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Abstract

Ethiopia's livestock sector supports the livelihoods of millions of smallholder farmers.
However, despite the improvements of recent years, livestock productivity remains low due to
critical constraints, including infectious diseases. The aim of this study was to collate and
synthesise the published evidence on ruminant disease frequency and disease-associated
mortality in Ethiopia, by identifying knowledge gaps and clusters in the literature to provide
the basis for a decision-making tool. Searches on both bibliographic and organisation databases
were conducted in English and were restricted to the period 2010-2019. Search results were
screened for relevance at title, abstract and full text level, which identified 716 articles relevant
to the research question. The systematic map revealed an increased publication output from
2012-2017, compared to 2010-2011 and 2018-2019. Most studies were conducted in Oromia,
Amhara and SNNPR. A substantial body of evidence was found for trypanosomosis,
ectoparasite infestation, fasciolosis, nematodiasis, echinococcosis, brucellosis and bovine
brucellosis. This study suggests that despite the high output of epidemiological publications,
further understanding of a considerable number of diseases is required and where evidence is
abundant, synthesis of information should be carried out in order to better inform decisions on

disease control priorities in the livestock sector.
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Introduction

Livestock are catalytic in supporting the livelihoods of millions of poor smallholders in sub-
Saharan Africa, in both rural and peri-urban settings (Randolph et al., 2007). Ethiopia has the
largest livestock population in Africa and the ninth largest population in the world. Ruminants
account for 80% of the national herd and contribute significantly to poverty alleviation, with
small ruminants being key to the improvement of the income status of female smallholder
farmers (Shapiro et al, 2017). Despite the constantly growing ruminant population and the
dairy sector’s potential over the last decade, the livestock subsector in Ethiopia is facing serious
constraints, such as reduced livestock productivity, which impair its growth (Minten et al.,
2020; Leta and Mesele, 2014). Infectious diseases are a highly ranked cause of compromised
livestock productivity in the country, with disease- associated losses amounting to hundreds of
millions of dollars in specific years (Berhanu, 2002). The absence of a clear policy framework
for specific aspects of livestock development, including disease control, has been considered
an additional hurdle to the sector’s growth (Legese and Fadiga, 2014). On these grounds,
disease-associated livestock morbidity and mortality have become a highly relevant topic for
international policy and research in Ethiopia, and a considerable number of research initiatives
have been generated over recent years, resulting in an increasing volume of evidence.
Although, there have been some comprehensive efforts to collate evidence for specific
ruminant diseases in the country, no systematic mapping of the whole body of evidence has so
far been undertaken. This significant knowledge gap thus poses a considerable challenge for

decision-makers who strive to define the problem and establish its magnitude.

Systematic evidence mapping is a methodology extensively used in the social sciences and the

environmental sector to provide an overview of the evidence landscape in a research area by
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exposing knowledge gaps and clusters (Wolffe et al., 2019). Although systematic mapping
reviews share the rigorous approach of a systematic review, they usually answer research
questions with a wider scope and do not typically involve full data extraction, validity
assessment or quantitative synthesis (i.e. meta-analysis) of the research results (Dicks et al.,
2014). Systematic maps can additionally include bibliometric data, which can be used to assess
journal quality, worldwide research trends and priorities, and the dynamics of interdisciplinary
collaborations. Researchers and decision-makers can use systematic maps to gain information
about gaps or under-reported topics in the current evidence base, as well as to benefit from
highlighted knowledge clusters that allow for a full systematic review synthesis. Researchers
can also benefit from the identification of deficiencies and best practices across the evidence
base, which may be used to increase consistency across studies (Haddaway et al., 2016). Most
importantly, funders can appreciate research areas that have previously received a considerable
amount of attention and can therefore, identify priorities and allocate accordingly their funds

to future research (Haddaway et al., 2016).

Data gaps impact investments in the livestock sector and thus curtail its potential for future
growth, economic development, and poverty alleviation. An estimated 25-40% of published
literature on specific livestock diseases in sub-Saharan Africa is of poor quality and difficult to
summarize due to the diversity of studies (Alonso ef al., 2016). Improvements in livestock
health data accessibility and quality have therefore, been identified as key actions to increase
livestock productivity in Low- and Middle-income countries (LMICs). The systematic map
methodology could be a promising decision-making tool for LMICs, as disparate evidence

hampers evidence-based decision-making.
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92  Considering the above, the objective of this systematic mapping review was to: 1) collate and
93  synthesise the published evidence on ruminant disease frequency and disease-associated
94  mortality in Ethiopia, i) identify knowledge gaps and clusters in the literature in order to
95 inform future research and iii) provide the basis for a decision-making tool in the livestock

96 sector.

97

98 Stakeholder engagement

99  The topic for this systematic map arose from a Bill and Melinda Gates Foundation funded
100  project, Supporting Evidence Based Interventions-Livestock (SEBI-Livestock), established to
101 collate better livestock data to help inform decision-making. The scope of the project was then
102  refined through expert discussions, which helped to formulate the research question. A diverse
103  group of stakeholders were involved in discussions of the scope, protocol review, search
104  strategy and final presentation of the map, all of whom were members of the Livestock Data

105  for Decisions Community of Practice (https://www.livestockdata.org).

106

107  Objectives of the map

108  The main research question of this systematic mapping review was:

109  “What is the most recent available evidence on ruminant infectious disease frequency and

110  disease- associated mortality in Ethiopia?”

111

112 The key objective, as requested by the stakeholders, was to catalogue the existing evidence
113 across several production-limiting ruminant infectious diseases and of disease-associated
114  mortality. Moreover, although systematic maps do not typically capture study details, we chose

5
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115 also to extract the prevalence values for the respective diseases, as this was identified as
116  important information for our stakeholders. The envisaged output of this process was to
117  establish a comprehensive interactive evidence map of ruminant disease and mortality research

118 in Ethiopia, along with the respective reported prevalence.

119

120  The research question framed according to the Population and Outcome (PO) scheme was:

121 - Population: Ruminants (cattle, sheep, and goats) reared in Ethiopia

122 - Outcome: Distribution of evidence, disease incidence/prevalence, disease-associated
123 mortality

124

125  Methods

126  Registration of the protocol

127  The present review was conducted in accordance with the protocol previously published
128  (Tsouloufi et al., 2020), which conformed to the Reporting Standards for Systematic Evidence
129  Syntheses (ROSES) and PRISMA-ScR standards (Haddaway et al., 2017). Reporting standards
130  such as ROSES and PRISMA are widely accepted in the evidence synthesis community to

131  support transparency and rigor of the research (Haddaway and Macura, 2018).

132

133 Deviations from the protocol
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134 A few modifications to the original protocol were made in order to facilitate the review process.
135  Although we stated in our protocol that we would consider an evaluation of the methodological
136  quality of the included papers, we have not included such an analysis in this review due to time
137  and resource constraints. This will be discussed extensively in the context of a future
138  publication and is not considered a critical omission for this analysis, as the quality of included
139  studies is not typically appraised in the context of a systematic map, according to the
140  established methodological guidance (James et al., 2016). Critical appraisal in systematic maps
141  is optional since there is no synthesis of the results and it is difficult to assess external validity
142 when the research question is not explicitly specified as it is with a systematic review.
143 Furthermore, although this was not intended to be a bibliometric study, we added a quality
144  metric of the published studies according to their journal ranking, as we felt that this would
145  give a preliminary insight to the quality of research produced. For this purpose, we opted for

146  Scimago Journal & Country Rank for the scientific journals (https://scimagojr.com), as this has

147  previously been used in systematic maps (Alla and Nafil, 2019). Finally, we excluded the “case
148  definition” category from the data extraction form, as almost none of the included studies
149  succinctly defined the suspected/confirmed case for the respective diseases, which thus

150  precluded any further evaluation.

