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ARTICLE INFO ABSTRACT

Keywords: Rabies is transmitted to humans mainly by dogs but also by other animal species. Reliable data on the incidence
Ra‘?ies virus of Rabies virus (RABV) in humans, dogs, and other animal species in Africa, could be essential in the imple-
Infc%dence mentation of a global strategic plan to eliminate the RABV by 2030 as adopted by the WHO, OIE, and FAO. We
g;;cieahh searched the Pubmed, Embase, Scopus, African Journal Online, and African Index Medicus databases for relevant

studies that report data on the incidence of RABV in Africa up to February 17, 2020. Information on active and
past RABV exposures in various categories of dogs, humans and other animal species were extracted. Incidence
and seroprevalence estimates were pooled using a random-effect meta-analysis. We included 73 articles which
provided 142 RABV incidence and seroprevalence records in 21 African countries. The estimated incidence of
RABV in 222 humans, 15,600 dogs, and 12,865 other animal species was 83.4% (95% CI = 64.6-96.5), 44.1%
(95% CI = 35.1-53.4), and 41.4% (95% CI = 29.6-53.8), respectively. The estimated seroprevalence of RABV in
420 humans, 3577 dogs, and 8,55 other animal species was 33.8% (95% CI = 21.9-46.8), 19.8% (95% CI =
13.3-27.3), and 3.6% (95% CI = 0.3-9.2), respectively. The incidence of RABV in general was higher in sus-
pected rabid dogs, other animal species of the Orders Perissodactyla, Artiodactyla and Carnivora. The incidence
of RABV was higher for humans in regions of West and East Africa, for dogs in urban areas and in regions of
Central and South Africa, and for animals of the order Perissodactyla in urban areas. This meta-analysis
demonstrated a high incidence of RABV in Africa. Itis necessary to improve surveillance system to provide
reliable data on RABV in Africa, essential for the implementation of an effective control strategy.

1. Introduction [1]. Most rabies human deaths occur among children less than fifteen
years old, who are less aware of rabies associated risk. Rabies represents

Rabies infections is associated with an estimated 59,000 human a real public health concern and it has an impact on livestock economy.
deaths every year, mostly in low-income economies of Africa and Asia Rabies is caused by viruses of the Lyssavirus Genus (in the Family
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Rhabdoviridae of the Order Mononegavirales) [2]. Rabies virus (RABV) is
the most common causative agent of rabies, distributed in almost all
countries of the world and can infect a wide range of mammal species.
Documented host species of RABV include domestic animals, but also
wild-living carnivores comprising foxes and raccoon dogs in Europe [2],
foxes in the Middle East, raccoon dogs and ferret-badgers in Asia, skunks
[3]1, foxes, coyotes and mongooses in the Americas, African civet and
mongooses in Africa [4]. Owned dogs are the principal hosts involved in
the transmission of RABV to human in more than 99% of cases through
bites [5]. But rabies can also be transmitted by scratches, mucosal
licking, and in rare cases by organ transplantation [2]. After exposure,
the incubation period is very variable and can range from a few days to a
year or more [5]. Rabies is almost always fatal once clinical disease
develops [6]. Nevertheless, rabies is preventable through post-exposure
prophylaxis (PEP), which has shown a good efficacy [7]. However, this
prophylaxis costs 40 United States dollars, when the average daily
allowance in Africa and Asia is 1-2 dollars per person, making it unaf-
fordable for most population at risk. The persistence of rabies in Africa is
mainly fuelled by the vicious cycle of the lack of accurate epidemio-
logical data, the negligence of the populations and decision-makers, the
lack of public information and sensitization on the risk of rabies, and the
geographic and financial barriers to access rabies vaccines [8]. WHO
and partners launched a global plan to eliminate dog-mediated human
rabies by 2030 [9]. It has been demonstrate in developed countries that
multi-annual vaccination campaigns with vaccination coverage of at
least 70% of the domestic dog population should be effective in order to
achieve rabies control and elimination [10]. Nevertheless, implement-
ing a nationwide vaccination campaign is a real challenge for poor
country of Africa, who generally fail to achieve the required vaccination
coverage. Like suggest in a recent review, the knowledge of rabies
epidemiology is crucial for implementation of more targeted and
effective vaccination campaigns [11]. It would be important to know the
general epidemiological data on rabies in Africa in order to be able to
put in place a global plan of elimination of rabies adapted to the African
context. This study aims to contribute to ongoing efforts towards elim-
ination of dog-mediated human rabies by providing an overview of the
status and occurrence of rabies in Africa through a meta-analysis of
rabies incidence and seroprevalence data in various categories of
human, dog, and other animal species populations.

2. Methods
2.1. Design and inclusion criteria

We used the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) for the present study (Supplementary Table 1)
[12]. We published the study protocol in Prospero under number
CRD42020169706. We defined inclusion criteria according to the
Joanna Briggs Institute recommendations for systematic reviews of
prevalence and incidence [13]. The population consisted of humans,
dogs, and other animal species. Humans were classified as apparently
healthy subjects and suspected rabies cases. Dogs were further classified
into owned dogs, stray dogs, wild dogs, and unclassified dogs. The other
animal species were grouped into their taxonomic Orders. The condition
and the context were rabies and Africa respectively. We grouped African
countries according to United Nations Statistics Division (UNSD). The
types of studies were cross-sectional, community and hospital out-
breaks, baseline data for cohort, and case-control. Study population
were classified according to the inclusion criteria of the selected studies.
We considered RABV incidence data derived from all types of samples
including brain, serum, saliva, cerebrospinal fluid and any organ or
tissue biopsy. We considered the RABV incidence data generated with all
common diagnostic assays for antibody and antigen detection including
molecular, immune-enzymatic, immunochromatographic, immunoflu-
orescent, histopathological and culture-based assays. With respect to
these assays, targets used for RABV detection were either antibodies,
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antigens, RNA, live virus or Negri bodies. We considered Negri bodies,
live virus, RNA, and antigens as targets indicating active infection by the
RABV. IgM and IgG antibodies were considered to characterize recent
and past RABV infections respectively. We excluded studies carried out
only on RABV laboratory confirmed cases, studies for which the abstract
and/or full text were not available, case reports, reviews, comments,
studies with studied population size <10 participants, studies reporting
experimental RABV infections and duplicates.

