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Abstract

Bovine tuberculosis (bTB) is a known endemic disease of cattle in Ethiopia; however, there is lack
of a comprehensive information on the status and distribution of the disease in the country. The
objectives of this systematic review and meta-analysis were to provide a pooled prevalence
estimate of bTB at a national level, assess the level of in-between variance among study reports
and illustrate the spatial distribution pattern in the country. Articles published on bTB from
January 2000 to December, 2016 in English language were included in the review. Pubmed, CAB
direct, AJOL and Web of Science were the databases used in electronic search. A total of 127
articles were retrieved from online sources, of which 56 articles were selected for data extraction
based on the specified inclusion criteria. From these selected published articles, 114 animal level
data were extracted for quantitative analysis. A pooled prevalence estimate of bovine tuberculosis
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in Ethiopia was found to be 5.8% (95% ClI: 4.5, 7.5). In a multivariable meta-regression analysis,
breed and production system explained 40.9% of the explainable proportion of the in-between
study variance computed. Prevalence of bovine tuberculosis in Holstein-Friesians, 21.6% (95% CI:
14.7-30.7), was higher than in local zebus 4.1 (95% ClI: 3.4-4.9). Cattle kept under intensive and
semi-intensive production systems had higher prevalence, 16.6% (95% CI: 12.4-21.6) of bTB than
those kept in extensive livestock production system, 4.6 (95% ClI: 3.4-6.2). Bovine tuberculosis is
widely distributed across major livestock producing regions of Ethiopia. However, no valid data
could be retrieved from Benishanul-Gumuz, Harari and Dire Dawa. Data obtained on bTB from
Somali and Gambella regional states are also few and further studies are suggested in these
regions. In conclusion, this review showed that bTB in cattle in Ethiopia is widespread with high
prevalence in intensive and semi-intensive management systems that keep exotic breeds and their
crosses in urban and peri-urban areas. Thus, it is suggested that the design and implementation of
bTB control strategies in Ethiopia should prioritize these hotspots in order to reduce the impact of
the disease on the growing dairy sector.
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Introduction

Bovine tuberculosis (bTB) is a chronic granulomatous disease of cattle caused
predominantly by Mycobacterium bovis (M. bovis). The disease is transmitted between
animals primarily by inhalation although transmission through ingestion is also common in
cattle grazing on pasture contaminated with M. bovis. The disease causes significant animal
health-induced economic loss, and its impacts include reduction in productivity, movement
restrictions, screening costs, culling of affected animals, and trade restrictions (OIE, 2016).
On top of its economic impacts, bTB is transmitted to humans, and prior to mandatory
pasteurization about one-fourth of TB cases in children was caused by M. bovisin
developed countries while 15% of human TB up until the end of 1990°s was believed to be
caused by M. bovisin developing countries (Ashford et al., 2001). A more recent study
however, reported a much lower figure of 2.8% of human TB to be attributed to M. bovisin
Africa (Muller et al., 2013).

Bovine TB has been eliminated or eradication programs are in progress in several developed
countries (CFSPH, 2009). Nonetheless, significant pockets of infection remain in wildlife in
Canada, the United Kingdom, the United States and New Zealand (OIE, 2016). Globally, the
prevalence of the disease is estimated to be 9% based on the results of skin tests
(Vordermeier et al., 2016). Although there is still scarcity of data on the prevalence of bTB
in developing countries, the disease is widespread in African and Asian countries (OIE,
2016). According to the review made by Cosivi et al. (1998), approximately 85% of the
cattle and 82% of the human population of Africa are living in areas where bTB is endemic
and partly controlled or not controlled at all. In Asia, 94% of the cattle and 94% of the
human population live in countries where bTB is not controlled or where limited control
strategy is applied (Cosivi et al., 1998).
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Global economic assessment of loss associated with bTB and cost-benefits analysis from its
control were multifaceted and figures obtained from different countries provide variable
results because of differences in epidemiological situations, livestock systems, natural
reservoirs, time horizons, and absence of commonly agreed analytical frameworks (Zinsstag
et al., 2006). In Ethiopia, Tschopp et al. (2012) estimated the economic cost of bTB to be in
the range of 75.2 million to 385 million US$ in the rural extensive livestock production and
from 500,000 —4.9 million US$ in the urban livestock production systems between the years
2005 to 2011. These figures demonstrated losses lower than 1% of the net present value of
livestock in the rural and 3.9-6.2% in urban livestock production systems per year. In both
cases the costs associated with bTB were within the margin of error (i.e the losses may not
be different from zero). In their conclusion, Tschopp et al. (2012), emphasized on the urgent
need for control of the disease in the urban production system in Ethiopia for non-economic
reasons; including concerns over spread of bTB through dairy cattle trade from high
prevalence urban system to low prevalence sedentary rural system and for public health
reasons.

