
ORIGINAL RESEARCH
published: 26 November 2019
doi: 10.3389/fvets.2019.00417

Frontiers in Veterinary Science | www.frontiersin.org 1 November 2019 | Volume 6 | Article 417

Edited by:

Lesley Stringer,

Independent Researcher, Millport,

Scotland

Reviewed by:

Arata Hidano,

Massey University, New Zealand

Chisoni Mumba,

University of Zambia, Zambia

*Correspondence:

Biruk Alemu

b.a.gemeda@cgiar.org

Specialty section:

This article was submitted to

Veterinary Epidemiology and

Economics,

a section of the journal

Frontiers in Veterinary Science

Received: 31 July 2019

Accepted: 07 November 2019

Published: 26 November 2019

Citation:

Alemu B, Desta H, Kinati W,

Mulema AA, Gizaw S and Wieland B

(2019) Application of Mixed Methods

to Identify Small Ruminant Disease

Priorities in Ethiopia.

Front. Vet. Sci. 6:417.

doi: 10.3389/fvets.2019.00417

Application of Mixed Methods to
Identify Small Ruminant Disease
Priorities in Ethiopia
Biruk Alemu 1*, Hiwot Desta 1, Wole Kinati 2, Annet A. Mulema 1, Solomon Gizaw 1 and

Barbara Wieland 1

1 Animal and Human Health Research Program, International Livestock Research Institute (ILRI), Addis Ababa, Ethiopia,
2 International Center for Agricultural Research in the Dry Areas (ICARDA), Addis Ababa, Ethiopia

Animal health interventions tend to focus on transboundary or zoonotic animal diseases

and little attention is given to diseases that mainly affect livestock production and

productivity which are of concern for smallholder farmers. To understand disease

priorities of men and women livestock keepers and how these impact households,

this study used participatory methods to elucidate priorities, reasons for prioritization,

knowledge on small ruminant diseases and their transmission pathways. The study

was conducted in 23 sites distributed across 14 districts in four regional states of

Ethiopia. Ninety-two focus group discussions (FGD) were conducted with men or

women only groups. Various tools, such as semi-structured interviews, simple scoring

and proportional piling were used to facilitate the process. A follow-up household

survey involving 432 households/interviewees collected in-depth data on key small

ruminant diseases. Each focus group identified and scored their top five diseases.

During analysis, the diseases were grouped in to seven major categories based on

local names and clinical signs reported. Highest scores in proportional piling (out of

100 counters) were obtained for respiratory diseases and gastrointestinal parasites in

highland areas (mixed crop-livestock systems) with strong agreement among respondent

groups using Kendall’s coefficient of concordance (W) (W = 0.395, p < 0.01); whereas

in lowland areas (pastoral and agro-pastoral systems), the priorities were respiratory

and neurological diseases, also with very strong agreement (W = 0.995, P < 0.01).

There was no significant difference between men and women in prioritizing disease

constraints. The reasons for prioritization were also used to define categories of impact

of disease. The household survey confirmed disease priorities and highlighted the role

of mortality for respiratory diseases. Despite differences in household roles, both men

and women unvaryingly described the clinical signs in live animals the same way and

reported similar observations of disease in carcasses of slaughtered animals. Overall,

both men and women farmers had low awareness of zoonotic diseases. In conclusion,

the priorities of national disease control programs do not fully match priorities of farmers.

Such participatory tools should therefore, play a pivotal role when designing sustainable

livestock health interventions.
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INTRODUCTION

In Ethiopia, small ruminants serve multiple livelihood functions
by providing food and nutrition, income and raw material for
industries. They also serve various important cultural purposes
such as wedding gift, charity to poorer relatives and inheritance.
Women have a lot of control over small ruminants compared to
other livestock species and are closely involved in small ruminant
health management. The animals often serve as emergency
sources of funds for household obligations and personal use.
The increase in demand for small ruminant meat products
both locally and internationally presents an opportunity for
small ruminant keepers to access better markets. However, this
opportunity has not been used because of underperformance of
the value chain in part attributed to the inability of producers to
supply safe products in required quantities.

Infectious diseases have a huge impact on productivity of
smallholder livestock systems and repeatedly come up as major
constraints in household surveys in Ethiopia (1). The impact of
animal diseases is seen through direct losses due to mortality,
cost of treatment and indirect effects through slow growth and
low fertility linked to morbidity. Annual mortality ranges from
12 to 14% for sheep and 11 to 13% for goats in Ethiopia
(2). Animal health research and development projects and
government interventions tend to deal with animal diseases
which affect trade, are transboundary in nature, or are zoonotic.
Comparably, little work has been done on endemic diseases and
their contribution to loss of productivity is poorly documented
even though these diseases potentially play an important role
in adversely affecting food security and the livelihood of
smallholder farmers.

To ensure that views of farmers are understood, veterinarians
began using participatory methods in the 1980s, particularly
in community-based livestock projects in Africa and Asia. By
the late 1990s, there was increasing use of these methods
and the term “participatory epidemiology” was commonly
used to describe veterinary applications of participatory rural
appraisal (PRA)-type approaches and methods. While PRA is a
multidisciplinary approach to various development problems in
rural communities, participatory epidemiology has increasingly
been used by veterinarians with a focus on livestock diseases (3).

Besides participatory qualitative research approaches, use
of mixed methods, which involves collecting and analyzing
qualitative and quantitative data in a single study, have been also
successfully applied in animal health (4–7). These approaches
can provide a better understanding of the research problem than
either approach alone (8).

This gender sensitive study on disease constraints was

conducted using a mixed methods design with the aim of

generating evidence to design interventions to address key

animal health constraints. The study objectives were to identify
the main small ruminant disease constraints as perceived by men
and women, the impact of the diseases on households, knowledge
of men and women on small ruminant diseases, their respective
involvement in disease management and understanding disease
transmission pathways. The findings will help to influence
the national policy on livestock disease surveillance systems

and disease control to ensure that smallholders’ problems
are addressed.

MATERIALS AND METHODS

Study Areas
The study was conducted in 23 villages across 14 districts in
Amhara, Oromia, Tigray and Southern Nations Nationalities
People’s (SNNP) regions of Ethiopia. Five districts in the
Amhara region (Basona Worena, Menz Gera, Menz mama,
Abergelle and Ziquala), three districts in the Oromia region
(Sinana, Yaballo, and Horro), three districts from SNNP
(Lemo, Doyogena and Menjiwo/Adiyo), and three districts in
the Tigray region (Endemehoni, Atsbi wonberta, and Tanqua
Abergelle) participated.

The agroecology and production system characteristics of the
study sites are shown inTable 1. Livestock production in Ethiopia
is broadly classified into pastoral, agro-pastoral and mixed crop-
livestock, peri-urban and urban production systems (9).

The highland agroecology with mixed crop-livestock system
is typical for areas above 2,200m above sea level (masl) and is
characterized as a system in which livestock husbandry and rain
fed cropping are closely interlinked. Livestock provide inputs
(draft power, transport, manure) to other parts of the farm
system and generate consumable or saleable outputs (milk, meat,
eggs, hides and skins, wool, hair and manure). Crop residues
are used as livestock feed; animals can be sold and revenues
reinvested in agriculture or sold when the crop is failing because
of weather or pests; cereals and most staple foods are produced
in quantities that cover the needs of the family and excess is sold.
The principal objective of farmers engaged in mixed farming is to
gain complementary benefit from an optimum mixture of crop
and livestock and spreading income and risks over both crop and
livestock production (10).

The lowland agroecology with mixed crop-livestock system
denotes elevation ≤1,500 masl where farmers herd livestock
in rangelands and produce crops on fertile land. The system
is understood in dual sense: firstly, it refers to farming
systems entirely based on livestock but practiced in proximity
to and perhaps functional association with cropping farming
systems; secondly, it refers to the livestock subsystem of crop-
livestock farming.

The lowland agroecology is typical for the pastoral production
system characterized by sparsely populated pastoral rangelands,
where subsistence of pastoralists is mainly based on livestock
and livestock products. Livestock husbandry in this system is
dominated by goats, cattle, sheep, and camels. Since the main
source of food is milk, pastoralists tend to keep large herds to
ensure sufficient milk supply and generate income by selling
dairy products or live animals. The pastoral production system
in some areas has been evolving into an agro-pastoral system (9).
The agro-pastoral form of livestock production dominates in mid
agroecological zones where a tendency for crop production over
livestock production has been observed. Agro-pastoralists are
sedentary farmers who grow crops and raise livestock. Livestock
are used for draft, savings, and milk production. The production
system is subsistence type of milk and or meat production (11).
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TABLE 1 | Study sites, agroecology, and production system characteristics.

