics — we
did not perform any meta-analysis, due to differences between
studies, missing information, and variation in outcome variables.
The design weaknesses likely affected the validity of the individ-
ual study results and therefore also limited the extent to which
the findings could be compared and generalized. In most
cases, particularly for variables with missing data, it was difficult
to ascertain if the criterion identified as important (e.g. ‘does the
study take other interventions into account?’) had been done and
not reported, or if it had not been considered at all.

o Search strategy and missing publications — our search strategy
missed a relatively high proportion of the most rigorous studies
(eight out of 15 RCTs), which was surprising. In one case, one
publication from a large project was captured by our syntax, but
a second project from the same research effort was not cap-
tured. Including keywords ‘random’, ‘clinical trials’, and ‘con-
trol’ would have yielded most of these additional intervention
studies on PubMed, thus it is recommended for future studies.

o Focus on research-oriented publications — our review was based
on peer-reviewed publications and, as described in the text,
those that used RCT methodologies to evaluate impact were
considered to be more credible. These criteria likely eliminated
many of the reports, particularly those resulting from studies
that used other approaches, including the development-based
interventions. We do not ignore the importance of the wider
large-scale development intervention; however, given the
above explanation, agencies should consider supporting inter-
ventions that have been shown to work using RCT-based
approaches. Studies with robust designs are needed to demon-
strate that an effect is linked to an intervention (Alonso et al.,
2019). This would not only lead to scaling out of interventions
with a higher likelihood of success, but would also provide a
pathway for continuous reporting and improvement of inter-
ventions, particularly when these interventions are applied in
countries with varied settings.

o On-station and challenge trials — these were excluded because of
their lack of external validity. Unlike field trials, on-station
experiments are implemented in restricted research environ-
ments. In challenge trials, subjects are exposed to the pathogen
or hazard of interest with or without the intervention, and they
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are often implemented as a step before a randomized controlled
field trial is undertaken. Although some challenge trials are
reported in the literature, especially for vaccines, they have lim-
ited use in animal health and are often poorly implemented and
reported (Wisener et al., 2014). However, better use of challenge
trials could overcome the constraint we observed in three of the
six disease-control RCTs where unexpectedly low disease pres-
sure meant that the efficacy of the intervention was difficult to
demonstrate (i.e. deworming horses, vaccines for ND, and
vaccines for RVF).

o Adoption studies — a type of intervention study that does not
always use controls, but rather seeks to understand the propor-
tion of target populations that take up the intervention and fac-
tors influencing the uptake. There are many reasons why
farmers may not adopt interventions (Guerin and Guerin,
1994) and uptake obviously impacts the success.
Unfortunately, few studies in our review provided sufficient
information to either estimate adoption rates or the extent (if
any) of subsidy to the technology or the factors driving adop-
tion or failure to adopt. Adoption was not included as a search
term, which could explain the inability to identify more studies.
The five examples below from the wider literature give a range
of adoption for different technologies:

o East Coast fever (ECF) is one of the most important cattle dis-
eases in east Africa. A highly effective, but relatively expen-
sive, vaccine is available in several countries. Lynen et al
(2012) implied uptake rates could be high (more than 50%)
within a project context. Elsewhere, adoption is much
lower: studies in Uganda and Tanzania found uptake of
<10% (Kasibule, 2013; Yiryele, 2016). Comparing the
known quantities of ECF vaccine produced (Perry, 2016) to
the number of cattle at risk, it suggests that <1% of the cattle
at risk had been vaccinated.

o Trypanosomosis is the most important disease of cattle in
many parts of Africa. A high proportion of farmers (>80%)
pay for treatments when animals are sick. These treatments
are mostly obtained through the informal sector. However,
community-based trypanosomosis control, although technic-
ally effective and economically attractive, has been shown to
be unsustainable because of farmers not willing to invest in
preventative care and the high transaction costs of communal
action (Catley and Leyland, 2001; Widyastuti et al., 2015).