Since the report of Hailemariam (1975), several fragmented studies ascertain the presence of
bTB in Ethiopia. The estimated animal level prevalence ranges from less than one to 47% at
study level, (Ameni et al., 2007a, 2007b, 2010; Berg et al., 2009; Tschopp et al., 2010b;
Tsegaye et al., 2010; Gumi et al., 2011; Firdessa et al., 2012) and from no detection of
infection (0%) (Tschopp et al., 2015) to 90% (Firdessa et al., 2012) at specific localities
level depending on the prevailing production systems and breeds of cattle kept. Most of
these studies were carried out based on tuberculin skin testing and postmortem inspection,
although few of the studies were supported by isolation and molecular typing of the
causative agents. In the former case, bovine purified protein derivative (PPD) alone or
together with avian PPD has been used to determine exposure status in live animals
(Asseged et al., 2000; Ameni and Regassa, 2001; Fikru et al., 2005; Ameni and Erkihun,
2007).

Regardless of the diagnostic test types used, several reports were available since the early
2000’s, in various parts of the Ethiopia. Many of these reports however, were conducted by
graduate and undergraduate students to fulfill their research requirements in the academic
programs to which they were enrolled, therefore these studies were noted to have limitations
in producing country level picture for one or the other reasons including, the scope of study
objectives, methodology used, target population and geographic coverage. Besides, to our
knowledge there has never been national level survey or surveillance report that can
demonstrate the magnitude of the diseases. There are few compiled qualitative reviews on
bTB in animals and humans in Ethiopia (Shitaye et al., 2007; Tschopp and Assefa, 2016),
yet, no single review is available based on quantitative analysis of study results conforming
to Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA). In a
situation where such a gap is noted, producing a review based on data integration from
selected articles with objectively defined criteria is worthwhile (Bornstein et al., 2009;
Dohoo et al., 2009). Such qualitative analysis would give complimentary picture on the level
and scopes of studies made so far from which fellow researchers visualize the existing
research gap. Besides, the information will provide policy input for appropriate strategy on
the way forward. The current systematic review and meta-analysis is conducted with the aim
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of providing a pooled prevalence estimate of bTB in Ethiopia. This review also attempts to
assess the level of in-between study variance and quantify the true heterogeneity attributed
to the hypothesized predictors captured in the final model. The review also illustrated the
spatial distribution pattern of bTB in the country based on the available study reports.

Material and methods

Literature Search Strategy

Search for published articles on bTB in Ethiopia was conducted from January 2, 2017 to
February 21, 2017. PubMed, CAB direct, African Journals OnLine and Web of Science were
the databases used. Key strings were: bovine, cattle, large ruminants, livestock, TB, wasting
diseases, mycobacteriosis, zoonotic mycobacteria, M. bovis and Ethiopia. The strings were
rearranged to phrases as close as “bovine tuberculosis in Ethiopida’ and literature searches
were limited to articles published both in English and Amharic (Federal working language)
since 2000. Reference lists of reviews and all retrieved articles were also manually searched
during the same period to maximize article recovery.

Inclusion and exclusion criteria

A preliminary screening was made based on the title and abstract content of the manuscripts.
Those articles thought to have reasonable reflection on the review question were fully
scanned and rated using an evaluation form with a rating scales for the following criteria: i)
TB in cattle or bovine species (yes/no), ii) clarity of objective/s (estimation of prevalence or
otherwise), iii) appropriateness of methodology including the study design and diagnostic
details, iv) clarity of result presentation and v) the study period. The study designs
considered were cross-sectional and cohort. With regards to the diagnostic techniques,
detailed meat inspection (DMI) for abattoir based studies, and single intradermal tuberculin
(SIDT) and comparative intradermal tuberculin (CIDT) tests at cut-off values of 4 mm and
above for skin test based studies were valid for the review. Sampling strategies reported in
the original studies were either random or purposive. In line with predefined criteria,
manuscripts that were rated to be of moderate quality and above were included in the review
while abstracts, proceedings, review articles, case and outbreak reports, articles published
before the year 2000 and those articles rated of low quality due to poorly executed or poorly
described methodology or lack of usable data due to vague result presentation were excluded
from the review.

Data extraction

Data extraction template was developed on biologically plausible predictors which were
consistently reported in most of the selected published articles. The template was further
reviewed and enriched by all co-authors and pilot tested before use. Two authors were
engaged fully in literature search and data extraction independently based on agreed
milestones. Finally, the selected articles and the dataset generated were crosschecked by
third author and ambiguities were ruled out by group discussions or through telephone
conversations. The dataset constituted authors’ name, year of publication, web-link,
manuscript title, journal name and volume in addition to hypothesized biologically
meaningful predictors, /.e. breed, production systems, type of study population (study set-
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up), agro-ecology, study design, sampling technique, diagnostic technique, housing type,
herd composition and herd contacts. Sample size, number positive, number negative,
prevalence and respective confidence intervals were also generated along each predictor.

