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ABSTRACT: Despite efforts made to curb its spread, occurrence of rabies has continued to 

persist among domestic dogs in Africa. In this study we report the results of an exploratory spatial 

analysis and a cross-sectional study of effects of road networks and human population density on 

the prevalence of dog bites and rabies in Nigeria. A total of 577 dog bite cases from 17 states and 

the Federal Capital Territory, with their affected 55 administrative areas (2015-2019), were 

investigated. Logistic regression models were fit to the data and odds ratios at 95% confidence 

intervals were estimated. There is evidence of statistical relationship between increasing number 

of standard roadways and human population density, and an increased prevalence of dog bite and 

rabies in Nigeria. Availability of good access roads either way may contribute to the persistence 

of rabies in Nigeria due to massive movements of people and dogs in addition to poor attitude of 

dog owners towards vaccination of their dogs; or poor access to Veterinary care. 
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INTRODUCTION  

Rabies is an acute viral encephalomyelitis that affects all mammals (OIE, 2008). It is caused by 

rabies and rabies-related Lyssaviruses, in the family Rhabdoviridae  (Smith, 1996). The disease is 

found all over the world except in countries and regions with strict quarantine system, 

conscientious eradication procedures or natural barriers like mountains, oceans and rivers; in 

addition to regular vaccinations (World Health Organization, 2013). Owing to its close relationship 

to man  (McKenzie, 1993), the role of domestic dogs in the transmission of the virus is very critical 

as 85-95% of human rabies cases is caused by dog bites  (Tang et al., 2005).  
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Dog bites in humans is an important public health concern especially among poor rural dwellers 

mostly children who are at a greater risk of infection  (Ozanne-Smith et al., 2001). 

Canine rabies, known to be endemic in many parts of Africa and Asia (Knobel et al., 2005), Nigeria 

inclusive  (Boulger and Hardy, 1960; Owolodun, 1969), is associated with high rates of human 

exposure mainly through dog bites (Umoh and Belino, 1979). Although efforts, consisting 

primarily of mass vaccination of dogs, have been made, the disease continues to persist among 

domestic dogs. Predictors for disease occurrence  are important guide to disease ecology. The 

capability to identify the roles of human social ecology and landscape features; which are disease 

predictors, in disease spread, is important for the design of better control programs (Carey et al., 

1978; Weiss and McMichael, 2004). Identification of disease predictors have been documented in 

several studies. Ward et al. (2009) identified environmental features such as lakes, forests, and 

cultivated areas as predictors for Equine West Nile virus disease in Texas. In Romania, road 

connectivity was found to be associated with occurrence of highly pathogenic avian influenza 

H5N1 (Ward et al., 2008). Similarly, land use and demographic data were used as predictors for 

raccoon’s rabies epizootics in the US  (Jones et al., 2003).  In other studies, locations of residential 

areas were used as predictors for elevated risk of getting Lyme disease in Baltimore (Glass et al., 

1995), while incidence of Ross River virus in Brisbane, Australia was associated with proportion 

of workers, their educational levels and vegetation density (Hu et al., 2007). In an effort to control, 

prevent and eliminate rabies however, factors associated with continued persistence of the disease 

need be identified and addressed. This study therefore, investigates if road networks and 

population density are associated with elevated risk of  dog bites and hence rabies in Nigeria.  

MATERIALS AND METHODS 

Exploratory spatial analysis with ArcMap 10.2.1, in addition to a cross sectional study of dog bite 

cases (2015-2019), from the records of  the National Veterinary Research Institute (NVRI), Vom, 

was conducted. A total number of 577 dog bite cases with complete information on locations and 

details of dog bite victims, involving 17 states and the Federal Capital Territory of Nigeria, Abuja 

(locations), including their affected 55 administrative areas, (Local Government Areas), were 

isolated. Risk factors considered were human population density and whether the affected 

administrative areas (AADAs) have standard roadways going through them or not. Dog bite 

locations were split into two: Category 1, locations with > 10 cases, and Category 2, locations with 

< 10 cases of dog bites. Logistic regression models were used to establish association between 

prevalence of dog bites, hence rabies; and increasing presence of standard roadways and high 

human population density. Welch t-test (Welch, 1951), was used to establish a significant 

difference in the mean number of dog bite cases in exposed (locations with standard roadways) 

compared to unexposed (locations without standard roadways) AADAs. Results are presented as 

graphs, tables and map. Ethical approval for the study was obtained from the Health Research 

Ethics Committee, Plateau State Specialist Hospital, Jos, Nigeria (Ref. No. 