2.2. Article searching strategy

The Pubmed, Embase, Scopus, African Journals Online, and African
Index Medicus databases were queried for relevant studies on the subject
from their inception until February 17, 2020. The languages considered
were English and French. The main search strategy (Supplementary
Table 2) developed for Pubmed was adapted to other databases. We also
reviewed the reference lists of included studies and relevant reviews for
additional inclusions. We solicited colleagues with extended access to
electronic bibliographic resources to search eligible articles not acces-
sible or unavailable in open access.

2.3. Selection and data extraction

Duplicates from different databases were removed. Two in-
vestigators (SK and JTEB) independently selected the articles retrieved
from the databases. All remaining articles were distributed equally
among 16 authors for full text review and data extraction for those
included. Each article was reviewed by at least two study authors. Dis-
agreements on eligibility and the data extracted were resolved by dis-
cussion between two investigators and the intervention of a third author
(SK) if necessary. Data collected included: the study characteristics
[study design, country, UNSD region, study period, mean or median age
of participants, age range of participants, proportion of male subjects,
study setting (rural versus urban and hospital versus community), hos-
pitalisation, clinical case definition of participants], risk of bias assess-
ment data, and key data for incidence estimation [species (human, dog
or other animal species), category of humans and dogs, taxonomic Order
of animals, RABV detection assays, target searched for RABV detection,
type of infection (active infection, recent or past exposure), type of
sample tested, number of samples tested for RABV and number of pos-
itive ones].

2.4. Study definitions

Studies performed in several hospitals or cities were defined as
multicentric and those in a single hospital or city were defined as
monocentric. We considered the data from each subpopulation or type
of infection (active, recent or past RABV infection) of the article as
unique incidence data. For studies searching for multiple infection tar-
gets representing the same type of infection (active infection, recent or
past RABV exposure) in the same participant, we either combined the
results of the markers into a single study of the corresponding type of
infection or selected the marker with high incidence. Given the near
100% fatality of RABV, we defined the incidence in a category as the rate
of RABV detection among all participants of the category in the
considered study.

2.5. Evaluation of the quality of studies

The quality of the studies considered was assessed using the tool of
Hoy et al. (10 questions) (Supplementary Table 3) [14]. The expected
answers to the questions were “yes”, “no”, “unclear” and “not appli-
cable” depending on the content of the articles. A score of 1 was assigned
for all “yes” answers and O for the other ones. Articles with a total score
of 0-3, 4-6, and 7-10 were considered to be respectively at high,
moderate, and low risk of bias.
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2.6. Data synthesis

We analysed the data as outlined in a previously published study
[15]. The main outcome of the study was the combined incidence ac-
cording to population categories (humans, dogs or other animal species)
and the types of RABV infection (active, recent, past RABV infection).
We used the metaprop command of packages (metafor and meta) in R
software version 3.6.2 to estimate the combined incidences according to
a random model effects [16]. The secondary outcomes of the study were
to identify the socio-demographic and diagnostic factors associated with
the RABV incidence with respect to the infection types (active, recent,
past) and well-defined population categories (apparently healthy
humans or suspected rabies case, owned, stray or wild dogs, and other
animal species with known taxonomic Order). Secondary outcomes
were obtained through subgroup analyses. Cochran's Q test was used to
assess data heterogeneity [16]. Sources of heterogeneity were investi-
gated by univariate and multivariate metaregression analyses. The
funnel plot and Egger's test were used to assess the publication bias [17].
Egger's test p-value <0.1 were considered indicative of the presence of
publication bias. A sensitivity analysis that included only cross-sectional
studies was performed.

3. Results
3.1. Study selection

Database searches yielded a total of 3646 potentially relevant arti-
cles. A total of 326 duplicate articles and 2904 additional articles were
excluded after careful review of their titles and abstracts. Examination of
the full texts of the 416 remaining articles allowed to exclude 343 of
them mainly due to the absence of RABV incidence data and the un-
availability of their abstracts and full texts (Fig. 1, Supplementary
Table 4). A group of 73 articles corresponding to 142 incidence data was
finally selected for this review [18-90].

3.2. Quality evaluation

The quality of the studies included was assessed using the Hoy et al.
tool checklist (Supplementary Table 5). The scores obtained for these
studies varied from 3 to 7 with a median of 5 [4,5]. Most of the studies
had a moderate risk of bias (139/142; 97.9%). Only one study had a
response rate > 70% and three studies were representative of the pop-
ulation of a country.