Region Districts Sites/villages Agroecology Production systems Altitude (m) Rainfall (mm) Temperature (◦C)

Amhara Basona Worena Goshe bado Moist highland Mixed crop-livestock 2,419 948 16

Basona Worena Gudo beret Moist highland Mixed crop-livestock 3,142 1,118 12

Menz Gera 07 (Yedilfere) Moist highland Mixed crop-livestock 3,097 1,261 12

Menz Mama 06 (Delfanna) Moist highland Mixed crop-livestock 3,097 1,261 12

Abergelle Sazaba Dry lowland Mixed crop-livestock

Ziquala Bilewaqu Dry lowland Mixed crop-livestock 1,486 732 22

Oromia Sinana Selka Bakaye Moist highland Mixed crop-livestock 2,486 1,017 14

Sinana Ilu sambitu Moist highland Mixed crop-livestock 2,372 1,039 15

Yabello Elewaya Dry lowland Pastoral/agro-Pastoral 1,181 493 22

Yabello Derito Dry midland Pastoral/agro-Pastoral 1,588 625 20

Horro Lakku iggu Wet highland Mixed crop-livestock 2,678 1,621 13

Horro Gitilo Dole Wet highland Mixed crop-livestock 2,640 1,604 14

SNNPR Lemo Jawe Moist mid-land Mixed crop-livestock 2,152 1,136 17

Lemo Upper Gana Moist mid-land Mixed crop-livestock 2,151 1,086 17

Doyogena Ancha Sadicho Moist highland Mixed crop-livestock 2,616 1,314 14

Doyogena Hawara Arara Moist highland Mixed crop-livestock 2,499 1,275 15

Adiyo Boka Wet highland Mixed crop-livestock 2,464 1,910 15

Adiyo Shuta Wet highland Mixed crop-livestock 2,316 1,871 15

Tigray Endemehoni Embahasti Dry highland Mixed crop-livestock 2,884 746 14

Endemehoni Tsebet Dry highland Mixed crop-livestock 3,184 796 13

Atsbi wonberta Golgol Naele Dry highland Mixed crop-livestock 2,691 608 15

Atsbi wonberta Habes Dry highland Mixed crop-livestock 2,559 588 16

Tanqua Abergelle Hadnet/Hibiret Dry lowland Mixed crop-livestock 1,442 653 22

Cattle and small stock play a critical role in the agro-pastoralist
household economy.

Ethics Approval Statement
This study was carried out in accordance with the
recommendations of the ILRI Institutional Research Ethics
Committee (ILRI IREC). ILRI IREC is accredited by the
National Commission for Science, Technology and Innovation
(NACOSTI) in Kenya. The protocol was approved by the ILRI
IREC (Certificate Ref. No: ILRI-IREC2015-17). The respondents
provided consent to participate in the study by completing
the questionnaires.

Methodology
Weused an exploratory sequential type of mixedmethods design,
using both the qualitative and quantitative approaches equally
(QUAL→ QUAN) (8, 12, 13). The qualitative data collection
preceded the quantitative data collection. The intent was to first
explore perceptions of smallholder men and women farmers
on priority small ruminant diseases and then follow up on
this exploration with quantitative data collection that allows
studying a larger sample so to be able to infer results to the
targeted population.

Qualitative data were first gathered through participatory
focus group discussions. Quantitative data were then collected
through a cross sectional study based on structured interviews for
further detail exploration and in order to confirm initial findings.
The qualitative part helped to identify emerging questions to

be tested, allowed us to define disease categories and impact
categories, and also ensured that the quantitative instruments
were relevant and adequate. The conceptual overview of the
mixed methods and analytical approach used are outlined
in Figure 1.

Focused Group Discussion

Gender relevant framework
For the design of this study, it was hypothesized that men,
women, boys, and girls have different knowledge and skills on
livestock health depending on their roles and responsibilities
in animal husbandry. However, very few studies have explored
gender roles and views for small ruminant production in
Ethiopia. Following the “gender relevant framework,” which
proposed to speaking separately to men and women (14),
we paid great attention to capture the views of men and
women by conducting separate FGDs and by ensuring women-
headed households were included in the household survey.
This methodologically relevant frameworks assumes that if
interviewed separately, men, and especially women, are more
likely to respond openly. Data collected in this way, can be
analyzed to understand how to design, deliver and monitor
livestock interventions to meet the needs and realities of both
men and women (15, 16).

A workshop was held for veterinarians and researchers
from national agricultural research institutes to train them in
participatory epidemiology and gender. Participants learnt about
the use of participatory epidemiology tools for studies on animal
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FIGURE 1 | The conceptual overview of mixed methods and analytical approach.

diseases problems, and the training had a strong focus on gender,
its implication on study design and implementation of research.
As part of the workshop, the study protocol was developed and
tested in role play, and details of the field work were planned.

Four research teams, each consisting of 4–5 researchers,
conducted the surveys.

Before each FGD, a meeting was held with local
administration officials and site coordinators to introduce
and explain the objectives of the study emphasizing the relevance
of disease in small ruminants and their impact on household
members. Site coordinators with local knowledge facilitated
contact with development agents and farmers. Each team
comprised a facilitator and note taker responsible for recording
information. As part of the preparation, suitable locations to
conduct the FGDs were identified. In each village, four FGDs
took place with separate FGDs for men, women, male youth and
female youth and a total of 92 FGD were conducted across the
study villages. Each FGD had 6–8 participants who were actively

involved in small ruminant production and had their own small
ruminant herd. Attempts were made to ensure that the men
FGDs comprised at least 1–2 local elders and a traditional healer.

The FGDs for men and women were held in parallel and
findings of each were briefly presented in a joint session at the
end of the FGDs. Similarly, the FGD for young male and female
small ruminant keepers were held in parallel and their findings
shared at the end during feedback sessions. Key informants
(para-veterinarians and community animal health workers) were
interviewed for triangulation purposes and to collect additional
information or to clarify issues that may have come up during
FGDs with farmers.

Various participatory tools were used to facilitate discussions,
including simple ranking and proportional piling. First,
participants listed five important small ruminant diseases that
affect their herds and described the clinical signs of these diseases
(local disease names were noted). For the ranking of diseases,
100 beans/counters were distributed among the diseases to
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indicate their relative importance. In the process, participants
were asked to explain the reasons for assigning the scores. The
impact of these diseases on households were also identified. For
the top two diseases, participants were asked to explain how the
disease is spreading between animals, if it can transmit between
animals and people, and who of the household is involved
in activities that may lead to disease transmission. Ways of
transmission or transmission situations were listed. As a last
question, participants were asked to explain what the community
does in response to small ruminant diseases to understand their
disease coping strategies.

Household Survey
The findings of the FGDs informed the design of a household
survey involving 432 households in the same communities. The
FGD participants were excluded from the household survey.
This survey aimed to gather more quantitative data to assess
disease priorities, knowledge of men and women farmers
about small ruminant diseases, the impact of diseases and
investigate perceptions of different household members on their
involvement in small ruminant health management.

Stratified multistage sampling (17), with four hierarchical
stages, was used as sampling strategy. The regions, districts
and villages were sampled purposively to include different agro-
ecological zones and production systems. The first level of
selection was the regions, within each of the selected regions,
specific districts and villages were also selected. Households
within each study villages were then selected by a stratified
sampling approach targeting men-headed households and
women-headed households.

To determine the sample size required for the cross-sectional
household survey, the sample size and power calculation tool of
Epi InfoTM 7 (CDC, Atlanta, GA) was used. The required sample
size of 423 was calculated allowing us to be 95% confident of
detecting a certain household characteristic or activity if it was
practiced by 50% of the households, assuming allowable error
of 5% and account for a design effect of 1.1 for clustering at
village level. A sampling frame of all households having small
ruminants from each of the selected villages was obtained from
the respective administration office. In each of the 23 study
site/villages, 15 men-headed households and 4 women-headed
households were selected using systematic random sampling and
then a few extra were added to account for eventual drop-outs,
and finally the survey was conducted in 432 households.

Similar to the planning of the participatory survey, the study
protocol was developed during training with researchers involved
in data collection to ensure harmonization of data collection.
For disease priorities, respondents were asked to indicate the
top three small ruminant diseases. Impact categories of diseases
were derived from answers received in the participatory survey.
Knowledge of clinical signs of small ruminant disease in live
animals and observation of diseases in carcasses of slaughtered
animals was elicited. Information on zoonotic disease were also
recorded by asking participants about the type of diseases they
know that are transmitted from animals to people and their
clinical signs.

Data Analysis
Epi info software version 7 was used for data collection and entry
and exported into a Microsoft Excel 2013 spreadsheet. Data was
analyzed using SPSS version 23.

Although the clinical signs described for most of the
diseases mentioned by farmers are consistent with clinical
signs and indicators described in veterinary literature and
textbooks (18, 19), and were crosschecked with key informants,
a conclusive diagnosis based on clinical signs and without
laboratory confirmation is difficult, unscientific and unreliable.
Thus, instead of using specific disease names, the diseases were
grouped into seven disease categories.

