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Abstract

Background: Ethiopia accommodates the second largest number of human rabies deaths in Africa. This systematic
review and meta-analysis aimed to summarize and pool estimates of dog-mediated rabies status in Ethiopia.

Methods: Published researches between 2010 and 2020 were comprehensively searched and the required
information was extracted. The prevalence was estimated using the random-effects meta-analysis because higher
heterogeneity between studies was expected.

Results: The pooled estimate of rabies was 32% (95% Cl: 19-46%), with individual study prevalence estimates
ranged from 1 to 78%. Studies were approximately weighted equally with individual weight ranging from 5.19-
5.28%. Subgroup analysis indicated that the random pooled prevalence of rabies was 28% (95% Cl: 0-81%) in
animals and 33% (95% Cl: 20-47%) in humans. Furthermore, a subgroup analysis across regions indicated that the
pooled prevalence was 78% in Addis Ababa, 46% in Oromia, 40% in Tigray and 5% in Amhara regional states. No
single study was reported from the country’s eastern and southern parts to be included in this meta-analysis.

Conclusion: The estimated pooled rabies prevalence was found high and showed varying among study regions.
Therefore, focusing on mass dog vaccination campaigns and public awareness should be implemented to control

the disease.
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Introduction
Rabies is a life-threatening, zoonotic viral disease that
can cause fatal encephalomyelitis [12]. According to the
WHO [19] canine rabies causes an estimated 61,000
deaths per year within the wider international commu-
nity, of which 56 and 44% of the deaths occurred in Asia
and Africa, respectively [6]. This disease is mainly trans-
mitted by dog-bite and causes significant morbidity and
mortality among humans and animals with high inci-
dence in rural areas each year [19].

The virus has long been a significant public health
threat in Ethiopia [5].
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Yimer et al. [21] and Deressa et al. [5] reported dogs
are the primary cause of fatal human rabies and respon-
sible for maintaining and disseminating rabies in
Ethiopia. The country accommodates the second largest
number of rabies deaths of all African countries [4]. The
first rabies epidemic in Ethiopia was recorded in Addis
Ababa in 1903 [15]. A retrospective study done between
2001 and 2009 by the Ethiopian Public Health Institute
(EPHI) showed that approximately 1000 to1600 patients
were exposed each year in Addis Ababa [5, 17]. The total
number of animal rabies cases in Ethiopia remains un-
known; however, with a rural and farming population of
more than 80%, annual livestock losses caused by rabies
pose a significant societal and economic burden [16].

In recent data reported by Beyene et al. [3], more than
2900 human rabies deaths occurred every year. The
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annual rabid dog exposures in some selected urban and
rural districts were estimated at 135,101 and 86 bites per
100,000 inhabitants, respectively [2].

Dog-derived rabies in rural seating has also been re-
ported as a potential problem for animal production sec-
tor. In most rural parts of the country, dogs are kept in
close contact with other livestock for safeguarding pur-
poses, which might provide an opportunity to transmit
and maintain the virus in the population [12, 22].

The only National Rabies Laboratory confirms every
case of rabies in Ethiopia. The limited diagnostic facility,
poor surveillance protocol, unavailability of vaccine and
post-exposure treatment, an increasing stray dog popula-
tion, low level of public awareness, poor attention and re-
source allocation by the government are major significant
factors that hinder the control of rabies in Ethiopia [4, 17].

Scientific researches based on observational studies on
viral isolation and identification is limited, except survey
studies focused on knowledge assessment using ques-
tionnaire data. The true figure of the disease burden in
the country remains unclear. Hence, this systematic re-
view and meta-analysis summarize and pool estimates of
the status of rabies in Ethiopia from previously published
reports.

Methods

The study was conducted based on the Preferred
Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) group checklist guideline [13]. The
checklist was used to ensure the inclusion of relevant in-
formation (Additional file 1). The outcome of interest
was the incidence of rabies in Ethiopia. Mendeley ver-
sion 1.19.4 was used to catalog the initial literature
search results.

Literature search strategy and eligibility criteria

Literature was searched in PubMed, Science Direct and
Google Scholar databases. A Boolean operator and/or
was used during an online search by combining topic-
related keywords. Key-words (MeSH terms) used when
searching the databases were: rabies, dog bite, preva-
lence, incidence, and Ethiopia. The reference lists of all
available studies on rabies in Ethiopia were checked to
obtain additional literature. All searched articles were
downloaded and titles and abstracts were assessed and
respective papers were examined in detail.