3.3. Baseline characteristics of included studies

The summary and individual data of the included studies are pre-
sented in Supplementary Tables 6-7. The studies were published be-
tween 1966 and 2019 and the participants were recruited between 1975
and 2018. The majority of included studies were from East Africa (61/
142; 43.0%) and West Africa (48/142; 33.8%). The included studies
covered 21 African countries with the highest representativeness occu-
pied by Nigeria (42/142; 29.6%) and Ethiopia (17/142; 12.0%). The
direct fluorescent antibody test (82/142; 57.8%) and the brain (82/142;
57.8%) was the assay and type of sample mainly used for the detection of
RABV respectively. Dogs were the most recruited animal species (64/
142; 45.1%) in the included studies, but RABV were also found in
humans (7/142; 4.9%) and several other animal species (71/142;
50.0%). Apart from dogs, other animal species recruited belonged to 6
Orders including Artiodactyla, Carnivora, Chiroptera, Perissodactyla,
Primates, and Rodentia. Artiodactyla and Carnivora Orders were the
most represented respectively; with a record of 20 (14.1%) and 19
(13.4%). Eight included studies had reported RABV pooled incidence
data for several animals and did not allow their attributions to a specific
taxonomic Order.
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3.4. The pooled incidence of Rabies virus among humans, dogs, and other
animal species in Africa

The included studies recruited 33,539 participants, including 642
humans, 19,177 dogs, and 13,720 other animal species.

Human studies were carried out in Nigeria, Cameroon, Madagascar,
Zimbabwe, Zambia, and Ivory Coast [26,29,39,52,65,67,71] (Fig. 2).
The 5 included studies which enrolled humans suspected rabies cases
with active infections (N = 222 participants) reported incidence ranging
from 87.5 to 100% with a meta-incidence of 83.4% (CI 95%: 64.6-96.5)
(Fig. 3). The seroprevalence were 33.8% (CI 95%: 21.9-46.8) in 420
apparently healthy subjects with past RABV exposure.

The studies in dogs were mainly carried out in Nigeria (31/64;
48.4%) (Supplementary Table 6). The 40 articles (42 incidence data) in
dogs with active infection (N = 15,600 participants) reported incidence
ranging from O to 100% with a meta-incidence of 44.1% (95% CI:
35.1-53.4) (Fig. 4) [18,20-22,25,28,33,36,40,41,43,45-47,49-55,
59,61,62,65,66,70,75,76,78,80-87,89,90]. RABV meta-incidence in
dogs with evidence of active RABV infection ranged from 0% in wild
dogs to 86.3% in suspected rabid stray dogs. The 15 articles (21 sero-
prevalence data) in dogs with past exposure (N = 3577 participants)
reported seroprevalence ranging from 0 to 80% with a meta-
seroprevalence of 19.8% (95% CI: 13.3-27.3) (Supplementary Fig. 1)
[19,32,35,38,41,42,64,68-71,73,74,77,80]. RABV meta-seroprevalence
in dogs with evidence of past exposure ranged from 4.9% in wild dogs to
28.4% in unspecified dogs.

The studies in other animal species were mainly carried out in
Namibia, Nigeria, and Ethiopia (Supplementary Table 6). The 24 articles
(62 incidence data) in other animal species with active infection (N =
12,865 participants) reported incidence ranging from 0 to 100% with a
meta-incidence of 41.4% (95% CI: 29.6-53.8) (Fig. 5, Supplementary
Fig. 2) [20,21,23,24,27,30,31,34,37,40,44,46,48,52,56-58,63,
65,75,81,86,88,90]. RABV meta-incidence in other animal species with
evidence of active RABV infection ranged from 0% in the Order Chi-
roptera to 84.3% in the Order Perissodactyla. The 9 articles (10 sero-
prevalence data) in other animal species with past exposure (N = 855
participants) reported incidence ranging from 0 to 40% with a meta-
incidence of 3.6% (95% CI: 0.3-9.2) (Supplementary Fig. 3)
[23,38,42,58,60,63,70,72,79]. RABV meta-seroprevalence in other an-
imal species with evidence of past exposure ranged from 0.4% in the
Order Chiroptera to 7.8% in the Order Carnivora.

3.5. Sensitivity, heterogeneity and publication bias analysis

All estimated incidence denoted substantial heterogeneity (H > 1, 12
> 60%, and p heterogeneity <0.05) (Table 1). The results of this
sensitivity analysis showed results comparable to the overall incidence
estimates. The funnel plot was asymmetrical for the estimate of the
overall incidence of RABV in dogs (Supplementary Fig. 4; p Egger test
<0.001), indicating the existence of publication bias. The funnel plot
was symmetrical for the estimate of the overall incidence of RABV in
humans (Supplementary Fig. 5; p Egger test: 0.173) and other animal
species (Supplementary Fig. 6; p Egger test: 0.337), indicating the
absence of publication bias.

3.6. Additional subgroup analysis

In addition to the analyses by infection and population categories,
we conducted an additional subgroup analysis for each category
identified.

In humans, the incidence of active RABV infection in suspected
rabies cases differed significantly depending on the study design (cross-
sectional = 89.9%; cohort = 36.4%; p = 0.001) and the UNSD region
(West Africa = 100%; East Africa = 83.5%; Central Africa = 36.4%; p <
0.001) (Supplementary Table 8).

With respect to owned dogs, the incidence of active RABV infection
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Fig. 1. Study selection flowchart.

was significantly different depending on the time of data collection
(prospective = 65.4%; retrospective = 64.6%; retroprospective =
15.6%; p < 0.001), the UNSD region (Central Africa = 76.2%; Southern
Africa = 64.0%; West Africa = 50.0%; Eastern Africa = 45.9%; p =
0.002), and the recruitment setting (urban/rural = 69.5%; urban =
69.1%; rural = 15.6%; p < 0.001). In stray dogs, the incidence of active
RABV infection differed significantly depending on the study design
(cross-sectional = 13.7%; community outbreak = 0.0%; p < 0.001) and
the time of data collection (retrospective = 14.6%; prospective = 3.9%;
p < 0.001). The incidence of past RABV infections in owned dogs was
significantly different by time of data collection (prospective = 23.5%;
retrospective = 9.6%; p = 0.018) and country (p < 0.001). In wilds dogs,
the incidence of past RABV infections was significantly different by
UNSD region (West Africa = 24.1%; Eastern Africa = 0.0%; p < 0.001),
country (p < 0.001), and the recruitment setting (urban/rural = 24.1%j;
rural = 0.0%; p = 0.003).