For the FGD data, pragmatic and semantical content analysis
was employed (20). For the pragmatic content analysis, diseases
were grouped into categories according to their probable
signs and attributed effects as described by the focus groups.
Semantical content analysis used attribution analysis to examine
the frequency with which certain characterizations or descriptors
were mentioned. Descriptive statistics were computed for
frequency and the percentage of FGD groups who described
different disease priorities, reasons for prioritizing them and
disease coping strategies.

The level of agreement among the scores of informant groups
(men and women) for priority diseases in different agroecologies
and production systems was assessed using Kendall’s coefficient
of concordance (W) (21). Consequently, evidence of agreement
between informant groups was categorized as “weak,”
“moderate,” and “strong” according to published guidelines
on the interpretation of W and P-values assigned. Agreement
was termed “weak” for W < 0.26 and P > 0.05; “moderate”
for W = 0.26–0.38 and P < 0.05; and “strong” for W > 0.38
and P < 0.01.

Descriptive statistics were computed with frequency and
percentage on the household data to understand knowledge of
farmers on diseases.

For both the household data and data from FGDs on
disease categories, multinomial logistic regression analysis was
performed (17, 22, 23). The seven disease categories were
considered as nominal dependent variables in the model. Each
of the listed prioritized diseases with their corresponding
explanatory variables were treated as one observation, leading
to an inclusion of multiple observations per FG/household in
the regression. The potential clustering effect was, however,
not adjusted because a random effect multinomial regression
model cannot be implemented in SPSS. We believe the effect
of clustering was minimal because of the small number of
observations per FG/household. The perception and preference
of farmers were measured by proportional piling, resp. the
number of beans allocated to each of the categories of the
dependent variable. Reasons behind the scores (impacts of
diseases), agroecology and production system, and gender
were considered as independent variables. Multicollinearity
was checked with simple correlations among the independent
variables. Pairwise correlation coefficient > 0.8 considered as
evidence of collinearity. Variables with a p< 0.2 in the univariable
analysis were included in the multivariable analysis. A backward
stepwise model building process was employed. The significance
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of predictors was assessed using a likelihood ratio test and some
variables were excluded from the final model because these did
not improve the model prediction based on the likelihood ratio
test with a p-value for variable removal of 0.157 as suggested (17).

The likelihood ratio chi-square test parameter was used
to assess if the model predicts significantly better, or more
accurately, than the null model. A p-value of <0.05 was
considered to suggest model fit in the likelihood ratio test. The
goodness-of-fit was also assessed through the Pearson chi-square
tests, with p > 0.05 signifying better fit (24).

In the model (17), for an outcome variable that has J
categories, the probability of membership in each of the outcome
categories was computed by simultaneously fitting J-1 separate
logistic model (with one category serving as the baseline or
reference category). Consequently, for the dependent variable
with 7 levels (leaving the first level as the baseline category),

we estimated 6 sets of coefficients [β(2), β(3), β(4), β(5), β(6)]
corresponding to the remaining outcome categories. Because

β(1) = 0, the predicted probability that an observation is in
category 1 was:

P
(

y = 1
)

= 1/1+ exp(xβ(2))+ exp(xβ(3))+ . . . . . . ..+ exp (xβ(7)) (1)

while the probability of being in category 2 was:

P
(

y = 2
)

= exp(xβ(2))/1+ exp(xβ(2))+ exp(xβ(3))+ . . . . . .

+exp (xβ(7)) (2)

and similar for categories 3, 4, 5, 6, and 7.
To identify any difference in the disease priorities of the

men and women groups, the multinomial regression was applied
separately for the female and male FGD data. The top three
diseases categorized in to the seven disease categories were
considered as a nominal dependent variable. The farmers’
preferences and perceptions measured as the number of
beans/scores allocated to each of the categories of the dependent
variables was an independent continuous variable (covariate) in
the model.

RESULTS

Priority Diseases and Reasons for Ranking
Farmers identified several diseases and syndromes that affect
small ruminants with local names (vernacular names) and
described their clinical signs. Based on this information and
in consultation with key informants, the diseases described
by participants of FGDs were grouped into seven major
disease categories according to their clinical manifestation.
These manifestations were respiratory, neurological, skin,
gastrointestinal tract (GIT), external parasites, and systemic
diseases. Diseases that did not fit into any of these categories
were grouped as “others.” Some of the reported diseases were
difficult to name scientifically, therefore the descriptions of
clinical signs and postmortem lesions mentioned were used to
classify them into the respective category (Table 2). The probable
corresponding scientific name of these diseases was added based
on the clinical manifestations described by the informants.
The vernacular names of diseases varied across study regions

depending on the local language, even with small variations
between districts.

Ten specific diseases or disease syndromes were mentioned
by at least 15% of the FGD groups among their top five
most important diseases (Table 2). These were pasteurellosis,
pneumonia, coenurusis, sheep and goat pox, orf, fasciolosis,
diarrhea, mange mite infestation, anthrax, and foot rot.

Some diseases were reported across agroecologies and
production systems, while others were particular to an
agroecology and production system in one or two districts.
For example, pasteurellosis and coenurosis were repeatedly
mentioned across production systems and agroecologies with
different local names by 68 and 57% of focus groups, respectively.
Peste des petits ruminants; however, was mentioned only in
lowland mixed crop-livestock production systems (13% of
focus groups).

There were important differences when disaggregating data
based on the agroecology and production systems of the study
districts. Respiratory diseases ranked first in the highland
agroecology and mixed crop-livestock production system,
followed by GIT diseases and neurological diseases with strong
agreements among the informant groups (W = 0.395, P= 0.000).
The most frequently mentioned diseases within the respiratory
disease category were pasteurellosis, pneumonia, and contagious
caprine pleuropneumonia (CCPP) among 54, 17, and 11%
of focus groups, respectively. Diarrhea and fasciolosis were
the priority health problems mentioned in the GIT disease
category (Table 2).

In the lowland mixed crop-livestock system, the ranking
was different with systemic diseases followed by GIT and skin
diseases considered priorities with strong agreement among the
focus groups (W = 0.442, P = 0.000) (Table 3). Anthrax and
PPR were the major diseases mentioned in the systemic disease
category among 40 and 21% of focus groups, respectively. For
skin diseases, sheep and goat pox was mentioned by 60% of the
focus groups, followed by Orf with 36%.

In pastoral/agro-pastoral production systems in the lowlands
andmidlands, respiratory diseases and neurological diseases were
most important, followed by systemic diseases, again with very
strong agreements among the informant groups (W = 0.995,
P = 0.001). Coenurosis (95%) was the major disease stated in the
neurological disease category (Table 3).

The main reasons for allocating the scores during the FGDs
are presented in Table 4. For example, 56.8% of FGDs mentioned
high mortality as the reason for scoring respiratory disease
category highest. The main reason described by the farmers for
prioritizing neurological diseases was the fact that there is no
treatment available.

The reasons mentioned by the farmers implied the impact
of the disease. Interesting to note is the fact that none of the
focus groups mentioned impact on human health as a reason
for prioritizing diseases. Farmers described economic impact as
the loss of income from sale of animals and hides. Fifty focus
groups stated that they cannot sell hides from infected animals
if the animals were affected by skin disease like sheep and goat
pox. Most of the time, they also cannot slaughter infected animals
for consumption or sale in market. Diseases like PPR, anthrax
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TABLE 2 | Disease categories, descriptions or diseases mentioned in the FGDs.

Major disease

categories

Description Local names of diseases

mentioned

Probable

scientific name

Count of

FGDs

% of FGD % within

the

category

Respiratory

disease

Diseases of the respiratory tract:

common clinical signs like

coughing, sneezing, nasal

discharge, dyspnea, abnormal

respiratory sounds and different

lung lesions at slaughter

Sombeessab/Bubbutaa

caccabsaab/Argansoob
Contagious

Caprine

Pleuropneumonia

13 14.13 11.21

Salea Coughing 11 11.96 9.48

Fuun Duudab – 1 1.09 0.86

Engiba/Wotewuta/Furroob/

Surridoob/Halkafeanc

/Tegtac/Mietac

/Ganshud/Gunfand/Oshiyod

Pasteurellosis 62 68.48 54.31

Hudhaab/Kokkeeb – 1 1.09 0.86

Qedeferad – 2 2.17 1.72

Qeli Nefod – 4 4.35 3.45

Samba micha/Qufaab/ Pneumonia 20 21.74 17.24

Sillisaab – 1 1.09 0.86

Neurological

disease

Diseases of the central nervous

system: signs of circling,

convulsion, staggering, abnormal

behavior, abnormal gait and ataxia

Baria

weza/Azurita/Tinana/Sirgoob/Lafan

Martoob/Jaanjjoob/ Zartic/Hsake

Resic/keninc/Azarc/Aqninec/Boko

huchad/Qele Gudod

Coenurosis 53 57.61 94.64

Gurguritc/Haseka Riesic Oestrus ovis 1 1.09 1.79

Riqannootab – 2 2.17 3.57

Skin disease Skin diseases: different skin lesions

and signs like hair loss, crusts,

scabs, irritation, itching

Fentataa/Finnoob/Darrabob/

Shihurec/Bededoc/ Shilimatc/Enfrirc
Sheep and goat

pox

35 38.04 60.34

Afemendeda/Abdarraab/

Dorrobboob/Umbururab

Af’tetemc/Afe’mearc/Kurkursad

Orf 21 22.83 36.21

Gogimosd/Qodi Mosud – 2 2.17 3.45

Gasto-intestinal

tract (GIT)