151
152 Searches

153 A comprehensive search of multiple information sources attempted to capture an un-biased
154  sample of literature to encompass both published and grey literature. Initially all searches

155  were conducted within a period of 3 months (January-March 2020). In addition to these

156  searches, the bibliographic database searches were repeated within the time period of a month

157  (November 2021).

158
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159 Search terms

160  Boolean search strings in the form of (Population) AND Ethiopia AND (Outcome) were

161  developed for each of the studied conditions according to the suggestions made by specialist
162  librarians within the University of Edinburgh. The respective search strings were tested in the
163  first instance in the selected databases and were accordingly adapted in reviewers’ meetings
164  until finalized. Specifically, a benchmark of 5 highly relevant articles (Supplementary File 1)
165  were screened against scoping search results to examine whether searches could locate

166  relevant evidence. If the database did not allow for a full search string, a shortened version
167  was produced and adapted as necessary. Searches were restricted on publication dates from
168  January 2010 to December 2019. Details of the terms used in each of the searches are

169  provided in Supplementary File 1, as there were variations between search terms employed
170  across the different databases. The number of articles retrieved by each search term were

171 recorded in the Supplementary File 1. The initial searches were performed in 2020. The

172 bibliographic databases and the Addis Ababa University repository searches were repeated in
173 2021. Despite the number of search results being recorded in 2020, the associated endnote
174  files were not archived before screening. In 2021, the searches were repeated in order to

175  ensure that there were copies of the Endnote files archived and the process could be repeated.
176  These repeated searches were also performed to generate metrics on the relative importance
177  of each database to the final search results. These results are informing the prioritisation of
178  ongoing work automating the process using machine learning techniques (Goldfarb-Tarrant et
179  al., 2020). Supplementary File 1 details the results of both the searches in 2020, as well as the

180  searches in 2021.

181

182  Bibliographic databases
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183  The following online bibliographic databases were searched to identify relevant literature:
184  Scopus, Web of Science (Core collection), MEDLINE® via NCBI® and CAB direct® via

185  CABI®.
186
187  Search engines and specialist websites

188  Grey literature was captured by search engine searches using Google Scholar (500 first
189  results sorted by relevance) and GrayLit network. Additionally, the databases Networked
190  Digital Library of Theses and Dissertations and the website African Journals Online were

191  searched.

192

193  Organisational websites

194  The following specialist websites were also searched:

195 International Livestock Research Institute (https://www.ilri.org), the Consultative Group for

196  International Agricultural Research (CGIAR) (https://www.cgiar.org/), the Food and

197  Agriculture Organization of the United Nations (FAO, http://www.fao.org), the United States

198  Agency for International Development (USAID, https://www.usaid.gov/), World

199  Organization for Animal Health (OIE, http://www.oie.int/) and, the electronic repository of

200 the Addis Ababa University (http://etd.aau.edu.et/)

201

202  Endnote files and compilation of search results

203  Results of the searches in bibliographic databases were downloaded as reference files and

204  assembled as a final library using the desktop version of Endnote® X9 (Clarivate Analytics).
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205  Duplicates were automatically removed after all endnote files were combined. Results from
206  the other sources (search engines and websites) were saved as screen captures and were
207  categorised into separate files. Duplicates of these searches were manually removed prior to
208  screening.

209

210  Records from bibliographic databases were introduced into the screening workflow. Records
211 from other sources were screened separately before they were combined with other records.
212 Due to the project’s restricted timelines, snowballing (i.e. use of paper’s reference list to

213 identify additional papers) and update searches were not performed.

214

215  Study screening

216  All studies retrieved from searches were screened via a two-stage screening process (title-
217  abstract and full-text level) following the CEE guidelines (CEE, 2018), and by applying the
218  pre-defined eligibility criteria. In the first stage, all titles and abstracts were prospectively
219  evaluated by two independent reviewers (TKT, ISMV) in terms of their relevance to the

220  research questions. Studies where the title and abstracts meet the eligibility criteria were

221  evaluated in their full length for inclusion. Any doubt over the presence of a relevant

222 inclusion criterion or where abstracts were lacking, resulted in the articles being retained for
223 assessment at a full-text level. At the beginning of each stage, the agreement between the two
224 reviewers (LMD and ISMV) was evaluated in a random subset of papers (1000 articles

225  screened at both the title and abstract stage, as well as the full-text stage) with the use of the
226 Cohen’s Kappa statistic and in order to ensure consistency and common understanding of the
227  eligibility criteria. A Kappa score of 0.69 indicated substantial agreement for inclusion

228  between the reviewers and this was considered acceptable. A few discrepancies were

10
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229  resolved in discussion until mutual understanding of the inclusion criteria was improved and

230  consensus was reached.
231
232 Study inclusion

233 For the purposes of the present systematic map, searches included studies written in the English
234 language that were published from 1% January 2010 to 31% December 2019. Observational
235  (cross-sectional or cohort) studies that reported on the incidence and/or prevalence or mortality
236 of selected infectious diseases affecting Ethiopian ruminants (cattle, sheep or goats) were
237  considered for inclusion. The specific diseases to be studied were chosen based on experts’
238  opinion. Experimental studies, preliminary or pilot studies, studies that report on aggregated
239  livestock data or outbreaks, studies which cover non-infectious diseases or other conditions
240  (e.g. drought), as well as case report/series studies were excluded. Retrospective studies and
241 surveys were also excluded. Narrative reviews, systematic reviews, maps and meta-analyses

242 were included when primary data was available and these were recorded separately.
243
244  Data collection process and items

245  After screening at full-text, two reviewers (TKT, ISMV) independently extracted
246  bibliographical meta-data and study details from each study considered for inclusion into a pre-
247  trialled extraction template. The template was piloted in 10 sample articles and all the
248  discrepancies were discussed in detail by the reviewers. A coding scheme was developed

249  iteratively during the systematic map screening process.

250
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251  Bibliographical information extracted included the reference, year of publication, article, and
252 journal title. Study details extracted included start and end date of data collection, experimental
253  design, experimental factors, sampling method and statistical analysis. Study location details
254  extracted included geographical region and agroecology. Population level details extracted
255  included ruminant species, animal age (days, months and years and/or young, adult and old),
256  breed, as well as the production system. The type of sample and the diagnostic method used,
257 as well as the disease were also extracted. In addition, herd prevalence/incidence (%),
258 individual prevalence/incidence (%) and mortality (%) were also extracted. Finally, a
259  comments category allowed the entry of any potential reviewer’s comments to add further

260 context to extracted information.

261

262  Primary data made available from published systematic reviews and meta-analyses were
263  separately extracted and subsequently added to the main data set. In the coding scheme used,
264  each line of the extraction form represented one prevalence value and not one article. For some
265  categories multiple codes were applied, (for example, articles that reported results from more
266  than one region, agroecology or experimental factor). If the relevant information could not be

267  identified within the text, the field was left blank.

268

269  Upon completion of the data extraction, the dataset was harmonised and systematically checked
270  for consistency by another author (LMD) to reduce entry errors. The extracted data were

271  automatically cleaned using the statistical language R (https://www.r-project.org/).