In other animal species of the Order of Perissodactyla, the incidence
of current RABV infection was significantly different depending on the
recruitment setting (urban = 71.5%; rural = 1.6%; p < 0.001) and the
country. (p < 0.001). In other animal species of the Order Carnivora, the
incidence of active RABV infections differed significantly depending on
the study design (community outbreak = 86.7%; cross-sectional =
48.9%; p = 0.011) the time of data collection (retroprospective = 90.0%;
retrospective = 53.2%j; prospective = 45.1; p = 0.006) and country (p <
0.001). In other animal species of the Order Carnivora, the seropreva-
lence of past exposure to RABV showed a significant difference

depending on the time of data collection (prospective = 14.3; retro-
spective = 3.6%; retroprospective = 0.0%; p = 0.039) and country (p =
0.030).

3.7. Exploration of the heterogeneity source

The sources of heterogeneity were revealed at 82.1% for the inci-
dence of active RABV infection in suspected rabies cases, 13.4% in
owned dogs, 83.5% in stray dogs, 48.4% in Artiodactyla, 63.1% in
Carnivora, and 92.2% in Chiroptera (Supplementary Table 9). The
sources of heterogeneity were revealed at 100% for the incidence of past
RABYV infection in wild dogs.

4. Discussion

This meta-analysis aimed to provide reliable combined data on the
incidence of RABV in humans, dogs, and other animal species in Africa.
Data from 7 articles (7 incidence records), 52 articles (63 incidence
records), and 30 articles (72 incidence records) showed pooled in-
cidences of 69.1% in humans, 35.6% in dogs, and 35.0% in other animal
species respectively. The RABV incidence was substantially heteroge-
neous with high rates recorded in active RABV infection, suspected
rabies cases, suspected rabid owned and stray dogs, Perissodactyla,
Artiodactyla and Carnivora. RABV incidence in humans was also higher
in West and East Africa. The highest incidence of RABV in owned dogs
were in urbans setting and in Central and South Africa. The highest
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Fig. 2. Rabies virus incidence in humans, dogs, and other animal species in Africa, 1966-2019.

Study Positive Total Incidence (%) 95% CI Weight
Active infection-Suspected Rabies cases (5 Studies)

Munang'andu, 2011 — Zambia 98 112 —— 87.50 [79.92; 92.99] 15.0%
Pfukenyi, 2007 — Zimbabwe 42 57 — 73.68 [60.34; 84.46] 14.7%
Reynes, 2011 - Madagascar 9 10 —_— 90.00 [565.50; 99.75] 12.9%
Sofeu, 2018 — Cameroon 4 "M —— 36.36 [10.93; 69.21] 13.1%
Tiembré, 2018 — Ivory Coast 32 32 —a 100.00 [89.11;100.00] 14.4%
Random effect meta—analysis 222 —_— 83.44 [64.62; 96.57] 70.1%
Heterogeneity: 12 = 86.7% [71.1%; 93.9%], 1% = 0.0441, p < 0.0001

Past exposure—-Apparently healthy subjects (2 Studies)

Ogunkoya, 1990 - Nigeria 100 350 — 28.57 [23.89; 33.61] 15.1%
Olugasa, 2010 — Nigeria 29 70 e 41.43 [29.77; 53.83] 14.8%
Random effect meta—analysis 420 —_— 33.82 [21.96; 46.80] 29.9%
Heterogeneity: 12 = 76.9% [ 0.0%; 94.7%)], t° = 0.0071, p = 0.0374

Overall random effect meta—analysis 642 e ————— 69.17 [40.52; 91.87] 100.0%

Residual heterogeneity: 12 = 85.4% [70.3%; 92.9%)], p < 0.0001 I

Fig. 3. Incidence of Rabies virus infections in humans in Africa.

incidence in Perissodactyla was in urban settings.

Twenty-one of the 54 Africa countries were represented in this sys-
tematic review. However, Africa record the second high rate of human
death and it estimated that rabies is present in all the Africa countries
[10]. While human and animal rabies have been declared notifiable
disease by the WHO and OIE, the major problem of rabies in Africa re-
mains its negligence by the population, its non-prioritization by decision
makers, and the lack of active and efficient surveillance system [91].
These situations could explain the underreporting of RABV in African
countries [92]. The included studies were most perform in East and West
Africa regions, which are highly endemic of RABV [1]. Nigeria and

Ethiopia, belonging respectively to West and East regions of Africa, were
the most represented countries in this study. Although this study pro-
vided extensive data of RABV incidence in Africa, the reported data are
still largely underestimated, as it has been suggested that only 3% of
human rabies cases are reported in Africa [93]. In accordance with
Expert recommendations on rabies, detection of RABV in this study was
mostly performed using the fluorescent antibody test using brain sample
since this technique is known as the gold standard for the diagnosis of
both human and animal rabies [1].

