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Abstract
Background and Aim: Animal rabies is endemic in Nepal, and it occurs in two forms. Although governmental and 
non-governmental agencies are working toward the control of rabies by mass dog vaccination and stray dog population 
management, there is still massive number of rabies incidence reported to the reference veterinary laboratory, Nepal. 
Therefore, this study aimed to assess animal species, temporal, regional, and agro-ecological distribution patterns of animal 
rabies in Nepal from 2005 to 2017.

Materials and Methods: The epidemiological data on animal rabies from the period of 2005 to 2017 were obtained from 
the Central Veterinary Laboratory, Tripureshwor, Kathmandu, Nepal. The laboratory-confirmed rabies cases were analyzed 
according to animal species, temporal, regional (developmental zones), and agro-ecological distributions. In addition, 
descriptive statistics were used to evaluate the distribution patterns of rabies.

Results: From 2005 to 2017, a total of 2771 suspected rabies cases in animals were reported to The Central Veterinary 
Hospital, Kathmandu. Of which, 1302 were found laboratory-confirmed cases. The rabies cases were most commonly 
reported and confirmed in dogs followed by other domestic animals. The high occurrences were recorded between 2005 and 
2007. However, the incidence was increased during 2016 and 2017. The highest number of rabies cases was recorded in the 
eastern development zone, and the least number in the central zone at regional level. Likewise, it was highest in the Terai 
(plain) region and lowest in mountainous areas at agro-ecological zones. The findings also revealed that the occurrences of 
rabies significantly differed among seasons.

Conclusion: Rabies is present in Nepal throughout the year and all seasons with seasonal variation. Among the animal 
species, dogs are the primary animals affected with rabies followed by cattle and other domestic animals. At the regional 
level, eastern development zone had the highest incidence and Central development zone recorded the least. Similarly, the 
Terai region had the highest incidence rates, and the least overall prevalence rate was observed in mountainous regions 
among agro-ecological zones. Therefore, the government should implement the strict enforcement of mass dog vaccination 
and dog population management through one health approach to control rabies incidence in the country.
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 Introduction

Rabies is one of the ancient diseases of major pub-
lic health problems. It is a neglected disease affecting 
human and livestock, and causes significant economic 
losses and important zoonoses [1]. A negative-stranded 
RNA virus causes the disease within Lyssavirus genus 
of the Rhabdoviridae family [2]. The bite of rabid ani-
mals most likely transmits the virus through saliva 
rich in the virus [1]. Rabies epidemiology, pathogene-
sis, public health concerns, and advances in diagnosis 
and control have been comprehensively reviewed [2]. 
However, the disease is always lethal once clinical 
symptoms have developed in both animals and human 

beings. Although the condition is effectively prevent-
able through both pre-exposure and post-exposure 
vaccination, it still causes significant mortality of live-
stock and human in most developing countries [3]. 
The World Health Organization reports around 55,000 
human deaths caused by rabies every year globally, out 
of which more than 35,000 deaths have been estimated 
to occur in Asian region. Bites from infected dogs are 
the main source of animal and human rabies in Asian 
continent, causing up to 95% of cases [4,5].

In Nepal, rabies occurs in two cycles. The urban 
cycle rabies is primarily transmitted with the dogs 
and sylvatic rabies may be due to spillover infection 
between wild and domestic animal interaction [6]. 
Nepal estimated on an average 100 human deaths 
around the year [7]. The same number has been 
recorded for livestock deaths caused by rabies [8]. The 
majority of the rabies cases in both animals and human 
have been reported from Terai region than other two 
hilly and mountainous regions because of the higher 
population of human and animals in this region [6]. 
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Frequent outbreaks of rabies occur in Nepal, affect-
ing typically domestic animals such as cattle and 
goats through stray rabid dogs [9]. Although there are 
no official statistics on the dog population in Nepal, 
unpublished sources suggest that stray dogs in urban 
areas such as Kathmandu, Pokhara, Biratnagar, and 
Nepalganj were the primary source of rabies. Out 
of six lineages of rabies virus, Arctic lineage has 
been reported in canines [8]. Canine-mediated rabies 
accounts for 99% of transmission in both animal and 
human population in Nepal [10].