Inclusion/exclusion criteria

The inclusion criteria for studies include articles pub-
lished in a reputable journal, written in English, and
conducted in Ethiopia; studies conducted in animals or
humans were considered inclusion criteria. Besides,
cross-sectional, prospective cohort and retrospective
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studies regarding the incidence of dog bite exposure of
rabies from 2010 to 2020 were our target studies.

Data extraction procedure

Data were extracted using standardized Microsoft Excel
sheet. Two independent researchers extracted data, and
the disagreement was resolved by consensus based on
the standardized extraction forms to guarantee
consistency and accuracy. The following data were re-
corded in the extraction tables: paper identification (ID,
first author, year of publication, title, journal, volume,
page numbers), study type (cross-sectional, prospective
cohort and Case-control studies), year of study, study lo-
cations were recorded).

Statistical analysis

Pooled prevalence estimates were calculated using the
random-effects model meta-analysis at 95% CI as sub-
stantial heterogeneity was expected [7]. Heterogeneity
(I%) between studies was evaluated with Cochran’s Q test
and inverse variance index. The I* values of 25, 50, and
75% were considered low, moderate and high heterogen-
eity [10]. The I? values, 0%, indicate no observed hetero-
geneity. Q is weighted of squares on a standardized
scale. Low p-values were reported as the presence of het-
erogeneity [10].

Subgroup analysis was conducted according to re-
gional distribution, study methods, sample size, and
hosts (human and/ animals). Publication bias was
assessed using the Begg and Egger’s test [8] and visual
inspection of the funnel plot. Potentially contributing
factors for between-study heterogeneity was evaluated
using meta-regression. Multivariable meta regression
analysis was done for variables like study location, af-
fected host, study type and sample size. All statistical
analyses were then computed using Stata version 13
software.

Results

Descriptive results

From the total of 1075 studies retrieved, 10 articles with
20 data points met the inclusion criteria for the final
meta-analysis (Fig. 1). The total sample size throughout
the study years was 33,675 (2161 animals and 31,071
humans), of which 5249 were found positive for the ra-
bies virus. The overall apparent prevalence from all stud-
ies was 32%. The largest study in terms of sample size
employed 6874 humans, while the smallest had 278
humans. The disease was reported in five regions, in-
cluding the Addis Ababa city administration. The virus
was highly prevalent in Addis Ababa, Oromia and Tigray
regional states. Detailed characteristics of the included
studies in the meta-analysis are summarized in Table 1.
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Screening Identification

Eligibility

Included

_

Retrieved Database Records (n=1,075)
PubMed (n=731)

Science Direct (n=333)

Google Scholar (n=11)

Duplicates (n=87)

Relevant articles screened after
removed duplicates (n=988)

‘ Record exclude by title
l/ and abstract (n=579)

Full text articles assessed for
eligibility (n=409)
Full text article exclude, with
‘ reason (n=160)
Case report study (n=26)
\L Questionnaire survey (n=211)
Review (n=2)

Records meet inclusion
criteria (n= 10)

Fig. 1 Flow diagram of the selection of eligible studies

Table 1 Descriptive Metadata of rabies from 2010 to 2020 published studies in Ethiopia

Hosts affected Study location Study design Sample size No of positives Prevalence Reference
Humans Amhara Cross-sectional 532 83 15.6% (1]
Retrospective 3161 40 1.3% [20]
Retrospective 6527 423 6.5% [20]
Retrospective 6874 501 7.3% [20]
Retrospective 278 206 74.1% [22]
Retrospective 336 255 75.9% [22]
Nationwide Retrospective 278 83 29.9% [2]
Retrospective 336 34 10.1% [2]
Prospective 3042 368 12.1% [14]
Retrospective 935 726 77.6% [14]
Oromia Prospective 694 23 3.3% [2]
Tigray Retrospective 832 747 89.8% [18]
Retrospective 861 630 73.2% [18]
Retrospective 3042 140 4.6% 18]
Retrospective 3101 81 2.6% [18]
Prospective 694 23 33% 9]
Animals Addis Ababa Cross-sectional 532 83 15.6% [17]
Amhara Retrospective 803 288 35.9% [11]
Oromia Retrospective 817 515 63.0% [12]
Overall 33,675 5249 32%
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Meta-analysis

The pooled prevalence of rabies in Ethiopia with a meta-
analysis was estimated 32% (95% CI: 0.19-0.46). The in-
dividual study prevalence estimated estimates ranged
from 1 to 78%. Studies were approximately weighted
nearly equal with an individual weight ranging from
5.19-5.28%. The Forest plot for the pooled prevalence of
rabies in Ethiopia is depicted in Fig. 2.