This meta-analysis confirmed dogs as the major host of RABV in
many countries of Africa, and highlighted domestic dogs (owned and
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Study Positive Total Incidence (%) 95% ClI Weight

Active infection—Suspected rabid stray dogs (1 Study)

Ali, 2010 - Ethiopia 422 489 - 86.30 [82.93; 89.22] 2.4%
Random effect meta—analysis 489 - 86.30 [83.10; 89.21] 2.4%
Heterogeneity: not applicable

Active infection—-Suspected rabid Owned dogs (1 Study)

Ali, 2010 - Ethiopia 1302 1772 - 73.48 [71.35; 75.52] 2.5%
Random effect meta—analysis 1772 - 73.48 [71.39; 75.51] 2.5%
Heterogeneity: not applicable

Active infection—-Suspected rabid unspecified dogs (8 Studies)

Aworh, 2011 — Nigeria 299 713 - 41.94 [38.28; 45.65] 2.4%
Cleveland, 2002 - Tanzania 17 25 —_— 68.00 [46.50; 85.05] 2.2%
Dao, 2006 - Mali 116 116 : - 100.00 [96.87; 100.00] 2.4%
Ehizibolo, 2009 - Nigeria 90 189 —— 47.62 [40.32; 54.99] 2.4%
Ezeokoli, 1987 - Nigeria 24 41 —— 58.54 [42.11; 73.68] 2.3%
Muhammad-Bashir, 2016 - Nigeria 532 1019 - 52.21 [49.09; 55.31] 2.4%
Nimzing, 2003 - Nigeria 42 96 — 43.75 [33.64; 54.25] 2.4%
Tekki, 2016 — Nigeria 58 88 — 65.91 [55.03; 75.68] 2.4%
Random effect meta—analysis 2287 —_— 62.49 [47.46; 76.40] 19.0%
Heterogeneity: 12 = 97.5% [96.5%; 98.3%], 12 = 0.0436, p < 0.0001

Active infection-Owned dogs (8 Studies)

Alexander, 1993 — Kenya 5 32 e 15.62 [5.28; 32.79] 2.3%
Ehimiyein, 2014 - Nigeria 15 30 —_——— 50.00 [31.30; 68.70] 2.3%
Hikufe, 2019 — Namibia 644 1007 - 63.95 [60.90; 66.92] 2.4%
Munang'andu, 2011 - Zambia 747 1348 - 55.42 [62.72; 58.09] 2.5%
Nakouné, 2012 - Central African Republic 82 94 —— 87.23 [78.76; 93.23] 2.4%
Reynes, 2011 — Madagascar 185 341 —— 54.25 [48.80; 59.63] 2.4%
Sadeuh-Mba, 2014 — Cameroon 66 89 — 74.16 [63.79; 82.86] 2.4%
Sadeuh-Mba, 2017 — Cameroon 105 159 : — 66.04 [58.11; 73.35] 2.4%
Random effect meta—analysis 3100 e 60.63 [52.62; 68.36] 19.0%
Heterogeneity: 12 = 93% [88.5%; 95.7%], 12 = 0.0108, p < 0.0001

Active infection—Unspecified dogs (16 Studies)

Ajayi, 2006 — Nigeria 16 52 — 30.77 [18.72; 45.10] 2.3%
Alabi, 2014 - Nigeria 383 554 - 69.13 [65.10; 72.96] 2.4%
Coetzer, 2019 - Zimbabwe 264 439 —— 60.14 [65.39; 64.75] 2.4%
Deressa, 2010 - Ethiopia 2458 3261 - 75.38 [73.86; 76.85] 2.5%
Edward, 2014 — Ghana 54 411 - : 13.14 [10.03; 16.79] 2.4%
Grover, 2018 — South Africa 141 236 P 59.75 [53.19; 66.06] 2.4%
Hambolu, 2014 — Nigeria 7 444 = 1.58 [0.64; 3.22] 2.4%
Kayali, 2003 - Chad 34 47 : —_— 72.34 [567.36; 84.38] 2.3%
Kia, 2018 — Nigeria 92 532 - 17.29 [14.17; 20.78] 2.4%
Kitala, 2000 - Kenya 44 87 — 50.57 [39.64; 61.47] 2.4%
Lechenne, 2017 - Chad 30 43 —_— 69.77 [563.87; 82.82] 2.3%
Odeh, 2014 - Nigeria 6 154 = 3.90 [1.44; 8.29] 2.4%
Okoh, 2018 — Nigeria 32 40 —_— 80.00 [64.35; 90.95] 2.3%
Olarinmoye, 2019 - Liberia 3 19 —— 15.79 [3.38; 39.58] 2.1%
Sabeta, 2013 - South Africa 46 205 —— 22.44 [16.92; 28.77] 2.4%
Tricou, 2016 — Central African Republic 69 82 : — 84.15 [74.42; 91.28] 2.4%
Random effect meta—analysis 6606 —_ 43.21 [25.63; 61.70] 38.1%
Heterogeneity: 12 = 99.4% [99.3%; 99.5%)], 1° = 0.1381, p = 0

Active infection—-Stray dogs (7 Studies)

Daniel, 2014 - Nigeria 0 58 »— 0.00 [0.00; 6.16] 2.3%
Ehimiyein, 2010 - Nigeria 15 30 —_— 50.00 [31.30; 68.70] 2.3%
Eze, 2018 - Nigeria 23 278 = 8.27 [5.32; 12.16] 2.4%
Garba, 2008 - Nigeria 13 50 —_— 26.00 [14.63; 40.34] 2.3%
Isek, 2013 — Nigeria 6 177 = : 3.39 [1.25; 7.23] 2.4%
Mshelbwala, 2013 — Nigeria 5 100 —=— 5.00 [1.64; 11.28] 2.4%
Punguyire, 2017 - Ghana 82 561 - ‘ 14.62 [11.80; 17.82] 2.4%
Random effect meta—analysis 1254 —— 10.90 [4.74; 19.03] 16.6%
Heterogeneity: 12 = 92.3% [86.7%; 95.6%], 12 = 0.0199, p < 0.0001