Statistical analysis

Results

After coding and editing, the data were imported to Stata 12.1 (STATA, 2012) and the
apparent prevalence estimates were log-transformed using the formula: Ip = In [p/ (1-p)],
where Ip= the logit-event estimate; In= the natural logarithm; p= study level estimate. The
variance of the logit estimate was calculated as, v (Ip)= 1/(np) + 1/[n (1-p)], where v=
variance and n= sample size. The standard error of logit-prevalence (SE) was also generated
using the formula In_p = Sqrt(1/n x p x (1-p)). Besides, Cochran’s Q statistic (Cochran,
1954) to test for heterogeneity and the Higgin’s statistic (/) to quantify the proportion of the
true variation due to heterogeneity between studies (Higgins et al., 2003) were calculated.
The pattern and level of heterogeneity was also further assessed and illustrated in Galbraith
plot as per the advice given by Anzures-Cabrera and Higgins (2010) due to large number of
studies that limit comfortable presentation using a forest plot. A pooled prevalence estimate
(effect size) was calculated in DerSimonian and Laird (1986) random effect model, using the
formula, p = 1/(1 + e'P)*100, where ‘e’ is the base of natural logarithm. Following pooled
prevalence estimate in random effect model, univariable meta-regression was run and those
predictors with liberal p-values (p<0.25) were checked for multi-collinearity in cross-
tabulation (gamma statistics) (Dohoo et al., 2009). Multivariable meta-regression analysis on
non-collinear predictors (gamma between-0.6 and +0.6) followed to quantify the explainable
proportion of the heterogeneity noted between the study reports (R?). If the computed R?
values fall outside the proportion limit (0, 1), adjustment was made either to “0”, if negative,
or to “1”when it was above 1 (Borenstein et al., 2009). Sensitivity analyses were performed
to assess the stability of the estimate by performing influence plot analysis, i.e., a single
study report in meta-analysis was omitted each time the analysis is run to observe the
influence of the omitted individual study in the dataset on the final pooled estimate (Dohoo
et al., 2009). Potential publication bias was assessed by visual inspection of a funnel plot
asymmetry (Borenestien et al., 2009). The Begg’s rank correlation (Begg and Mazumdar,
1994) and the Egger’s weighted regression methods (Egger et al., 1997) were used to assess
the significance level of the bias noted (p<0.05). Proportional dot map showing the spatial
distribution of bTB and associated apparent mean prevalence was generated using ArcGIS
version 10.4.1 software (ESRI, Redlands, California, USA). To this effect the raw data were
organized along report frequency, mean and variability for each district. Finally, the report
was organized as per PRISMA guidelines (Liberati et al., 2009; Moher et al., 2009).

Identified study reports

The number of published articles retrieved using the aforementioned databases were 127, of
which 11 were rejected for duplication in one or the other form. In the subsequent review of
the titles and abstracts of the remaining articles, 48 of them were rejected for one or the
other reasons including study design, dealing with species other than cattle, or published
prior to 2000 benchmark stated in the inclusion criteria. Full-text assessment of the articles
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was made on 68 of them and 56 articles were finally selected for data extraction (Figure 1).
From the selected published articles, 114 animal level data were extracted for quantitative
analyses.

Characteristics of the reports

Only articles written in English language were retrieved. All the selected studies were
conducted using a cross-sectional study design and the cattle breeds considered were zebu,
crosses of Holstein-Friesian and zebu and pure Holstein-Friesians. In regard to variation
between production systems, the reviewed articles obtained their data from cattle that were
kept under the prevailing livestock husbandry systems in the country including: intensive
and/or semi-intensive, highland extensive, and pastoral and/or agro-pastoral production
systems. However, for the studies conducted in abattoirs, as opposed to field or farm
populations, tracing of the agro-ecologies was difficult and as a result, these reports were
then categorized as un-specified. From practical point of view, animals presented to
slaughter in the abattoirs were dominated by local zebu breeds. Detailed data on the
presence of herd contacts, presence of other livestock species in the herd, whether cattle
were housed together with their owners or kept separately in their own shelters were
captured. The sampling techniques used were also assessed and registered as either random,
purposive or haphazard depending on the description in the materials and methods sections
of the articles. Authors reported to have used different diagnostic techniques including DMI,
SIDT test both at =2 mm and =4 mm cut-off points, CIDT test also at > 2mm and >4 mm
cut-off points, and gamma-interferon assay. In this review however, prevalence report made
based on SIDT, CIDT tests (both made at >4 mm cut-off points) and DMI technique were
considered (Corner, 1994; OIE, 2016). To visualize spatial distribution patterns of bTB in
Ethiopia, reports were clustered under administrative states for regression analysis based on
the study locations. Gambella and Somali regional states were omitted from analysis due to
a single study report from each. For spatial display, district names were used to reveal the
study locations and the corresponding apparent prevalence. The study period was also
treated in three separate levels, 7.e. 2000-2005, 2006—-2010 and period after 2010. In spite of
the list of predictors accounted for, sufficient comparable categories could not be retrieved
for study design, herd composition and patterns of housing. In some of the predictor
categories where explicit information on the attribute was not available, including breed and
production systems ‘unidentified’ category was designated separately. Therefore, group level
quantitative analysis of those predictors could not be made. A pooled estimate given in
meta-analysis below was made based on the entire study reports conducted on 92,482
animals of which 7,529 were positive using one of the three diagnostic test considered for
the current quantitative review (Table 1).

