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Abstract

Background

Human rabies remains a significant public health problem in Africa with outbreaks reported

in most countries. In Nigeria–the most populous country in Africa–rabies causes a signifi-

cant public health burden partly due to perennial obstacles to implementing a national pre-

vention and control program.

Methods

We conducted a scoping review using standard Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) guidelines to identify and select published articles

from Nigeria during 1978–2020 reporting on rabies virus infections (human, canine, live-

stock, and wildlife), canine bites, knowledge, attitudes and practices (KAP) surveys on

rabies and canine ecology studies. We extracted information on study location, year and

additional details of each study such as rabies prevalence, general characteristics of offend-

ing dogs, dog vaccination status and health-seeking behaviours.

Findings

Between 1978 and 2020, 90 published articles met our inclusion criteria. The prevalence of

rabies virus antigen detection varied between 3% and 28%, with more studies in the north.

Most bites were unprovoked from dog bite studies (36.4%-97%), by dogs with low vaccina-

tion rates (12–38%). A more significant proportion of biting dogs were owned (31–90%).

Laboratory confirmation for biting was available for only a small proportion of studies (6%; n

= 2/32). Of the dogs surveyed during ecology studies, indigenous dogs accounted for the

majority (62–98%), used mostly for security purposes (52–98%), with the vaccination rate
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between 15% and 38% in most states. Studies conducted in areas distant from rabies diag-

nostic facilities accounted for more human rabies cases and fewer dog rabies cases.

Conclusion

Significant improvements are necessary to achieve the elimination of human rabies medi-

ated via dogs by 2030.

Author summary

Rabies remains one of the deadliest zoonoses known to humanity since antiquity, result-

ing in tens of thousands of human deaths each year, mostly in African and Asian coun-

tries. Mass dog vaccination, enhanced surveillance, improved access to Pre-exposure

prophylaxis(PrE) and (Post-exposure prophylaxis(PEP) to at-risk groups, enforcement of

responsible dog ownership and public education are keystones to rabies prevention and

control. Since the first reported case in Nigeria during 1912, rabies has continued to take

its toll on human and animal lives. However, gross underreporting due to a frail health

care infrastructure, deficient reporting systems, and misdiagnosis with neurological dis-

eases further complicated by socio-cultural practices have resulted in a lack of empirical

data to support rabies prioritization, per the global target of 2030. We used the standard

PRISMA guidelines to select Nigerian rabies studies between 1978 and 2020. Rabies risk,

coupled with welfare concerns identified in this study, demonstrates the need for contin-

ued advocacy towards legislation prohibiting the dog trade in Nigeria and elsewhere. The

high-risk community groups identified in this review (i.e., children, butchers, and adult

males) need to be educated on response to dog bite exposure to reduce the impact of this

invariable fatal but preventable disease. Moreover, there is a need for mandatory dog vac-

cination and implementation of a national rabies program to attain the World Health

Organization (WHO) recommended vaccination coverage of at least 70%. We unravel the

need to establish rabies diagnostic centres in the country’s six geopolitical zones. Local

inclusion of dog bite occurrence by Disease Surveillance and Notification Officers

(DSNOs), with related community surveillance tools, can help in rabies/dog surveillance.

In addition, there is a need for investment into pathogen discovery by enhancing labora-

tory-based surveillance for wildlife rabies, understanding its potential role in Nigeria and

the need for quantitative research to understand the various risk factors for disease

perpetuation.

Introduction

Rabies is a fatal and progressive zoonotic neurological disease caused primarily by rabies virus

RV, a member of the Lyssavirus genus (in the family Rhadoviridae of the order Mononegavir-

ales) affecting all warm-blooded animals, mainly transmitted through bites from rabid animals

[1]. In developing countries, 99% of human rabies deaths are due to bites from rabid dogs

[2,3]. Unfortunately, data on dog bite injuries and related mortality are fragmented in most

developing countries [4]. However, in regions that have successfully eliminated dog rabies,

wildlife such as bats, ferret badgers, foxes, mongoose, raccoons, raccoon dogs, and skunks are

significant RV reservoirs [5]. Rabies has the highest case fatality of any infectious disease [6].

Prompt and proper human PEP is highly effective if administered before the illness. Globally,
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tens of thousands of people are estimated to die from rabies each year (95% Cl: 25,000–

159,000) [3,7]. Although effective vaccines are available for humans and animals, rabies is still

estimated to result in about 3.7 million years of life lost and $8.6 billion economic losses per

year [3].

During 2015, the World Health Organization (WHO), the Food and Agriculture Organiza-

tion (FAO), the World Organization Animal Health (OIE) and the Global Alliance for Rabies

Control (GARC) set a global call for action against rabies. The goal was to target zero human

deaths from dog-mediated rabies by 2030 [8]. Dog vaccination, provision of PEP to exposed

persons, enhanced laboratory-based surveillance, PrEP vaccination of at-risk groups, coupled

with educational outreach to improve community knowledge, are the cornerstones to rabies

prevention and control [9]. During 2014, GARC started the Pan-African Rabies Control Net-

work (PARACON), with an inaugural meeting on 9–11 June 2015 in South Africa [9]. The

aim was to create a consolidated One Health network for rabies management throughout the

continent, using available evidence to plan and support rabies prevention, control and eventual

canine rabies elimination in sub-Saharan Africa [10]. Individual countries were encouraged to

develop national rabies elimination strategies using the stepwise approach[10]. The collection

of epidemiological information to estimate the burden of rabies is a key in the stepwise

method. Kenya and Namibia have created and begun implementing a plan through large-scale

dog rabies vaccination, resulting in a decline in human deaths[11,12]. Before implementation,

evidence of the burden of rabies obtained countrywide helped in the prioritisation of

interventions.

Nigeria comprises 36 states and the Federal Capital Territory, Abuja within West Africa

and borders the Republic of the Niger in the north, Chad in the north-west, Cameroon in the

east and Benin in the west. Nigeria is the most populous country in Africa and the seventh

most populous country globally, with an estimated population of 208,580,545 as of December

2020 (based on United Nations data) [13]. A total of 9,234 veterinarians were registered with

the Veterinary Council of Nigeria as of 2019 [14]. Of these, only 11% are public veterinarians

(i.e., employed by the government), with Yobe State in the northeast having the largest number

(i.e., 126/1088) of public veterinarians, while Rivers State (south-south) has only one veterinar-

ian [14]. Since the first reported human case during 1912, rabies has remained a significant

public health problem with numerous reports in humans and animals [15,16]. Thousands of

people are estimated to die from rabies each year in Nigeria [17]. Nigeria carried out the last

mass dog vaccination campaign during 1982[15]. During a recent global virtual event (United

Against Rabies Forum, 22–23 September 2020), the Nigerian representative highlighted chal-

lenges concerning data gaps and inadequate funding as some of the obstacles to implementing

a national control program (https://uarforum.org/). The lack of reliable and sustained infor-

mation is a considerable challenge for future rabies prevention, control and elimination [18].

In Nigeria, anecdotal reports on dog bites abound in human clinics and veterinary hospi-

tals, but only a minority are documented [19,20]. Moreover, routine RV diagnosis is only avail-

able at the National Veterinary Research Institute (NVRI), Vom, Nigeria [21]. Other

institutions carry out testing for research studies. Concerning prophylaxis, one recent study

found that PEP is not readily available in hospitals across the country [22]. In contrast, reports

on dog slaughter for consumption abound, with potential for RV infection, especially among

individuals involved in the chain of capture, breeding, purchase, transportation, slaughtering,

processing and handling [23,24]. Despite these reports of continuing RV transmission and

deaths, a rabies elimination strategy has not been implemented to date [25]. In the light of the

existing sociodemographic and health service challenges, there is no consolidated information

about the rabies incidence or understanding the key factors driving RV transmission in the

country, prompting challenges in current efforts towards a national control strategy. A
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thorough understanding of rabies epidemiology is necessary for effective planning and imple-

mentation of prevention and control. Effective planning of rabies vaccination programs using

baseline epidemiological data is crucial to attaining the 2030 goal of zero dog-mediated human

rabies deaths in Nigeria.

In this scoping review, we retrieved published literature on rabies from Nigeria to establish

an evidence-base with regards to currently incomplete knowledge on the prevalence of dog,

livestock and wildlife rabies; the frequency of dog bites events and their relationships with the

occurrence of human rabies; the extent of community knowledge, attitude and practices

(KAP) surveys and relevant dog applied ecology and demographic patterns. Our primary

objective was to summarise existing data to help support the design of a national rabies action

plan towards attaining the target of zero human deaths from dog rabies by 2030.

Materials and methods

Literature search strategy

As a precursor to more in-depth systematic analyses, scoping reviews are useful to provide a

preliminary overview of a problem regarding key concepts, available studies, and associated

research gaps [26]. We used the PRISMA guidelines to search and identify relevant papers[27].

Our search priority was to identify published articles on rabies in animals (i.e. dogs, livestock,

wildlife, and other animals) and humans in Nigeria. Keywords were ’rabies’ OR "dog bite"

AND ’dog ecology’ AND ’dog demography’ AND ’Nigeria’. We applied the search strategy to

the following scientific literature databases between June and August 2020: PubMed, Web of

Science, Scopus, Google scholar, and complemented by emails to researchers. We stored all

articles using the reference manager EndNote (Thomson Reuters, Philadelphia, PA, USA) and

removed duplicates. Additional relevant studies were searched manually from the reference

list of included articles.

Study selection

The corresponding author (Philip P. Mshelbwala) independently selected the studies. First,

titles and abstracts were reviewed initially (Fig 1). If a decision on the inclusion/exclusion

based on the title and abstract was insufficient, the full article was reviewed. Original full arti-

cles and case reports were eligible for review if they met the following criteria: Firstly, rabies

studies (canine, livestock and wildlife) including case reports and conference proceedings; sec-

ondly dog ecology and demographic studies; thirdly dog bite studies in human and veterinary

health care facilities and the relationship with human rabies occurrence; and KAP studies on

Fig 1. Search and selection strategies based on PRISMA guidelines.

https://doi.org/10.1371/journal.pntd.0009617.g001
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rabies between 1978 and 2020. If data were unclear or incomplete, we contacted the authors of

original publications for clarification. Of the thirteen authors contacted, eight responded.

Data extraction

We developed a standard extraction form to capture relevant information for the critical

appraisal of each study. For all studies, we extracted the year of the study and study location.