NHRECPSSH/ADM/ETH.CO/2019/0), in accordance with the National Code for Health Research 

Ethics. (Ethical clearance Reg. No. NHREC/05/01/2010b).   
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RESULTS  

The four states with more than 10 dog bite cases each, (Category 1 locations) are presented in 

figure 1 and are located in the North-east, North-west and North-central regions of Nigeria. Figure 

2 presents 13 states and the FCT (Category 2 locations), with less than 10 dog bite cases each and 

are located in all the six regions of Nigeria. The spatial display of AADAs in both Categories and 

the standard roadways in these locations are shown in Figure 3.  
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Figure 1: Distribution of dog bite cases and AADAs in Category 1 

locations (> 10 cases) in Nigeria (2015 – 2019) 
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Figure 2: Distribution of dog bite cases and AADAs in Category 2 locations (< 10 cases) in 

Nigeria (2015 – 2019) 
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The total number of AADAs were 55, with 38 (69.1%) in Category 1 and 17 (30.9%) in Category 

2 (Table 1). Of the 38 administrative areas in Category 1 locations, 28 (73.7%) had standard 

roadways while 10 (26.3%) had none. Similarly, 15 (88.2%) of the 17 AADAs in Category 2 had 

standard roadways while 2 (11.8%) did not have any. Of   the 577 dog bite cases recorded in the 

AADAs in both Categories, 416 (72.1%) were positive while 161 (27.9%) were negative for rabies. 

There was a total of 399 (96.0%) positive cases in Category 1 and 17 (4.0%) in Category 2. Of the 

399 cases in Category 1, 371 (93.0%) were from AADAs with exposure while 28 (7.0%) were 

from AADAs without exposure. Of the 17 positive cases in Category 2, 11 (64.7%) were from 

AADAs with exposure while 6 (35.3%) were from AADAs without exposure. For the negative 

cases, 151 (93.8%) and 10 (6.2%) were from Categories 1 and 2 respectively. One hundred and 

forty-three (94.7%) of the negative cases in Category 1 locations are from AADAs with exposure 

while 8 (5.3%) are from AADAs without exposure. Nine (90.0%) of the negative cases in Category 

2 locations are from AADAs with exposure, while 1 (10.0%) was from AADAs without exposure.  

 

 

Figure 3: Spatial distribution of road networks and dog bite cases in 55 AADAs of Nigeria 

(2015-2019)  
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Table 1: Distribution of dog bite cases in two Categories of locations (> 10 and < 10) based 

                     on exposure to standard roadways in Nigeria (2015 – 2019) 

 

 

Characteristics 

           Category 1 (>10 cases)        Category 2 (<10 cases) 

Standard 

roadways 

(Exposed) 

No standard 

roadways 

(Unexposed) 

 

Total 

Standard 

roadways 

(Exposed) 

Non-standard 

roadways 

(Unexposed) 

 

Total 

  Administrative 

   areas affected                  

 

28 

 

 

                        

10 

 

 

 

38 

 

 

 

15 

 

 

 

2 

 

 

 

17 

 

 

 

  Median No. of 

cases 

 

3 1  1 3.5  

  Min.-max. of 

cases 

 

1-166 1-14  1-6 1-3  

       

      Positive bite 

         incidents 

 

371 28 399 11 6 17 

Negative bite 

incidents 

 

143 8 151 9 1 10 

  

 

 

The prevalence of dog bite incidents in Category 1 (95.3%) and Category 2 (4.7%) locations with 

odds of rabies infectivity being higher in Category 1 (2.64) than Category 2 (1.7) is presented in 

Table 2. Dog bite cases in high and low human population density areas in Category 1 locations 

were 262 and 288 respectively, while those of category 2 locations were 7 and 20. When combined 

with presence of standard roadways, however, dog bite cases in category 1 locations were 262 and 

252 respectively and for category 2 locations, 7 and 13.  
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Table 2: Comparison of dog bite characteristics between Category 1 and 2 locations (2015 – 

2019) 

                                                             Category 1                             Category 2  

Prevalence of bite incidents (%)            95.3                                      4.7      Prevalence ratio 20.3 

Odds of rabies infectivity                      2.64                                       1.7        Odds ratio          1.6 

Bite incidents (high-low 

Density areas)                                         262-288                                7-20 

 

Bite incidents [high-low 

Density areas (exposure)]                       262-252                                7-13 

 

Average NDVI                                      0.3                                        0.4                             

Average population density                  1273.51                                1110.751 (per 100 sqm)                                                          

 

Table 3 depicts logistic regression output for effects of road network and human population density 

on dog bite cases in Nigeria (2015-2019). Based on exposure status, Table 4 and Figure 4 highlight 

differences between AADAs and effects of standard roadways respectively.     