272

273 Systematic map data stored on Edinburgh DataShare.

12
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274 A copy of the Systematic map evidence base in the form of an excel file is stored on the
275  Edinburgh DataShare platform (Tsouloufi ez al., 2021). Thereby ensuring the long-term storage
276  of the evidence base and allowing a persistent Digital Object Identifier (DOI) to be provided.
277  As new searches are performed, the evidence base will be updated, therefore the data on
278  Edinburgh DataShare represents a snapshot of the evidence base at the time of publication of
279  this manuscript. The definitions of the categories and codes used in the systematic map are

280  detailed in the meta-data of the excel file.

281

282  Synthesis of the results

283  The evidence base identified within this systematic map is described in a narrative report and
284  the descriptive statistics are presented in the form of figures. The evidence base is also visually
285 presented as an interactive evidence map using the visualization platform Tableau
286  (Washington, USA). The visualization includes multiple views of the dataset ranging from
287  bibliographic information to study specific information targeted to specific users. In addition,
288  the prevalence and mortality rates can also be explored (which are not reported on in this
289  paper). The interactive evidence map can be accessed at https://www.livestockdata.org and
290 aims to reduce time and resources required to retrieve evidence, thereby facilitating evidence
291  based decision-making. The dashboard will be updated and act as a living systematic map of
292  the ruminant disease evidence in Ethiopia. Updates will happen at least twice a year using a
293  machine learning methodology applied by informatics experts (Goldfarb-Tarrant et al., 2020),

294  amodel used by other groups synthesising human health data (Shemilt ez al., 2021).

295

296  Study validity assessment

13
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297  The validity of articles was not appraised as part of this systematic map in accordance with
298 accepted systematic mapping methodological guidance (James ef al., 2016). However, meta-
299  data, such as study design, sampling method and experimental procedures, were extracted,
300 allowing for internal and external validity of the included studies to be undertaken in future

301  systematic reviews.

302

303  Journal ranking

304  Along with the bibliographic information, a SCImago Journal Rank (SJR) indicator

305 measurement was recorded. This is a relatively new, quantitative indicator metric that

306 illustrates the journal's scientific influence. It uses citation data from the Scopus database by
307 calculating the average number of weighted citations received during a selected year for each
308  document published in that journal during the previous three years. This indicator has been
309  evaluated against the Thomson Reuters Scientific Impact Factor and was found to be a useful
310 alternative for journal impact evaluation (Gonzalez-Pereira et al., 2010). This scheme

311  categorises journals that are included in the Scopus database into quarters (Q1 to Q4, Q1

312 indicating journals with the highest prestige), while for a number of journals it is either not
313  yet available (NA) or not indexed (NI). A single reviewer (ISMV) categorised the papers

314  considered for inclusion according to their SJR indicators.

315

316  Results

317  Overall review descriptive statistics

318 The searches in the bibliographical databases resulted in 3164 records being collected from

319  bibliographic databases and 66381 records were retrieved from search engines, specialist

14
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320  websites and organisational websites (Figure 1) in 2020. There were 1,456 articles in total
321  considered eligible for full-text screening and data retrieval. Of the 1,456 articles screened, 716
322 were eligible for data extraction and subsequent inclusion in the systematic map database
323  (Figure 1). The original endnote files were not archived for the bibliographic searches and
324  therefore the searches were repeated in 2021. The searches in the bibliographical databases

325  resulted in 3666 records in 2021, of which 3,073 were duplicates.

326

327  There were differences noted between the search results collected in 2020 and 2021 which are
328  detailed in Supplementary File 1. These differences may be the result of bibliographic database
329  changes during this time, but we also acknowledge the potential existence of human errors
330  during the recording of search results. In 2021, a subset of searches were performed by a second

331  author for validation.

332

333  Bibliographical details and journal rankings

334  Journal articles were the most common type of publication (n= 696; 97.2%) followed by
335 academic theses (n=17; 2.4%) and then conference proceedings (n=3; 0.23 %). Out of the 716
336 articles included in the map, 56 (7.8%) were published in a journal that ranked as QI in
337  SCImago journal ranking system, 86 (12.0%) in a journal ranked as Q2, 24 (3.4%) in a Q3
338  journal and 34 (4.7%) in a Q4 journal. For 114 (15.9%) of the included papers the indicator
339  was not calculated, while for 402 (56.1%) articles the indicator was not available as the
340  respective journals were not included in the Scopus database (Figure 2). The journals chosen
341  most often for publication were the Journal of Veterinary Medicine and Animal Health (NI)
342 (n=65; 9.1%), followed by the Ethiopian Veterinary Journal (NI) (n=49; 6.8%) and Tropical

343 Animal Health and Production (Q2) (n=47; 6.6%) as depicted in Figure 3.
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344  Distribution of studies per publication year

345  Figure 4 shows the number of studies published per year for the selected infectious diseases
346  and their associated mortality in Ethiopia. Between the years 2012 and 2017 a considerable
347  increase in the number of published studies was noted, with a peak of 101 and 97 studies
348  observed in 2012 and 2017 respectively, when compared to 51 and 53 studies observed in 2010
349  and 2011 respectively. The number of published studies observed declined to 54 and 25 in 2018

350 and 2019 respectively.

351

352  Distribution of studies per geographical location

353  The distribution of published studies per disease and Ethiopian regional states is presented in
354  Figure 5. Overall, most of the published studies (n=321; 44.8%) were conducted in Oromia,
355 followed by Amhara (n=153; 21.4%) and the Southern Nations, Nationalities, and Peoples’
356  Region (n=128; 17.9%). The next most frequently studied regional states were Tigray (n=53;
357  7.4%), Addis Ababa (n=32; 4.5%) and Benishangul-Gumuz (n=31; 4.3%). The least studied
358  Ethiopian regional states were Afar (n=23; 3.2%), Somali (n=17; 2.4%), the city of Dire Dawa
359  (n=11; 1.5%), Gambella (n=7; 1.0%) and Harari (n=7; 1.0%). The most studied agroecological
360 zone was the midland zone (n=398;5.6%), whereas lowland (n=158;22.1%) and highland

361  (n=156;22.1%) zones were equally studied.

362

363  Distribution of studies per population and production system

364  Cattle (n=4469; 65.5%) were the most commonly studied population, followed by sheep
365  (n=234; 32.7%) and then goats (n=203; 28.4%). Some studies reported their results as “small

366 ruminants” (n=138; 19.3%). In almost half the studies animal breed was described
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367 (n=326;45.5%) and in certain cases the specific breed was mentioned such as Zebu, Boran or
368  Holstein, however, more frequently generic categories were used such as local, cross, or exotic.
369  There was considerable variation in the description of animal age amongst the studies, there
370 are 128 (17.9%) studies in the dataset that have a description in terms of days, months and
371  years, whereas a smaller number of studies (n=49;6.8%) are coded using the terms young, adult
372  and old (the former coding took precedence to the later by the authors). There was considerable
373  variation in terminology used to describe production systems and classifications such as
374  extensive (156=n;21.8%), mixed (97=n;13.5%) or semi-intensive (40=n;5.6%) often being

375  used.

376

377  Distribution of studies per outcome

378  Regarding the outcomes measured, most of the included studies reported on individual disease
379 prevalence (n=709; 98.3%), 65 studies (9.1%) reported on herd prevalence and 14 studies

380 reported on mortality (2%).