o Artificial insemination (Al) is an effective way of improving cat-
tle genetics. Kenya has one of the most advanced dairy sectors
in Africa. Only 18% of the dairy herd is bred by AI and <0.05%
of the beef cattle are under AI programs (Makoni et al., 2015).
Of these, 83% are carried out by private inseminators, 13% by
dairy cooperatives and <4% by the public sector.

o Index-based livestock insurance is a way of overcoming the
challenges of high cost of verification in supplying insurance
products to the poor. Payments are made on the basis of
remote sensing. Yet even with subsidies, adoption remains
disappointingly low, rarely above 30% of the intended popu-
lation, across the several contexts in which it has been intro-
duced and interest in the product tends to decline over time,
so the initiative remains dependent on donor funding
(Takahashi et al., 2016).

Recommendations for investors

The quality and quantity of evidence was unfortunately limited,
but based on our analysis, we make some recommendations on
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best-bet livestock interventions, which can help improve future
assessments. Investors should be aware that a great majority of
interventions are not able to demonstrate effectiveness (the
so-called ‘Iron Law of Evaluation’ (Rossi, 1987)). Although this
is common across a broad range of disciplines and fields, it is
especially true for social programs. Failure to understand this
leads to unrealistic expectations and is an incentive for over-
optimistic evaluation and reporting. Although high levels of posi-
tive outcomes warrant caution, there is a compelling evidence of
positive impact for several livestock interventions: livestock trans-
fer combined with a package of training and resources is one of
the best-evaluated methods for improving the consumption of
the very poor in communities; provision of livestock foods
appears to have clear nutritional benefits especially in the first
1000 days (Alonso et al., 2019); and giving farmers novel tools
and capacities to improve the management of problems they see
as a high priority such as high mortality or sickness from the vis-
ible disease. Other livestock evaluations seem promising but have
not always been sufficiently evaluated, e.g. community animal
health workers that appear to be able to deliver satisfactory ser-
vices in a sustainable way. For some interventions, there is good
evidence that they are not sustainable outside the project context
or if continuously subsidized by donors, e.g., community-based
trypanosomosis control and livestock insurance interventions.
One way to understand how interventions may work is theory-
of-change, which also lists assumptions and requirements for
the interventions to have an impact (Johnson et al, 2015a,
2015b; Mayne and Johnson, 2015). We recommend that this is
used to better understand adoption.

Livestock interventions appear to have an unusually broad
range of benefits with the most substantial benefit being the con-
tribution to food and nutrition security, which is especially
important early in life (Alonso et al., 2019). In addition, livestock
are often owned and cared for by women who also often domin-
ate food processing and preparation, and so livestock interven-
tions may help empower women (Olney et al., 2016). Livestock
may however transmit zoonotic pathogens, which contribute to
a high degree of the disease burden in developing countries
(Engels and Savioli, 2006), and livestock products are probably
the most important source of foodborne disease (McDermott
and Grace, 2012). Zoonoses can promote poverty and are also
disproportionally affecting the poorest populations (Grace et al.,
2017).

In livestock development, as for most other development sec-
tors, there is a paucity of high-quality intervention studies: the
same is observed for clinical veterinary interventions (Di
Girolamo and Meursinge Reynders, 2016). Evaluations that do
not have an RCT design may be of limited utility as they can
never make convincing causal links between the interventions
and outcomes. Although methods such as cohort studies and pro-
pensity scoring can make causal inferences more plausible, they
are not an adequate substitute for RCTs. Interventions which
are costly or require high effort from beneficiaries should be sub-
jected to high-quality evaluations. Where RCTs are used,
researchers should use available quality guidelines to design and
implement studies. RCTs are the ‘gold standard’, but they are
not always appropriate (Scriven, 2008; Petticrew et al., 2012;
Vogt et al, 2012). They are relatively complex and expensive
and may not be suitable for answering questions such as ‘does
providing farmers with information increase their knowledge of
that information?’ or ‘does giving farmers free livestock and train-
ing on livestock-keeping increase their ownership of those
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livestock?”. Some complex and situation-specific issues cannot
easily be reduced to a question answerable by an RCT, and appro-
priate qualitative and quantitative methods should be used to
investigate these issues. In addition, some well-proven interven-
tions may not require RCTs (e.g. giving dogs rabies vaccination
to reduce community risk of rabies); but we note that some seem-
ingly obvious interventions were not able to demonstrate the
impact in RCTs under some circumstances (e.g. ND vaccination
in an ND endemic area did not reduce mortality).