Active infection-Wild dogs (1 Study)

Daniel, 2014 - Nigeria 0 92 = 0.00 [0.00; 3.93] 2.4%
Random effect meta—-analysis 92 - 0.00 [0.00; 1.86] 2.4%
Heterogeneity: not applicable

Overall random effect meta—-analysis 15600 - 44.16 [35.06; 53.46] 100.0%

Residual heterogeneity: 12=98.9% [98.7%; 99.0%], p =0 I T T T T 1
0 20 40 60 80 100

Fig. 4. Incidence of Rabies virus infections in dogs population in Africa.
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Study

Active infection-Perissodactyla (7 Studies)
Random effect meta—-analysis
Heterogeneity: /% = 90.7% [83.4%; 94.8%)], 1° = 0.1190, p < 0.0001

Active infection—-Artiodactyla (18 Studies)
Random effect meta—analysis
Heterogeneity: /2 = 94.6% [92.8%; 96.0%)], 12 = 0.0482, p < 0.0001

Active infection-Carnivora (15 Studies)
Random effect meta—analysis
Heterogeneity: /% = 94.8% [92.8%; 96.2%)], 1° = 0.0951, p < 0.0001

Active infection-Primates (2 Studies)
Random effect meta—analysis
Heterogeneity: 12=92.1% [72.8%; 97.7%), =0.2653, p =0.0004

Active infection-Rodentia (2 Studies)
Random effect meta—analysis
Heterogeneity: /% = 94.1% [81.2%; 98.1%)], 1° = 0.1176, p < 0.0001

Active infection-Chiroptera (10 Studies)
Random effect meta—analysis
Heterogeneity: 12 = 76.6% [56.8%; 87.3%], 1> = 0.0017, p < 0.0001

Active infection-Multiple animals (8 Studies)
Random effect meta—analysis
Heterogeneity: /% = 97.2% [96.0%; 98.1%)], 1° = 0.0446, p < 0.0001

Overall random effect meta—analysis
Residual heterogeneity: 12 = 94.3% [93.3%; 95.2%), p <0.0001
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Total Incidence (%) 95% ClI
140 —s— 84.32 [59.25; 99.27]
2044 —— 57.42 [46.02; 68.45]
746 —— 51.44 [34.71; 68.02]
21 23.74 [ 0.00; 95.07]
487 =—— 5.33 [ 0.00; 46.20]
5156 ] 0.00 [0.00; 0.10]
4271 —H— 46.44 [31.69; 61.52]
12865 _— 41.48 [29.59; 53.87]

T T T T T 1
0 20 40 60 80 100

Fig. 5. Incidence of Rabies virus infections in other animal species in Africa.

stray dogs) as the most concerned dog categories in the articles
considered. Our findings strengthened previous analyses, and confirmed
the role of dog in the persistence of the enzootic cycle of domestic rabies
through dog-to-dog virus transmission [94]. The position of owned dog
among the most recruited dog categories could be explained by the fact
that they are more accessible for observation and sample collection
compared to stray dogs which are harder to follow up. Conversely stray
dogs are relatively difficult to be accessed by the quite passive surveil-
lance and control system in most countries. Thus, stray dogs are likely
less covered by rabies vaccination and this could explain what a higher
rate of confirmed rabies cases was found in stray dogs compared to
owned dogs (Fig. 4). This underscore the need to consider stray dogs in
vaccination campaign programs rather than relying only on the aware-
ness of owners who have to vaccinate their pets according to the regu-
lations in force. Accordingly, a coordinated and pluriannual program of
rabies control with vaccination campaigns targeting both owned and
stray dogs of owned in KwaZulu-Natal resulted in outstanding success
towards rabies elimination [95]. It has become evident that an efficient
mass vaccination for rabies must include stray dogs in the required 70%
coverage of dog population [96]. This evidence prompted Bourhy and
collaborators to integrate hands on vaccination of stray dogs in all round
of customized online and onsite training for rabies-control officers in
endemic regions in Africa [97].

The finding of this study shows the RABV incidence in 27 other an-
imal species, and one combined incidence among multiple animal spe-
cies, thus indicating the wide range of host species of the RABV among
mammals. Surprisingly order known to be the major RABV reservoirs
such as Chiroptera did not show evidence of active infections while
orders such as Perissodactyla and Artiodactyla which are domestic an-
imals showed the highest incidence [98].

One major question that is still to be ruled out in rabies epidemiology
remains the significance of occurrence of rabies specific antibodies in
healthy, unvaccinated individuals reported in a number of studies of
wildlife, domestic dogs, and humans; suggesting the potential for
nonlethal rabies exposure [99]. It is tempting to explain away the
presence of rabies specific antibodies in humans, dogs, and other animal
species by cross-reactivity with other potentially less lethal lyssaviruses

[100]. Antibody positive typically represent prior vaccination histories
rather than non-productive rabies infection or recovery from rabies
infection. This is particularly true for humans and domestic animals, but
may be true for wildlife species as well in areas with active or experi-
mental wildlife vaccination programs. However, it has been recently
suggested that there might be individuals in which nonlethal rabies
exposure occurs [99]. Improving the estimates of rabies seroprevalence
in wildlife, domestic dogs and humans in rabies endemic regions could
potentially provide substantial clarifications about the quite complex
rabies ecology. Longitudinal studies performed in areas where there are
seropositive and disease-free individuals would also be of great
importance.