Animal rabies was an endemic and notifiable dis-
ease in 1995 in the country. However, human rabies 
is still not a notifiable disease in Nepal. Despite the 
attempts of stray dog population management and mass 
dog vaccination initiated by the department of livestock 
and animal welfare organization, still, there is a signif-
icant outbreak of rabies affecting domestic animals, 
probably due to a lack of coordinated approach in the 
government and non-governmental agencies working 
on rabies control programs [6]. According to animal 
species and areas affected through their periodicals, the 
Central Veterinary Laboratory (CVL) and Veterinary 
Epidemiology Centre annually publish the total out-
breaks; confirmed cases and general distribution of 
rabies. In addition, few other independent epidemio-
logical studies were also performed in the past [7,11]. 
The local journals such as Nepalese Veterinary Journal 
became online after 2017 and had documented the few 
cases and small-scale epidemiologic reports on ani-
mal and human rabies. The registered data also evalu-
ated public awareness and molecular epidemiology of 
rabies in humans and dogs in Nepal [10]. 

This study aimed to compile the data from 2005 
to 2017 to assess and evaluate the patterns of rabies 
distribution according to animal species, agro-ecolog-
ical, regional, and temporal patterns of animal rabies 
distribution in Nepal using the data obtained from 
CVL, Kathamandu, Nepal, a reference veterinary 
laboratory. The findings are expected to assist the 
attempts of government and non  -government agen-
cies of Nepal working on rabies elimination programs 
in the country.
Materials and Methods
Ethical approval

The ethical approval was not necessary for this 
study; however, the source of data had been fully 
acknowledged.
Data source and management

The data for this study were obtained from Central 
Veterinary Hospital, Tripureshwor, Kathmandu, the 
government of Nepal, from mid-July 2005 to mid-
June 2017. Firstly, all confirmed rabies cases were 
compiled and categorized according to (1) animal spe-
cies-wise outbreak (2) monthly prevalence, (3) yearly 
prevalence, and (4) seasonal prevalence to observe 
the temporal distribution of rabies in Nepal. We fur-
ther categorized the same data into eastern, central, 

western, mid-western, and far western developmental 
zones to know the rabies prevalence at regional level 
(Figure-1). Likewise, the dataset was also analyzed 
according to three agro-ecological regions, such as 
mountains, hills, and Terai (plain) regions (Figure-2), 
to illustrate the distribution pattern of animal rabies 
occurrence in these areas.
Statistical analysis

Descriptive analysis was performed to describe 
the frequencies of the disease. The 13  years data 
were aggregated into monthly and yearly number of 
cases and the time series plots were created to visu-
alize potential trends and seasonality. By adding the 
frequencies of rabies incidence across Nepal’s six 
seasons, the seasonal distribution was calculated: (1) 
summer (May to June), rainy (July to August), autumn 
(September to October), pre-winter (November to 
December), winter (January to February), and spring 
(March to April). The expected numbers of cases were 
calculated under a null hypothesis that rabies occur-
rence was equally distributed among seasons in Nepal. 
Observed and expected numbers were analyzed by the 
Chi-square goodness-of-fit test to evaluate the rabies 
occurrence among seasons. In addition, descriptive 
analysis was used to describe the distribution of rabies 
in all five developmental zones and three agro-eco-
logical zones. The frequency of rabies was summed 
up by the year to examine the annual trend in these 
locations.

Figure-1: Five regions (developmental zones) 
of Nepal [Source: https://en.wikipedia.org/wiki/
Development_regions_of_Nepal].