Subgroup meta-analysis

. A subgroup meta-analysis was computed for host af-
fected, location, study type and sample size because sub-
stantial heterogeneity was observed in the pooled
estimate. Hence, sub-total random pooled prevalence of
rabies was estimated at 28% (95% CI: 1-80%) in animals
and 33% (95% CI: 0.20-0.47) in human (Table 2). Fur-
thermore, subgroup analysis was computed for study lo-
cation by clustering into regions. The highest prevalence
was observed in Addis Ababa with a prevalence of 78%
with 95% CI (75-80%), while the lowest prevalence was
recorded in Ambhara regional state with a prevalence of
5, 95% CI (3—8%).

The subgroup analysis indicated that many studies
were derived from the Amhara and Tigray regions.
Study variability was observed in two locations and thus,
results in such locations were omitted due to an insuffi-
cient number of observations. The subtotal pooled
prevalence of rabies in the Amhara and Tigray regional
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state was 5% (CI: 0.03; 0.08%) and 55% (CI: 0.21; 0.86%),
respectively. Despite this, one and two studies performed
in Addis Ababa and Oromia regional state showed 78
and 45% pooled prevalence, respectively. The Forest
plots of subgroup meta-analysis for host-affected and
study regions are illustrated in Figs. 3 and 4.

Meta-regression

Because the heterogeneity between studies remained
after subgroup meta-analysis, meta regression was ana-
lyzed using variables like study region, study type, sam-
ple size and host affected were used in meta-regression.
However, except for study regions and host affected
which were marginally significant with a p-value of 0.06,
none of the variables were significantly associated with
event of rabies in the final multivariable meta-regression
model (Table 3).

Publication bias and small study effect assessment

The funnel plots (Fig. 5) and Egger’s regression asym-
metry coefficient [b: 13.4] (CIL: 5.43; 21.38: p < 0.05) sug-
gest the presence of publication bias (Table 4).