Meta-analysis

The estimated pooled prevalence of bovine tuberculosis in Ethiopia was 5.8% (95% ClI: 4.5,
7.5). This analysis was computed in a random effect model due to calculated Cochran value
(0) 7114.9851 (df= 113 and p < 0.001) and Higgins statistics (/2= 98.4). The graphical
assessment in Galbraith plot (Figure 2) revealed that over 70% of the study reports are
outside the +2 unit lines and provided clear evidence on the heterogeneity of study reports.
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The raw and logit-transformed effect size distribution patterns are also demonstrated on
Figure (3).

Meta-regression

Distribution

Univariable meta-regression—The univariable meta-regression was conducted with and
without controlling the effect of sample size. The predictors considered were: year of study
report, sample size, type of sampling, breed, production system, agro-ecology, types of study
population (abattoir Vs field), herd contact, diagnostic technique and administrative states
(Table 2).

As it is depicted in the model (Table 2) the proportion of effect attributed to each predictor
ranged from 0.0 to 25.44%. The highest proportion was noted for breed while herd contact,
diagnostic test used, type of study population and type of sampling were noted to have no
observable effect for heterogeneity among the study reports.

Multivariable meta-regression—Among the predictors used in univariable model
above, five non collinear predictors, namely, year category, breed, production systems,
administrative states and sample size were subjected to multivariable meta-regression
analysis. The final model accounted only for two predictors, namely, breeds and production
systems which together explained 40.9% (R2) of the explainable proportion of heterogeneity
between study reports. The collinearity between production systems and breed was
rechecked (gamma= 0.56). The prevalence of bTB in Holstein-Friesian breed was noted to
be higher by 79.4% compared to the prevalence in zebu; while Friesian zebu crosses had a
prevalence that exceeded the prevalence in reference breed by 64.3%. Concerning
production systems, the highest prevalence (16.6%) reported in intensive and semi-intensive
production system exceeded the reference group by 66.4% (Table 3).

Valid reports on bTB in cattle were available from all regions of the country except
Benishangul-Gumuz, Harari and Dire Dawa, yet the intensity of the studies was highly
variable from region to region. Many of the studies were conducted in and around urban
areas in the central highlands of Ethiopia. As it is clearly depicted on the map (Figure 4), in
some of the regions like Somali and Gambella regional states, sufficient number of reports
were lacking.

Literature bias

The visual interpretation of Funnel plot (Figure 5) and Egger’s statistics (weighted
regression) revealed the presence of bias (p <0.001) whereas, Begg’s statistics (rank
correlation method) did not (p>0.05). In the assessment of estimate stability, no individual
study was found to have a profound influence on pooled estimate computed (figure not
shown).
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Discussion

In this review, a total of 56 cross-sectional studies were considered and meta-analysis was
made based on the results of these studies. A pooled prevalence estimate of bTB in Ethiopia
was 5.8% with 95% CI of 4.5 % to 7.5%. This pooled estimate (also called effect size) is
computed by integration of several individual study estimates that range from 0.0%
(Tschopp et al., 2015) to 46.9% (Ameni et al., 2003b). A summary of such primary studies
using meta-analysis is the preferred approach (Borenstein et al., 2009) as it improves the
precision and increases the statistical power of the estimate made on the status of bTB at
national level for the specified time period. Analytical procedures for pooling prevalence
estimate of different studies consider the existing in-between individual study variance (/).
In the current review / was 98.4% indicating high heterogeneity. Academicians, policy and
research fellows are advised to understand the calculated effect size in this context.