Figure-2: Three agro-ecological zones of Nepal 
[Source: Local Initiatives for Biodiversity, Research, and 
Development (LI-BIRD)].
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Results
Prevalence of rabies in different categories (Animal 
species, Regional, and Agro-ecological zones)

From mid-July 2005 to mid-June 2017, a total 
of 2771 suspected rabies cases in different animal 
species were reported to Central Veterinary Hospital, 
Kathmandu, from various regions of Nepal. Of 2771 
suspected cases, 1302 were laboratory-confirmed 
cases for the study period. The highest prevalence 
of rabies found in dogs (37.10%), followed by cat-
tle (23.19), buffalo (15.21%), goat (10.98%), sheep 
(7.91%), pig (3.30%), horse (2.15%), and other spe-
cies of animals such as yak (0.08%) and monkey 
(0.08%) (Table-1). Similarly, at a regional level, the 
eastern developmental zone recorded the highest prev-
alence rate (26.34%) and central zone recorded low-
est occurrence (15.82%), whereas other three zones 
had in between cases ranging from 17.66%-21.35% 
(Table-2 and Figure-3). Accordingly, in agro-ecologi-
cal category, findings showed that the rabies incidence 
was highest in Terai (plain) region followed by hills 
and mountainous regions (Table-3).
Temporal pattern

Rabies cases in Nepal occurred throughout 
the year. There was a high incidence in January and 
February followed by June, July, and August, and rel-
atively low events were observed in rest of the months 
(Figure-4). The annual trend showed inconsistencies 
in the rabies distribution cases. The high prevalence 

recorded between 2005 and 2007, and the cases were 
declined in a steady trend with an inconsequential varia-
tion until 2013. However, the number of cases increased 
from 2014 to 2017 with a slight drop in 2015 (Figure-5).

Regarding seasonal distribution, the cases were 
highest in the winter, followed by rainy season, sum-
mer, autumn, spring, and pre-winter (Table-4). Thus, 
the data revealed that the prevalence of rabies signifi-
cantly differed among seasons.
Discussion
Distribution of rabies cases in different categories 
(Animal species, Regional, and Agro-ecological)

In the category of animal species-wise occurrence, 
we found the highest number of rabies prevalence in dogs. 
This could be because of the large number of stray dogs 
in the country. The unpublished report by Kathmandu 
Animal Treatment Center in 2012, showed 22500 stray 
dogs in Kathmandu, the capital city of Nepal. Besides, 
most dog owners leave their dogs on the street whenever 
their dogs get sick. This is due to an unaffordable medi-
cal cost likely to incur for the treatment of sick dogs. This 
caused increased aggression between dogs competing 
for limited resources that, in turn, increased the oppor-
tunity for rabies transmission [12]. The cattle population 

Table-1: Total number of confirmed animal rabies cases 
from 2005 to 2017 reported to the CVL, Tripureshwor, 
Kathmandu.

Animal species Confirmed cases Percentage

Dog 483 37.10
Cattle 302 23.19
Buffalo 198 15.21
Goat 143 10.98
Sheep 103 7.91
Pig 43 3.30
Horse 28 2.15
Yak 1 0.08
Monkey 1 0.08
Total 1302 100.00

Source: Central Veterinary Hospital, Tripureshwor, 
Kathmandu, Nepal. CVL=Central veterinary Laboratory

Table-2: Total number of suspected and 
laboratory‑confirmed rabies cases in different 
developmental zones of Nepal from 2005 to 2017.

Zone Number of 
suspected 

cases

Number of 
confirmed 

cases

Percentage 
of confirmed 

cases

Eastern 721 343 26.34
Central 535 206 15.82
Western 581 230 17.66
Mid‑western 559 278 21.35
Far‑western 375 245 18.81
Total 2771 1302 100.00

Source: Central Veterinary Laboratory, Tripureshwor, 
Kathmandu, Nepal

Figure-4: Monthly distribution of laboratory confirmed 
rabies cases in animals in Nepal from 2005 to 2017.

Figure-3: Rabies occurrence in the five regions of Nepal 
from 2005 to 2017.
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Table-4: Seasonal distribution of laboratory‑confirmed 
rabies cases in animals in Nepal from 2005 to 2017.