381

382  Distribution of studies per disease

383  Figure 6 shows the number of studies published for the selected infectious diseases and
384  associated mortality in Ethiopia. Between 2010 and 2019, trypanosomosis was identified as the
385  most studied disease in Ethiopia with 127 articles published overall (17.7%), followed by
386  ectoparasite infestation (n=107; 14.9%), fasciolosis (n=87; 12.2%) and nematodiasis (n=87;
387 12.2%). The next most frequently studied diseases were echinococcosis (n=73; 10.2%),
388  brucellosis (n=66; 9.2%) and bovine tuberculosis (n=53; 7.4%). Relatively low study numbers
389  of studies were identified for cysticercosis (n=35; 4.9%), foot and mouth disease (n=26; 3.6%)),

390 contagious bovine pleuropneumonia (n=17; 2.4%), peste des petits ruminants (n=14; 2.0%),
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391 contagious caprine pleuropneumonia (n=14; 2.0%), pasteurellosis (n=14, 2.0%),
392  dermatophilosis (n=11; 1.5%) and toxoplasmosis (n=11; 1.5%). For the selected publication
393  years, infrequently studied ruminant diseases were lumpy skin disease (n=9; 1.3%), babesiosis
394  (n=8; 1.1 %), sheep and goat pox (n=7; 1%) and cryptosporidiosis (n=7; 1.1%). Fewer than 5
395 articles were found for bovine anaplasmosis (n=5; 0.7%), bovine viral diarrhoea (n=3; 0.4%),
396  cowdriosis (n=3; 0.4%), dermatophytosis (n=3; 0.4%), salmonellosis (n=3; 0.4%), bluetongue
397  (n=3;0.4%), rabies (n=3; 0.4%), Q fever (n=2; 0.3%), caseous lymphadenitis (n=2; 0.3%) and
398  neosporosis (n=2; 0.3%). Only 1 article was found for each of the following diseases; blackleg,
399 haemorrhagic septicemia, anthrax and infectious bovine rhinotracheitis. No evidence was
400  found for the following ruminant diseases for the selected publication years when using our
401 search strings: bovine genital campylobacteriosis, bovine spongiform encephalopathy,
402  contagious agalactia, enzootic bovine leucosis, infectious necrotic hepatitis, leptospirosis,
403  listeriosis, malignant catarrhal fever, ovine epididymitis, paratuberculosis, sarcocystosis,

404  scrapie and trichomonosis.

405

406  Distribution of studies per diagnostic test

407  Figure 7 shows the number of studies published using a particular diagnostic test. In most of
408  the included studies, the tests recommended by OIE were used for the detection of the
409  respective disease agents. Specifically, most of the published studies used microscopy as a
410  diagnostic test (n=324; 45.3%), followed by physical/post-mortem examination (PM
411  examination) (n=146; 20.4%). There were 158 studies (22.1%) reporting to use serology
412 techniques, covering a mixture of diagnostic tests (e.g. CFT, RBT, CIDT and ELISA). A small

413  number of studies employed molecular tests or microbiological methods for the detection of
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414  the respective infectious agents. Frequently collected samples were serum (n=158;22.1%),

415  whole blood (n=141;19.7%), carcass (n=128;17.9%) and faeces (n=116;16.2%).

416

417  Distribution of studies per experimental factor

418  Figure 8 shows the most studied experimental factors. There was considerable variation in the
419  use of terminology and factors studied. Age was the most commonly recorded factor (n=410;
420  57.3%), followed by sex (n=362; 50.6%) and then body condition score (n=257; 35.9%). Other

421  commonly studied factors were geographical area, species, breed and management system.

422

423  Distribution of studies per experimental design and sampling method

424  Most of the studies included in the present systematic map (n=697) were cross-sectional
425  observational studies, while 5 were longitudinal observational studies. Most of the studies
426  (n=642; 89.7%) reported on sample size. A considerable number of studies used a combination
427  of sampling methodologies, with over half of the studies using simple random sampling

428  (n=385; 53.8%).

429

430 Discussion

431  Summary of evidence

432  This review provides an up-to-date systematic map illustrating the available evidence for a
433  diverse selection of ruminant diseases in Ethiopia between 2010 and 2019. Research funders
434  and decision-makers have limited time and sometimes limited resources or knowledge to

435  evaluate the existing evidence. A clear understanding and learning from previous efforts in the
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436  field of ruminant infectious diseases is necessary to prevent future redundant research. Hence,
437  this map aimed to close a current synthesis gap by highlighting the knowledge gaps and clusters
438  of'this constantly growing research area. Most importantly, it should also improve the visibility

439  of Ethiopian researchers by presenting research results from both published and grey literature.

440

441  Opverall, primary research in ruminant infectious diseases seems to be relatively well reported
442  injournal articles and the contribution of grey literature was not significant. Between 2010 and
443 2017, we noted a steady increase in the number of studies published for selected infectious
444  diseases in Ethiopia (including two peaks in 2012 and 2017), followed by a sharp decline
445  thereafter. The increase noted between 2012 to 2017 followed a publication momentum from
446 1996 to 2010, the number of veterinary articles being almost the same as those produced in
447  Western Europe, North America, and the Pacific region when article output was normalized
448  for GDP (Christopher and Marusic, 2013). According to the UNESCO institute for statistics
449  (http://uis.unesco.org/), the gross domestic expenditures on research and development in
450  Ethiopia peaked to 0.6% GDP in 2013 and sharply declined by about 50% in 2017. It is
451  possible, therefore, that the decline in publications observed is due to the limited resources
452  available. During the study period, there seems to be an uneven distribution of publications
453  among the Ethiopian Regional States, with the vast majority concentrated in the most populous
454  states, namely Oromia, SNNPR and Amhara. These states have the largest livestock density in
455  the country, hosting 40% of the country’s livestock population (Leta and Mesela, 2014).
456  Moreover, these states also concentrate the largest proportion of research institutes and
457  veterinary schools in the country, which might account for the increased research output.
458  Conversely, less populous Ethiopian states that rely heavily on extensive livestock production,
459  such as Afar, Somali and Gambella, are under-represented in recent literature. All three states
460 are considered Developing Regional States by the Ethiopian government due to the high
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461  poverty prevalence (www.unicef.org) and with the exception of Somali, have a considerably

462  lower livestock population comprised mostly of small ruminants. This considerably fewer
463  studies detected might be due to the mobility of the pastoral systems affecting accessibility,

464  security, and resources.

465

466  For the purposes of this systematic map, we followed a comprehensive approach and we chose
467  toinclude 52 infectious diseases that are known to affect ruminant productivity in LMICs. Our
468  findings illustrate that the most researched diseases in the country for the selected period were
469  trypanosomosis, ectoparasite infestations and nematodiasis, followed by fasciolosis,
470  echinococcosis, brucellosis, and bovine tuberculosis. Regarding trypanosomosis, we identified
471  over 100 studies (including 12 studies on small ruminant trypanosomosis), most of which were
472 conducted in the western and south-western parts of the country (mostly in Oromia and
473  Benishangul-Gumuz). This was an expected finding, as this area is known to be the major tsetse
474  belt in Ethiopia (Balis and Bergeon, 1970). Our findings are partly confirmed by a recently
475  published meta-analysis, which also identified a considerable number of publications on bovine
476  trypanosomosis in Ethiopia from 1997 to 2015 (Leta et al., 2016). According to our findings,
477  the increased research interest around trypanosomosis in the country contributed to the
478  publication peak in 2012 and continued beyond 2015, with over 30 studies published between
479 2016 and 2019. Bovine trypanosomosis directly affects animal productivity and is implicated
480 in increased mortality rates, incurring significant direct and indirect economic losses (Mattioli
481 and Slingenbergh, 2013). In Ethiopia, there are a considerable number of veterinary
482  parasitologists and projects e.g. Southern rift valley Tsetse Eradication Project (STEP) focused
483  on the study of trypanosomosis (personal communication). Understandably, this topic has
484  gathered a considerable research interest, which is reflected by the increase in number of

485  publications. The most recent literature covers four 7rypanosoma species (7. vivax, T.
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486  congolense, T. brucei and T. evansi) and the prevalence values reported vary greatly between
487  the respective states and publication years, potentially reflecting different control and
488  eradication efforts. Moreover, almost all the studies employed the micro-haematocrit
489  centrifugation technique for the disease diagnosis, which is a simple and cost-effective
490  diagnostic test that might also account for the high number of studies observed.