Impact is complex, and a single RCT is not definitive. In our
review, two interventions which are very likely to be beneficial
(i.e. deworming of horses and vaccination of chickens), showed
no impact when evaluated by a well-designed RCT. This may
have resulted from the unusually low disease challenge, evaluation
when the disease was less present, or from other reasons. A nega-
tive RCT can chill future studies, and thus it is best practice to
base causality on multiple well-conducted RCTs.

Overall, RCTs considered in this review had many methodo-
logical problems. There was a tendency for more recent RCT's
to be better designed. Recommendations to improve the design
of future livestock RCTs are:

o Evaluations should include less immediate but more important
outcomes; for example, change in practice as the result of cap-
acity building, and not just focus on change in knowledge as a
result of the provided information.

o Evaluations should distinguish between primary and secondary
outcomes, and causal inferences should not be based on differ-
ences in secondary outcomes.
Positive responses from farmers, or other beneficiaries, are
more common than objective evidence of benefits and, because
beneficiary reports are likely to be biased as a result of polite-
ness norms, claims of impact based on farmer reports should
be given less weight than those based on more objective
indicators.
There is a high likelihood of spurious association when a large
number of outcomes is involved and multiple comparisons are
performed. This should be adjusted for or at least discussed in
the analysis.
o There is considerable divergence between RCTs implemented
by nutritionists, economists, and epidemiologists, which creates
barriers to interpreting studies. Initiatives aimed at bringing the
various disciplines to a common understanding should thus be
encouraged. Though not a focus in our study, we found nutri-
tionists and economists to be less likely than epidemiologists to
follow best practice methods and reporting as set out in
guidelines.

Especially for evaluations of small sample size, external validity

must be addressed. The participants in such studies may be very

different from the targeted beneficiaries.

 The importance (e.g. clinical or developmental significance) as

well as the statistical significance of results should be discussed.

Especially with large sample sizes, results may be statistically

significant but of little real-world importance.

Registration of trials and protocols before they are conducted is

strongly recommended, and information on accessing such

item(s) should be provided in the evaluation reports and papers.

It should be noted when outcomes change during the course of

the study.

o There are many best practice guidelines for conducting and
reporting different types of evaluations and these should be fol-
lowed and reported (see https:/www.equator-network.org).
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« Many evaluation studies are under-powered, which should be
avoided.

« Splitting one study into numerous publications (i.e. ‘salami sli-
cing’ or segmented publication) can make interpretation more
difficult and should be avoided or at least the linked papers
should be abundantly cross-referenced.

« Relatively few studies have information on the cost of interven-
tions, yet this information is essential in understanding their
potential uptake.

Conclusions

In developing countries, livestock provide a multitude of benefits
to both farmers and other actors in the value chain. While many
interventions have been implemented, with a focus on improving
food and nutrition security, proper and rigorous scientific evalua-
tions of these works have been sparse and often struggle to find
significant effects. Methodological weaknesses, as observed in
most of the studies reviewed, limits the extent to which findings
can be generalized to the larger populations. RCTs may provide
better evidence, but are difficult to perform, expensive, and
often require better collaboration between disciplines to provide
evidence on impacts at different levels (e.g., both nutrition and
livelihoods). Reviews are useful for garnering evidence on live-
stock evaluations, but, because of the great diversity in reporting,
may miss important studies.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S1466252320000146.
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