disease

Diseases of the gastrointestinal

tract: diarrhea, emaciation, erected

hair, ascites, bottle jaw, and

presence of different stages of

parasite in feces and in GIT at

slaughter

Albaatiib – 2 2.17 2.08

Mawulea/Dodo’ob/Malullaab/Jiitoob

/Efeelc/Haseka Kebdic
Fasciolosis 29 31.52 30.21

Tsihtsahc/Gurguritc/

Hamasud/Temud
GIT Parasites 8 8.70 8.33

Himam sunbac Lung warm 6 6.52 6.25

Macho achi chenod Ascites 6 6.52 6.25

Malulad/Lomme’etad/wochiwochad Bottle jaw 10 10.87 10.42

Mototod/Qete nafod – 1 1.09 1.04

Teqmatea/Albaasaab/Zeasod/Adorad Diarrhea 34 36.96 35.42

External parasite External parasites resulting in

alopecia, itching, irritation,

disturbance while grazing, visible

to naked eye, externally on the skin

of animals (tick, lice, sheep ked)

Ekeka/Cittoob/Abeqc Mange mite 19 20.65 55.88

Aliqarud/Bacharutad Lice infestation 3 3.26 8.82

Mezgera/Benqerad Tick infestation 11 11.96 32.35

Qurdidc Sheep ked 1 1.09 2.94

Systemic

disease

Multi-systemic diseases with a

range of clinical signs, incl. acute

severe syndromes

Dhukkuba Tiruub Necrotic hepatitis 8 8.70 14.55

Entita/Hamot

kebdic/Minkaec/Tafiac/Megeremc/

kenkentod/

Anthrax 21 23.91 40.00

Marra-Reebab – 3 3.26 5.45

Qandhoob General

septicemia

6 6.52 10.91

Shelemea/Tsehtsahc/weqiec PPR 12 13.04 21.82

Diraa/Werchic Black leg 4 4.35 7.27

(Continued)
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TABLE 2 | Continued

Major disease

categories

Description Local names of diseases

mentioned

Probable

scientific name

Count of

FGDs

% of FGD % within

the

category

Others Diseases with unknown cause,

non-infectious, metabolic in nature

and difficult to be classified in the

above listed categories

Yehode menefatd Bloating 1 1.09 2.38

Dengetegna Beshetaa Sudden disease 1 1.09 2.38

Dhukkuba hinbeekkamneb/Maqaan

hin beekamub
Unknown Disease 6 6.52 14.29

Ayin Beshitaa/Elemoosud/Elitisod Eye disease 6 6.52 14.29

Ye egir

tila/Maasaab/Barga’oob/Ho’ichoob/

Nuterod/ Loka Huchad/ loka

shokotad/ Moyaled/Naqarisad

Foot rot 18 19.57 42.86

Himam tubc Mastitis 1 1.09 2.38

Koyoood/wugatid – 1 1.09 2.38

Mbrayc Abortion 1 1.09 2.38

Mechod/mechid – 5 5.43 11.90

Raammoo miilaab – 1 1.09 2.38

Senbecha/chinyakod – 1 1.09 2.38

aAmhara.
bOromia.
cTigray.
dSNNP.

TABLE 3 | Summary of ranking of priority disease categories in different agroecology and production systems (top ranked disease in each FGD got a score of 7).

Highland mixed

crop-livestock

Lowland mixed

crop-livestock

Midland mixed

crop-livestock

Lowland pastoral and

agro-pastoral

Midland pastoral and

agro-pastoral

Disease

category

Mean rank

score

Test

statistics

Mean rank

score

Test

statistics

Mean rank

score

Test

statistics

Mean rank

score

Test

statistics

Mean rank

score

Test

statistics

Respiratory 6.07 N = 64

Kendall’s

W = 0.395

χ2
= 151.7

Df = 6

Sig. = 0.000

3.63 N = 12

Kendall’s

W = 0.442

χ2
= 31.83

Df = 6

Sig. = 0.000

4.75 N = 8

Kendall’s

W = 0.389

χ2
= 18.68

Df = 6

Sig. = 0.005

6.50 N = 4

Kendall’s

W = 0.955

χ2
=22.93

Df = 6

Sig. = 0.001

6.00 N = 4

Kendall’s

W = 0.847

χ2
=20.33

Df = 6

Sig. = 0.002

Neurological 4.27 2.92 1.81 6.50 7.00

Skin 4.03 4.46 4.38 2.38 2.75

GIT 5.18 4.46 5.50 2.38 2.25

Ectoparasites 2.70 3.67 4.44 2.88 2.25

Systemic 2.58 6.58 2.56 5.00 4.00

Other 3.17 2.29 4.56 2.38 3.75

and pasteurellosis can cause high loss because of high mortality
rates. This aggravates poverty for those whose livelihoods depend
on these animals. Important to note is also that 73.3% of the
focus groups which prioritized GIT diseases mentioned frequent
occurrence or endemicity as a reason for scoring them high.

The odds of allocating higher scores to respiratory and GIT
disease categories than the reference “other” category were 1.10
(10%) and 1.08 (8%) times for men and 1.14 (14%) and 1.07 (7%)
for women focus group participants, respectively. Women and
men also gave similar scores to neurological diseases OR = 1.04
(4%) than to the reference “other” category, but the result was
significant for women (p < 0.05) unlike the men (Table 5).
The scoring of diseases provided by the women FGD groups
was similar to the scoring by the men groups, this showed the
perceptions and priorities of the men and women groups were
very similar.

Impact of Small Ruminant Diseases on
Households
The FGDs helped to define categories of how small ruminant
diseases impact farmers in terms of financial loss that arises
from mortality, lower productivity, loss of marketing value, and
treatment costs. It also affects human health including through
malnutrition, migration in search of other jobs, children drop out
of school because of the extra time needed to take care of sick
animals and other related financial constraints; all these causing
severe social and psychological impact.

Farmers described financial loss as the loss of income from sale
of animals and hides. They also can’t slaughter infected animals
for consumption or sale in market or sell hides from infected
animals. Participant farmers said that it is not even possible to
use hides as rugs at home if the animals were affected by diseases
like sheep and goat pox.
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TABLE 4 | Percentage of farmers providing specific reasons for ranking diseases from 1st to 3rd.