Table 3: Logistic regression output for dog bite incidents in Nigeria (2015 – 2019) in Category 

1 locations compared to Category 2 locations.  

 Odds ratio Standard error z p-value  

Effect of standard roadways 

 

5.00(1.98, 12.60) 0.4718 3.410 0.000649 

Effect of high population density 

  

2.60(1.08, 6.25) 0.4474 2.135 0.03 

Joint effects of standard roadways 

and high population density 

1.93(0.76, 4.92) 0.4770 1.379 0.168 
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Table 4: Comparison of dog bite characteristics between exposed and un-exposed AADAs 

(2015-2019) 

                                                                Exposed AADAs                    Un-exposed AADAs 

Prevalence of bite incidents (%)            92.5                           7.5                Prevalence ratio 12.3 

Odds of rabies infectivity                        2.5                            3.8                Odds ratio           0.66 

Mean number of bite cases                    12.4                            3.6 

SEM                                                        4.7                             1.2  

 

 

 

 

 

 

 

Figure 4: Error bars for dog bite cases based on exposure status 

Welch t-test: t = 7.049, df = 515.9, p-value = 5.809e-12 

95 percent confidence interval: 7.350783 13.031357 

 



International Journal of Public Health, Pharmacy and Pharmacology 

Vol. 6, No.1, pp.25-38, 2021 

Print ISSN: (Print) ISSN 2516-0400 

                                                                                                         Online ISSN: (Online) ISSN 2516-0419 

33 
 

DISCUSSION 

Exposure odds to standard roadways in Category 1 dog bite locations tend to be higher (14.28) 

compared to Category 2 dog bite locations (2.86) (Table1). Effect analysis shows a strong evidence 

for association between increasing presence of standard roadways and high prevalence of dog bite 

cases and hence 1.6 times more of rabies infectivity.  Standard roadways is five (5) times more 

likely to pass through Category 1 locations (odds ratio 5; 95% CI 1.98 - 12.60; p<0.001); which 

also explains higher prevalence of bite cases (20.3 times more) in these locations (Plateau, Kaduna, 

Kano and Bauchi) compared to Category 2 locations (Adamawa, Bayelsa, Benue, Delta, Ebonyi, 

Enugu, FCT, Katsina, Kebbi, Kwara, Lagos, Rivers, Yobe and Zamfara). High human population 

density, though significantly associated with dog bite prevalence (odds ratio 2.60; 95% CI; 1.08-

6.25; P=0.03), has a milder effect. However, joint effects of road networks and high population 

density, has no significant effect (odds ratio 1.93; 95% CI 0.76-4.92; p=0.17) on the prevalence of 

dog bite cases in the study locations. Category 1 locations are mostly arid tending to desert areas 

which are usually dry and hot (Normalize Difference Vegetation Index - NDVI 0.3) with sparse 

vegetation unlike Category 2 locations mainly with moderate vegetation (NDVI 0.4).  

Overall, standard roadways in exposed AADAs were found to be the most important individual 

predictor for high prevalence of rabies in Nigeria as it is associated with 92.5% of all bite incidents, 

and 91.8% of all positive bite incidents when compared with unexposed AADAs (prevalence ratio 

of 12.3) (Table 4). In Nigeria, Federal roads (standard roadways) are owned and maintained by the 

Federal Government. Such roads link-up two or more state capitals and facilitate inter-state travels, 

thus bringing about socio-economic development. Regional trend in the distribution of bite cases 

in the study locations in which more cases are recorded in areas with more standard roadways and 

higher human population density suggests a need for an investigation of regional differences which 

may be associated with the disease prevalence. Although baseline data on dog population density 

in Nigeria is lacking, reports of rabies endemicity in high dog density areas without adequate rabies 

control have been published (Dye and Cleaveland, 1995; Lembo et al., 2008).  It is probable that 

high human population density may influence dog population in affected areas due to the complex 

interactions that exists between humans and dogs, more so that rabies transmission is population 

density dependent (Anderson et al., 1981), as rapid turn-over of dog population in addition to poor 

vaccination practice hinder successful rabies control (Lembo et al. 2008; Hampson et al., 2009). 