For studies on dog rabies, we retrieved the following information: the source of the sample,

type of test conducted, the outcome of the laboratory test, information on the market chain of

dogs for human consumption (e.g., mode of transportation), the practice of the dog butcher,

and serological results of butchers, consumers and veterinarians (when available). For studies

that reported dog bite occurrence, we extracted the following: the gender of the victim, site of

the bite, whether the victim sought PEP, vaccination status of the offending dog, season and

the reason for the dog bite report (e.g., provoked vs unprovoked). For dog ecology studies, we

extracted the following information: study setting, dog vaccination status, the purpose of keep-

ing dogs, dog breed and dog-human ratio. For KAP studies, we looked at the target population,

study location, and KAP scores related to rabies. Finally, for livestock and wildlife rabies stud-

ies, we extracted information on the species affected, the lyssavirus species or RV variant in cir-

culation, and the study’s location. Finally, we searched for information on current prevention

and control efforts from experts in the field and information online.

Results

Characteristics of studies included in the review

Between 1978 and 2020, 90 studies met our inclusion criteria (Fig 1). A total of 33% (n = 30/

90) of studies reported dog bite incidence, 36% (n = 32/90) reported prevalence of RV diagnos-

tic detection among dogs slaughtered for human consumption, 9% (n = 8/90) were dog ecol-

ogy studies, 7% (n = 6/90) reported community KAP surveys, 8% (n = 7/90) were studies on

rabies in livestock and 8% (n = 7/90) were studies on wildlife rabies. Between 1978 and 1989,

there were more studies on livestock and wildlife rabies, and after 1990 there was an increase

in the number of studies reporting dog rabies and dog bite studies. Starting from 2012 until

2018, an increase occurred in studies into rabies KAP and dog ecology. Between 1999 and

2019, there was a steady increase in the number of studies on dog rabies, with a peak during

2013 (Fig 2).

Fig 2. Number of selected studies by year and type between 1978 and 2020.

https://doi.org/10.1371/journal.pntd.0009617.g002
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Dog rabies studies

A total of 32 studies published between 1999 and 2019 evaluated the prevalence of RV antigen

detection among dogs. The majority of these studies, were conducted in the northern region,

with 28% (9/32) in the north-central part, 28% (9/32) in the northeast region, and 22% (7/32)

in the north-west region, 13% (4/32) in the south-east, 6% (2/32) in the south-west and 3%(1/

32) in the south-south (Fig 3).

Target population and samples. The majority of brain samples processed in dog rabies

studies were collected from dogs meant for slaughter, except for four studies that sampled a

combination of dogs intended for meat and dogs with clinical signs indicative of rabies pre-

sented to veterinary hospitals[28–31].

Laboratory case-definition protocols. Most samples were subjected to the fluorescent

antibody test (FAT) (29/32 of studies), and a combination of the mouse inoculation test

(MIT), the direct rapid immunohistochemistry test (dRIT), the rapid immunochromatogra-

phy test (RICT) and the Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) Table 1.

A minority of studies reported in-situ hybridisation, immunohistochemistry, histology (Sell-

er’s stain), and the dRIT only[28,31,32].

Prevalence and molecular epidemiology of dog rabies. The prevalence of rabies was 6%

in the south-south region, between 5% (5/100) and 9% (23/252) in the south-east, 2% (7/444)

and 11% (5/47) in the south-west, 4% (6/154) and 50% % (15/30) in the north-west, 5% (10/

203) and 17% (92/532) in the north-central and 2% (3/150) and 44% (22/50) in the north-east

Table 1. There was an increase in the number of studies on dog rabies and samples processed

across the study years, with a peak during 2013. Phylogenetic analysis of RV sequences demon-

strated that isolates belong to the African 2 clade [33]. Transboundary transmission of RV was

evident, with studies reporting related viral variants to neighbouring countries (e.g., Chad and

the Republic of the Niger) [33,34].

Studies reporting dog bite cases

Between 2000 and 2019, 30 studies reported dog bite occurrence in either veterinary clinics/

hospitals, 27% (8/30) and human hospitals/ health care centres 73% (22/30). Of these, 80%

Fig 3. Spatial distribution selected dog bite and dog rabies studies across Nigerian states. The map was created using ArcMap software (ESRI Inc., Redlands, CA, U.S.

A.). The shapefile was retrieved from DIVA- GIS (https://www.diva-gis.org/).

https://doi.org/10.1371/journal.pntd.0009617.g003
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(24/30) recorded mortality in humans with a presumptive or confirmed diagnosis of rabies (S1

Table). Cases of human deaths due to rabies were more concentrated in the south-west and

south-east regions, especially in Ekiti 7.1% (6/84) - 27.3% (12/44) and Imo 4% (17/436–6.4%

(7/110), while studies in other locations reported deaths between 0.5% (1/196) - 11% (5/44)

(S1 Table). Human hospital studies generally reported more bites among children (12%

(17/143) - 100% (174/174) compared to veterinary hospital studies, where only a minority of

12% (25/215) - 35% (69/196) were affected, except one study that reported 57% (104/183) of

bites in children [35,36]. One study reported use of water and soap as first aid by victims of

dog bite [37], while 27% (8/30) of studies reported the administration of traditional treatments

[16,21,38–43], such as consumption of the abdomen of the biting dog in Cross River [43], use

of herbs and concoctions in Abia State [23], and consumption of the cooked liver of stray dogs

Table 1. Summary of studies reporting the prevalence of rabies virus detection among Nigerian dogs.

SN State Year Type of test Total sampled # positive Prevalence Ref

1 Abia 2013 FAT, dRIT and RICT (NVRI) 100 5 5% [23]

2 Abia 2014 FAT (ABU) 185 13 7% [49]

3 Enugu 2015 FAT (NVRI) 152 6 4% [103]

4 Enugu 2018 FAT, RT-PCR, (NVRI & Abroad) 252 23 9% [104]

5 Kogi 2020 FAT (ABU) 208 11 5% [19]

6 Plateau 2018 FAT & RT-PCR (NVRI & Abroad) 532 92 17% [33]

7 Lagos 2013 FAT (ABU) 444 7 2% [30]

8 Adamawa 2010 FAT and Microscopy (NVRI) 50 22 44% [105]

9 Bauchi 2014 FAT (NVRI) 202 44 22% [95]

10 Sokoto 2010 FAT and MIT(NVRI) 50 13 26% [106]

11 Borno 2006 Microscopy and Immunohistochemistry 52 16 31% [32]

12 Kaduna 2017 FAT & RICT (NVRI) 50 8 16% [29]

13 Kaduna 2014 FAT, dRIT, RT-PCR and MIT (NVRI and abroad) 30 15 50% [107]

14 Kaduna 2012 FAT (ABU) 200 14 7% [108]

15 Kaduna 2011 FAT (ABU) 100 6 6% [98]

16 Kaduna 2019 FAT (ABU) 154 6 4% [59]

17 Cross River 2013 FAT (ABU) 177 6 3% [80]

18 Taraba 2014 FAT (ABU) 188 15 8% [57]

19 Taraba 2019 FAT (NVRI) 150 3 2% [109]

20 Abuja 2012 FAT (NVRI) 50 50 100%? [110]

21 Abuja 2014 FAT (ABU) 150 18 12% [111]

22 Gombe 2020 FAT and RT-PCR (ABU) 50 3 6% [81]

23 Oyo 2016 dRIT (UI) 47 5 11% [28]

24 Gombe 2019 FAT (NVRI) 118 9 8% [112]

25 Borno 1999 In situ hybridisation (Abroad) 25 11 44% [31]

26 Benue 2009 FAT (NVRI) 76 12 16% [113]

27 Plateau 2015 FAT (NVRI) 203 10 5% [24]

28 Benue 2020 FAT(ABU) 464 52 11% [114]

29 Kebbi 2019 FAT and RT-PCR (ABU) 49 6 12% [115]

30 Plateau 2013 FAT (NVRI) 321 150 47% [116]

31 Niger 2015 FAT (NVRI) 471 4 1% [117]

32 Bauchi 2007 FAT (NVRI) 44 10 22% [118]

ABU- Ahmadu Bello University, dRIT- Direct Rapid Immunohistochemistry Test, FAT- Fluorescent Antibody Test, MIT–Mouse Inoculation Test, NVRI- National

Veterinary, RT-PCR- Reverse Transcription Polymerase Chain Reaction

https://doi.org/10.1371/journal.pntd.0009617.t001
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and placing pulled hair from the dog’s neck on the bite wound in Kaduna [16]. Males reported

more bites 47% (92/196) - 95% (36/38) compared to females 19% (15/81) - 44% (66/149). Most

victims in Ekiti State 82% (69/84) reported to the hospital within 24 hours of attack [42], simi-

lar to reports from Benin 53% (76/143) and Ibadan 87 (869/1000) [40,44]. One study reported

delays between 30 and 60 days [40]. Most victims in dog bite studies received PEP (Range:

86% (64/74)– 96% (45/47)). Three studies reported incomplete PEP courses in 4% (6/143) of

individuals in Benin, 36% (30/84) in Ekiti, and 50% (499/1000) in Ibadan [40,44,45]. Owned

dogs formed a more significant proportion of the biting dog population 44% (63/143) - 90%

(223/247) than free-ranging animals 10% (24/223) - 64% (28/44). Most bites were unprovoked

36% (4/11) - 97% (168/174) with low vaccination rates 1% (1/84) - 38% (23/74) of biting ani-

mals. Three studies reported bites during the dry season (October–March) [44,46,47] and dur-

ing the rainy season, between January and April in Niger and November [48] and December

in Abia [49]. Laboratory confirmation information for offending dogs was available for only

two veterinary hospital studies [36,38].

Studies on dog vaccination coverage and population structure

Eight studies reviewed reported estimates of dog vaccination coverage and population struc-

ture (Table 2). The majority (99%) of studies reported vaccination rates of 15–66%, well below

the WHO recommendation of 70%, except a survey from the Niger State (70%) [50]. One

study did not report vaccination rates [51]. In a study of 150 healthy dogs in Nigeria, no dog

had an adequate serological titre (e.g., at or above 0.5 IU/ml) [52]. Another study that looked

at the titre level in free-roaming (but owned) and stray (dogs without owners) dogs found only

38% and 7% had titres >0.5 IU/ml, respectively [53] using the indirect ELISA. Two studies in

Lagos and Abuja found that veterinarians administered 91% and 81% [54,55] of vaccines to

dogs, with vaccines also administered by dog owners and veterinary technologists. Studies that

attempted to understand vaccination rates among urban/rural settings have reported signifi-

cant variation in vaccination rates, with higher rates in urban areas in Borno (46%) and Abuja

(46%) compared to rural/semi-urban Borno (15%) and Abuja (15%) (Table 2).