491

492  Infestation with ectoparasites is an important and often neglected condition in ruminants that
493  leads to considerable economic losses due to impaired productivity, increased mortality and
494  skin defects, while some ectoparasites (e.g. ticks) are vectors of important zoonotic agents. The
495  most recent literature is evenly distributed across the publication years, with a publication peak
496  noted in 2012, as with trypanosomosis. Most of the studies covering tick infestations in cattle,
497  were conducted in the SNNPR regional state and reported highly variable prevalence values
498  across the country. Nematodirases, in turn, seems to have been well-studied in Oromia and
499  Amhara, mostly in the context of sheep gastrointestinal parasites; this is expected since the
500 disease is considered one of the major constraints in the development of the Ethiopian livestock
501 sector and was associated with 25% mortality and 3.8% weight loss in highland sheep (Bekele
502 et al., 1992). Fasciolosis and echinococcosis are both widely prevalent in Ethiopia and incur
503  significant economic losses due to the condemnation of the infected organs. Most of the
504  published studies were conducted in Oromia and Amhara, which is an expected finding
505  considering the number of abattoirs in these areas. Bovine brucellosis and tuberculosis, in turn,
506  are important zoonoses that are widely prevalent in Ethiopia, and have a considerable economic
507  impact due to animal productivity and market/trade impairments in urban and peri-urban areas.
508 Both diseases are thought to follow a similar distribution within the country (Tschopp et al.,
509  2013). This is reflected in the distribution of the recent literature as almost all regional states

510 were represented (however there was low or no evidence from Harari, Dire Dawa, Gambella
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511  and Benishangul-Gumuz), while the majority of studies were conducted in Oromia, which is
512  one of the highest milk producing areas in the country (Tschopp et al., 2013). Of note, we
513 identified 12 publications on small ruminant tuberculosis, the majority of which were carried

514  out in Afar pastoralist community and reported highly variable prevalence values.

515

516  Conversely, we identified limited evidence for specific infectious disease studies over the last
517  decade, which are listed as important by OIE. Interestingly, we identified only 14 studies on
518  PPR during the course of this review, eight of which were conducted after 2015, when the PPR
519  Global Control and Eradication strategy was launched (OIE, 2016). Most of the studies were
520 conducted in pastoral areas (e.g. Afar, Gambella) and suggest extensive circulation of PPR
521  virus among the small ruminant population. PPR is a disease of considerable economic
522  importance due to its high morbidity and mortality and is endemic in most pastoral areas of
523  Ethiopia. A new PPR elimination program is currently underway in pastoralist areas; however,
524  the currently insufficient understanding of PPR epidemiology in the country is likely to
525 undermine future elimination or vaccination efforts. An effective local vaccine roll-out
526  strategy, in turn, might account for the limited research interest observed for diseases, such as
527  black leg, haemorrhagic septicaemia, sheep and goat pox, CBPP and CCPP. With regard to
528 CCPP, a published meta-analysis highlighted the lack of data for this particular disease
529  (Asmare et al., 2016); the research interest in this disease seems to be declining recently, as we
530 identified only five studies published between 2015 and 2019. The evidence for CBPP follows
531 areverse pattern, with most studies published between 2015 and 2019; even though there is a
532  paucity of research in the country, the disease is widespread and considered to be one of the
533  most important impediments to livestock development in Ethiopia (Abdela and Yune, 2017).
534 Moreover, we found very few studies investigating vector-borne diseases, excluding
535 trypanosomosis (e.g. piroplasmosis, cowdriosis, LSD, bluetongue), which was somewhat
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536  expected considering the generally limited research evidence available for these diseases
537 (Asmare et al., 2017). It was also noted that there is a considerable lack of research on the
538 pathogens implicated in calf diarrhoeas (e.g. BVD, Escherichia coli, Salmonella spp., and
539  Cryptosporidium spp.), which is the most common cause of neonatal calf mortality. In Ethiopia,
540 calf morbidity and mortality were ranked as the second biggest issues for dairy production in
541  Ethiopia after mastitis (ILCA, 1994). Finally, diseases like IBR and BVD that are prevalent
542  throughout the country seem to be less studied, potentially due to the lack of diagnostic

543 resources.

544

545  Most importantly, a knowledge gap was identified for some diseases including anthrax,
546  enzootic bovine leucosis, leptospirosis, listeriosis, contagious agalactia, enterotoxaemia or
547  paratuberculosis. This was not surprising considering that most of these diseases are rarely
548  occurring (e.g. listeriosis, enzootic bovine leucosis), and are underdiagnosed (e.g. contagious
549  agalactia) or typically documented during large outbreaks (e.g. anthrax). The complete absence
550 ofdata on leptospirosis over the last decade is deemed a major limitation of the current evidence
551 base, however, as it is a globally important zoonotic disease and the available

552  prevalence/incidence studies in Ethiopia are rather outdated (de Vries ef al., 2014)

553

554  The diagnostic tests used in epidemiological studies have a major impact on reported
555  prevalence and introduce specific limitations to the understanding of the current evidence base.
556  According to our findings, most of the studies employed tests recommended by the World
557  Organization for Animal Health (2012). Although the tests varied according to their respective
558  disease, the overall most used diagnostic tests were microscopy and serology followed by

559  physical examination/post-mortem diagnosis (i.e. abattoirs), whereas a very small number of
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560 studies employed molecular or microbiological methods. Microscopy is a simple and cost-
561 effective diagnostic method; however, despite its high specificity, it has low analytical
562  sensitivity, particularly for parasitic diseases, due to variable levels of parasitaemia. Cross-
563  sectional studies, in turn, that employ serological tests, are unable to conclude on the true
564  prevalence, as antibody levels can fluctuate, especially during the early course of infection.
565  The utility of antibody tests should be further considered, particularly in the context of resource
566 limiting settings, as cattle are managed poorly under chronic malnutrition, high burden of
567  gastrointestinal parasites and concurrent infections, which could potentially affect their
568 immune responses. Hence, more sensitive techniques including isolation and molecular
569  detection of agents need to become more accessible for rapid diagnosis, to improve the
570 accuracy of prevalence estimates. Finally, in our review we identified studies that were
571  conducted in abattoirs, mostly covering cattle echinococcosis and fasciolosis in Oromia,
572 SNNPR and Amhara. While this is a cost-effective option for an epidemiological study that
573  enables access to larger sample sizes, it is prone to non-random error and information biases
574  (e.g. poor record keeping) that can affect the prevalence estimates (Delgado-Rodriguez and

575  Llorca, 2004).

576

577  Regarding disease-associated mortality, our review findings indicate that data are remarkably
578  scarce for Ethiopia and are mostly in the context of surveys or outbreak investigations. The
579  studies identified reported on mortality in Oromia, SNNPR, Amhara and Tigray, but age was
580  often not recorded, however young stock mortality is generally considered high in Sub-Saharan
581  Africa and approximately ranges from 9% to 45% (Wymann et al., 2006; Bolajoko et al., 2020,
582  Wong et al., 2021). The reported mortality percentages ranged from 1 to 25% for studies
583  published from 2010 to 2019, although no clear definition of the measure of mortality was
584  provided. This is an unsurprising finding, as measuring ruminant mortality in LMICs can prove
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585 challenging due to the significant under-reporting of livestock losses and the limited baseline
586  data in livestock numbers (Catley et al., 2014; Wong et al., 2021). Moreover, mortality rates
587 are higher when reported in farmer surveys; this might be attributed to the assignment of
588 livestock culling or sales in this category by the respondents or the underestimation of other
589  concurrent factors that can cause livestock mortality, such as poor nutrition, mycotoxins etc.
590 Determining a measure of mortality can be challenging (Wong et al., 2021); future studies
591  focussing on this aspect should include information about the measure of mortality (mortality
592  rate, mortality risk or other) and adequate contextual data, such as study design, sampling

593  method, sample sizes etc., which will aid the interpretation of the findings.