Apart from very few farm based control efforts (Ameni et al., 2007b; Firdessa et al., 2012),
there has never been bTB control intervention in the country; however, the computed
estimate is moderate, perhaps it is linked to numerical dominance of local cattle breeds in
extensive farming system and abattoir population that have much lower prevalence as
evidenced in this review. In this connection, production systems and breed of cattle were the
key risk factors identified in the final model to affect the prevalence of bTB in the study
population. A pooled prevalence estimate of bTB in intensive and/or semi-intensive farms
(16.6%) based on 26 studies is much greater than the pooled prevalence (4.6%) of either on
56 studies conducted in highland extensive production or the pooled prevalence (4.5%) of 12
studies conducted in pastoral production systems. Perhaps, this reflects the effect of the
production systems on prevalence of bTB in the country and warrant the need for
prioritization of control towards intensive or semi-intensive dairy production systems.
Similar observations were made in Tanzania and Uganda (Shirima et al., 2003; Inangolet et
al., 2008). Previously, it was reported that intensive farming facilitates transmission of bTB
among cattle as individual animals are kept in close proximity to one another (Constable et
al., 2017). In addition, overcrowding itself was claimed to stress cattle and compromise their
ability to thrive with the disease. Lesions in intensively managed cattle were predominantly
found in the lung and associated lymphnodes, while mesenteric lymphnodes are the primary
foci in grazing cattle suggesting the mode of transmission of the disease in the respective
production systems (Kaneene and Pfeiffer, 2006).

The current quantitative review revealed breed differences to be one of the factors that
significantly influence pooled prevalence of bTB in cattle in Ethiopia. As indicated
previously in the result section, a pooled prevalence (21.6%) of 17 studies conducted on
Holstein-Friesian and a pooled prevalence (9.9%) of 24 studies conducted on crosses were
by far greater than a pooled prevalence (4.1%) of 58 studies conducted on zebu cattle. This
agrees with the suggestion that cattle genetics affects susceptibility/resistance of cattle to
bTB (Brotherstone et al., 2010; Finaly et al., 2012). Studies conducted in Ethiopia in this
regard demonstrated that both prevalence and severity of TB lesion were found to be higher
in Holstein-Friesian cattle as compared to zebu cattle and their crosses kept together on
communal pasture in the central highlands of the country (Ameni et al., 2006; Ameni et al.,
2007a). Likewise, an experimental study comparing susceptibility of Holstein-Friesian
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calves to Boran (zebu) calves exposed to low doses of M. bovisin South Africa showed that
half of Holstein-Friesian calves developed typical lesions while none of the Boran calves
developed bTB suggestive lesion (Mordermeier et al., 2012). The finding indicated that zebu
breeds are more likely to be resistant to bTB infection as compared to Holstein-Friesian
breed. Benkirane (1998) also suggested that zebus are more resistant to bTB than high
producing European breeds of cattle. The lack of pronounced collinearity between
production systems (herd level factor) and breed (individual level) in this review might be an
evidence for possible impact of each risk factor operating at different levels.

Prevalence of bTB generally showed a decreasing trend as one moves from central areas of
the country to the peripheries in all geographic directions; and from accessible regional
towns to more remote locations where traditional extensive livestock husbandry dominates.
The generalization is not absolute as differences could be observed over short distances or
even in the same area as reported by different investigators at different times. Prevalence of
bTB appears to be the highest in central areas of the country with the highest intensity in
Addis Ababa and the surrounding sub-urban areas. This could be due to relatively long
history of intensive dairying with exotic European breeds in central Ethiopia following their
introduction during the last imperial regime with the objectives of supplying dairy products
to the burgeoning human population in Addis Ababa and its surroundings (Ahmed et al.,
2004). These areas still remain areas of major dairy cattle concentration and serve as source
of improved dairy cattle to the rest of the country (Firdessa et al., 2012), as well as the
sources of bTB for the newly emerging dairy areas.

There is no significant difference with regard to prevalence of bTB between different
administrative regions of the country (p>0.05). This is because epidemiology of bTB is not
affected by animal health activities in any of the administrative states, as none of them have
adopted any viable control intervention. Results of this review suggest that intensification of
the dairy sector in any of the regions possibly enhance the prevalence as there is no working
regulatory imposition on biosecurity that limits animal movement. This affects the dairy
sector adversely, since trade in dairy cows was observed to be unidirectional in Ethiopia and
was usually from the central areas of the country where bTB is more prevalent to the
regional cities and zonal towns (Firdessa et al., 2012). The real impact of such trade on bTB
prevalence and spread from region to region needs to be supported by molecular
fingerprinting of isolates from all regions of the country. Even then, exact tracing of animals
to the herds of their origin would be a challenge as no animal identification and traceability
system is currently in place. Absence of valid reports from Benishangul-Gumuz, Dire Dawa
and Harari regions, and only one study each from Somali and Gambella regions calls for
further studies in these regions.