From dog ecology studies, dogs were kept mainly for security purposes (52–98%) and were

mostly native breeds, except for Abia State, where exotic breeds formed the majority (66%)

[56]. Most owned dogs roamed freely. Studies reporting street counts indicated dog numbers

between 126–5,310 (Bauchi, Lagos, Abuja, and Abia). Leftovers were mostly fed by the family

to their dogs (44%-69%), with few allowed to scavenge or provide meals. In a study in Gwag-

walada, about 56% of dog owners dumped their waste in the public space as a source of food to

dogs in the community.

Table 2. Summary of findings from dog demographic studies.

State Year Region Setting Human- Dog ratio Estimated dog population Street/free roaming Vaccination coverage Breed? Reference

Bauchi 2014 NE City 4.1:1 7,670 5,310 26.4% Local-62.8 [119]

Borno 2007 NE City 4.1:1-U; 3.2:1-R 46%; 15.6% 62.4 [120]

Lagos 2014 SW City 5.6:1 1,527,718 1,427 64% [54]

Nasarawa 2018 NC City 6:1.1 462,586 21% 98% [121]

Abia 2014 SE City 7.8:1 68,121 126 47.9% 34% [56]

FCT-Abuja 2018 NC City 3.7:1 103,758 396 66.4%-U; 38%-R [55]

Niger 2017 NC City 5.4: 1 732,476 70% 60 [50]

Kwara 2012 NC City 13:1 1,258 15 [51]

U-urban R-rural

https://doi.org/10.1371/journal.pntd.0009617.t002
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Community KAP surveys towards rabies

Six studies looked at community KAP across Nigeria. These consisted of a survey of the KAP

of dog owners in Taraba (2014) [57], dog meat butchers and consumers in Abia and Kaduna

(2014, 2013) [58,59], children in Kaduna (2012) [60] and residents of Abuja (2018) and Lafia

(2017) [61,62]. There were frequent deficiencies in knowledge of the recommended age for

vaccination of dog and mode of RV transmission among dog owners and residents of Taraba

and Abuja [57,61]. Only 14% and 19% of residents in urban and semi-urban areas of Lafia,

respectively, indicated that they would vaccinate their dogs against rabies [63]. Education

played a significant role in KAP among children attending school and residing within a learn-

ing institution [60]. Most dog meat butchers and consumers in Abia were aware of rabies, but

more than 70% said they would use a nonorthodox treatment upon exposure to dog bites and

not seek PEP [23]. The therapy involved burnt plants and other concoctions at the site of the

bite [23]. A study in Kaduna found that dog meat consumers and processors are deficient in

rabies knowledge (i.e., based on low knowledge scores reported) [59].

Rabies in Nigerian livestock and wildlife

A total of 14 studies in our review reported livestock (n = 7) or rabies in wildlife (n = 7). One

study reported a case in a captive caracal lynx and a civet cat (1978) [64]. A study on rabies in

Yankari Game Reserve demonstrated the detection of RV antigens in mongoose, jackals, squir-

rels, hyrax and wild cats (2014)[65]. In serological studies, antibodies to four lyssaviruses,

Lagos bat virus (LBV), Mokola virus (MOKV), Shimoni bat virus (SHIBV) and West Cauca-

sian bat virus (WCBV), were detected (2010, 2020, 1990, 2014) [66–70]. Rabies in livestock has

been reported in multiple species, including swine (1978) [71], cattle (2017, 2013, 2014, 2020)

[72–75], sheep (2014, 2017) [74,76], goats (2014, 2018) [74,77], and a donkey (2020) [78].

Discussion

In the absence of a national rabies control program, Nigeria remains a nation grappling with

an endemic zoonosis with a high disease burden and repeated outbreaks [16,19,77]. The results

of our scoping review highlight domains of rabies prevention and control that require urgent

attention to alleviate the burden of disease in both human and animal populations. These stud-

ies provide a much-needed background that scopes the current understanding of rabies in the

country and can be used as a baseline for planning and implementing priorities towards an

effective national rabies program toward the ’zero by 30’ global target [79]. Our results indicate

that most dog samples processed in canine rabies prevalence studies were from dogs meant for

human consumption, purchased from dog meat markets. Dog trade for human consumption

is common in some Nigerian states, namely Plateau, Akwa Ibom, Abia, Kaduna, and Kogi

[19,23,80]. For example, the Plateau State is a significant hub for dog trade [33]. Dogs from dif-

ferent parts of Nigeria, such as in the North of the country and neighbouring countries (e.g.,

Niger and Chad), are transported to the Dawaki Market in Plateau State for slaughter and

onward movement to various destinations within the country [81]. While dog trade for

human consumption provides an essential income source to local small businesses, this market

chain presents a significant risk to individuals involved in this activity. The principal risks of

human RV exposure associated with dog trade for consumption result from the potentially

high likelihood to be rabid. Also, dog butchers often fail to be vaccinated or use personal pro-

tective equipment (PPE) when handling dogs [23]. Indeed, two studies reported the presence

of RV antibodies in dog butchers without a prior history of vaccination[24,82], suggestive of

previous exposure and potential subclinical infection. These findings are of public health con-

cern and highlight the need for health promotion interventions targeting dog butchers in
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Nigeria. Moreover, transportation of trade dogs between countries within the West African

region was evident [34,81]. Regional transportation of dogs presents a significant concern for

national rabies control efforts, mostly when dog movement occurs between relatively porous

land borders. There is a need for regional collaboration and cooperation, especially with bor-

dering countries within the West African region through joint education, coordinated vaccina-

tion campaigns and collaborative surveillance activities. Aside the public health implications

of dog trade, in Nigeria, dogs meant for slaughter are often subjected to extreme cruelty[23],

highlighting animal welfare concerns that require urgent attention. There is a need for aware-

ness creation on the risk of dog trade on human health and animal welfare.

Dog bites were common across the states represented in our review, with a disproportion-

ate risk of bites in adult males and children, along with low vaccination rates (12% - 38%) in

owned dogs. Contrary to the general belief that most dogs in Africa are strays and constitute a

significant challenge for rabies control, results from this study suggest that most biting dogs

are owned, with low vaccination rates, consistent with a study that found only a minority

(1.9%) of dogs in Africa are ownerless [83]. This finding is of great public health concern and

underscores the need for public education to dog owners in Nigeria for responsible dog own-

ership. The low level of knowledge observed in most KAP studies and the fact that dog owners

have to pay for vaccination may partly explain these findings. While studies reported reason-

able compliance to rabies PEP rates among dog bite victims (64% - 92%), many people

reported non-compliance, while others resort to unorthodox treatments [40,44]. Some of the

examples of local treatment reported included: consuming the cooked liver of a stray dog; plac-

ing pulled hair from the dog’s neck on the bite wound [16]; use of herbal preparations and

inscription of marks and tying the bite site [42]; and the use of various concoctions [23]. Low

compliance with vaccination and PEP and the preference for local/traditional treatments

might be responsible in part for the recorded rabies mortality. Two studies reported mortality

among victims who used local therapies [16,21]. A significant deterrent to compliance is the

concern that dog bite victims must pay for PEP in Nigeria, which creates an economic barrier

for many exposed individuals. Unfortunately, PEP is not readily available in primary and sec-

ondary health facilities [22]. Moreover, victims in more remote, impoverished areas have to

travel long distances to seek care [16]. Another element to the compliance and health-seeking

behaviours towards dog bites is a limitation identified by the community KAP data. Back-

ground knowledge on rabies was highly variable across states, partly due to demographic dif-

ferences, such as education level and occupation. Indeed, studies have shown that civil

servants were 4.8 times more likely to have good rabies knowledge in Taraba State [57]. Chil-

dren receiving formal education were more aware of rabies than those receiving informal edu-

cation in Zaria [60].

Although most studies were in urban centres where access to health education is likely to be

highest, our results indicate a deficiency in rabies knowledge amongst respondents [57]. If

urban residents are deficient in rabies knowledge, one can only imagine rural areas where the

burden is assumed to be higher. Nevertheless, very few studies were in rural settings. Those

most at risk to rabies and dog bites, such as children and dog-meat butchers, were deficient in

such basic knowledge. There is a need to enhance community understanding about rabies and

to promote responsible dog ownership through mass enlightenment campaigns, using televi-

sion and radio stations targeting school-aged children [81]. Non-conventional methods, such

as pictorials, village announcements (in local languages), and community plays, can enhance

rabies knowledge in rural settings. The creation of rabies clubs in primary schools can increase

awareness among children [84,85].

Moreover, a significant proportion of dog bites are reported primarily to veterinary hospi-

tals (27%), consistent with the finding in the Democratic Republic of the Congo, where 39% of
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dog bite victims sought care at veterinary hospitals, particularly for human PEP [86]. Targeted

education is necessary on the proper reporting channel and good record-keeping practice by

veterinarians in Nigeria. The ideal practice is that dog bite victims should seek PEP in a

human hospital and inform veterinary clinics about the suspected dog [86]. While children

and males are most at risk for bites (and correspondingly RV exposure), consistent with stud-

ies from other regions [87], veterinary hospital studies in Nigeria reported more dog bites

among adults than children [38,88]. Adults may be more aware of rabies risk and the need to

ascertain the offending dog’s status through quarantine and observation in a veterinary hospi-

tal following a bite. Also, parents of children victimised by a dog bite are likely to ensure that

their children receive proper care in a human hospital. At the same time, adults may minimise

the need for health care following a dog bite by visiting a veterinary clinic, which tends to be

less crowded than human hospitals.