594

595 Limitations of the evidence base

596 A limiting factor to the current evidence base is the lack of established ontologies or agreed
597 definitions with regards to specific data categories such age, mortality and production systems,
598  which limits the comparability of results across studies. Furthermore, there is specific
599 information that was occasionally not reported in the compiled studies, such as the descriptive
600  statistics of the included population, the validity or performance characteristics of each
601  diagnostic assay used and the standards followed for each assay or the vaccination status of the
602 animals when serology was used. All these concur with the already recognised issue of
603  reporting inadequacies in veterinary observational studies and the need for wider application

604  of reporting standards (e.g. STROBE) (Sargeant and Connor, 2014).

605

606 Limitations of the review

607  This systematic mapping review bears limitations that should be considered for future

608 iterations. Firstly, a few deviations from the original protocol (Tsouloufi et al., 2020) were
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609  made, mostly due to time and resource constraints. Secondly, books and monographs were not
610 accessed for the purposes of the present study, and no snowballing technique was applied to
611  retrieve extra references; therefore, there is a possibility that a small number of resources were
612  inadvertently missed. Secondly, this study aimed to explore the evidence with specific date and
613  language limitations, which may have affected the final distribution of the evidence.
614  Specifically, the searches were limited to English language and it is possible that manuscripts
615  written in the Ambharic or other local languages were missed. However, although these are
616  expected to represent a small percentage of the published literature, the inclusion of non-
617  English language databases would be a worthwhile addition for any future updates. Similarly,
618 as we focused on publication years 2010 to 2019 and no updated searches have yet been
619  performed, this review fails to cover any research performed between then and the publication
620  of this paper. Thirdly, although the review follows a comprehensive approach and covers 52
621  infectious diseases, there is a possibility that some conditions were omitted. Fourthly, we only
622  studied disease prevalence at a regional level; future iterations should consider study status on
623  adistrict level to fully understand the epidemiology of the problem. Although we described the
624  distribution of papers according to their SCImago ranking, this was not intended to be a
625  comprehensive bibliometric study and thus, no definitive conclusions should be drawn in these
626  respects. Finally, the original Endnote files for the bibliographic searches were not archived,
627  which has resulted in the paper not reporting on all the intermediate steps of the screening
628  process as recommended by the guidelines (Haddaway et al., 2017) e.g. duplicate removal,

629  records after title screening etc.

630

631 Review conclusions and recommendations
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632  This systematic map provides a first comprehensive synthesis of recent evidence available on
633  ruminant infectious disease frequency and disease-associated mortality in Ethiopia. Overall,
634  the published research seems concentrated on a few infectious diseases of parasitic and

635  Dbacterial origin, whereas most of the selected diseases are either under-represented or absent.
636  This review is intended to form the basis for further primary research by identifying key

637 knowledge gaps and be a starting point for the synthesis of information in focused systematic
638  reviews. As the intention is to keep this map an Open Access source, interested stakeholders
639  will have the opportunity to view study data with unlimited accessibility, the lack of which is
640  often mentioned to hamper evidence use (Haddaway et al., 2016). The work underway on
641  automating the process will enable evidence to be represented as living map accessible form

642  the online visualisation (Goldfarb-Tarrant ef al., 2020).

643

644  Implications and recommendations for policy and research

645  Future primary research efforts should focus on addressing the aforementioned limitations of
646  the evidence base. Specifically, when conducting an observational study, efforts should be
647  made to adhere to specific reporting standards (e.g. STROBE), so that internal and external
648  validity can be adequately evaluated. On these grounds, it is vital that consensus statements are
649  released on livestock ontologies, particularly in areas such as animal age or mortality, as this
650  will ensure the interoperability of the reported results. Future studies should also focus on
651  consolidating evidence from geographically distinct literature (i.e. states such as Afar, Somali
652  and Gambella which have been underrepresented over the last decade) and local languages to
653  ensure that local knowledge has an appropriate coverage. At this point, it should be noted that
654  the number of publications for a selected diseases is a measure of research productivity and

655  does not necessarily correlate with the burden or impact of illness in the country; this map
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656  should therefore not be consulted solely for the disease prioritization in the country. Some
657  significant knowledge gaps in the country were identified regarding the frequency of some

658  diseases and are presented in Table.1.

659

660 Implications for future evidence synthesis

661  The map highlights areas where there may be sufficient data to justify a systematic review. We
662  would strongly advise the inclusion of stakeholder engagement for the formulation and
663  prioritization of the research question to ensure the relevance of the intended outputs.
664  Furthermore, the present systematic mapping review will be updated, to ensure new evidence
665 is included in a timely manner. Areas for future evidence synthesis have been highlighted by

666  this map, in some cases they have been addressed by recent publications.

667 1) The results of a meta-analysis on trypanosomosis published in 2016 could be updated as 60

668  additional studies were published up to the end of 2019 (Leta et al., 2016).

669 1) The results of a meta-analysis on brucellosis conducted in 2014 has been updated (Tesfaye

670 etal., 2014).

671  iii) Although tick infestations are mostly covered in a recent systematic review 2017, evidence
672 is constantly growing, but there is no recent systematic review covering all ectoparasites

673  (Asmare al, 2017).

674  iv) No recent systematic review or meta-analysis covering different endoparasites has been

675  published.

676

677

29


https://doi.org/10.1101/2022.07.15.500201
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.07.15.500201; this version posted July 19, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC 4.0 International license.

678  Acknowledgements

679  The authors would like to thank Prof Alemayehu Lemma (College of Veterinary Medicine and

680  Agriculture, Addis Ababa University) for his comments on the manuscript.

681
682  Financial support

683  This research was supported by the Supporting Evidence-Based Intervention program,
684  University of Edinburgh, which was funded by the Bill and Melinda Gates Foundation (grant
685 no: R83537). The findings and conclusions contained within are those of the authors and do
686  not necessarily reflect positions or policies of the Bill & Melinda Gates Foundation or the

687  official views of the studied country.
688
689
690
691
692
693
694
695
696
697

698

30


https://doi.org/10.1101/2022.07.15.500201
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.07.15.500201; this version posted July 19, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC 4.0 International license.

699 References

700 1. Abdela, N and Yune, N (2017). Seroprevalence and distribution of contagious bovine
701 pleuropneumonia in Ethiopia: update and critical analysis of 20 years (1996-2016)
702 reports. Frontiers in veterinary science 4: 100.

703 2. ILCA (International Livestock Centre for Africa) (1995). ILCA 1993/94: Annual

704 Report and Programme Highlights. ILCA, Addis Ababa, Ethiopia.

705 3. Alla, A and Nafil, K (2019). Gamification in IoT application: a systematic mapping
706 study. Procedia Computer Science 151: 455-462.