The final multivariable logistic regression model built in the current review explained about
41% of the explainable proportion of heterogeneity among the studies. This indicates that
there are other risk factors of the disease that are not captured in the analysis for various
reasons. Important among these factors were age of animals, herd size, population density,
hygienic status of farms and sources of replacement animals. Data obtained from studies
conducted in Ethiopia with regards to these factors were so heterogeneous and overlapping,
which suggests that there were no meaningful categories to be developed for analysis. We
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believe that some of the heterogeneity not captured in the current analyses might have been
explained by the missing predictors. Apart from the lack of consistency among the studies
described previously, many of the studies suffer from shortage of clear description of the
study area with regards to geo-referencing, animal husbandry practices, presence or absence
of other co-existing animal species, co-habitation with humans, presence or absence of
informal culling practices and farm hygiene. Some of the studies failed to describe how
individual animals included in the studies were selected. Others put too much emphasis on
the technicalities of the diagnostic tests used and failed to include epidemiological
determinants that might have been altered to control bTB. It is suggested that future studies
on bTB in Ethiopia need to be designed by incorporating these weaknesses and the findings
of the current quantitative review should be viewed in the light of these limitations.

In the sensitivity analysis of the pooled estimate, the observed disparity between Egger’s and
Begg’s test statistics over statistical significance is explainable with a greater statistical
power of the regression test over the rank correlation, respectively (STB, 1998). The bias
noted could be linked to increasing number of studies with smaller sample sizes and lower
prevalence that have larger variance for their point estimate and possibly reduced precision.
Absence of an influential study in this review validates the robustness of a pooled estimate
given.

Bovine TB control based on test and slaughter of reactor animals is considered to be the best
policy in developed countries. The strategy was effective and resulted in bTB official free
status in many countries, and lowered individual and herd level prevalence in others (EFSA
and ECDPC, 2014; Constable et al., 2017). This strategy is practically impossible in
developing countries like Ethiopia due to costs related to compensation (Zinsstag et al.,
2006). Alternatively, skin testing and segregation of animals into positive and negative herds
in one government bull-dam farm at Holeta decreased the prevalence of the disease from
48% to 14% in a year and to 1% in three consecutive years (Ameni et al., 2007b). Although
such intervention could be considered as an alternative to the test and slaughter policy, long
term sustainability of the alternative is questionable given the critical shortage of land faced
by dairy farmers to establish such physically separated herds (Land O’Lakes, 2010; Gizaw et
al., 2016) and the eventual fate of bTB positive animals in the absence of any regulation
and/or policy in place. The future assignment should be identification of control strategies
that could be implemented in Ethiopia. The strategies should be supported by legal
framework for their effective implementation. On top of the main control strategies,
subordinate/supportive control methods such as registration and identification of dairy cows,
control of the trade/movement of dairy cows, strengthening the biosecurity of dairy farms
and pasteurization of milk before distribution to the consumers will play greater role in
minimizing the spread of bTB and its impact on public health.

Conclusions

The quantitative review showed that a pooled prevalence estimate of bTB in Ethiopia is
5.8%. The pooled prevalence was affected both by breed and management systems. The
estimate computed for intensive and or semi-intensive production systems was higher than
that of extensive production systems, reflecting the effect of the intensification on the
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prevalence of bTB. Holstein-Friesians and their local crosses had higher pooled prevalence
compared to local zebu breed. Perhaps these could be strong epidemiological evidences on
the importance of genetics and management on prevalence of bTB in Ethiopia. Our result
suggest that efforts towards control of bTB in the country need to target intensive and semi-
intensive dairy farms in urban and peri-urban areas that keep genetically improved cattle.
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Highlights
. Results of 56 eligible studies were combined for quantitative review.
. The estimated pooled prevalence of bovine tuberculosis in Ethiopia is 5.8%

however; the overall prevalence is dominated by the overwhelming number of
zebu cattle included in the studies.

. Holstein Friesian and their crosses with zebu cattle were more significantly
affected than zebu.