Season (Month) Observed cases

Winter (January‑February) 273
Spring (March‑April) 188
Summer (May‑June) 230
Rainy (July‑August) 244
Autumn (September‑October) 197
Pre winter (November‑December) 170
Total 1302

*χ2 = 34.49, df = 5, P < 0.05

Table-3: The occurrence of the rabies in three agro‑ecological regions from 2005 to 2017.

Eco‑zone 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 Total

Mountain 7 0 0 0 0 0 0 0 3 22 5 15 8 60
Hill 21 68 93 14 6 31 17 11 24 112 12 71 132 612
Terai 102 56 36 45 29 31 35 42 36 36 52 63 76 630
Total 130 115 129 59 35 62 52 53 63 170 69 149 216 1302

Source: Central Veterinary Laboratory, Tripureshwor, Kathmandu, Nepal

was found to be at risk next to dog population. This spe-
cies of animals could have caught the disease from rabid 
stray dogs. In Nepal, the cattle, buffalo, goat, and sheep 
are grazed on open fields and there are high chances of 
getting contact with free-roaming dogs. This finding is in 
agreement with the study done in Bhutan and elsewhere 
in the world [12-14].

The regional (developmental zones) pattern of 
rabies occurrence demonstrated the highest incidence 
of confirmed rabies cases in the eastern developmen-
tal zone. This might be due to its close proximity and 
accessibility to CVL, a veterinary referral hospital for 
rabies diagnosis. Furthermore, this is the region with 
higher number of domestic animals. The lowest inci-
dence rate was observed in the central developmental 
zone. The low occurrence might be due to increased 
awareness level about rabies in the community and 
availability of rabies vaccines along with dog ster-
ilization programs in urban areas [15,16]. The rest 
three developmental zones had a medium range of 
rabies occurrence. Analysis for agro-ecological zones 
revealed that the highest incidence was found in the 

Terai region. India, having the largest stray dog popu-
lation freely borders this region, and there is a restric-
tion-free movement of animals and humans almost 
across the borderline. Due to free-ranging pasture 
lands available in this area, livestock is more vulner-
able to rabies transmitted by dogs. In addition, this 
region possesses the urban area’s dense population 
of humans and animals. This is similar to the study 
that the dogs are the reservoir and vector of rabies 
virus transmission to other livestock species in canine 
rabies endemic countries [13,17]. According to the 
authorities, no wildlife rabies cases including rodents 
have been confirmed in Nepal. However, there are few 
confirmed cases in mongoose, elephants, jackals and 
foxes; a limited number of cases in elephants, might 
be due to spillover infections [18].

The incidence of rabies in the hilly region was also 
significantly higher than in the mountainous region and 
slightly less than that of Terai region. The region was 
spread over 65% of the total landmass and accommo-
dated nearly half of the human population. We suspected 
that there were high chances of interaction between the 
livestock (cattle/sheep/goat) and the wildlife animals 
because of the grazing practices. There were frequent 
newspaper and personal reports that wild foxes and 
jackals, among other wildlife species, frequently invade 
the community in this region and spill over rabies infec-
tion might have caught the livestock. Similar findings 
have been reported from India [19] and Namibia [20].

The mountainous (Himalayan) region covers 
15-16% of the total landscape. It is the least populated 
area due to the cold weather and very less fertile land. 
However, yak, sheep, and some species of goats that 
are tolerant to cold climate are reared in this region. The 
data revealed that there were only seven cases of rabies 
recorded during 2005 and the infection was disappeared 
until 2012 and there was re-emergence of infection con-
sistently from 2013 to 2017. The re-emergence of the 
disease was alarming for the community and animals in 
this region. In general, mountainous people with their 
animals migrate to temperate (hilly/plain) regions during 
the severe cold climates in the mountains. They spent sev-
eral weeks to months in the hilly jungles during migra-
tion. During their stay in the jungles, animals might have 
caught rabies either from rabid dogs or spill over infec-
tion. This is in agreement with the study performed in 
Tanzania [21] and Eastern United States [22].
Temporal pattern