Reasons for ranking Disease category 1st rank 2nd rank 3rd rank

%of total FGD % within the

disease

category

% of total

FGD

% within the

disease

category

% of total

FGD

% within the

disease

category

High mortality Respiratory diseases 22.8 56.8 14.1 39.4 5.4 27.8

Neurological diseases 2.2 11.8 4.3 36.4 0.0 0.0

Skin disease 3.3 37.5 3.3 27.3 0.0 0.0

GIT diseases 10.9 66.7 4.3 22.2 9.8 39.1

External parasites 0.0 0.0 0.0 0.0 0.0 0.0

Systemic diseases 6.5 75 3.3 37.5 6.5 37.5

Others 2.2 50 1.1 11.1 1.1 11.1

Acute and fatal Respiratory diseases 7.6 18.9 3.3 9.1 1.1 5.6

Neurological diseases 1.1 5.9 0.0 0.0 0.0 0.0

Skin disease 0.0 0.0 0.0 0.0 0.0 0.0

GIT diseases 1.1 6.7 0.0 0.0 0.0 0.0

External parasites 0.0 0.0 0.0 0.0 0.0 0.0

Systemic diseases 6.5 75 0.0 0.0 2.2 12.5

Others 1.1 25 4.3 44.4 1.1 11.1

Unmarketable skin Respiratory diseases 0.0 0.0 0.0 0.0 1.1 5.6

Neurological diseases 0.0 0.0 0.0 0.0 0.0 0.0

Skin disease 4.3 50 4.3 36.4 0.0 0.0

GIT diseases 0.0 0.0 1.1 5.6 0.0 0.0

External parasites 1.1 33.3 0.0 0.0 2.2 33.3

Systemic diseases 0.0 0.0 0.0 0.0 0.0 0.0

Others 1.1 1.1 0.0 0.0 0.0 0.0

Render the meat inedible Respiratory diseases 4.3 10.8 0.0 0.0 1.1 5.6

Neurological diseases 0.0 0.0 0.0 0.0 0.0 0.0

Skin disease 4.3 50 3.3 27.3 0.0 0.0

GIT diseases 1.1 6.7 2.2 11.1 0.0 0.0

External parasites 0.0 0.0 0.0 0.0 1.1 16.7

Systemic diseases 1.1 12.5 0.0 0.0 0.0 0.0

Others 0.0 0.0 0.0 0.0 0.0 0.0

High transmission

rate/affect most of the flock

Respiratory diseases 21.7 54.1 14.1 39.4 6.5 33.3

Neurological diseases 1.1 5.9 2.2 18.2 0.0 0.0

Skin disease 6.5 75 7.6 63.6 6.5 50

GIT diseases 4.3 26.7 3.3 16.7 2.2 8.7

External parasites 1.1 33.3 0.0 0.0 3.3 50

Systemic diseases 3.3 37.5 3.3 37.5 0.0 0.0

Others 1.1 25 4.3 44.4 1.1 11.1

Frequent occurrence/seen

throughout the whole

season/endemicity

Respiratory diseases 6.5 16.2 7.6 21.2 3.3 16.7

Neurological diseases 5.4 29.4 0.0 0.0 0.0 0.0

Skin disease 1.1 12.5 2.2 18.2 3.3 25

GIT diseases 12 73.3 7.6 38.9 4.3 17.4

External parasites 2.2 66.7 0.0 0.0 0.0 0.0

Systemic diseases 1.1 12.5 2.2 25 0.0 0.0

Others 1.1 25 2.2 22.2 0.0 0.0

No treatment and recovery Respiratory diseases 4.3 10.8 2.2 6.1 0.0 0.0

Neurological diseases 13 70.6 5.4 45.5 8.7 100

Skin disease 0.0 0.0 0.0 0.0 0.0 0.0

(Continued)
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TABLE 4 | Continued

Reasons for ranking Disease category 1st rank 2nd rank 3rd rank

%of total FGD % within the

disease

category

% of total

FGD

% within the

disease

category

% of total

FGD

% within the

disease

category

GIT diseases 2.2 13.3 0.0 0.0 0.0 0.0

External parasites 0.0 0.0 0.0 10.0 0.0 0.0

Systemic diseases 0.0 0.0 1.1 12.5 1.1 6.3

Others 1.1 25 2.2 22.2 0.0 0.0

Market price

devaluation/affect market

Respiratory diseases 0.0 0.0 4.3 12.1 0.0 0.0

Neurological diseases 2.2 11.8 1.1 9.1 0.0 0.0

Skin disease 0.0 0.0 0.0 0.0 0.0 0.0

GIT diseases 1.1 6.7 0.0 0.0 0.0 0.0

External parasites 0.0 0.0 0.0 0.0 0.0 0.0

Systemic diseases 0.0 0.0 0.0 0.0 0.0 0.0

Others 0.0 0.0 0.0 0.0 0.0 0.0

High morbidity/affect

productivity/reduce body

weight/ lead to abortion

Respiratory diseases 0.0 0.0 3.3 9.1 3.3 16.7

Neurological diseases 1.1 5.9 1.1 9.1 0.0 0.0

Skin disease 1.1 12.5 3.3 27.3 2.2 16.7

GIT diseases 1.1 6.7 5.4 27.8 6.5 26.1

External parasites 0.0 0.0 1.1 50 1.1 16.7

Systemic diseases 1,1 12.5 1.1 12.5 0.0 0.0

Others 0.0 0.0 2.2 22.2 3.3 33.3

Not common in the locality Respiratory diseases 0.0 0.0 2.2 6.1 2.2 11.1

Neurological diseases 0.0 0.0 0.0 0.0 0.0 0.0

Skin disease 0.0 0.0 1.1 9.1 5.4 41.7

GIT diseases 0.0 0.0 3.3 16.7 5.4 21.7

External parasites 0.0 0.0 0.0 0.0 0.0 0.0

Systemic diseases 0.0 0.0 0.0 0.0 10.9 62.5

Others 0.0 0.0 0.0 0.0 4.3 44.4

TABLE 5 | The odds of farmers allocating different scores to disease categories by male and female focus groups.

DCa Male focus groups Female focus groups

B Std. error Sig. (P) Odds ratio B Std. error Sig. (P) Odds ratio

Respiratory Intercept −1.350 0.489 0.006 −2.040 0.429 0.000

Score 0.098 0.028 0.000 1.103 0.127 0.021 0.000 1.135

Neurological Intercept −0.466 0.397 0.240 −0.419 0.282 0.137

Score 0.048 0.027 0.080 1.049 0.043 0.019 0.027 1.044

Skin Intercept −0.275 0.381 0.471 −0.306 0.275 0.265

Score 0.031 0.028 0.256 1.032 0.033 0.019 0.087 1.034

GIT Intercept −0.859 0.433 0.048 −0.796 0.308 0.010

Score 0.073 0.027 0.006 1.076 0.068 0.019 0.000 1.071

Ectoparasites Intercept 0.028 0.360 0.938 0.241 0.248 0.330

Score −0.004 0.030 0.892 0.996 −0.044 0.025 0.076 0.957

Systemic Intercept −0.072 0.366 0.843 0.011 0.258 0.966

Score 0.010 0.029 0.739 1.010 −0.002 0.021 0.942 0.998

aThe reference category is “others”; NE, non estimable.

Some of the diseases are treatable but farmers explained
that expenses incurred because of treatment affects the
economy of the household. Diseases can also cause loss

because of high mortality rates. This aggravates poverty
for those whose livelihood is dependent on these animals.
Some respondents reported that they were not able to send
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TABLE 6 | Percentage of farmers providing 1st and 2nd priority diseases in different agroecology and production systems.

Highland mixed

crop-livestock

Lowland mixed

crop-livestock

Mid-land mixed

crop-livestock

Lowland pastoral and

agro-pastoral

Mid-land pastoral and

agro-pastoral

Diseases 1st priority

(%)

2nd priority

(%)

1st priority

(%)

2nd priority

(%)

1st priority

(%)

2nd priority

(%)

1st priority

(%)

2nd priority

(%)

1st priority

(%)

2nd priority

(%)

Pasteurellosis 32.4 14.5 12.5 16.4 27.8 25

Coughing 18.1 14.5 11.1

Coenurosis 20.6 21.2 12.5 41.7 8.3 25

Sheep and

goat pox

3.9 4.5 31.1

Liver fluke 4.3 9.3 8.3

Anthrax 47.2 21.3

PPR 16.7 11.5

Diarrhea 12.6 16.7 18 16.7

CCPP 70.8 75 16.7

GIT disease 16.7 12.5

Orf 19.4

Foot rot 16.7 11.1

Necrotic

hepatitis

16.7 16.7 50

Tick

infestation

19.4

children to school anymore. It also predisposes household
members to migrate to towns or other areas in search of
other work.

Farmers also explained that lambs and kids cannot get
enough milk from diseased dams, which may lead to death
and thus reduce the flock size and greatly affect the overall
farm productivity. In some areas where goat milk is consumed,
respondents mentioned that there is a drop in milk supply from
diseased animals affecting the nutrition of their children.

Also mentioned was the psychological impact that results
from losing animals to diseases because in most of the surveyed
rural areas ownership of animals is an indicator of wealth
determining one’s social status. Once a disease enters their sheep
and goat flock it makes them give up on rearing other livestock
as well.

Adverse social impact was described as being unable to pay
taxes, buy fertilizer or pay membership fees to their “Idir”
(traditional financial association). In addition, a household which
encounters a disease in its flock first will not be allowed by
neighbors to mix its herd on grazing fields and watering areas.
This sometimes leads to social conflicts.

Household Survey: Disease Priorities and
Impact
The household survey asked for the top three diseases at
household level and how these diseases impact the household.
The priority diseases mentioned were not different from those in
the FGDs (Table 6). Based on results from the FGDs, categories
of how of small ruminant diseases impact farmers were defined—
economic/income loss, mortality, loss of productivity, loss of
value, treatment costs, migration for other jobs, wastage of time
treating the animals, children drop out of school, malnutrition,

social and psychological impact. In addition, human health was
added as a possible impact category.

The multinomial logistic regression results shown in Table 7

revealed the odds of mentioning the given impact for a given
disease category compared to the reference category. Respiratory
diseases like CCPP and pasteurellosis had significantly higher
odds for high scores due to associated high mortality compared
to all other disease categories except systemic diseases (PPR,
anthrax etc.). For example, neurological diseases (Odds Ratio,
OR = 0.23), skin diseases (OR = 0.47), gastrointestinal diseases
(OR = 0.3), and ectoparasites (OR = 0.04) have got significantly
lower scores than respiratory diseases due to the high mortality
impact associated with respiratory diseases. Systemic diseases
(OR= 6.08) compared to respiratory diseases were more likely to
affect the lowland mixed crop-livestock production system than
midland pastoral and agro-pastoral production system. Other
important significant findings were that the amount of time it
took to treat diseases was an important reason for scoring “other
diseases” high. Diseases mentioned there were foot rot, mastitis,
abortion, eye disease, and bloating.