. Intensive cattle husbandry was associated with increased prevalence
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Articles retrieved from Electronic
Databases (PubMed, Web of science,
CAB Direct, AJOL) n=127

Identification

I

Checked for duplicates =>

Screening

Eligible Studies K+

56 articles selected

Page 18

11 removed

T

116 articles screened ——

48 removed
e Livestock other than cattle, n =14
e No data on prevalence (reviews,
experimental, case-control, case-
series, outbreak, public awareness,
agent characterization, book chapters,
etc..)n=34

68 full-text articles assessed

12 removed
All due to substandard methodology

Figure 1. Literature selection flow diagram for systematic review of bovine tuberculosis in

Ethiopia
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Figure 2. Galbraith plot for assessing bovine tuberculosis study reports heterogeneity in Ethiopia
The plot is a scatter plot of standardized effect estimates against inverse standard error. In

such graphical assessment points outside the confidence bounds (positioned 2 units above
and below the regression line) are study reports which have major contribution to
heterogeneity noted. In the absence of heterogeneity we could expect all points to lie within
the confidence limits. This is one of the evidence for choosing random effect model as
opposed to fixed effect model for pooled estimate made in meta-analysis.
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Figure 3. Apparent (A) and logit-prevalence (B) estimate distributions for the animal-level
studies of bovine tuberculosis prevalence in Ethiopia

The right skewed histogram (figure 3.A), illustrates distribution pattern of apparent
prevalence reports, while figure 3.B is a normalized one, following logit-transformation of
each prevalence estimate up on which all the analyses were made.
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Figure 4. Distribution and mean prevalence of bovine tuberculosis in districts of Ethiopia
Most of the studies were conducted in Addis Ababa, Amhara, Oromia and Southern Nations

and Nationalities Peoples regions while no valid published study was obtained from
Benishangul-Gumuz, Harari and Dire Dawa regions. On the other hand, few studies were
undertaken in Afar, Gambella, Somali and Tigray regions. Variable animal level prevalence
of bTB were recorded in the districts of the regions ranging from 0.8% to 54.6%; the highest
prevalence being reported in intensive farms in and around cities while the lowest prevalence
being recorded in grazing animals in rural areas.
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Figure 5. Funnel plot of logit-prevalence estimate of bovine tuberculosis in Ethiopia
The figure displays each study’s estimated effect plotted against its SE and evaluates the

relationship between study results and their precision. The lack of symmetry around the
inverted funnel plot illustrates the presence of potential bias due to increasing number of
study reports with low prevalence and study reports based on smaller sample size.
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Table 1

List of study reports on bovine tuberculosis in Ethiopia selected for meta-analysis

Authors Study setup  Dx. Test Samplesize ~APP
Asseged et al., 2000 Farm/field SIDT 1241 10.5
Ameni and Regessa, 2001 Farm/field CIDT 416 14.2
Ameni and Wudie, 2003 Abattoir DMI 1125 5.2
Ameni et al., 2003a Farm/field CIDT 763 7.8
Ameni et al., 2003b Farm/field CIDT 1168 46.9
Ameni et al., 2003c Farm/field CIDT 735 4.2
Asseged et al., 2004 Abattoir DMI 1350 15
Teklu et al., 2004 Abattoir DMI 751 45
Laval and Ameni, 2004 Farm/field SIDT 460 4.1
Laval and Ameni, 2004 Farm/field CIDT 320 1.6
Fikru et al., 2005 Farm/field SIDT 353 3.4
Shitaye et al., 2006 Farm/field CIDT 2098 18.7
Ameni and Erkihun, 2007 Farm/field CIDT 524 111
Ameni et al., 2007a Farm/field CIDT 5424 135
Elias et al., 2008 Farm/field CIDT 1869 23.7
Yacob et al., 2008 Abattoir DMI 638 0.9
Fetene and Kebede, 2009 Farm/field CIDT 1207 9.7
Demelash et al., 2009 Abattoir DMI 3322 10.1
Berg et al., 2009 Abattoir DMI 32779 4.6
Tsegaye et al., 2010 Farm/field CIDT 1132 34.1
Regassa et al., 2010 Abattoir DMI 1023 1.1
Tschopp et al., 2010a Farm/field CIDT 499 0.8
Amenu et al., 2010 Farm/field CIDT 425 6.4
Ameni et al., 2010 Abattoir DMI 1138 5
Tschopp et al., 2010b Farm/field CIDT 5377 1
Tschopp et al., 2011 Farm/field CIDT 1214 1.6
Bekele and Belay, 2011 Abattoir DMI 780 2.7
Gumi etal., 2011 Farm/field CIDT 473 55
Dinka and Duressa, 2011 Farm/field CIDT 625 12.2
Tigre et al., 2012 Farm/field CIDT 384 21.4
Tigre etal., 2012 Abattoir DMI 1102 5.4
Ewnetu et al., 2012 Abattoir DMI 720 5.8
Gumi et al., 2012 Farm/field CIDT 411 2.4
Firdessa et al., 2012 Farm/field CIDT 2926 32.2
Mekbib et al., 2013 Abattoir DMI 500 5
Tschopp et al., 2013 Farm/field CIDT 584 0.3
Mamo et al., 2013 Farm/field CIDT 1087 11
Zeru etal., 2013 Abattoir DMI 768 6.4
Aylate et al., 2013 Abattoir DMI 1029 6.1
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Authors Study setup  Dx. Test Samplesize APP
Ayana et al., 2013 Farm/field CIDT 371 1.3
Ayana et al., 2013 Abattoir DMI 487 9.3
Romha et al., 2013 Farm/field CIDT 484 6.6
Romha et al., 2013 Abattoir DMI 582 5.8
Zeweld et al., 2013 Farm/field CIDT 423 7.3
Terefe, 2014 Abattoir DMI 486 6.8
Woyessa et al., 2014 Abattoir DMI 1183 5.7
Gebrezgabiher et al., 2014  Abattoir DMI 768 2.6
Zeweld, 2014 Farm/field CIDT 524 2.7
Zeru etal., 2014 Farm/field CIDT 480 11.3
Bussa, 2014 Farm/field CIDT 508 1.8
Biru et al., 2014 Farm/field CIDT 835 11.4
Romha et al., 2014 Farm/field CIDT 440 43
Tschopp et al., 2015 Farm/field CIDT 220 0
Nuru et al., 2015 Farm/field CIDT 788 13
Alemu et al., 2016a Abattoir DMI 500 13.2
Dejene et al., 2016 Farm/field CIDT 2550 5.5
Duguma et al., 2016 Farm/field CIDT 554 3.8
Alemu et al., 2016b Abattoir DMI 500 10.6
Bekele et al., 2016 Farm/field CIDT 558 17
Woldemariam et al., 2016~ Farm/field CIDT 501 4.4