Discussion

This is the first systematic review and meta-analyses on
the incidence of rabies in Ethiopia to the best of our
knowledge. The results presented in this report were
from the analysis of data obtained through a systematic
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0.16 (0.13, 0.19) 5.26
0.36 (0.33, 0.39) 5.27
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4~ 0.90 (0.8, 0.92) 5.27
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0.05 (0.04, 0.05) 5.28
0.03 (0.02, 0.03) 5.28
0.01(0.01,0.02) 5.28
0.06 (0.06, 0.07) 5.28
0.07 (0.07, 0.08) 5.28
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Fig. 2 Forest plot for the pooled prevalence of rabies in Ethiopia from 2010 to 2020
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Characteristics No of Pooled rabies prevalence Heterogeneity
observations sS Event Event rate 95% Cl 1%% P
Overall 20 33,232 5640 0.32 0.19,046 99.85 0.001
Region 99.85 0.01
Addis Ababa 1 935 726 0.78 0.75;0.80 0
Amhara 7 23,527 1240 0.05 0.03,0.08 98.3
Nationwide 4 1228 578 047 0.14,0.80 99.4
Oromia 2 1187 548 046 042,048 0
Tigray 5 6355 2548 040 0.21,0.86 99.9
Host affected
Animal 3 2161 832 0.28 0.81;15.8 0 0.01
Human 17 31,071 4808 0.33 0.20,047 99.8 0.06
Study type 0.00
Prospective 3 3864 423 0.12 0.04,0.22 0
Retrospective 15 27,845 4669 0.35 0.20,0.53 999
Cross-sectional 2 1187 548 045 042,048 0
Sample size 0.001
<385 5 1356 610 045 0.21,0.65 99.3
385-1000 8 6.129 3477 0.57 0.18,0.39 99.8
> 1000 6 25,747 1553 0.06 0.02;,0.08 99.4
N
%
Study ES (95% Cl) Weight
Human E
Beyene et al., 2017 (2017) ' —— 0.71 (0.67,0.74) 5.27
Jemberu et al., 2013 (2013) — 0.25 (0.18,0.33) 5.19
Teklu et al., 2017 (2017) - 0.36 (0.33,0.39) 5.27
Teklu et al., 2017 (2017) y —— 0.63 (0.60, 0.66) 5.27
Teklu et al., 2017 (2017) ' - 0.90(0.88,0.92) 527
Teklu et al., 2017 (2017) ! - 0.73(0.70, 0.76) 5.27
Yibrah and Damtie (2014) (2015) # : 0.05 (0.04, 0.05) 5.28
Yibrah and Damtie (2014) (2015) # ! 0.03 (0.02, 0.03) 5.28
Yibrah and Damtie (2014) (2015) # . 0.01 (0.01,0.02) 5.28
Yizengaw et al., 2018 (2018) L4 ' 0.06 (0.06, 0.07) 5.28
Yizengaw et al., 2018 (2018) . ' 0.07 (0.07,0.08) 5.28
Beyene et al., 2017 (2017) N —— 0.74 (0.69,0.79) 5.24
Beyene et al., 2017 (2017) ! —— 0.76 (0.71,0.80) 5.25
OIE, 2017 (2017) —— 0.30 (0.25, 0.36) 5.24
OIE, 2017 (2017) —-— ' 0.10 (0.07,0.14) 5.25
Gebru etal., 2019 (2019) . i 0.12(0.11,0.13) 5.28
Subtotal (142 = 99.8%, p = 0.00) _ 0.33 (0.20, 0.47) 84.20
Animal E
Jemberu et al., 2013 (2013) > : 0.03 (0.02,0.05) 5.27
Jibat et al., 2016 (2016) - ' 0.16 (0.13,0.19) 5.26
Reta et al., 2014 (2014) : -~ 0.78 (0.75,0.80) 5.27
Subtotal (IA2=.%, p=.) —— 0.28 (0.00,0.81) 15.80
Heterogeneity between groups: p = 0.864 :
Overall (12 = 99.85%, p = 0.00); _ 0.32(0.19, 0.46) 100.00

Fig. 3 Subgroup meta-analysis by host species affected
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p
%
Study ES (95% Cl) Weight
Oromia :
Beyene et al., 2017 (2017) : —— 0.71 (0.67,0.74) 5.27
Jibat et al., 2016 (2016) - 1 0.16 (0.13,0.19) 5.26
Subtotal (I"2=.%,p=.) : < 0.45(0.42,048) 10.53
1
Amhara '
Jemberu et al., 2013 (2013) '—H 0.25(0.18,0.33) 5.19
Jemberu et al., 2013 (2013) > | 0.03 (0.02,0.05) 5.27
Yibrah and Damtie (2014) (2015) . : 0.05 (0.04,0.05) 5.28
Yibrah and Damtie (2014) (2015) * 1 0.03 (0.02,0.03) 5.28
Yibrah and Damtie (2014) (2015) @ ! 0.01(0.01,0.02) 5.28
Yizengaw et al., 2018 (2018) * : 0.06 (0.06,0.07)  5.28
Yizengaw et al., 2018 (2018) * ! 0.07 (0.07,0.08) 5.28
Subtotal ("2 = 98.3%, p = 0.00) < y 0.05(0.03,0.08)  36.87
1
Tigray !
Teklu et al., 2017 (2017) |—— 0.36 (0.33,0.39) 5.27
Teklu et al., 2017 (2017) ! - 0.63 (0.60,0.66) 5.27
Teklu et al., 2017 (2017) ! 4 090(0.88,092) 527
Teklu et al., 2017 (2017) | - 0.73(0.70,0.76)  5.27
Gebru et al., 2019 (2019) - : 0.12(0.11,0.13) 5.28
Subtotal ("2 = 99.9%, p = 0.00) - 0.55(0.21,0.86)  26.36
1
Ethiopia :
Beyene et al., 2017 (2017) 1 —— 0.74 (0.69,0.79) 5.24
Beyene et al., 2017 (2017) ! —— 0.76 (0.71,0.80)  5.25
OIE, 2017 (2017) —— 0.30 (0.25,0.36) 5.24
OIE, 2017 (2017) - : 0.10(0.07,0.14) 525
Subtotal ("2 = 99.4%, p = 0.00) 0.46 (0.14,0.80) 20.97
1
Adiss Ababa .
Reta et al., 2014 (2014) ] —-— 0.78 (0.75,0.80)  5.27
|
1
Heterogeneity between groups: p = 0.000 !
Overall (12 = 99.85%, p = 0.00); _ 0.32(0.19,0.46)  100.00
.
L I
00906 918
Fig. 4 Subgroup meta-analysis by study regions
A
Table 3 Multivariable meta-regression analysis review of scientific publications of the prevalence of
Variables Coefficient p-value 95%Cl rabies at the country level between the years 2010 to
Regions 2020. Literature was heterogeneous, had inappropriate
Addis Ababa . sFudy .de51gns, and u.nrepresentatlve sample size. This
diversity, together with the lack of data on other re-
Amhara -075 006 -135-014 : . .
quired variables, reduced our dataset substantially.
Oromia -062 015 ~147,-023 ) - .
The final quantitative and meta-analysis of the preva-
Tigray - 067 008 ~143008  Jence were done only with 10 articles with 20 data
Nationwide -0.24 0.54 —103;0.54 points (records). Among them, 15 data points were
Host on humans, three on animals and two records on
Animal * both hosts. Relatively higher studies were in humans
Human 055 006 004114 through a hospital-based retrospective analysis which
Study type is an indication that no active surveillances are under-
Prospective . taken in the country. On the other hand, even though
the disease’s primary sources are animals, studies con-
Retrospective -0.01 0.98 —044; 044 . . .
ducted on animals are very few. An increasing num-
Cross sectional ber of stray dogs in Ethiopia coupled with lack of dog
Sample size vaccination practice and low public awareness creates
<385 * difficulty controlling the disease. In the country, al-
385-1000 034 043 ~0.50; 1.17 most all animals are kept extensively exposing them
> 1000 020 052 —081; 041 to rabid dog bites. Most importantly absence of a
*Reference post-exposure vaccine for animals made the condition