Disease Knowledge of Farmers
The FGDs found that, in general, farmers have a fair amount
of knowledge about disease transmission pathways between
animals. Identified common transmission pathways or situations
leading to transmission of diseases among animals were
feeding and watering troughs, common barns, sharing grazing
areas, communal markets, slaughter and skinning places, and
suckling (Figure 2).

Farmers said transmission of respiratory diseases was mainly
related to inadequate ventilation in barns, poor sanitation,
common grazing areas, market places and during use of
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TABLE 7 | Multinomial logistic regression coefficients and odds ratios of disease impacts for the top two priority disease categories at household level.

DC Financial/income loss Mortality School Productivity

β (ref) Std.

error

eβ (OR) 95% Confidence

interval for eβ

β (ref) Std.

error

eβ (OR) 95% Confidence

interval for eβ

β (ref) Std.

error

eβ (OR) 95% Confidence

interval for eβ

β (ref) Std.

error

eβ (OR) 95% Confidence

interval for eβ

R 1.22 (O) 0.537 3.39* 1.184 9.727

N −1.46 (R) 0.381 0.23*** 0.111 0.492 1.25 (R) 0.628 3.49 1.022 11.976

S 1.71 (O) 0.639 5.55** 1.585 19.432 −0.75 (R) 0.374 0.47* 0.227 0.984 1.00 (N) 0.470 2.72* 1.084 6.841

G 1.109 (O) 0.557 3.03* 1.018 9.030 −1.19 (R) 0.286 0.30*** 0.172 0.528 0.89 (N) 0.390 2.45* 1.140 5.266

E −1.65 (S) 0.707 0.19* 0.048 0.767 −2.91 (O) 1.000 0.05** 0.008 0.386

−3.36 (R) 0.873 0.04*** 0.006 0.192

−1.91 (N) 0.915 0.15* 0.025 0.895

−2.61 (S) 0.903 0.07** 0.013 0.430

−2.16 (G) 0.870 0.12* 0.021 0.634

Y 1.82 (O) 0.741 6.17* 1.443 26.380 1.05 (N) 0.502 2.85* 1.066 7.630 −2.00 (O) 0.705 0.14** 0.034 0.537

1.76 (E) 0.791 5.79* 1.228 27.322 0.791 (G) 0.384 2.21* 1.040 4.682 −1.44 (R) 0.450 0.24*** 0.098 0.571

2.95 (E) 0.917 19.17*** 3.177 115.638 −1.76 (S) 0.504 0.17*** 0.062 0.446

−1.69 (G) 0.452 0.19*** 0.076 0.448

−1.66 (E) 0.799 0.19* 0.040 0.915

R, respiratory diseases; N, neurological diseases; S, skin diseases; G, gastrointestinal diseases; E, ectoparasites; Y, systemic diseases; O others.

***The parameters β were significant at 0.001 level; **at 0.01; *at 0.05.

The disease impacts were compared to each of the seven disease categories (each considered as a reference category in turn) in a series of analyses to determine the statistical significance of the differences.

TABLE 7 | Continued

DC Time it took to treat animals Cost Value Malnutrition

β (ref) Std.

Error

eβ (OR) 95% Confidence

interval for eβ

β (ref) Std.

Error

eβ (OR) 95% Confidence

interval for eβ

β (ref) Std.

Error

eβ (OR) 95% Confidence

interval for eβ

β (ref) Std.

Error

eβ (OR) 95% Confidence

interval for eβ

R −1.75 (O) 0.573 0.17** 0.056 0.534

N −3.16 (O) 0.753 0.04*** 0.010 0.185 −1.44 (O) 0.718 0.24*** 0.058 0.963

−1.41 (R) 0.552 0.244* 0.083 0.719 −1.62 (R) 0.468 0.19*** 0.079 0.493

S −1.50 (O) 0.681 0.22* 0.059 0.845 1.58 (N) 0.599 4.84** 1.496 15.647

1.659 (N) 0.683 5.26* 1.378 20.050

G −1.72 (O) 0.599 0.18** 0.056 0.583 1.34 (N) 0.505 3.82** 1.423 10.281 1.60 (N) 0.613 4.97** 1.496 16.529

1.45 (N) 0.586 4.25* 1.35 13.403

E −2.29 (O) 0.961 0.10* 0.015 0.660 2.16 (N) 1.022 8.63* 1.164 63.922

Y −2.54 (O) 0.831 0.08** 0.015 0.402 −1.29 (R) 0.553 0.28* 0.093 0.816

−1.32 (S) 0.617 0.27* 0.080 0.896

R, respiratory diseases; N, neurological diseases; S, skin diseases; G, gastrointestinal diseases; E, ectoparasites; Y, systemic diseases; O, others.

***The parameters β were significant at 0.001 level; **at 0.01; *at 0.05.

The disease impacts were compared to each of the seven disease categories (each considered as a reference category in turn) in a series of analyses to determine the statistical significance.
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communal feeding and watering troughs. Farmers were also
knowledgeable about predisposing stress factors associated
with housing, handling and marketing that can cause clinical
presentation of pasteurellosis (25, 26). Farmers clearly stated that
GIT parasites are mostly transmitted during grazing.

The household survey explicitly prompted households to
acquire information on zoonotic diseases. Forty-six percent of
the respondents said they knew about zoonotic diseases, but
only 36% were actually able to name and describe a zoonotic
disease. Anthrax, rabies, bovine tuberculosis and taeniasis
were mentioned by 19.9, 7.6, 1.9, and 2.5% of respondents,
respectively, while 1.4% of respondents named both anthrax
and rabies. Anthrax was mostly mentioned in households in
lowland agroecologies. There was no significant difference on
knowledge about zoonoses between gender and age groups.
Overall, both men and women farmers had low awareness of
zoonotic diseases.

Regarding the knowledge of men and women farmers about
small ruminant diseases, the household survey revealed that
despite the differences in household roles, both men and women
unvaryingly described the clinical signs in live animals similarly
(Figure 3) and reported similar observations of disease in
carcasses of slaughtered animals (Figure 4).

Disease Coping Mechanism or Strategy
The FGDs investigated disease coping strategies. These
included mechanisms to prevent and control diseases,
combined with strategies to reduce economic loss and ensure
survival at difficult times. The use of modern veterinary
services included vaccination and treatment with modern
drugs. Traditional treatment and beliefs relied on traditional
remedies and treatment practices. Health management activities
covered isolation of sick animals, grazing management,
keeping barns clean, proper carcass disposal of dead
animals, proper supplementary feeding, and prevention
from heat stress.

Most of the farmers (27.6%) often depend on both modern
veterinary medicine and traditional treatment and beliefs for
prevention and control of small ruminant diseases. However,
only a few farmers seem to use other health management
activities (Figure 5).

From the focus groups, 13% reported traditional treatment
practices like drenching with herbal preparations of onion
(Allium cepa), ginger (Zingiber officinale), tobacco leaf (Nicotiana
tabacum), black cumin (Nigella sativa), “Feto” (Lepidium
sativum L.); fumigation with “kebericho” (Echinops kebericho)
through nose and mouth of sick animals; and using holy water
for treatment and control of pasteurellosis. For treatment of
coenurosis, remedies like drenching a local alcoholic drink and
tobacco leaf juice through the nose, hot iron branding of the
forehead or immersing the infected sheep in well water and
fumigating with burned plastic were mentioned. For treatment
of diarrhea, drenching of herbal preparations made of ginger
(Zingiber officinale) and “Feto” (Lepidium sativum L.) and
mineral soil locally called “Bole” were used. Topical applications
or dressing lesions with honey, butter, pepper powder and salty
water were practiced to treat sheep and goat pox.
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FIGURE 2 | Major disease transmission pathways identified by farmers.

FIGURE 3 | Frequency percentage of clinical signs mentioned by gender.

The strategies to reduce economic loss during vulnerable
times included sale of animals at lower price, slaughter of animals
for home consumption, contractually own (rent) flock from other
people/relatives, shifting to other business activities, buying new
flock by selling cattle or crop, and searching for financial support
from relatives/government/NGOs.

DISCUSSIONS

This study identified disease priorities as perceived by farmers
and provided insights into why the diseases were considered
important. The findings show that priorities of national
disease control programs do not fully match priorities of
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FIGURE 4 | Frequency percentage of postmortem signs mentioned by gender.

FIGURE 5 | Percentage of respondents (FGD) using different coping mechanisms against the five top small ruminant disease (A, use modern veterinary service; B,

traditional treatment and beliefs; C, health management activities. +indicates combination).

farmers. The study used mixed research methods combining
FGDs and household survey. This approach provided a better
understanding of disease priorities than either approach alone
could. The FGDs helped understand the nature of the data and

the meaning of what participants said, which vary across the
study area and across groups of smallholders. This influenced
data analysis and interpretation. The household survey allowed
for a deeper exploration of the qualitative data from FGDs to
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build a fuller picture of the impact of diseases, the actions taken
by smallholders when facing small ruminant diseases and insights
into possible reasons for these actions.