707 4. Alonso, S, Lindahl, J, Roesel, K, Traore, SG, Yobouet, BA, Ndour, APN, Carron, M
708 and Grace, D (2016). Where literature is scarce: observations and lessons learnt from
709 four systematic reviews of zoonoses in African countries. Animal health research
710 reviews 17: 28-38.

711 5. Asmare, K, Abayneh, T, Mekuria, S, Ayelet, G, Sibhat, B, Skjerve, E, Szonyi, B and
712 Wieland, B (2016). A meta-analysis of contagious caprine pleuropneumonia (CCPP)
713 in Ethiopia. Acta Tropica 158: 231-239.

714 6. Asmare, K, Abayneh, T, Sibhat, B, Shiferaw, D, Szonyi, B, Krontveit, RI, Skjerve, E
715 and Wieland, B (2017). Major vectors and vector-borne diseases in small ruminants in
716 Ethiopia: A systematic review. Acta tropica 170: 95-104.

717 7. Balis, J and Bergeon, P (1970). Brief study of Glossina distribution in the Ethiopian
718 empire. Revue d'elevage et de medecine veterinaire des pays tropicaux 23: 181-187.
719 8. Bekele, T, Woldeab, T, Lahlou-Kassi, A and Sherington, J (1992). Factors affecting
720 morbidity and mortality on-farm and on-station in the Ethiopian highland sheep. Acta
721 Tropica 52: 99-109.

31


https://doi.org/10.1101/2022.07.15.500201
http://creativecommons.org/licenses/by-nc/4.0/

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

bioRxiv preprint doi: https://doi.org/10.1101/2022.07.15.500201; this version posted July 19, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

10.

11.

12.

13.

14.

15.

16.

made available under aCC-BY-NC 4.0 International license.

Berhanu A (2002). Welcome address: animal health and poverty reduction strategies.
In: Proceedings of the 16th Annual Conference of the Ethiopian Veterinary Association

(EVA), Addis Ababa, Ethiopia, 5—6 June, pp. 117-137.

Bolajoko, MB, Van Gool, F, Peters, AR, Martinez, JS, Vance, CJ and Dungu, B
(2020). Field survey of major infectious and reproductive diseases responsible for
mortality and productivity losses of ruminants amongst Nigerian Fulani pastoralists.
Gates Open Research 4.

Carroll, RI, Forbes, A, Graham, DA and Messam, LLM (2017). A protocol to identify
and minimise selection and information bias in abattoir surveys estimating
prevalence, using Fasciola Hepatica as an example. Preventive veterinary medicine
144: 57-65.

Catley, A, Admassu, B, Bekele, G and Abebe, D (2014). Livestock mortality in
pastoralist herds in Ethiopia and implications for drought response. Disasters 38: 500-
516.

Christopher, MM and Marusic, A (2013). Geographic trends in research output and
citations in veterinary medicine: insight into global research capacity, species
specialization, and interdisciplinary relationships. BMC veterinary research 9: 1-16.
Collaboration for Environmental Evidence (2018). Guidelines and Standards for
Evidence synthesis in Environmental Management. Version 5.0 (Pullin AS, Frampton
GK, Livoreil B and Petrokofsky G, Eds).

De Vries, SG, Visser, BJ, Nagel, IM, Goris, MG, Hartskeerl, RA and Grobusch, MP
(2014). Leptospirosis in Sub-Saharan Africa: a systematic review. International
Journal of Infectious Diseases 28: 47-64.

Delgado-Rodriguez, M and Llorca, J (2004). Bias. Journal of Epidemiology &

Community Health 58: 635-641.

32


https://doi.org/10.1101/2022.07.15.500201
http://creativecommons.org/licenses/by-nc/4.0/

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

bioRxiv preprint doi: https://doi.org/10.1101/2022.07.15.500201; this version posted July 19, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

17.

18.

19.

20.

21.

22.

23.

24.

25.

made available under aCC-BY-NC 4.0 International license.

Dicks, LV, Walsh, JC and Sutherland, WJ (2014). Organising evidence for
environmental management decisions: a ‘4S’hierarchy. Trends in ecology & evolution
29: 607-613.

Goldfarb-Tarrant, S, Robertson, A, Lazic, J, Tsouloufi, T, Donnison, L and Smyth, K
(2020). Scaling Systematic Literature Reviews with Machine Learning Pipelines.
arXiv preprint arXiv:2010.04665.

Gonzalez-Pereira, B, Guerrero-Bote, VP and Moya-Anegoén, F (2010). A new
approach to the metric of journals’ scientific prestige: The SJR indicator. Journal of
informetrics 4: 379-391.

Grégoire, G, Derderian, F and Le Lorier, J (1995). Selecting the language of the
publications included in a meta-analysis: is there a Tower of Babel bias? Journal of
clinical epidemiology 48: 159-163.

Haddaway, N, Macura, B, Whaley, P and Pullin, A (2017). ROSES flow diagram for
systematic reviews. Version 1(10.6084) p.m9.

Haddaway, NR, Bernes, C, Jonsson, B-G and Hedlund, K (2016). The benefits of
systematic mapping to evidence-based environmental management. Ambio 45: 613-
620.

Haddaway, NR and Macura, B (2018). The role of reporting standards in producing
robust literature reviews. Nature Climate Change 8: 444-447.

James, KL, Randall, NP and Haddaway, NR (2016). A methodology for systematic
mapping in environmental sciences. Environmental evidence 5: 1-13.

Legese, G and Fadiga, M (2014). Small ruminant value chain development in
Ethiopia: Situation analysis and trends. ICARDA/ILRI Project Report. Nairobi,
Kenya: International Center for Agricultural Research in the Dry Areas/International

Livestock Research Institute.

33


https://doi.org/10.1101/2022.07.15.500201
http://creativecommons.org/licenses/by-nc/4.0/

772

773

774

775

776

777

778

779

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

796

bioRxiv preprint doi: https://doi.org/10.1101/2022.07.15.500201; this version posted July 19, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

26.

27.

28.

29.

30.

31.

32.

33.

34.

made available under aCC-BY-NC 4.0 International license.

Leta, S, Alemayehu, G, Seyoum, Z and Bezie, M (2016). Prevalence of bovine
trypanosomosis in Ethiopia: a meta-analysis. Parasites & vectors 9: 1-9.

Mattioli, R and Slingenbergh, J (2013). Programme Against African
Trypanosomiasis (PAAT) information system. Available at
http://www.fao.org/ag/AGAinfo/programmes/en/paat/disease.html (Accessed 1
November 2021).

Migliavaca, CB, Stein, C, Colpani, V, Munn, Z and Falavigna, M (2020). Quality
assessment of prevalence studies: a systematic review. Journal of Clinical
Epidemiology 127: 59-68.

Minten, B, Habte, Y, Tamru, S and Tesfaye, A (2020). The transforming dairy sector
in Ethiopia. Plos one 15: ¢0237456.

Mofed (2012). Ethiopia’s progress towards eradicating poverty: An interim report on
poverty analysis study (2010/11). Ministry of Finance and Economic Development
(MoFED) Addis Ababa, Ethiopia.

Munn, Z, Moola, S, Riitano, D and Lisy, K (2014). The development of a critical
appraisal tool for use in systematic reviews addressing questions of prevalence.
International journal of health policy and management 3: 123.

Nell, AJ (2006). Quick scan of the livestock and meat sector in Ethiopia: Issues and
opportunities. Wageningen University and Research Centre, Wageningen
International.