In contrast to WHO estimates indicating that rabies incidence would
be higher in rural areas, where awareness and accessibility of the vac-
cine is reduced [10], The subgroup analysis revealed that RABV was
more prevalent in urban than in rural areas. This observation is
consistent with previous reports from Cameroon where the rate of do-
mestic rabies was significantly high in the urban setting of the nation
capital Yaounde compared to rural areas of the same region of the
country [101]. But the apparent urban nature of domestic rabies sug-
gested by this report is biased by the fact rabies cases in rural areas are
underestimated as result of logistic and financial barriers to access
laboratory services that are still very centralized in the major towns of
African countries [93].

It is important to set up efficient active surveillance system, com-
plemented by further extensive studies in Africa, to provide the actual
burden of rabies that would inform the prioritization of rabies control
and elimination in Africa. The importance of reliable and representative
epidemiological data that will inform the optimal design and regular
evaluations of interventions towards the global elimination of dog
mediated human rabies by 2030 cannot be overemphasized. For this, the
epidemiological data from laboratories should be shared between gov-
ernment officials, researchers and workers from different sectors at
local, national, regional and global levels. To contain rabies effectively,
a coordinated approach is needed between the human, animal and
environmental health sectors. We should move from protecting human
lives against rabies by providing access to post-exposure prophylaxis, to
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Table 1
Summary of meta-analysis results for incidence of Rabies virus in humans, dogs, and other animal species in Africa.
Incidence. % (95%  95% Prediction N N H (95%CI) §1 (95%CI) P P Egger
(@] interval Studies Participants heterogeneity test
RABV incidence in humans
Active infection
Suspected Rabies cases
Overall 83.4 [64.6-96.6] [12.4-100] 5 222 2.7 [1.9-4] 86.7 < 0.001 0.695
[71.1-93.9]
Cross-sectional 89.9 [75.4-98.9] [14.7-100] 4 211 2.4 [1.5-3.8] 82.6 0.001 0.755
[55.5-93.2]
Past exposure
Apparently healthy subjects
Overall 33.8 [22-46.8] NA 2 420 2.1 [1-4.4] 76.9 [0-94.7] 0.037 NA
Cross-sectional 33.8 [22-46.8] NA 2 420 2.1 [1-4.4] 76.9 [0-94.7] 0.037 NA
RABYV incidence in dogs
Active infection
Suspected rabid stray dogs
Overall 86.3 [83.1-89.2] NA 1 489 NA NA 1 NA
Cross-sectional 86.3 [83.1-89.2] NA 1 489 NA NA 1 NA
Suspected rabid owned dogs
Overall 73.5 [71.4-75.5] NA 1 1772 NA NA 1 NA
Cross-sectional 73.5 [71.4-75.5] NA 1 1772 NA NA 1 NA
Suspected rabid unspecified
dogs
Overall 62.5 [47.5-76.4] [12.3-99.2] 8 2287 6.4 [5.3-7.6] 97.5 < 0.001 0.299
[96.5-98.3]
Cross-sectional 62.5 [47.5-76.4] [12.3-99.2] 8 2287 6.4 [5.3-7.6] 97.5 < 0.001 0.299
[96.5-98.3]
Owned dogs
Overall 60.6 [52.6-68.4] [33.3-84.8] 8 3100 3.8 [2.9-4.8] 93 [88.5-95.7] < 0.001 0.808
Cross-sectional 57 [49.9-63.9] [33.9-78.6] 7 3006 3.2 [2.4-4.3] 90.1 < 0.001 0.695
[82.2-94.5]
Unspecified dogs
Overall 43.2 [25.6-61.7] [0-100] 16 6606 13.3 99.4 < 0.001 0.138
[12.4-14.4] [99.3-99.5]
Cross-sectional 43.2 [25.6-61.7] [0-100] 16 6606 13.3 99.4 < 0.001 0.138
[12.4-14.4] [99.3-99.5]
Stray dogs
Overall 10.9 [4.7-19] [0-45] 7 1254 3.6 [2.7-4.7] 92.3 < 0.001 0.98
[86.7-95.6]
Cross-sectional 13.7 [6.8-22.4] [0-49.3] 6 1196 3.5 [2.6-4.7] 91.8 < 0.001 0.612
[84.9-95.5]
Wild dogs
Overall 0 [0-1.9] NA 1 92 NA NA 1 NA
Past exposure
Unspecified dogs
Overall 28.5 [17.2-41.2] [0-87.2] 4 777 3.8 [2.6-5.5] 92.9 < 0.001 0.545
[85.2-96.6]
Cross-sectional 26.7 [11.6-45.2] [0-100] 3 499 4.4 [2.9-6.7] 94.9 < 0.001 0.486
[88.4-97.7]
Owned dogs
Overall 21.8 [11.7-33.8] [0-70] 10 2168 5.8 [4.9-6.8] 97 [95.8-97.9] < 0.001 0.978
Cross-sectional 22.5 [11.5-35.7] [0-73.5] 9 2088 6.1 [5.2-7.3] 97.3 < 0.001 0.934
[96.2-98.1]
Stray dogs
Overall 17.9 [2.3-42.2] [0-100] 4 535 5.5 [4-7.4] 96.6 < 0.001 0.943
[93.9-98.2]
Cross-sectional 17.9 [2.3-42.2] [0-100] 4 535 5.5 [4-7.4] 96.6 < 0.001 0.943
[93.9-98.2]
Wild dogs
Overall 4.9 [0-27.4] [0-100] 3 97 2.8 [1.7-4.7] 87.3 < 0.001 0.083
[64.1-95.5]
Cross-sectional 4.9 [0-27.4] [0-100] 3 97 2.8 [1.7-4.7] 87.3 < 0.001 0.083
[64.1-95.5]
RABV incidence in other
animal species
Active infection
Perissodactyla
Overall 84.3 [59.2-99.3] [1.6-100] 7 140 3.3[2.5-4.4] 90.7 < 0.001 0.758
[83.4-94.8]
Cross-sectional 84.3 [59.2-99.3] [1.6-100] 7 140 3.3 [2.5-4.4] 90.7 < 0.001 0.758
[83.4-94.8]
Artiodactyla
Overall 57.4 [46-68.5] [12.2-96.2] 18 2044 4.3 [3.7-5] 94.6 [92.8-96] < 0.001 0.163
Cross-sectional 57.4 [46-68.5] [12.2-96.2] 18 2044 4.3 [3.7-5] 94.6 [92.8-96] < 0.001 0.163