The reported low dog vaccination rate is consistent with prior dog ecology studies. Opera-

tionally defined in this context, applied dog ecology studies focus on estimating the dog popu-

lation’s size, ownership status and access to vaccination and healthcare [55]. Our findings

highlight not only the critical gap in dog owners’ rabies education, such as the need for ade-

quate animal health [55], but also existing challenges in sustaining the delivery of optimal vac-

cination coverage (i.e., 70%) [79]. The low vaccination coverage (15% and 38%) reported by

most studies can partly explain how vaccination campaigns are organised and resourced. Cur-

rently, dog rabies campaigns in Nigeria are rolled out in a limited number of state capitals dur-

ing the annual World Rabies Day Ceremonial (September 28) [89]. These are reactive only or

as part of the rabies outbreak response [79,90]. Moreover, dog owners are required to pay for

dog rabies vaccinations, and the vast majority allow their dogs to roam, which makes it diffi-

cult to restrain during vaccination campaigns [91]. Other countries in Africa, such as Kenya,

Namibia, and Malawi, have implemented rabies control programs through mass dog vaccina-

tion, enhanced surveillance, and rabies awareness, but have received significant international

financial support, supplemented secondarily by local government’s resources[11,12]. Never-

theless, they face several logistic challenges. Nigeria should strive to source regional support

for a long-term solution for rabies instead of relying solely on international donors and non-

governmental organisations (NGOs). Examples in Africa, such as Kenya and Namibia, have

demonstrated that national dog censuses are essential [11,12]. A first step is to quantify the

dog population at risk, which allows prioritisation of locations for the deployment of canine

vaccines, which could be provided free of charge to individuals [11,12]. Accessing and resour-

cing hard to reach communities is also a critical step for enhancing vaccine coverage supple-

mented by rabies health promotion and prevention interventions. Nigeria has been able to

eliminate wild polio through the deployment of materials and human resources, and the utili-

zation of innovative strategies in reaching underserved communities [92,93]. Similarly, a

national rabies control program would benefit from the success recorded in polio management

in Nigeria, especially in accessing rural communities with rabies vaccines and health promo-

tion interventions.

Compared to human and dog rabies, livestock and wildlife rabies in Nigeria have been

much less studied. In some countries, wildlife plays an essential role in the epidemiology of syl-

vatic rabies with recognised impacts on humans, dogs and other companion animals, livestock

health and production, and conservation biology [94]. However, although multiple lyssavirus

species have been detected in Nigeria, the role of wildlife in rabies epidemiology has been stud-

ied poorly. Rabies reported in a few wildlife species and spillover potential to/from domestic

dogs has also been demonstrated [95,96]. In Nigeria, most livestock cases occur after bites

from rabid dogs[73,75]. This observation suggests that control of canine rabies is likely to

affect cases in livestock positively. While livestock cases are typically considered dead-end,
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zoonotic transmission has been reported on rare occasions [97]. A more considerable health

economics impact may be to the small farmer with significant impacts on their livelihood

from losing a single cow, donkey, or goat. Therefore, inter-related human health, economic

and animal health impacts of dog rabies need to be investigated further.

Significant geographical heterogeneity occurs with regards to the published evidence on

canine and human rabies in Nigeria. The northern states accounted for more animal rabies stud-

ies (dogs, livestock and wildlife) and fewer human rabies deaths [37,98]. Concomitantly, the

southern region had a smaller number of canine rabies and dog bite studies and more human

rabies deaths. The presence of NVRI, active research into rabies at Ahmadu Bello University

(ABU), Zaria and cultural and religious practices in specific communities might account for this

disparity in countrywide data availability and results. Individuals bitten by dogs in regions with a

capacity for testing can quickly learn the diagnostic test outcome and seek care, unlike people

located further away. Besides, more veterinary schools in the northern region (n = 6) compared

to the southern part (n = 4) [99], might also contribute to the fewer studies in the south. For

example, south-south states without an accredited veterinary school had the lowest reported

prevalence of dog rabies. Also, Rivers, a state in the South-South geopolitical zones of Nigeria

with a population of 5,198,716 as of the 2006 population census, has only one veterinarian in the

government service [14]. Furthermore, victims of rabies in the northern region of Nigeria are

more likely to be buried due to local religious beliefs of immediate burial practice by Muslims

that form the ethnic majority in the north of the country, thereby precluding diagnosis. Taken

together, these findings highlight the need to enhance surveillance capacity, especially in the

southern regions, through supporting the provision of rabies diagnostic facilities for the prompt

processing of samples and RV characterization. Integrated dog bite management can improve

the early detection of dog rabies, as shown in Tanzania [100]. Local inclusion of dog bite occur-

rence by disease surveillance and notification officers (DSNOs), with related community surveil-

lance tools can help in rabies/dog surveillance. Empowering private veterinarians and those in

rural areas with decentralized, rapid point-of-care diagnostic abilities, such as the dRIT—with

high sensitivity and specificity [101] as well as other options, can improve regional rabies surveil-

lance. Veterinary and human hospitals should share dog bite information so that veterinarians

can ascertain the biting dog’s status and that the human victims can receive prompt PEP.

Limitations

The findings of this study should be interpreted in light of several limitations. First, the low

number of studies in each subject category under review, the geographical and temporal range

of available studies (1978–2020) and the incomplete data on dog information such as breed,

vaccination status, and detailed information of victims of dogs bite and lack of laboratory con-

firmation, precluded a more comprehensive quantitative analysis of rabies epidemiology in

Nigeria. Second, there was a strong geographical bias of studies on dog rabies. Only a handful

of studies approached rabies from a One Health perspective, thereby impeding a more thor-

ough understanding of rabies in Nigeria for effective prevention and control. Third, our

review’s available studies did not allow a comprehensive evaluation of the role of risk factors in

RV transmission and highlight areas most in need of interventions. Finally, we relied on data

from published articles and the grey literature, and the availability of national rabies data

(human and animal) could have supported a more robust analysis.

Conclusions

Dog trade for human consumption presents significant public health risks, particularly to

community members such as dog meat butchers and consumers involved in the market chain.
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Rabies risk, coupled with welfare concerns, demonstrates the need for continued advocacy

towards legislation prohibiting the dog trade in Nigeria and elsewhere. Dog bites in Nigeria

are reported to both human and veterinary hospitals, with disproportionately affected children

and males. Some victims (dog bite) use traditional medicine in place of PEP. The high-risk

groups identified in this review (children, butchers, and adult males) and the general public

need to be educated on response to dog bite exposure to reduce the impact of this invariable

fatal but preventable disease. Most biting dogs are owned and present with very low vaccina-

tion rates. There is a need for mandatory dog vaccination and implementation of a national

rabies program to attain the WHO recommended vaccination coverage of at least 70%. There

were fewer studies on rabies in livestock in Nigeria, and all cases were from a bite from a rabid

dog. Controlling dog rabies will impact the occurrence of rabies in livestock, and there is a

need to investigate rabies health economic impact on smallholder farmers in Nigeria. There

was a significant geographical heterogeneity concerning dog rabies, dog bite, and human

rabies, with more dog rabies studies in the northern region and more human rabies and cases

in the southern part. This observation appears to be due mainly to active research into rabies

at the Northern University (ABU), and the presence of national rabies diagnosis is in the

northern region. Establishing rabies diagnostic centres in the country’s six geopolitical zones,

local inclusion of dog bite occurrence by DSNOs, with related community surveillance tools,

can help in rabies/dog surveillance. While canine rabies is the priority, pathogen discovery and

laboratory-based surveillance for wildlife rabies should be enhanced. Private veterinarians and

those in rural areas should be empowered with a decentralized, rapid point-of-care diagnostic

ability, such as the dRIT, which is comparable to FAT for animal diagnosis, with an added

advantage of use under field conditions [102]. Employment of veterinarians in states like Riv-

ers State without a veterinary presence (public servants) will go a long way towards improving

local rabies surveillance.

Supporting information

S1 Table. Summary of studies reporting dog bite incidents and rabies deaths across the

Nigerian States.

(DOCX)

Acknowledgments

We are grateful to authors who responded to our emails for further details and Dr Junaidu

Maina for providing us with the slides of his presentation.

Author Contributions

Conceptualization: Philip P. Mshelbwala.

Data curation: Philip P. Mshelbwala.

Formal analysis: Philip P. Mshelbwala.

Investigation: Philip P. Mshelbwala.

Methodology: Philip P. Mshelbwala.

Project administration: Philip P. Mshelbwala.

Software: Philip P. Mshelbwala.

Supervision: J. Scott Weese, R. J. Soares Magalhaes.

PLOS NEGLECTED TROPICAL DISEASES Rabies in Nigeria: Scoping progress towards elimination

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009617 August 16, 2021 13 / 20

http://journals.plos.org/plosntds/article/asset?unique&id=info:doi/10.1371/journal.pntd.0009617.s001
https://doi.org/10.1371/journal.pntd.0009617


Validation: Philip P. Mshelbwala.

Visualization: Philip P. Mshelbwala.

Writing – original draft: Philip P. Mshelbwala.

Writing – review & editing: Philip P. Mshelbwala, J. Scott Weese, Olufunmilayo A. Sanni-

Adeniyi, Shovon Chakma, Stephen S. Okeme, Abdullah A. Mamun, Charles E. Rupprecht,

R. J. Soares Magalhaes.

References
1. Singh R, Singh KP, Cherian S, Saminathan M, Kapoor S, Manjunatha Reddy GB, et al. Rabies—epi-

demiology, pathogenesis, public health concerns and advances in diagnosis and control: a compre-

hensive review. Vet Q. 2017; 37(1):212–51. Epub 2017/06/24. https://doi.org/10.1080/01652176.

2017.1343516 PMID: 28643547.

2. Caffrey N, Rock M, Schmidtz O, Anderson D, Parkinson M, Checkley SL. Insights about the Epidemi-

ology of Dog Bites in a Canadian City Using a Dog Aggression Scale and Administrative Data. Animals

(Basel). 2019; 9(6):324. Epub 2019/06/09. https://doi.org/10.3390/ani9060324 PMID: 31174303;

PubMed Central PMCID: PMC6617111.

3. Hampson K, Coudeville L, Lembo T, Sambo M, Kieffer A, Attlan M, et al. Estimating the global burden

of endemic canine rabies. PLoS Negl Trop Dis. 2015; 9(4):e0003709. Epub 2015/04/17. https://doi.

org/10.1371/journal.pntd.0003709 PMID: 25881058; PubMed Central PMCID: PMC4400070.

4. WHO. Animal bites. In: (WHO): WHO, editor. 2018.

5. Rupprecht CE, Smith JS, Fekadu M, Childs JE. The ascension of wildlife rabies: a cause for public

health concern or intervention? Emerg Infect Dis. 1995; 1(4):107–14. Epub 1995/10/01. https://doi.

org/10.3201/eid0104.950401 PMID: 8903179; PubMed Central PMCID: PMC2626887.