** Omitted due to collinearity

worse.
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se(ES)

Funnel plot with pseudo 95% confidence limits

Fig. 5 Funnel plot for assessing the presence of publication bias

ES

The random effect meta-analysis result showed high variabil-
ity with Higgin’s I%, which indicates that the variability between
studies was not by chance alone. Because of the considerable
variability between studies, the random effects meta-analysis
weight of studies was nearly equal. The host affected and re-
gions were marginally significant predictors. However, other
variables in the final meta-regression remained statistically insig-
nificant in explaining the study variability.

This review demonstrated that there is still a signifi-
cantly higher prevalence of rabies in Ethiopia. A pooled
prevalence of 32% at the country level needs critical at-
tention from the responsible organizations. The pooled
prevalence estimate varies significantly between regions
which may be attributed to the number of reports. Ac-
cording to this systematic review and meta-analyses
(SR&MA), rabies report has been mostly done in the
Northern Region of Ethiopia, particularly in Amhara and
Tigray regional states [11, 18, 20, 22]. Furthermore,
higher number of reporting articles were implemented
in human cases using retrospective data [2, 14, 17, 20].
Even though higher number of studies were reported
from the Ambhara regional state, the lowest prevalence
was recorded in this region. However, the highest preva-
lence of rabies was reported from Addis Ababa. On the
contrary, no study was reported from the country’s east-
ern and southern parts of Ethiopia to be included in this
meta-analysis.

Table 4 Egger’s test for small-study effect

This review is a timely reminder of the need for more
studies on animal reservoirs. Rabies has a devastating
impact on poor third-world countries, with almost a
hundred percent case fatalities in animals and humans
[4, 12, 19]. Unlike Malaria, HIV/AIDS and TB,
prioritization of rabies prevention is insufficient in
Ethiopia; lack of focus on mass dog vaccination, uncon-
trolled animal movement and abounding free-roaming
dogs makes the disease impact severe [1, 3, 4, 6, 16].

Conclusions

To our knowledge, this is the first systemic review and meta-
analysis attempt made on rabies in humans and animals.
Our review revealed a high pooled prevalence of rabies and
the disease had shown a significant variation among study
regions. Relatively higher numbers of studies were done in
Ambhara and Tigray regional states. Therefore, more scien-
tific researches need to be executed. Critical attention is
needed from the country’s responsible bodies focusing on
mass dog vaccination campaigns and public awareness to
control the risk of rabies in the country.
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