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Abstract: The livestock and poultry sectors are an integral part of Nepalese economy and lifestyle.
Livestock and poultry populations have continuously been increasing in the last decade in Nepal and
are likely to follow that trend as the interests in this field is growing. Infectious diseases such as Foot
and Mouth Disease (FMD), Peste des Petits Ruminants (PPR), hemorrhagic septicemia (HS), black
quarter (BQ), swine fever, avian influenza, and Newcastle disease (ND) constitute one of the major
health challenges to the Nepalese livestock and poultry industry. Vaccinations are an efficient means
of preventing the occurrence and spread of several diseases in animals and birds. Considering this
fact, the government of Nepal began the production of veterinary vaccines in the 1960s. Nepal is
self-reliant in producing several vaccines for cattle and buffaloes, sheep and goats, pigs, and poultry.
Despite these efforts, the demand for vaccines is not met, especially in the commercial poultry sector,
as Nepal spends billions of rupees in vaccine imports each year. There is a need of strengthening
laboratory facilities for the isolation and characterization of field strains of pathogens and capacity
building for the production of different types of vaccines using the latest technologies to be self-reliant
in veterinary vaccine production in the future in Nepal.
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1. Status of Livestock and Poultry Population and Productivity in Nepal

According to the Food and Agriculture Organization (FAO), livestock production accounts for
20–24% of the agricultural gross domestic product (AGDP) in developed and developing countries [1].
Globally, more than 600 million households depend on the livestock sector as an essential source
of income generation. Livestock contributes to 34% of protein intake and 18% of dietary energy
supplies worldwide [1]. Foods from animal sources, including eggs, milk, and meat, can provide
high-quality protein and different types of micronutrients, such as vitamin A, riboflavin, calcium,
iron, zinc, and vitamin B-12, which cannot be obtained in adequate quantities from plant sources [2].
Moreover, owing to the population growth, the FAO estimates that the demand for livestock-related
products will increase by more than 50% by 2050, and it will be mainly driven by the increased demands
in Africa and South Asia [1]. These facts highlight that countries should invest in their livestock
sector development.

Nepal is an agrarian country where about 66 percent of its population is involved in agricultural
occupation [3] Agriculture contributes to around 27.1 percent of the gross domestic product (GDP)
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of Nepal [4], of which, the livestock sector contributes about 11.5 percent of the total GDP [5] and
25.7 percent of the agricultural GDP (AGDP) [6]. Livestock and poultry sectors contribute to the food
and nutritional security by providing meat, milk, and eggs; provide raw materials such as wool and
hides for industries; and, also, provide draught power and manure for crop production. In the past
decade, the population of cattle, buffalo, goat, pig, chicken, and duck has increased, while that of sheep
has declined in Nepal (Table 1) [5]. Nepal produced 1.4 million metric tons of milk in 2017/18, of which
the cattle source contributed 36.04% and buffalo contributed 63.96% (Table 2). Milk production has
increased by 44.76% in the past decade. Meat production in general has changed by 23.89% in the
last 10 years, which was mainly influenced by chicken meat. A tremendous growth was observed in
poultry population (Table 1) and production (Table 2) in the past decade in Nepal, which has resulted
in the independent contribution of the poultry sector in the national GDP by about 4% [7].

Table 1. Trend of livestock and poultry populations in Nepal in the last decade (2008/9–2017/18) [5].

Livestock Category Population in 2008/09
(in Million)

Population in 2017/18
(in Million)

Change in 10 Years
(%) Change/Year (%)

Cattle 7.17 7.37 2.80 0.28
Buffalo 4.68 5.27 12.76 1.28
Sheep 0.80 0.80 −0.27 −0.02
Goat 8.47 11.64 37.42 3.74

Swine 1.04 1.43 37.5 3.75
Chicken 24.48 72.24 195.09 19.50

Duck 0.38 0.40 5.48 0.55

Table 2. Milk, meat, and egg productions in Nepal [5].