6. Rupprecht C, Kuzmin I, Meslin F. Lyssaviruses and rabies: current conundrums, concerns, contradic-

tions and controversies. F1000Res. 2017; 6:184. Epub 2017/03/17. https://doi.org/10.12688/

f1000research.10416.1 PMID: 28299201; PubMed Central PMCID: PMC5325067.

7. Bourhy H, Dautry-Varsat A, Hotez PJ, Salomon J. Rabies, Still Neglected after 125 Years of Vaccina-

tion. PLoS neglected tropical diseases. 2010; 4(11):e839. https://doi.org/10.1371/journal.pntd.

0000839 PMID: 21152052

8. Global Strategic Plan to end human deaths from dog-mediated rabies by 2030 [Internet]. OIE; 2018.

Available from: https://oiebulletin.com/?p=4466

9. Zinsstag J, Durr S, Penny MA, Mindekem R, Roth F, Menendez Gonzalez S, et al. [Transmission

dynamics and cost-effectiveness of rabies control in dogs and humans in an African city]. Med Trop

(Mars). 2011; 71(6):596–604. Epub 2012/03/08. PMID: 22393628.

10. Scott TP, Coetzer A, de Balogh K, Wright N, Nel LH. The Pan-African Rabies Control Network (PARA-

CON): A unified approach to eliminating canine rabies in Africa. Antiviral Res. 2015; 124:93–100.

Epub 2015/11/08. https://doi.org/10.1016/j.antiviral.2015.10.002 PMID: 26545712.

11. Athingo R, Tenzin T, Shilongo A, Hikufe E, Shoombe KK, Khaiseb S, et al. Fighting Dog-Mediated

Rabies in Namibia-Implementation of a Rabies Elimination Program in the Northern Communal Areas.

Trop Med Infect Dis. 2020; 5(1). Epub 2020/01/23. https://doi.org/10.3390/tropicalmed5010012 PMID:

31963400; PubMed Central PMCID: PMC7157552.

12. Bitek AO, Osoro E, Munyua PM, Nanyingi M, Muthiani Y, Kiambi S, et al. A hundred years of rabies in

Kenya and the strategy for eliminating dog-mediated rabies by 2030. AAS Open Res. 2018; 1(23):23.

Epub 2019/02/15. https://doi.org/10.12688/aasopenres.12872.2 PMID: 32259023; PubMed Central

PMCID: PMC7117960.

13. WorldMeters. Nigeria Population 2020 [26/12/2020]. Available from: https://www.worldometers.info/

world-population/nigeria-population/.

14. Maina J. “Expanding Private Veterinary Health System in Nigeria; Lessons from Animal Care Services

Konsult Ltd”. Nigerian Veterinary Medical Association celebrates an Icon Dr Olatunde Agbato at 70;

ZOOM 2020.

15. Ogunkoya A, Audu S, Mshelbwala P, Atuman Y, Ehimiyein A, Osinubi M, et al. PROBLEMS OF

RABIES IN NIGERIA: A REVIEW. 1st International Conference on Rabies in West Africa (RIWA),;

International Conference Centre University of Ibadan, Nigeria2012.

16. Audu SW, Mshelbwala PP, Jahun BM, Bouaddi K, Weese JS. Two fatal cases of rabies in humans

who did not receive rabies postexposure prophylaxis in Nigeria. Clinical case reports. 2019; 7(4):749–

PLOS NEGLECTED TROPICAL DISEASES Rabies in Nigeria: Scoping progress towards elimination

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009617 August 16, 2021 14 / 20

https://doi.org/10.1080/01652176.2017.1343516
https://doi.org/10.1080/01652176.2017.1343516
http://www.ncbi.nlm.nih.gov/pubmed/28643547
https://doi.org/10.3390/ani9060324
http://www.ncbi.nlm.nih.gov/pubmed/31174303
https://doi.org/10.1371/journal.pntd.0003709
https://doi.org/10.1371/journal.pntd.0003709
http://www.ncbi.nlm.nih.gov/pubmed/25881058
https://doi.org/10.3201/eid0104.950401
https://doi.org/10.3201/eid0104.950401
http://www.ncbi.nlm.nih.gov/pubmed/8903179
https://doi.org/10.12688/f1000research.10416.1
https://doi.org/10.12688/f1000research.10416.1
http://www.ncbi.nlm.nih.gov/pubmed/28299201
https://doi.org/10.1371/journal.pntd.0000839
https://doi.org/10.1371/journal.pntd.0000839
http://www.ncbi.nlm.nih.gov/pubmed/21152052
https://oiebulletin.com/?p=4466
http://www.ncbi.nlm.nih.gov/pubmed/22393628
https://doi.org/10.1016/j.antiviral.2015.10.002
http://www.ncbi.nlm.nih.gov/pubmed/26545712
https://doi.org/10.3390/tropicalmed5010012
http://www.ncbi.nlm.nih.gov/pubmed/31963400
https://doi.org/10.12688/aasopenres.12872.2
http://www.ncbi.nlm.nih.gov/pubmed/32259023
https://www.worldometers.info/world-population/nigeria-population/
https://www.worldometers.info/world-population/nigeria-population/
https://doi.org/10.1371/journal.pntd.0009617


52. Epub 2019/04/19. https://doi.org/10.1002/ccr3.1972 PMID: 30997078; PubMed Central PMCID:

PMC6452487.

17. Nigeria WHO. Nigeria joins the world in raising awareness on Rabies2019. Available from: https://

www.afro.who.int/news/nigeria-joins-world-raising-awareness-rabies.

18. Nel LH. Discrepancies in data reporting for rabies, Africa. Emerg Infect Dis. 2013; 19(4):529–33. Epub

2013/05/01. https://doi.org/10.3201/eid1904.120185 PMID: 23628197; PubMed Central PMCID:

PMC3647406.

19. Okeme SS, Kia GS, Mshelbwala PP, Umoh JU, Magalhaes RJS. Profiling the public health risk of

canine rabies transmission in Kogi state, Nigeria. One Health. 2020; 10:100154. Epub 2020/10/30.

https://doi.org/10.1016/j.onehlt.2020.100154 PMID: 33117871; PubMed Central PMCID:

PMC7582198.

20. Konzing L, Kwaga J, Kia G, Kazeem H. A retrospective study of dog bite cases reported to some hos-

pitals in Plateau State, Nigeria. Sokoto Journal of Veterinary Sciences. 2019; 17(1):56–61.

21. Mshelbwala PP, Weese JS. Rabies in the developing world: challenges & prospects. Clinician’s Brief.

2017.

22. Sreenivasan N, Li A, Shiferaw M, Tran CH, Wallace R, Blanton J, et al. Overview of rabies post-expo-

sure prophylaxis access, procurement and distribution in selected countries in Asia and Africa, 2017–

2018. Vaccine. 2019; 37 Suppl 1:A6–A13. Epub 2019/09/01. https://doi.org/10.1016/j.vaccine.2019.

04.024 PMID: 31471150.

23. Mshelbwala PP, Ogunkoya AB, Maikai BV. Detection of rabies antigen in the saliva and brains of

apparently healthy dogs slaughtered for human consumption and its public health implications in abia

state, Nigeria. ISRN veterinary science. 2013; 2013:468043. Epub 2014/01/15. https://doi.org/10.

1155/2013/468043 PMID: 24416598; PubMed Central PMCID: PMC3875124.

24. Konzing L, Umoh J, Dzikwi A. Trade dog-dog meat processors interface in rabies transmission. Inter-

national Journal of Applied Research 2015; 1(11): 83–91

25. Control GAfR. Working to eliminate human deaths from dog rabies by 2030 [Internet]. https://

rabiesalliance.org/country/nigeria: Global Alliance for Rabies Control. 2017. [cited 2021].

26. Khalil H, Peters MD, Tricco AC, Pollock D, Alexander L, McInerney P, et al. Conducting high quality

scoping reviews-challenges and solutions. J Clin Epidemiol. 2021; 130:156–60. Epub 2020/10/31.

https://doi.org/10.1016/j.jclinepi.2020.10.009 PMID: 33122034.

27. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al. The PRISMA statement

for reporting systematic reviews and meta-analyses of studies that evaluate healthcare interventions:

explanation and elaboration. Bmj. 2009; 339:b2700. Epub 2009/07/23. https://doi.org/10.1136/bmj.

b2700 PMID: 19622552; PubMed Central PMCID: PMC2714672.

28. Ojo D, Olugasa B, Mshelbwala P. Assessment of Compliance of Referral Veterinary Hospitals to Sam-

ple Collection, Preservation and Reporting of Suspected Cases of Rabies in South-West Nigeria. J

Veterinar Sci Technol. 2016; 7(304):2.

29. Audu S, Adawa D, Mshebwala P, Simon Y, Yakubu B. Field and Laboratory Detection of Rabies Anti-

gens in Saliva and Brains of Dogs in Nigeria: An Approach Using Rapid Immunochromatographic

Test. Journal of Microbes and Microbiology Techniques. 2017; 1(1).

30. Hambolu SE, Dzikwi AA, Kwaga JK, Kazeem HM, Umoh JU, Hambolu DA. Rabies and dog bites

cases in lagos state Nigeria: a prevalence and retrospective studies (2006–2011). Glob J Health Sci.

2013; 6(1):107–14. Epub 2014/01/01. https://doi.org/10.5539/gjhs.v6n1p107 PMID: 24373270;

PubMed Central PMCID: PMC4825396.

31. Baba S. Detection of rabies virus RNA and antigen in tissues from naturally infected Nigerian dogs: In

situ hybridization and. Pathologie Infectieuse. 1999; 52(2):85–91.

32. Ajayi BB, Rabo JS, Baba SS. Rabies in apparently healthy dogs: histological and immunohistochemi-

cal studies. The Nigerian postgraduate medical journal. 2006; 13(2):128–34. Epub 2006/06/24. PMID:

16794650.

33. Kia GS, Huang Y, Zhou M, Zhou Z, Gnanadurai C, Leysona C, et al. Molecular characterization of a

rabies virus isolated from trade dogs in Plateau State, Nigeria. Sokoto Journal of Veterinary Sciences.

2018; 16(2):54–62.

34. Eze UU, Ngoepe EC, Anene BM, Ezeokonkwo RC, Nwosuh CI, Sabeta CT. Molecular Detection of

Rabies Lyssaviruses from Dogs in Southeastern Nigeria: Evidence of TransboundaryTransmission of

Rabies in West Africa. Viruses. 2020; 12(2):134. Epub 2020/01/26. https://doi.org/10.3390/v12020134

PMID: 31979379; PubMed Central PMCID: PMC7077224.