Page 24

Dx. Technique: Diagnostic technique, App: Apparent prevalence, CIDT: Comparative Intradermal Tuberculin test, SIDT: Single Intra-dermal
Tuberculin test, DMI: Detailed Meat Inspection,
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Table 2

Page 25

Proportion of individual predictor’s effect on heterogeneity and associated statistical significance adjusted for

sample size.
Model Without sample size With sample size
proportion pvalue proportion p value
Sample size - - 0.52 0.249
Year 1.42 0.119 2.46 0.009
Type of sampling 0.0 0.489 0.0 0.541
Type of study population 0.0 0.564 0.0 0.780
Breed 20.44 <0.001 25.44 <0.001
Production systems 9.0 0.001 8.9 0.002
Herd contact 0.0 0.329 0.0 0.362
Agro-ecology 0.32 0.287 0.16 0.438
Diagnostic technique 0.0 0.789 0.0 0.943
Administrative states 1.07 0.160 1.83 0.142

Prev Vet Med. Author manuscript; available in PMC 2018 November 01.



Page 26

Sibhat et al.

9950 280 80 € (Lztve) 19 Teyy
1110 952'0 110 A3 (e€1'8'9) 8'8 ReibiL
9800 900 €5°0- €7 (8522 9¢ eIRYWY
S8L°0 6900 80°0- 1T (r91'2'9) 90T eqeqy sippy
2900 S0T°0 15°0- 67 (95'6'2) 0% dNNS

ClICTETE) o (T8'59) 99 BILOIO  3RIS SARLSIUIIPY
7000>  T00°0> Ge'T LT (L0ELYT) 9T ueISalld UIds|oH
0£0°0 100°0> 650 ve (eeT'v) 66 $5010

30URIBYRI 85 6'7e) T ngaz paaig
€00 100°0> 89°0 9z (9TZ'Y2T) 99T  BAISUBIUI-ILIBS/OAISUBIU]
9€6'0 v2L0 €00~ 45 (Ls'9¢) v [esojsed-oufe/[eloised

EAlIEIETET] 9g (zZ9've) 9ov aAISUaIXa pueybiH Swig)sAs uoionNpoid
€820 7010 120 87 O¥TT¥) 8L 5002-0002
860 2580 S0°0- ve (e8'ev) 09 0T02-900¢

30URIBYRI 29 (z8'9r) 9 91021102 TeaA
€vE0 6v2'0  L0000°0- an YIEFT-L az1s ajdwes
anjea
d anjen dx HeoD  suoday# (10%56) Nald abuey/A10681eD sa|qelden

"(YTT = U ‘%6°0F = ) 19pow uoissaifial-elsw ul s10301paid paros|es yum Buofe eidolyig ul sIsojndagn) aulAog 40 3dusjeAald JO UONLIdoSSe 8y |

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Prev Vet Med. Author manuscript; available in PMC 2018 November 01.



	Abstract
	Introduction
	Material and methods
	Literature Search Strategy
	Inclusion and exclusion criteria
	Data extraction
	Statistical analysis

	Results
	Identified study reports
	Characteristics of the reports
	Meta-analysis
	Meta-regression
	Univariable meta-regression
	Multivariable meta-regression

	Distribution
	Literature bias

	Discussion
	Conclusions
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2
	Table 3