OIE (2012). Manual: Manual of Diagnostic Tests and Vaccines for Terrestrial
Animals of the World Organisation for Animal Health (OIE). Chapers 2: 441-442.
OIE (2016). Peste des Petits Ruminants Global Eradication Programme. In
Contributing to Food Security, Poverty Alleviation and Resilience; Food and

Agriculture Organization of the United Nations: Rome, Italy; World Organisation for

34


https://doi.org/10.1101/2022.07.15.500201
http://creativecommons.org/licenses/by-nc/4.0/

797

798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

815

816

817

818

819

820

821

bioRxiv preprint doi: https://doi.org/10.1101/2022.07.15.500201; this version posted July 19, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

35.

36.

37.

38.

39.

40.

41.

42.

made available under aCC-BY-NC 4.0 International license.

Animal Health (OIE): Paris, France, 2016.

Randolph, T, Schelling, E, Grace, D, Nicholson, C, Leroy, J, Cole, D, Demment, M,
Omore, A, Zinsstag, J and Ruel, M (2007). Invited Review: Role of Livestock in
Human Nutrition and Health for Poverty Reduction. Journal of Animal Science 85:
2788-2800.

Regassa, F, Sori, T, Dhuguma, R and Kiros, Y (2006). Epidemiology of
gastrointestinal parasites of ruminants in Western Oromia, Ethiopia. International
journal of applied Research in Veterinary Medicine 4: 51.

Rume, VN, Dundon, WG, Belay, G, Diakite, A, Paul, A, Tessema, YD, Nwankpa, N,
Gizaw, D, Cattoli, G and Bodjo, SC (2019). Molecular epidemiological update of
peste des petits ruminants virus (PPRV) in Ethiopia. Veterinary microbiology 23S5:
229-233.

Sargeant, JM and O’connor, AM (2014). Issues of reporting in observational studies
in veterinary medicine. Preventive Veterinary Medicine 113: 323-330.

Shapiro, BI, Gebru, G, Desta, S, Negassa, A, Nigussie, K, Aboset, G and Mechale, H
(2017). Ethiopia Livestock Sector Analysis (report). Ethiopia Ministry of Livestock
and Fisheries and International Livestock Research Institute (ILRI) Livestock
Masterplan team. ILRI, Addis Ababa, Ethiopia.

Shemilt, I, Arno, A, Thomas, J, Lorenc, T, Khouja, C, Raine, G, Sutcliffe, K, D'souza,
P, Wright, K and Sowden, A (2021). Using automation to produce a ‘living map’of
the COVID-19 research literature. Journal of EAHIL 17: 11-15.

Taylor, M. A., Coop, R. L. & Wall, R. L. (2007). Parasites of sheep and goats;
ectoparasites. Veterinary Parasitology, pp. 586—630. Wiley- Blackwell publishing.
Tesfaye, A, Dejene, H, Admassu, B, Kassegn, TA, Asfaw, D, Dagnaw, GG and

Bitew, AB (2021). Seroprevalence of Bovine Brucellosis in Ethiopia: Systematic

35


https://doi.org/10.1101/2022.07.15.500201
http://creativecommons.org/licenses/by-nc/4.0/

822

823

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

844

845

846

bioRxiv preprint doi: https://doi.org/10.1101/2022.07.15.500201; this version posted July 19, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is

43.

44,

45.

46.

47.

48.

made available under aCC-BY-NC 4.0 International license.

Review and Meta-Analysis. Veterinary Medicine: Research and Reports 12: 1.
Tschopp, R, Abera, B, Sourou, SY, Guerne-Bleich, E, Aseffa, A, Wubete, A,
Zinsstag, J and Young, D (2013). Bovine tuberculosis and brucellosis prevalence in
cattle from selected milk cooperatives in Arsi zone, Oromia region, Ethiopia. BMC
veterinary research 9: 1-9.

Tsouloufi, TK, Donnison, LM, Smyth, KL and Peters, AR (2020). Development of a
systematic mapping review protocol for the most recent evidence on ruminant
infectious disease frequency and disease-associated mortality: Ethiopia as a case
study. Animal Health Research Reviews 21: 96-102.

Tsouloufi, TK, Macvicar, I, Donnison, LM, Smyth, KL and Peters, AR (2021).
Systematic map dataset of the most recent evidence on ruminant production-limiting
disease prevalence and associated mortality in Ethiopia, 2010-2019 [dataset].
University of Edinburgh. Supporting Evidence Based Interventions-Livestock. Royal

(Dick) School of Veterinary Studies. https://doi.org/10.7488/ds/3216.

Wolffe, TA, Whaley, P, Halsall, C, Rooney, AA and Walker, VR (2019). Systematic
evidence maps as a novel tool to support evidence-based decision-making in
chemicals policy and risk management. Environment international 130: 104871.
Wong, JT, Vance, C and Peters, AR (2021). Refining livestock mortality indicators: a
systematic review. Gates Open Research 5.

Wymann, MN, Bonfoh, B, Schelling, E, Bengaly, S, Tembely, S, Tanner, M and
Zinsstag, J (2006). Calf mortality rate and causes of death under different herd

management systems in peri-urban Bamako, Mali. Livestock Science 100: 169-178.

36


https://doi.org/10.7488/ds/3216
https://doi.org/10.1101/2022.07.15.500201
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.07.15.500201; this version posted July 19, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY-NC 4.0 International license.

847  Table 1

848  Gaps in knowledge of certain diseases

Disease Gaps in knowledge

PPR Targeted for eradication by 2030; limited evidence
collected from most states, no recent evidence for some

Ethiopian states (e.g. Afar and Gambella)

CCPP and CBPP Some Ethiopian states (e.g. Amhara) have no collected

evidence or have no recent evidence (e.g. Afar)

Q fever Emerging zoonotic disease in LMICs, with significant
socio-economic implications; only two studies

identified

Leptospirosis Significant zoonotic disease with generally limited and

dated evidence, no study in the last decade identified

Vector-borne diseases excluding | Well-recognised causes of compromised productive

trypanosomosis (e.g. and reproductive performance of small ruminants in
piroplasmosis, cowdriosis, SSA; a dearth of published evidence over the last
bluetongue and decade

dermatophilosis)

Small ruminant brucellosis Compared to bovine brucellosis, a dearth of studies

discusses small ruminant brucellosis recently

Diarrhoea-inducing infectious Despite the importance of the condition in cattle
agents (e.g. BVDV, Salmonella production, very little is known about its status
spp, Cryptosporidium spp,

Escherichia coli)
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Disease co-infections Their role in livestock productivity is commonly
underestimated, as specific diseases are usually

targeted

Disease-associated mortality Current knowledge comes exclusively from farmer

surveys; best measure of mortality needs to be decided

Paratuberculosis Only case reports and limited prevalence studies are

available in SSA

849

850 Legends

851 Figure 1 = A conceptual diagram displaying the process of study selection and the respective number
852  of studies included in the systematic map.

853  Figure 2 = Number of retrieved studies categorised by SClmago journal ranking system (SJR).

854 Figure 3 = Number of retrieved studies published in each scientific journal (only journals with 20 or
855 more retrieved studies are displayed).

856 Figure 4 = Number of retrieved studies published each year between 2010-2019

857 Figure 5 = Number of retrieved studies by geographical region across Ethiopia (some studies
858 included more than one geographical region)

859 Figure 6 = Number of retrieved studies published on each disease (only diseases with 5 or more
860  retrieved studies are displayed, some studies included multiple diseases)

861 Figure 7 = Number of retrieved studies published using each diagnostic test (only tests with 20 or
862 more retrieved studies are displayed, studies frequently included multiple diagnostic tests).

863 Figure 8 = Number of retrieved studies published on each experimental factor (only experimental
864  factors with 50 or more retrieved studies are displayed, studies frequently included multiple
865  experimental factors).
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