35. Isek TI, Umoh J, Dzikwi AA. A retrospective study of dog bite occurrence and anti-rabies vaccination

of dogs in a State Veterinary Hospital in Ogoja, Cross River State, Nigeria. Vet Ital. 2019; 55(2):163–8.

Epub 2019/07/06. https://doi.org/10.12834/VetIt.150.431.5 PMID: 31274178.

PLOS NEGLECTED TROPICAL DISEASES Rabies in Nigeria: Scoping progress towards elimination

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009617 August 16, 2021 15 / 20

https://doi.org/10.1002/ccr3.1972
http://www.ncbi.nlm.nih.gov/pubmed/30997078
https://www.afro.who.int/news/nigeria-joins-world-raising-awareness-rabies
https://www.afro.who.int/news/nigeria-joins-world-raising-awareness-rabies
https://doi.org/10.3201/eid1904.120185
http://www.ncbi.nlm.nih.gov/pubmed/23628197
https://doi.org/10.1016/j.onehlt.2020.100154
http://www.ncbi.nlm.nih.gov/pubmed/33117871
https://doi.org/10.1016/j.vaccine.2019.04.024
https://doi.org/10.1016/j.vaccine.2019.04.024
http://www.ncbi.nlm.nih.gov/pubmed/31471150
https://doi.org/10.1155/2013/468043
https://doi.org/10.1155/2013/468043
http://www.ncbi.nlm.nih.gov/pubmed/24416598
https://rabiesalliance.org/country/nigeria:
https://rabiesalliance.org/country/nigeria:
https://doi.org/10.1016/j.jclinepi.2020.10.009
http://www.ncbi.nlm.nih.gov/pubmed/33122034
https://doi.org/10.1136/bmj.b2700
https://doi.org/10.1136/bmj.b2700
http://www.ncbi.nlm.nih.gov/pubmed/19622552
https://doi.org/10.5539/gjhs.v6n1p107
http://www.ncbi.nlm.nih.gov/pubmed/24373270
http://www.ncbi.nlm.nih.gov/pubmed/16794650
https://doi.org/10.3390/v12020134
http://www.ncbi.nlm.nih.gov/pubmed/31979379
https://doi.org/10.12834/VetIt.150.431.5
http://www.ncbi.nlm.nih.gov/pubmed/31274178
https://doi.org/10.1371/journal.pntd.0009617


36. Aworh MK, Nwosuh C, Ajumobi O, Okewole PA, Okolocha EC, Akanbi B, et al. A Retrospective Study

of Rabies Cases Reported at Vom Christian Hospital, Plateau State, Nigeria, 2006@ 2010. Nigerian

Veterinary Journal. 2011; 32:366–70.

37. Abubakar SA, Bakari AG. Incidence of dog bite injuries and clinical rabies in a tertiary health care insti-

tution: a 10-year retrospective study. Annals of African medicine. 2012; 11(2):108–11. Epub 2012/03/

13. https://doi.org/10.4103/1596-3519.93534 PMID: 22406671.

38. Mshelbwala PP, Maikai VB, Angani MT, Nlebedum UC, Nwokocha QN, Garba A, et al. Retrospective

Study of Dog Bite Cases Reported to Zonal Veterinary Clinic, Umuahia, Abia State, Nigeria. Journal of

Experimental Biology and Agricultural Sciences. 2013; 1(4):317–20. WOS:000215845700013.

39. Iyalomhe G, Iyalomhe S. Dog bite and clinical rabies in a suburban hospital in Nigeria: a 20-year retro-

spective study of the prevalence and treatment with anti-rabies vaccine. World J Pharm Res. 2014; 4

(1):113–21.

40. Aghahowa SE, Ogbevoen RN. Incidence of dog bite and anti-rabies vaccine utilization in the, Univer-

sity of Benin Teaching Hospital, Benin City, Nigeria: A 12-year assessment. Vaccine. 2010; 28

(30):4847–50. Epub 2010/05/18. https://doi.org/10.1016/j.vaccine.2010.04.004 PMID: 20470794.

41. Eke CB, Omotowo IB, Ukoha OM, Ibe BC. Human rabies: still a neglected preventable disease in

Nigeria. Niger J Clin Pract. 2015; 18(2):268–72. Epub 2015/02/11. https://doi.org/10.4103/1119-3077.

151064 PMID: 25666005.

42. Ogundare EO, Olatunya OS, Oluwayemi IO, Inubile AJ, Taiwo AB, Agaja OT, et al. Pattern and out-

come of dog bite injuries among children in Ado-Ekiti, Southwest Nigeria. Pan Afr Med J. 2017; 27:81.

Epub 2017/08/19. https://doi.org/10.11604/pamj.2017.27.81.7360 PMID: 28819502; PubMed Central

PMCID: PMC5554624.

43. Ekanem EE, Eyong KI, Philip-Ephraim EE, Eyong ME, Adams EB, Asindi AA. Stray dog trade fuelled

by dog meat consumption as a risk factor for rabies infection in Calabar, southern Nigeria. African

health sciences. 2013; 13(4):1170–3. Epub 2014/06/19. https://doi.org/10.4314/ahs.v13i4.44 PMID:

24940348; PubMed Central PMCID: PMC4056491.

44. Kale OO. Epidemiology and treatment of dog bites in Ibadan: a 12-year retrospective study of cases

seen at the University College Hospital Ibadan (1962–1973). Afr J Med Med Sci. 1977; 6(3):133–40.

Epub 1977/09/01. PMID: 97941.

45. Adebayo J, Ojo V, Ogundipe G, Nguku PM. Evaluation of Animal Rabies Surveillance System, Ekiti

State, Nigeria, 2012–2017. Online J Public Health Inform. 2019; 11(1):e326. https://doi.org/10.5210/

ojphi.v11i1.9784 PMC6606125.

46. Taiwo V, Antia R, Adeniran G, Adeyemi G, Alaka O, Ohore O. Rabies in dogs and cats in southwestern

Nigeria: laboratory reports (1985–1995). Tropical Veterinarian. 1998; 16:9–13.

47. Ahmed H, Chafe UM, Magaji AA, Abdul-Qadir A. Rabies and dog bite in children: a decade of experi-

ence in Sokoto, Nigeria. Sokoto Journal of Veterinary Sciences. 2000; 2(1):2–10.

48. Garba A, Umoh J, Kazeem H, Dzikwi A, Yahaya M, Zaharadeen A, et al. Hospital Records (2006–

2013) of Dogbite Cases and Laboratory Confirmation of Dog Rabies in Niger State, Nigeria. Interna-

tional Journal of Animal and Veterinary Advances. 2014; 6(2):87–91.

49. Otolorin GR, Umoh JU, Dzikwi AA. Prevalence of rabies antigen in brain tissue of dogs slaughtered for

human consumption and evaluation of vaccination of dogs against rabies in Aba, Abia State Nigeria.

2014.

50. Garba A, Dzikwi A, Kazeem H, Makanju OA, Hambagba FO, Abduazeez N, et al. Dog Ecology and

Management in Niger State, Nigeria: A Basic Tool for Rabies Control. Journal of Agriculture and Ecol-

ogy Research International. 2017; 12:1–9.

51. Aiyedun J, Olugasa B. Use of aerial photograph to enhance dog population census in Ilorin, Nigeria.

Sokoto Journal of Veterinary Sciences. 2012; 10(1):22–7.

52. Oluwayelu DO, Adebiyi AI, Ohore OG, Cadmus SI. Lack of protection against rabies in neighbourhood

dogs in some peri-urban and rural areas of Ogun and Oyo states, Nigeria. Afr J Med Med Sci. 2014; 43

Suppl:157–62. Epub 2014/12/01. PMID: 26949794.

53. Olugasa BO, Aiyedun JO, Emikpe BO. Prevalence of antibody against rabies among confined, free-

roaming and stray dogs in a transit city of Nigeria. Vet Ital. 2011; 47(4):453–60. Epub 2011/12/24.

PMID: 22194227.

54. Hambolu SE, Dzikwi AA, Kwaga JKP, Kazeem HM, Umoh JU, Hambolu DA. Dog ecology and popula-

tion studies in Lagos State, Nigeria. Glob J Health Sci. 2014; 6(2):209–20. https://doi.org/10.5539/

gjhs.v6n2p209 PMID: 24576383.

55. Mshelbwala PP, Akinwolemiwa DK, Maikai BV, Otolorin RG, Maurice NA, Weese JS. Dog ecology

and its implications for rabies control in Gwagwalada, Federal Capital Territory, Abuja, Nigeria.

PLOS NEGLECTED TROPICAL DISEASES Rabies in Nigeria: Scoping progress towards elimination

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009617 August 16, 2021 16 / 20

https://doi.org/10.4103/1596-3519.93534
http://www.ncbi.nlm.nih.gov/pubmed/22406671
https://doi.org/10.1016/j.vaccine.2010.04.004
http://www.ncbi.nlm.nih.gov/pubmed/20470794
https://doi.org/10.4103/1119-3077.151064
https://doi.org/10.4103/1119-3077.151064
http://www.ncbi.nlm.nih.gov/pubmed/25666005
https://doi.org/10.11604/pamj.2017.27.81.7360
http://www.ncbi.nlm.nih.gov/pubmed/28819502
https://doi.org/10.4314/ahs.v13i4.44
http://www.ncbi.nlm.nih.gov/pubmed/24940348
http://www.ncbi.nlm.nih.gov/pubmed/97941
https://doi.org/10.5210/ojphi.v11i1.9784
https://doi.org/10.5210/ojphi.v11i1.9784
http://www.ncbi.nlm.nih.gov/pubmed/26949794
http://www.ncbi.nlm.nih.gov/pubmed/22194227
https://doi.org/10.5539/gjhs.v6n2p209
https://doi.org/10.5539/gjhs.v6n2p209
http://www.ncbi.nlm.nih.gov/pubmed/24576383
https://doi.org/10.1371/journal.pntd.0009617


Zoonoses Public Health. 2018; 65(1):168–76. Epub 2017/08/08. https://doi.org/10.1111/zph.12385

PMID: 28782905.

56. Otolorin GR, Umoh JU, Dzikwi AA. Demographic and ecological survey of dog population in aba, abia

state, Nigeria. ISRN veterinary science. 2014; 2014:806849. Epub 2014/07/09. https://doi.org/10.