 Odds of rabies infectivity though higher in Category 1 compared to Category 2 locations, probably 

due to higher number of cases of dog bites in Category 1 locations, is however lower in exposed 

AADAs (Table 4). This shows that rabies infectivity is not exposure-dependent. It is possible that 

rabies infectivity is local environment-dependent owing primarily to lack of vaccination, 

especially in rural areas which may be as a result of lack of knowledge about the effects of rabies, 

poverty and or lack of good access roads to Veterinary Services. On the other hand, good access 

roads may contribute to the persistence of rabies due to dog movements in addition to poor dog 

owners’ attitude towards vaccination of their dogs. Although error bars indicate no significant 

difference in mean number of bite cases in exposed compared to unexposed AADAs as depicted 

by the overlap of the bars (Figure 4), with a mean difference of 8.8 (Table 4), Welch t-test however 

was significant (P value < 0.0000), with 95% CI for the difference in mean (7.35-13.03). 
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The results of this study corroborates the reports from recent studies which have shown that trade 

in stray and unvaccinated dogs for slaughter and human consumption is a major risk factor in the 

epidemiology of rabies in Nigeria (Ekanem et al., 2013; Ehimiyein et al., 2014), as large number 

of dogs are transported from one location to another. The results of our study is similar to the 

findings of Tenzin et al. (2012), in which regional trend in rabies distribution was observed in 

Bhutan. In their study, high human population density and road network accessibility were found 

to be associated with animal rabies occurrence in Bhutan. Tenzin et al. (2012) concluded that 

human rabies is usually associated with social and environmental factors that facilitate close 

contacts of humans with dogs. The World Health Organisation (2013) have also identified social, 

economic, political factors as well as incomplete understanding of disease dynamics as 

impediments to control of rabies in domestic dog populations. A study conducted by Laager et al 

(2018) in N’Djamena, Chad showed that endemicity of rabies was associated with series of 

importation of dogs. These findings suggest that rabies surveillance and control programs may 

need to be focussed more in high population areas with road accessibility. It is a known fact that 

rabies is endemic in Nigeria, and dog vaccination coverage is very low in Nigerian communities 

(Odita et al., 2019), thus trans-border movement of dogs (Eze et al., 2020), lack of adequate 

vaccination program, in addition to high human population density may be responsible for the 

persistence and hence endemicity of rabies in Nigeria. Areas where movement of humans and dogs 

is massive thus require heightened surveillance activities. Similarly, education of dog owners on 

responsible dog ownership in addition to cross border coordinated efforts targeted at trans-border 

movement of dogs and mandatory regular vaccination of dogs may be required to control and on 

the long run eliminate rabies both in humans and dogs.  

Although in many parts of the world, reduction of dog population through culling is practised in 

the bid to reduce incidence of rabies (Beran & Frith, 1988; Windiyaningsih et al., 2004), the 

complex interaction between dogs and people have made this approach ineffective (Morter et al., 

2013). Knowledge of risk factors that drive the transmission of the disease is essential for the 

development of effective and sustainable disease control protocol. 

 

 CONCLUSION  

Although it could not formally conclude a causal link, the study however provides useful data to 

generate hypothesis about the role of standard roadways and human population density in the 

persistence of rabies in Nigeria. There is evidence of statistical relationship between increasing 

number of standard roadways and an increased prevalence of dog bite, and hence rabies in most 

study areas. Standard roadways may play a crucial role in the persistence of rabies primarily due 

to ease of transportation, and high movement of people and animals where they pass through.  

Availability of good access roads may play a crucial role in the persistence of rabies in Nigeria 

due to massive movements of people and dogs, in addition to poor attitude of dog owners towards 

confining and vaccination of their dogs; and poor access to Veterinary care. The regional trend in 

rabies distribution observed in this study suggests that rabies surveillance and control programs 

may need to be focused more in high population areas with road accessibility; although not 
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undermining areas devoid of Veterinary care. Likewise, education of dog owners on responsible 

ownership, cross border coordinated movement of dogs and mandatory regular vaccination of dogs 

are required to control and eliminate rabies in Nigeria. 

RECOMMENDATIONS 

We recommend that governments at all levels and all stakeholders emphasize the need to carryout 

intensive rabies surveillance and dog vaccination in all AADAs with more than 10 dog bite cases 

and strict vaccination of dogs against rabies in AADAs with less than 10 dog bite cases.  

LIMITATIONS OF THE STUDY 

Most of the cases were from Plateau state primarily due to proximity to diagnostic laboratory 

which may have biased the study results. Further, it was difficult to get good sample size from all 

the states that submitted samples during the period under review, because large proportion of the 

submissions did not provide detailed information required in the study. Consequently, only 

samples that had comprehensive data were included. However, finding from the study is significant 

as it would complement the scarce data on dog bite and rabies in Nigeria. The outcome of this 

study reiterates the importance of focusing on surveillance on Category 1 AADAs and on 

vaccination of dogs for effective control of rabies in Category 2 areas. Information generated from 

the study could influence government policy vis-a-vis the need to strengthen the existing rabies 

surveillance to interrupt the cycle of rabies virus via vaccination of at least 70% of dog population 

in any community in Nigeria.  
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