(continued on next page)
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Incidence. % (95%  95% Prediction N N H (95%CI) §12 (95%CI) P P Egger
CD interval Studies Participants heterogeneity test
Carnivora
Overall 51.4 [34.7-68] [0-100] 15 746 4.4 [3.7-5.1] 94.8 < 0.001 0.302
[92.8-96.2]
Cross-sectional 48.9 [31.8-66.2] [0-100] 14 731 4.5[3.8-5.3] 95 [93.1-96.4] < 0.001 0.21
Primates
Overall 23.7 [0-95.1] NA 2 21 3.6 [1.9-6.6] 92.1 < 0.001 NA
[72.8-97.7]
Cross-sectional 23.7 [0-95.1] NA 2 21 3.6 [1.9-6.6] 92.1 < 0.001 NA
[72.8-97.7]
Rodentia
Overall 5.3 [0-46.2] NA 2 487 4.1 [2.3-7.3] 94.1 < 0.001 NA
[81.2-98.1]
Cross-sectional 5.3 [0-46.2] NA 2 487 4.1 [2.3-7.3] 94.1 < 0.001 NA
[81.2-98.1]
Chiroptera
Overall 0 [0-0.1] [0-1.5] 10 5156 2.1 [1.5-2.8] 76.6 < 0.001 0.04
[56.8-87.3]
Cross-sectional 0 [0-0.1] [0-1.5] 10 5156 2.1 [1.5-2.8] 76.6 < 0.001 0.04
[56.8-87.3]
Multiple animals
Overall 46.4 [31.7-61.5] [3.5-93.3] 8 4271 6 [5-7.2] 97.2 [96-98.1] < 0.001 0.299
Cross-sectional 46.4 [31.7-61.5] [3.5-93.3] 8 4271 6 [5-7.2] 97.2 [96-98.1] < 0.001 0.299
Past exposure
Carnivora
Overall 7.8 [0—23] [0-72.4] 6 180 2.6 [1.8-3.7] 85.4 < 0.001 0.05
[70.1-92.8]
Cross-sectional 7.8 [0-23] [0-72.4] 6 180 2.6 [1.8-3.7] 85.4 < 0.001 0.05
[70.1-92.8]
Artiodactyla
Overall 7 [4.2-10.5] NA 1 256 NA NA 1 NA
Cross-sectional 7 [4.2-10.5] NA 1 256 NA NA 1 NA
Chiroptera
Overall 0.4 [0-2.8] [0-83.8] 3 419 1.9 [1-3.5] 72.1 0.028 0.245
[5.6-91.7]
Cross-sectional 0.4 [0-2.8] [0-83.8] 3 419 1.9 [1-3.5] 72.1 0.028 0.245
[5.6-91.7]

CIL confidence interval; N: Number; 95% CI: 95% Confidence Interval; NA: not applicable. H estimates the extent of heterogeneity, a value of H = 1 indicates lack of
evidence on heterogeneity of effects and a value of H > lindicates a potential heterogeneity of effects. §: 12 describes the proportion of total variation in study estimates
that is due to heterogeneity, a value >50% indicates presence of heterogeneity. All these estimates were obtained using random effect meta-analysis.

a paradigm shift with extensive promotion of dog vaccination which is
the most cost-effective way to reduce the burden of rabies. We need to
change the paradigm and strengthen community involvement and any
other kind of collaboration that could benefit rabies control.

This review had several limitations. Up to 66 full texts out of 416
eligible could not be found, which could influence the incidences esti-
mated in this meta-analysis. There is a significant residue of unexplained
heterogeneity that could be for reasons such as vaccination that we did
not take into account in this meta-analysis. Despite the fact that RABV
has been identified as circulating in several reservoir species, there are
15 other viral species of the Lyssavirus genus that can cause rabies with
clinical presentation indistinguishable from RABV-induced rabies [2].
The multiple testing methodologies used both for active infections and
past exposures do not have the same sensitivities and specificities for the
detection of RABV targets and are probably also sources of heterogeneity
that we have not investigated. However, the evidence of RABV was
performed in the majority of studies included by direct immunofluo-
rescence, which allows the specific detection of RABV thanks to specific
fluorescent antibody.

Overall, our analyses revealed a high incidence in Africa of RABV in
humans, dogs and other animal species. This emphasizes the crucial
need to promote responsible dog ownership and mass vaccination
campaigns as key interventions to reduce the risk of domestic rabies in
Africa. Outstanding examples from African countries, such as South
Africa and Malawi, where vaccine coverage of dog populations at >70%
during several years of pilot programs have shown that the global
elimination of dog mediated human rabies by 2030 is an achievable

goal. All the tools are available and efficient and most African countries
have already developed their strategic and/or operational plans for the
national elimination of dog mediated human rabies by 2030.
Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.onehlt.2021.100285.
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