1155/2014/806849 PMID: 25002978; PubMed Central PMCID: PMC4060549.

57. Ameh VO, Dzikwi AA, Umoh JU. Assessment of knowledge, attitude and practice of dog owners to

canine rabies in Wukari metropolis, Taraba State, Nigeria. Global journal of health science. 2014; 6

(5):226–40. Epub 2014/08/30. https://doi.org/10.5539/gjhs.v6n5p226 PMID: 25168987; PubMed Cen-

tral PMCID: PMC4825497.

58. Mshelbwala P, Ogunkoya A, Maikai B, Atuman S. Knowledge, attitude and practice about dog bite and

rabies exposure among dog meat consumers and processors in Abia state, Nigeria. J Vet Adv. 2014;

4(2):398–404.

59. Odeh LE, Umoh JU, Dzikwi AA. Assessment of risk of possible exposure to rabies among processors

and consumers of dog meat in Zaria and Kafanchan, Kaduna state, Nigeria. Glob J Health Sci. 2013; 6

(1):142–53. Epub 2014/01/01. https://doi.org/10.5539/gjhs.v6n1p142 PMID: 24373274; PubMed Cen-

tral PMCID: PMC4825232.

60. Dzikwi AA, Ibrahim AS, Umoh JU. Knowledge, attitude and practice about rabies among children

receiving formal and informal education in Samaru, Zaria, Nigeria. Glob J Health Sci. 2012; 4(5):132–

9. Epub 2012/09/18. https://doi.org/10.5539/gjhs.v4n5p132 PMID: 22980386; PubMed Central

PMCID: PMC4776965.

61. Edukugho AA, Umoh JU, Diem M, Ajani O, Uba B, Okeke L, et al. Knowledge, attitudes and practices

towards rabies prevention among residents of Abuja municipal area council, Federal Capital Territory,

Nigeria. Pan Afr Med J. 2018; 31:21. Epub 2019/03/29. https://doi.org/10.11604/pamj.2018.31.21.

15120 PubMed Central PMCID: PMC6430844. PMID: 30918548

62. Rine RC, Dogara GS, Pam MD. Knowledge, Attitude and Practice of Rabies in and Around Lafia

Metropolis, Nigeria. Central African Journal of Public Health. 2017; 3(3):27.

63. Opaleye OO, Adesiji YO, Olowe OA, Fagbami AH. Rabies and antirabies immunization in South West-

ern Nigeria: knowledge, attitude and practice. Trop Doct. 2006; 36(2):116–7. Epub 2006/04/14.

https://doi.org/10.1258/004947506776593305 PMID: 16611452.

64. Okoh AEJ. A case of rabies in a captive caracallynx (Felis caracal) in Jos Nigeria. Journal of Nigerian

Veterinary Association. 1978; 5:4.

65. Atuman Y, Adawa D, Okewole P, Shamaki D, Audu S, Mshelbwala P, et al. Detection of rabies anti-

gens in the brain tissues of jackals and mongooses and its implications on public health and conserva-

tion goals in Bauchi state Nigeria. Scientific J Vet Adv. 2014; 3:42–7.

66. Dzikwi AA, Kuzmin II, Umoh JU, Kwaga JK, Ahmad AA, Rupprecht CE. Evidence of Lagos bat virus

circulation among Nigerian fruit bats. J Wildl Dis. 2010; 46(1):267–71. Epub 2010/01/22. https://doi.

org/10.7589/0090-3558-46.1.267 PMID: 20090042.

67. Vora NM, Osinubi MOV, Davis L, Abdurrahman M, Adedire EB, Akpan H, et al. Bat and Lyssavirus

Exposure among Humans in Area that Celebrates Bat Festival, Nigeria, 2010 and 2013. Emerg Infect

Dis. 2020; 26(7):1399–408. Epub 2020/06/23. https://doi.org/10.3201/eid2607.191016 PMID:

32568051; PubMed Central PMCID: PMC7323560.

68. Aghomo HO, Tomori O, Oduye OO, Rupprecht CE. Detection of Mokola virus neutralising antibodies

in Nigerian dogs. Res Vet Sci. 1990; 48(2):264. Epub 1990/03/01. PMID: 2333438.

69. Ogunkoya AB, Beran GW, Umoh JU, Gomwalk NE, Abdulkadir IA. Serological evidence of infection of

dogs and man in Nigeria by lyssaviruses (family Rhabdoviridae). Trans R Soc Trop Med Hyg. 1990; 84

(6):842–5. Epub 1990/11/01. https://doi.org/10.1016/0035-9203(90)90103-l PMID: 2096520.

70. Kia GS, Kuzmin II, Umoh JU, Kwaga JK, Kazeem HM, Osinubi MO, et al. Detection of Some Lyssa-

viruses from Fruigivorous and Insectivorous Bats in Nigeria. Online J Public Health Inform. 2014; 6(1):

e31. https://doi.org/10.5210/ojphi.v6i1.5071 PMC4050783.

71. Osiyemi TI, Onunkwo O, Momoh MA. A case report of rabies in the pig in Nigeria. Bull Anim Health

Prod Afr. 1978; 26(4):335–7. Epub 1978/12/01. PMID: 756757.

72. Ibrahim S, Audu S, Usman A, Kaltugo B. Rabies in a Six-Week Old Bunaji-Bull Calf in Zaria: A Case

Report. Journal of Microbes and Microbiology Techniques. 2017; 1(1).

73. Mshelbwala PP, Audu SW, Ogunkoya AB, Okaiyeto SO, James AA, Kumbish PR, et al. A Case Study

of Rabies in a Six Month Old Calf in Zaria, Nigeria. Journal of Experimental Biology and Agricultural

Sciences. 2013; 1(4):217–22. WOS:000215845700002.

74. Tekki I, Meseko C, Omotainse S, Atuman Y, Olaleye S, Okewole P. Incidences of rabies in domestic

animals and consequent risk factors in humans. Journal of Medical Microbiology & Diagnosis. 2014; 3

(3):1.

PLOS NEGLECTED TROPICAL DISEASES Rabies in Nigeria: Scoping progress towards elimination

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009617 August 16, 2021 17 / 20

https://doi.org/10.1111/zph.12385
http://www.ncbi.nlm.nih.gov/pubmed/28782905
https://doi.org/10.1155/2014/806849
https://doi.org/10.1155/2014/806849
http://www.ncbi.nlm.nih.gov/pubmed/25002978
https://doi.org/10.5539/gjhs.v6n5p226
http://www.ncbi.nlm.nih.gov/pubmed/25168987
https://doi.org/10.5539/gjhs.v6n1p142
http://www.ncbi.nlm.nih.gov/pubmed/24373274
https://doi.org/10.5539/gjhs.v4n5p132
http://www.ncbi.nlm.nih.gov/pubmed/22980386
https://doi.org/10.11604/pamj.2018.31.21.15120
https://doi.org/10.11604/pamj.2018.31.21.15120
http://www.ncbi.nlm.nih.gov/pubmed/30918548
https://doi.org/10.1258/004947506776593305
http://www.ncbi.nlm.nih.gov/pubmed/16611452
https://doi.org/10.7589/0090-3558-46.1.267
https://doi.org/10.7589/0090-3558-46.1.267
http://www.ncbi.nlm.nih.gov/pubmed/20090042
https://doi.org/10.3201/eid2607.191016
http://www.ncbi.nlm.nih.gov/pubmed/32568051
http://www.ncbi.nlm.nih.gov/pubmed/2333438
https://doi.org/10.1016/0035-9203%2890%2990103-l
http://www.ncbi.nlm.nih.gov/pubmed/2096520
https://doi.org/10.5210/ojphi.v6i1.5071
http://www.ncbi.nlm.nih.gov/pubmed/756757
https://doi.org/10.1371/journal.pntd.0009617


75. Dauda M, Atuman Y, Kia G, Omoniwa D, Tekki I. A Case Study of Rabies in a Two Month Old Bull Calf

in Bauchi, Nig. Asian Journal of Research in Animal and Veterinary Sciences. 2020:32–6.

76. Ahmad I, Kudi CA, Anka MS, Tekki IS. First confirmation of rabies in Zamfara State, Nigeria-in a

sheep. Trop Anim Health Prod. 2017; 49(3):659–62. Epub 2017/02/10. https://doi.org/10.1007/

s11250-017-1233-8 PMID: 28181121.

77. Kaltungo BY, Audu SW, Salisu I, Okaiyeto SO, Jahun BM. A case of rabies in a Kano brown doe. Clini-

cal case reports. 2018; 6(11):2140–3. https://doi.org/10.1002/ccr3.1821 PMID: 30455907.

78. Alhassan S, Garba B, Bello B, Musa S, Ali M, Tanko Y, et al. A case of fatal rabies in a donkey in

Dawakin Tofa, Kano State, Nigeria. J Anim Health Prod. 2020; 8(1):40–4.

79. Organization WH. Zero by 30: the global strategic plan to end human deaths from dog-mediated rabies

by 2030. 2018.

80. Isek T, Umoh J, Dzikwi A. Detection of Rabies Antigen in the Brain Tissues of Apparetly Healthy Dogs

Slaughteres in Ogoja-Cross River State, Nigeria. Nigerian Veterinary Journal. 2013; 34(2).

81. Kia GSN, Huang Y, Zhou M, Zhou Z, Gnanadurai CW, Leysona CM, et al. Molecular characterization

of a rabies virus isolated from trade dogs in Plateau State, Nigeria. Sokoto Journal of Veterinary Sci-

ences. 2018; 16(2). https://doi.org/10.4314/sokjvs.v16i2.8

82. Garba A, Umoh J, Kazeem H, Dzikwi A, Ahmed M, Ogun A, et al. Rabies virus neutralizing antibodies

in unvaccinated rabies occupational risk groups in Niger State, Nigeria. 2015.

83. Jibat T, Hogeveen H, Mourits MC. Review on dog rabies vaccination coverage in Africa: a question of

dog accessibility or cost recovery? PLoS Negl Trop Dis. 2015; 9(2):e0003447. Epub 2015/02/04.

https://doi.org/10.1371/journal.pntd.0003447 PMID: 25646774; PubMed Central PMCID:

PMC4315526.