The Government of Ethiopia recognized the importance of
livestock health as a priority in the Ethiopian livestock master
plan (LMP) (27). The LMP considers Peste des petits ruminants
(PPR), sheep and goat pox (SGP), and CCPP as important small
ruminant diseases based on their impact on rural households and
their livelihoods, intensification pathways and implications for
international trade.

In this study, livestock owners listed several typical
multifactorial production diseases as priorities, such as
pasteurellosis, coenurosis, and GIT parasites. However, these
diseases are largely neglected in disease control efforts. Similarly,
Gari et al. (28) documented sheep and goat diseases in two
districts of Afar regional state representing the lowland pastoral
and agro-pastoral production systems and found respiratory
syndrome/CCPP, sheep and goat pox, diarrhea and tick- and
tick-borne diseases as highly ranked health problems. They also
described lung worms, pneumonia and septicemia pasteurellosis
as the most suspected respiratory diseases and called for
conventional surveillance in the future.

This study emphasizes a disparity between community
priorities and government priorities. Likewise, it is widely
agreed that national and global surveillance systems should
focus on transmissible diseases affecting international trade or
have importance from a public health point of view. However,
production diseases are often not perceived to be a serious
enough threat to gain attention. Not surprisingly, inaccurate
disease surveillance reports are common, and even if targeted
by national surveillance systems, disease occurrence is likely
to be underreported. Being off the radar of any surveillance
programs also means that there is no other investments in
support of prevention and control of these diseases. Hence our
study highlights the need for control programs and access to
veterinary inputs that meet needs of smallholders.

Impact of the diseases presented here can be reduced by
proper health management at herd or community level. But this
study also found that such prevention and control measures are
rarely implemented and farmers rely on veterinary inputs or
traditional treatments. This is clearly an area where improved
capacity of farmers is needed, which can be achieved by adequate
extension systems or other animal health service provision that
support and facilitate prevention. Farmers mentioned a range
of coping mechanisms and/or strategies against small ruminant
diseases. Traditional practices play a big role in these coping
mechanisms. While their positive impact has been previously
described and can be used to provide economical solutions to
improve productivity of animals and reduction in poverty of
the poor farmers (29), traditional methods are not always the
best or most effective for treating infectious diseases. What these
practices reflect though, is the need and willingness of farmers to
do something in response to disease occurrence.

Catley and Mohammed (30), described livestock disease
scoring method and used “importance indicators” and
“difference indicators” for pair-wise comparisons to understand
what herders thought were the most important livestock diseases

to cause economic and production losses. In this study, livestock
owners provided a range of specific reasons for ranking diseases.
The reasons included the resulting economic and production
loss (high mortality, high morbidity, market price devaluation,
inedible meat, unmarketable skin, no treatment, and recovery);
characteristics of the diseases (high transmission rate, acute and
fatal); and occurrence (frequent occurrence or endemicity).

Farmers attributed high mortality to systemic diseases like
PPR and anthrax, respiratory diseases like pasteurellosis and
CCPP and GIT diseases caused by liver fluke. Their reasoning
for priority was coherent with knowledge on how these diseases
affect infected animals (see the specific diseases mentioned
on Manual of Diagnostic Tests and Vaccines for Terrestrial
Animals, 2019).

Farmers mentioned lack of available treatment as the main
reason to prioritize neurological diseases such as coenurosis.
Achenef et al. (31) also declared that no single satisfactory
treatment method has been devised under field conditions,
although trephining has been advocated for coenurosis. Dogs,
which are part of the coenurosis transmission cycle, play an
important role for herders in pastoral and agro-pastoral areas and
may explain the high incidence, as the presence of freely roaming
dogs on grazing land greatly contributes to the existence of the
disease (32).

Catley et al. (3) indicated gender analysis tools that can
be tailored to animal health activities. These include livestock
keeping household activity profiling; livestock activity, access
to and control over resources profiling; livestock resources and
benefits index; and a practical and strategic gender needs in
livestock management index.

In the design of this study, we paid great attention to capture
the views of men and women by conducting separate FGDs and
by ensuring women-headed households were included in the
household survey. There were no major differences in men and
women households and focus groups in identifying and scoring
priority disease constraints. Similarly, the knowledge of men and
women farmers were similar in describing the clinical signs in
live animals, as well as their observation in slaughtered animals.
The findings of Galie et al. (33) also showed that both women and
men were involved in cattle health management in Tanzania and
had similar knowledge of diseases. With the participant selection,
there might have been introduction of potential “elite bias” (34)
in our study. The traditional healers included in the men FGD
tended to be the most knowledgeable and articulate members
of the group, which may have affected comparison of men and
women FGDs. However, the primary objective of the study to
identify the major small ruminant disease would not be affected,
and any bias introduced through the non-random selection of
participants seemed minimal.

The study also found that farmers have good knowledge about
disease transmission pathways between animals but that both
men and women farmers had low awareness of zoonotic diseases.
In this regard, it is important to note that none of the focus
groups mentioned impact of zoonotic diseases on human health
as reason for prioritizing diseases. However, considering the high
prevalence of zoonoses and the close interactions of people and
animals in these production systems, their importance cannot be
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overstated. Kinati et al. (35) provided insights into the role of
division of labor related to small ruminant health management
in the same cohort targeted in our study and showed different
levels of contact/involvement of different household members in
possible transmission pathways. This is clearly another issue that
should be addressed through advisory and extension services by
involving both men and women.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by ILRI Institutional Research Ethics
Committee (ILRI IREC), ILRI IREC is accredited by
the National Commission for Science, Technology and
Innovation (NACOSTI) in Kenya. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

BW, BA, HD, AM, and WK conceived and designed the study
and followed up and monitored data collection. BA analyzed the
data. BA, BW, and SG conceptualized and drafted the paper. All
authors read, commented, and approved the final manuscript.

FUNDING

This work was funded by the Animal Health Flagship of the
CGIAR Research Program on Livestock. The funder played no
role in the design or conclusion of the study.

ACKNOWLEDGMENTS

The authors thank the Amhara, Tigray, Oromia, and Southern
regional agricultural research institutes and their technical
staff who were involved in field research and data collection.
Farmers and pastoralists are greatly appreciated for sharing their
experience and knowledge.

This manuscript is a part of a report that has been released as
a Pre-Print at https://cgspace.cgiar.org/handle/10568/76685 (36).

REFERENCES

1. Legese G, Haile A, Duncan AJ, Dessie T, Gizaw S, Rischkowsky B. Sheep and

Goat Value Chains in Ethiopia: A Synthesis of Opportunities and Constraints.

ICARDA/ILRI Project Report. ILRI, Nairobi (2014). Available online at: http://

hdl.handle.net/10568/42181 (accessed December, 2016).

2. MoA, ILRI. Animal Health Strategy and Vision for Ethiopia. Addis Ababa:

Ministry of Agriculture and International Livestock Research Institute (2013).

3. Catley A, Alders RG, Wood JL. Participatory epidemiology: approaches,

methods, experiences. Vet J. (2011) 191:151–60. doi: 10.1016/j.tvjl.2011.

03.010

4. Kristensen E, Enevoldsen C. A mixed methods inquiry: how dairy

farmers perceive the value (s) of their involvement in an intensive

dairy herd health management program. Acta Vet Scand. (2008) 50:50.

doi: 10.1186/1751-0147-50-50

5. Limon G, Lewis EG, Chang YM, Ruiz H, Balanza ME, Guitian J. Using mixed

methods to investigate factors influencing reporting of livestock diseases: a

case study among smallholders in Bolivia. Prev Vet Med. (2014) 113:185–96.

doi: 10.1016/j.prevetmed.2013.11.004

6. Polachek AJ, Wallace JE. The paradox of compassionate work: a

mixed-methods study of satisfying and fatiguing experiences of

animal health care providers. Anxiety Stress Copin. (2018) 31:228–43.

doi: 10.1080/10615806.2017.1392224

7. Coyne L, Arief R, Benigno C, Giang V, Huong LQ, Jeamsripong S, et al.

Characterizing antimicrobial use in the livestock sector in three South East

Asian countries (Indonesia, Thailand, and Vietnam). Antibiotics. (2019) 8:33.

doi: 10.3390/antibiotics8010033

8. Creswell JW, Plano Clark VL. Designing and Conducting Mixed Methods

Research. 2nd ed. Los Angeles, CA: Sage (2011).

9. Gizaw S, Tegegne A, Gebremedhin B, Hoekstra D. Sheep and goat

production and marketing systems in Ethiopia: characteristics and strategies

for improvement. In: IPMS (Improving Productivity and Market Success) of

Ethiopian Farmers Project Working Paper 23. Nairobi: ILRI (International

Livestock Research Institute) (2010). p. 58.