Rabies cases in Nepal occurred throughout 
the year. There was a high incidence in January 

Figure-5: Annual trend of laboratory-confirmed rabies 
cases in animals in Nepal from 2005 to 2017.
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and February followed by June, July, and August, 
and lower occurrences were observed in rest of the 
months. The higher incidence during winter and sum-
mer seasons might be associated with the breeding 
season of dogs. Several reports describe the rabies 
occurrence associated with the dog’s breeding sea-
son [23-25] and wildlife animals [26]. The natural 
breeding of dogs increases the chances of physical 
contact leading to fighting among dogs increases the 
chances of virus transmission [18,21]. The incidence 
was higher in spring season than in other seasons 
of the year. The findings were similar to that of the 
study carried out elsewhere in Oman [12]. Although 
different regions have different temporal patterns of 
the rabies outbreak, several published reports con-
firmed the notion that there is a temporal effect on 
the occurrences of rabies outbreaks [18,25,26]. In 
addition, the understanding of demographic compo-
sition of free-roaming dogs is crucial for implement-
ing effective interventions against rabies [27,28]. 
However, there is no comprehensive dog population 
census available in Nepal. The general assumption is 
that 10% of the human population is considered as 
the dog population in any particular area, so that the 
higher stray canine population might be the cause of 
the presence of rabies throughout all the seasons. This 
finding agrees with the study carried out in South 
Africa and elsewhere [14,29,30].

We found that rabies was present in Nepal 
throughout the year. The annual incidence trend 
showed above 100 rabies cases during 2005-2007. The 
increased cases during this period might be attributed 
to absence of the programs for mass vaccination and 
stray dog population management [28,31,32]. After 
2008, few animal welfare organization (NGOs) such 
as Kathmandu Animal Treatment Centre in 2008 and 
Animal Nepal, in Kathmandu focused on stray dog 
population management along with rabies vaccina-
tion, thereby contributing towards rabies reduction in 
Kathmandu, Nepal. As most of the rabies cases were 
reported from Kathmandu (urban) area, the decreased 
occurrence from 2008 to 2013 could be due to com-
bined efforts of mass rabies vaccination conducted by 
the Department of Livestock Services and NGOs. In 
recent years, Department of Livestock Services and 
NGOs vaccinate stray dogs on the occasion of “rabies 
day” every year. In addition rabies vaccine produc-
tion laboratory of Nepal produces 40,000 dosages per 
annum and OIE donated 20,000 rabies vaccines which 
could have played a significant role in the reduction 
of rabies cases during this period. However, there was 
an abrupt rise in the number of rabies cases from 2014 
and reached to peak in 2017. This increased occur-
rence could be attributed to colossal human migra-
tion to city areas from rural places, urbanization, and 
industrialization during 2013 to 2017 facilitated by 
the high stray dog population. In addition, the destruc-
tive earthquake happened in 2015. As a result, Nepal 
suffered massive damage in infrastructures and other 

basic amenities such as electricity disrupting the vac-
cine cold chain systems and veterinary services, which 
might have led the increased outbreaks.
Conclusion

Based on the findings, animal rabies is present 
in Nepal throughout the study period, but an increased 
number of cases were observed in the last 3 years (2014-
2017). The highest rabies cases were found in dogs, fol-
lowed by cattle, buffalo, goat, sheep, pig, horse, yak and 
monkey. At a regional level, the eastern developmen-
tal zone had the highest occurrence and central zone 
recorded the lowest event. Accordingly, in agro-eco-
logical category, the rabies incidence was highest in 
Terai (plain) area, followed by hills and mountainous 
areas. Similarly, rabies in animals was present through-
out all the seasons. Since dogs are the animal species 
most affected and defined as a source of rabies, mass 
dog vaccination program along with humane stray dog 
sterilization programs using one health approach could 
effectively reduce and control of rabies in Nepal.
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