84. Wu H, Chen J, Zou L, Zheng L, Zhang W, Meng Z, et al. Community-based interventions to enhance

knowledge, protective attitudes and behaviors towards canine rabies: results from a health communi-

cation intervention study in Guangxi, China. BMC Infect Dis. 2016; 16(1):701. Epub 2016/11/26.

https://doi.org/10.1186/s12879-016-2037-6 PMID: 27884124; PubMed Central PMCID:

PMC5121978.

85. Burdon Bailey JL, Gamble L, Gibson AD, Bronsvoort BMD, Handel IG, Mellanby RJ, et al. A rabies les-

son improves rabies knowledge amongst primary school children in Zomba, Malawi. PLoS Negl Trop

Dis. 2018; 12(3):e0006293. Epub 2018/03/10. https://doi.org/10.1371/journal.pntd.0006293 PMID:

29522517; PubMed Central PMCID: PMC5862537.

86. Mbilo C, Kabongo JB, Pyana PP, Nlonda L, Nzita RW, Luntadila B, et al. Dog Ecology, Bite Incidence,

and Disease Awareness: A Cross-Sectional Survey among a Rabies-Affected Community in the Dem-

ocratic Republic of the Congo. Vaccines (Basel). 2019; 7(3). Epub 2019/08/29. https://doi.org/10.

3390/vaccines7030098 PMID: 31454908; PubMed Central PMCID: PMC6789516.

87. Hurst PJ, Hoon Hwang MJ, Dodson TB, Dillon JK. Children Have an Increased Risk of Periorbital Dog

Bite Injuries. J Oral Maxillofac Surg. 2020; 78(1):91–100. Epub 2019/10/01. https://doi.org/10.1016/j.

joms.2019.08.021 PMID: 31568755.

88. Gbeminiyi Richard OTOLORIN JUU, Asabe Adamu DZIKWI. Prevalence of Rabies Antigen in Brain

Tissue of Dogs Slaughtered for Human Consumption and Evaluation of Vaccination of Dogs Against

Rabies in Aba, Abia State Nigeria. World J Public Health Sciences 2014; 3(1).

89. GARC. World Rabies Day 2019: Five ways to kick-start your planning. 2019.

90. Mshelbwala PP, Weese J. J.S W, editor2017. Available from: https://www.wormsandgermsblog.com/

2017/04/articles/animals/dogs/rabies-in-a-3-month-old-puppy-with-human-exposure/.

91. Bouaddi K, Bitar A, Ferssiwi A, Bouslikhane M, Fitani A, Mshelbwala PP, et al. Socioecology of the

Canine Population in the Province of El Jadida, Morocco. Vet Med Int. 2018; 2018:4234791–. https://

doi.org/10.1155/2018/4234791 PMID: 30050673.

92. Waziri NE, Ohuabunwo CJ, Nguku PM, Ogbuanu IU, Gidado S, Biya O, et al. Polio eradication in Nige-

ria and the role of the National Stop Transmission of Polio program, 2012–2013. J Infect Dis. 2014;

210 Suppl 1:S111–7. Epub 2014/10/16. https://doi.org/10.1093/infdis/jiu199 PMID: 25316824.

93. Nasir UN, Bandyopadhyay AS, Montagnani F, Akite JE, Mungu EB, Uche IV, et al. Polio elimination in

Nigeria: A review. Hum Vaccin Immunother. 2016; 12(3):658–63. Epub 2015/09/19. https://doi.org/10.

1080/21645515.2015.1088617 PMID: 26383769; PubMed Central PMCID: PMC4964709.

94. Wang L, Tang Q, Liang G. Rabies and rabies virus in wildlife in mainland China, 1990–2013. Int J

Infect Dis. 2014; 25:122–9. Epub 2014/06/10. https://doi.org/10.1016/j.ijid.2014.04.016 PMID:

24911887.

95. Atuman YJ, Adawa DAY, Audu SW, Mshelbwala PP, Ogunkoya AB. Potential Risks for Rabies Spill-

Over from Apparently Healthy Dogs to Wildlife in Bauchi State, Nigeria. Journal of Veterinary

Advances 2014; 4(5):493–8.

PLOS NEGLECTED TROPICAL DISEASES Rabies in Nigeria: Scoping progress towards elimination

PLOS Neglected Tropical Diseases | https://doi.org/10.1371/journal.pntd.0009617 August 16, 2021 18 / 20

https://doi.org/10.1007/s11250-017-1233-8
https://doi.org/10.1007/s11250-017-1233-8
http://www.ncbi.nlm.nih.gov/pubmed/28181121
https://doi.org/10.1002/ccr3.1821
http://www.ncbi.nlm.nih.gov/pubmed/30455907
https://doi.org/10.4314/sokjvs.v16i2.8
https://doi.org/10.1371/journal.pntd.0003447
http://www.ncbi.nlm.nih.gov/pubmed/25646774
https://doi.org/10.1186/s12879-016-2037-6
http://www.ncbi.nlm.nih.gov/pubmed/27884124
https://doi.org/10.1371/journal.pntd.0006293
http://www.ncbi.nlm.nih.gov/pubmed/29522517
https://doi.org/10.3390/vaccines7030098
https://doi.org/10.3390/vaccines7030098
http://www.ncbi.nlm.nih.gov/pubmed/31454908
https://doi.org/10.1016/j.joms.2019.08.021
https://doi.org/10.1016/j.joms.2019.08.021
http://www.ncbi.nlm.nih.gov/pubmed/31568755
https://www.wormsandgermsblog.com/2017/04/articles/animals/dogs/rabies-in-a-3-month-old-puppy-with-human-exposure/
https://www.wormsandgermsblog.com/2017/04/articles/animals/dogs/rabies-in-a-3-month-old-puppy-with-human-exposure/
https://doi.org/10.1155/2018/4234791
https://doi.org/10.1155/2018/4234791
http://www.ncbi.nlm.nih.gov/pubmed/30050673
https://doi.org/10.1093/infdis/jiu199
http://www.ncbi.nlm.nih.gov/pubmed/25316824
https://doi.org/10.1080/21645515.2015.1088617
https://doi.org/10.1080/21645515.2015.1088617
http://www.ncbi.nlm.nih.gov/pubmed/26383769
https://doi.org/10.1016/j.ijid.2014.04.016
http://www.ncbi.nlm.nih.gov/pubmed/24911887
https://doi.org/10.1371/journal.pntd.0009617


96. Hikufe EH, Freuling CM, Athingo R, Shilongo A, Ndevaetela EE, Helao M, et al. Ecology and epidemi-

ology of rabies in humans, domestic animals and wildlife in Namibia, 2011–2017. PLoS Negl Trop Dis.

2019; 13(4):e0007355. Epub 2019/04/17. https://doi.org/10.1371/journal.pntd.0007355 PMID:

30990805; PubMed Central PMCID: PMC6486109.

97. Tariq WU, Shafi MS, Jamal S, Ahmad M. Rabies in man handling infected calf. Lancet. 1991; 337

(8751):1224. Epub 1991/05/18. https://doi.org/10.1016/0140-6736(91)92895-9 PMID: 1673761.

98. Audu S. Prevalence of Rabies virus in the saliva and brains of apparently healthy dogs slaughtered for

human consumption in Kaduna State [M.Sc]: Ahmadu Bello University; 2011.

99. Nigeria VC. Academic Board of the College of Veterinary Surgeons 2021. Available from: https://www.

vcn.gov.ng/About-us/Academic-Board.

100. Lushasi K, Steenson R, Bernard J, Changalucha JJ, Govella NJ, Haydon DT, et al. One Health in

Practice: Using Integrated Bite Case Management to Increase Detection of Rabid Animals in Tanza-

nia. Front Public Health. 2020; 8:13. Epub 2020/03/03. https://doi.org/10.3389/fpubh.2020.00013

PMID: 32117850; PubMed Central PMCID: PMC7034360.

101. Lembo T, Niezgoda M, Velasco-Villa A, Cleaveland S, Ernest E, Rupprecht CE. Evaluation of a direct,

rapid immunohistochemical test for rabies diagnosis. Emerg Infect Dis. 2006; 12(2):310–3. https://doi.

org/10.3201/eid1202.050812 PMID: 16494761.

102. Mshelbwala P, Abdullahi S, Maikai B, Onyiche E, Ogunkoya A. Evaluation of two rapid diagnostic tests

for rabies diagnosis under field and laboratory conditions in Nigeria. J Vaccines Vaccin. 2015; 6

(272):2.

103. Eze U, Anene B, Chukwu C, Ogunkoya A, George S, Eze J, et al. Risk of typical rabies in dog meat-

eating human population, in Enugu, Nigeria. 2015.

104. Eze UU, Ngoepe EC, Anene BM, Ezeokonkwo RC, Nwosuh C, Sabeta CT. Detection of lyssavirus

antigen and antibody levels among apparently healthy and suspected rabid dogs in South-Eastern

Nigeria. BMC Res Notes. 2018; 11(1):920. Epub 2018/12/24. https://doi.org/10.1186/s13104-018-

4024-z PMID: 30577868; PubMed Central PMCID: PMC6303872.

105. Aliyu T, De N, Yenda E, Lynn M. Prevalence of Rabies Virus Antigens in Apparently Healthy Dogs in

Yola, Nigeria, 2010. 2010.

106. Danbirni S, Chiko K, Habu A, Masdooq A. Rabies virus antigen in the brain of apparently healthy

slaughtered dogs in sokoto and Katsina states, Nigeria. Nigerian Journal of Parasitology. 2010; 31

(2):123–5.

107. Ehimiyein A, Niesgoda M, Orciari L, Osinubi M, Ehimiyein I, Adawa D, et al. Efficacy of a direct rapid

immunohistochemical test (DRIT) for rabies detection in Nigeria. African Journal of Biomedical

Research. 2014; 17(2):101–7.

108. Diem M. PREVALENCE OF RABIES VIRUS IN DOGS SLAUGHTERED FOR FOOD IN KAURA AND

JAMA’A L.G.As OF KADUNA STATE BETWEEN OCTOBER 2012 TO JANUARY 2013 2013.

109. Tirmidhi A, Kazeem H, Jibril A, Jahun B, Orakpoghenor O. Detection of rabies virus antigen in brain tis-

sue of dogs slaughtered for human consumption in Taraba State, Nigeria. Sokoto Journal of Veterinary

Sciences. 2019; 17(4):9–13.

110. Jahun B, Ehimiyein A, Audu S, Orasetin A, Adawa D. Rabies in Nigeria: a new paradigm shift? Revista
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