10. Lemma G, Smit GN. Crude protein and mineral composition of

major crop residues and supplemented feeds produced Vertisols of

the Ethiopian highlands. Anim Feed Sci Technol. (2005) 119:143–53.

doi: 10.1016/j.anifeedsci.2004.11.003

11. Bezabih M, Gebreyohannes B. Livestock production systems analysis: review.

AIJCSR. (2014) 1:16–51.

12. Johnson B, Onwuegbuzie A. Mixed methods research: a research

paradigm whose time has come. Educ Res. (2004) 33:14–26.

doi: 10.3102/0013189X033007014

13. Tashakkori A, Teddlie, C, editors. Sage Handbook of Mixed Methods in Social

& Behavioral Research. Sage (2010).

14. Kariuki J. Gender and livestock. Encyclopedia Food Secur Sustain. (2019)

3:481–7. doi: 10.1016/B978-0-08-100596-5.22597-3

15. Njuki J, Waithanji E, Bagalwa N, Kariuki J.Guidelines on Integrating Gender in

Livestock Projects and Programs. ILRI Project Report 44. Nairobi: ILRI (2013).

Available online at: https://hdl.handle.net/10568/33425

16. Doss C, Kieran C. Standards for collecting sex disagregated data for gender

analysis: a guide for CGIAR researchers.CGIARGend. Agric. Res. Netw. (2014)

1–6. Available online at: hdl.handle.net/10947/3072

17. Dohoo IR, Martin W, Stryhn H. Veterinary Epidemiologic Research (No. V413

DOHv). Charlottetown, PE: AVC Incorporated (2003).

18. Merck. Merck Veterinary Manual. 10th ed. Whitehouse Station, NJ: Merck

Publishing (2010).

19. Radostits O, Gay C, Hinchcliff K, Constable P. (2006). Veterinary Medicine,

a Textbook of the Diseases of Cattle, Sheep, Goats, Pigs and Horses. 10th ed.

London: Bailliere Tindal.

20. Stewart DW, Shamdasani PN, Rook DW. Analyzing focus group data. In:

Focus Groups, editor. Applied Social Research Methods. Thousand Oaks, CA:

SAGE Publications, Ltd. (2007). p. 109–33.

21. Siegel S, Castellan NJ.Nonparametric Statistics for the Behavioral Sciences. 2nd

ed. New York, NY: McGraw-Hill (1988).

22. McCullagh P, Nelder JA. Monographs on Applied Statistics and Probability:

Generalized Linear Models. 2nd ed. London: Chapman and Hall (1989).

23. Abeyasekera S. Analysis Approaches in Participatory Work Involving

Ranks or Scores. Statistical Services Centre, The University of Reading

(2001). Available online at: https://www.reading.ac.uk/ssc/resources/

AnalysisApproachesInParticipatoryWorkInvolvingRanksOrScores.pdf

(accessed May 2017).

24. Tabatchnick BG, Fidell LS. Using multivariate statistics. In: Tashakkori

A, Teddlie C, editors. Sage Handbook of Mixed Methods in Social &

Behavioral Research. 5th ed. Boston, MA: Pearson Education (2007).

p. 481–98.

Frontiers in Veterinary Science | www.frontiersin.org 17 November 2019 | Volume 6 | Article 417

https://cgspace.cgiar.org/handle/10568/76685
http://hdl.handle.net/10568/42181
http://hdl.handle.net/10568/42181
https://doi.org/10.1016/j.tvjl.2011.03.010
https://doi.org/10.1186/1751-0147-50-50
https://doi.org/10.1016/j.prevetmed.2013.11.004
https://doi.org/10.1080/10615806.2017.1392224
https://doi.org/10.3390/antibiotics8010033
https://doi.org/10.1016/j.anifeedsci.2004.11.003
https://doi.org/10.3102/0013189X033007014
https://doi.org/10.1016/B978-0-08-100596-5.22597-3
https://hdl.handle.net/10568/33425
hdl.handle.net/10947/3072
https://www.reading.ac.uk/ssc/resources/AnalysisApproachesInParticipatoryWorkInvolvingRanksOrScores.pdf
https://www.reading.ac.uk/ssc/resources/AnalysisApproachesInParticipatoryWorkInvolvingRanksOrScores.pdf
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles


Alemu et al. Small Ruminant Disease Priorities in Ethiopia

25. Kraabel BJ, Miller MW. Effect of simulated stress on susceptibility of bighorn

sheep neutrophils to Pasteurella haemolytica leukotoxin. J Wild Dis. (1997)

33:558–66. doi: 10.7589/0090-3558-33.3.558

26. Ganheim C, Johannisson A, Ohagen P, Persson WK. Changes in peripheral

blood leucocyte counts and subpopulations after experimental infection with

BVDV and/or Mannheimia haemolytica. J Vet Med B. (2005) 52:380–5.

doi: 10.1111/j.1439-0450.2005.00882.x

27. MoA, ILRI (2015). Livestock Health Priorities in the Ethiopia Livestock Master

Plan. Ethiopia Livestock Master Plan Brief 3. Nairobi: ILRI. Available online

at: https://cgspace.cgiar.org/handle/10568/68039

28. Gari G, Mekonnen G, Sibhat D, Abebe A, Sahle M, Getnet A. Participatory

disease surveillance (PDS) of sheep and goats diseases in selected districts

of Afar Regional State: particular focus on pestes des petit ruminants (PPR)

and sheep and goat pox disease (SGP). Ethiop Vet J. (2015) 19:83–105.

doi: 10.4314/evj.v19i1.8

29. Iqbal Z, Jabbar A, Akhtar MS, Muhammed G, Lateef M. Possible role of

ethnoveterinary medicine in poverty reduction in Pakistan: use of botanical

anthelmintics as an example. J Agric Soc Sci. (2005) 1:187–95.

30. Catley AP, Mohammed AA. The use of livestock-disease scoring by a

primary animal-health project in Somaliland. Prev VetMed. (1996) 28:175–86.

doi: 10.1016/0167-5877(96)01038-0

31. Achenef M, Markos T, Feseha G, Hibret A, Tembely S. Coenurus cereberalis

infection in Ethiopian highland sheep: incidence and observations on

pathogenesis and clinical signs. Trop Anim Health Prod. (1999) 31:15–24.

doi: 10.1023/A:1005125316275

32. Scala A, Varcasia A. Updates on morphobiology, epidemiology and molecular

characterization of coenurosis in sheep. Parassitologia. (2006) 48, 61–63.

33. Galiè A, Francesca D, Daniel K, Raffaele CM, BarbaraW, Isabelle B. Gendered

perspectives on smallholder cattle production and health management

in three sites in Tanzania. J Gend Agric Food Secur. (2017) 2:43–65.

doi: 10.19268/JGAFS.232017.3

34. Miles MB, Huberman AM. Qualitative Data Analysis: An Expanded

Sourcebook. 2nd ed. Newbury Park, CA: Sage (1994).

35. Kinati W, Annet M, Hiwot D, Biruk A, Barbara W. Does participation of

household members in small ruminant management activities vary by agro-

ecologies and category of respondents? Evidence from Rural Ethiopia. J Gend

Agric Food Secur. (2018) 3:51–73. doi: 10.19268/JGAFS.322018.4

36. Wieland B, Biruk A, Hiwot D, Wole K, Annet AM. (2016). Participatory

Epidemiology and Gender Analysis to Address Small Ruminant Disease

Constraints in Livestock and Fish and Africa RISING Project Sites in Ethiopia.

Nairobi: ILRI. Available online at: https://cgspace.cgiar.org/handle/10568/

76685 (accessed June, 2017).

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2019 Alemu, Desta, Kinati, Mulema, Gizaw and Wieland. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Veterinary Science | www.frontiersin.org 18 November 2019 | Volume 6 | Article 417

https://doi.org/10.7589/0090-3558-33.3.558
https://doi.org/10.1111/j.1439-0450.2005.00882.x
https://cgspace.cgiar.org/handle/10568/68039
https://doi.org/10.4314/evj.v19i1.8
https://doi.org/10.1016/0167-5877(96)01038-0
https://doi.org/10.1023/A:1005125316275
https://doi.org/10.19268/JGAFS.232017.3
https://doi.org/10.19268/JGAFS.322018.4
https://cgspace.cgiar.org/handle/10568/76685
https://cgspace.cgiar.org/handle/10568/76685
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/veterinary-science#articles

	Application of Mixed Methods to Identify Small Ruminant Disease Priorities in Ethiopia
	Introduction
	Materials and Methods
	Study Areas
	Ethics Approval Statement
	Methodology
	Focused Group Discussion
	Gender relevant framework

	Household Survey

	Data Analysis

	Results
	Priority Diseases and Reasons for Ranking
	Impact of Small Ruminant Diseases on Households
	Household Survey: Disease Priorities and Impact
	Disease Knowledge of Farmers
	Disease Coping Mechanism or Strategy

	Discussions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References