Product Production in 2008/9 Production in 2017/18 Change in 10 Years (%) Change/Year (%)

Meat
(MT)

Buffalo 156,627 185,180 18.22 1.82
Mutton/Chevon 51,183 73,556 43.71 4.37

Pork 16,992 28,214 66.04 6.60
Chicken 16,662 60,122 260.83 26.08

Duck 226 280 23.89 2.38
Total 241,690 346,179 43.23 4.32

Milk
(MT)

Cattle 413,919 754,126 82.19 8.21
Buffalo 1,031,500 1,338,277 29.74 2.97
Total 1,445,419 2,092,403 44.76 4.47

Egg (billion) 0.62 1.51 143.54 14.35

The government of Nepal, through different agricultural policies, has acknowledged
the importance of its livestock subsector and has contributed towards its development [8].
These agricultural policies, of many things, emphasized the necessity of the genetic improvement
of breeds, commercialization of the livestock sector, and promoted public-private partnerships [8].
In recent years, the government of Nepal has prioritized youth-oriented self-employment programs
and also started providing livestock insurance and subsidies. Given the cash-generating nature of the
livestock sector and increased availability of trainings and infrastructures from the government and
nongovernmental sectors, interest in the livestock sector in Nepal is likely to increase in the coming
years, resulting in increased livestock population and productivity.

2. Status of Livestock and Poultry Diseases in Nepal

Various bacterial, viral, and parasitic infections cause tremendous economic loss in the livestock
and poultry industry globally. Highly pathogenic avian influenza, for example, has already cost
billions of dollars to developing countries worldwide [9]. Besides the economic loss in the veterinary
sector, several pathogens of animal origin can also spill over into human populations, leading to larger
outbreaks [10]. For example, the H1N1 subtype of the influenza A virus, which went through multiple
reassortment events in a swine host, was responsible for the 2009 influenza virus pandemic, leading to
over 200,000 deaths [11,12].
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The World Organization for Animal Health (OIE) has listed several animal diseases, infections,
and infestations as globally important and notifiable diseases [13]. There is a high incidence and
prevalence of OIE-listed notifiable diseases in livestock and poultry (Table 3) in the rural and urban
areas of Nepal, leading to serious threats to animal health and massive economic loss in the livestock
industry [14]. During the year 2018, larger outbreaks of Foot and Mouth Disease (FMD), black quarter
(BQ), hemorrhagic septicemia (HS), actinomycosis, babesiosis, and theileriosis were recorded by
the Veterinary Epidemiology Center (VEC) of Nepal in Cattle and Buffalo (Table 3), with sporadic
outbreaks of diseases including anthrax, brucellosis, and tuberculosis (data not shown) [14]. FMD,
a highly contagious disease caused by a positive-sense, single-stranded RNA virus of the Picornaviridae
family [15]; HS, an acute, fatal, and septicemic disease caused by Pasteurella multicide [16]; and BQ,
caused by Clostridium chauvoei [17], together constitute a major health hazard in the dairy sector of
Nepal [18]. Peste des petits ruminants (PPR), caused by Morbillivirus, was a major disease outbreak in
sheep and goats in Nepal, which is known to result in 1–2 billion dollars losses annually worldwide [19].
Since the poultry industry is growing rapidly, the disease outbreaks are also concurrently observed
more in this sector (Table 3). In 2018, over 1000 outbreaks of various viral, bacterial, and protozoal
infections were reported in the poultry industry of Nepal, which included coccidiosis, fowl pox,
Newcastle disease (ND), highly pathogenic avian influenza, and others (Table 3).

Table 3. Status of the World Organization of Animal Health (OIE)-listed major disease outbreaks of
livestock and poultry in the year 2018 (January–December) [14].

Disease Species Mainly Affected No. of Outbreaks
Number of Animals/Birds

Susceptible Affected Dead

Foot and Mouth Disease (FMD) Cattle and Buffalo 271 150,669 18,556 311
Black Quarter (BQ) Cattle and Buffalo 58 41,275 968 42

Hemorrhagic Septicemia (HS) Cattle and Buffalo 57 6182 2864 92
Actinomycosis/Lumpy Jaw Cattle and Buffalo 52 122 493 12

Babesiosis Cattle and Buffalo 28 503 148 11
Theileriosis Cattle and Buffalo 23 65 255 0

Peste des Petits Ruminants (PPR) Sheep and Goat 75 232,096 3305 1139
Enterotoxaemia Sheep and Goat 46 600 1065 25

Classical swine fever Swine 6 1783 142 39
Coccidiosis Poultry 583 68,272 168,442 9543
Fowl Pox Poultry 252 11,332 11,771 766

Infectious Bursal Disease Poultry 116 183,567 234,848 14,586
Newcastle disease Poultry 90 901,866 74,986 7363

Highly pathogenic Avian Influenza Poultry 3 25,254 3110 3110

3. Zoonotic Disease Transmission from Livestock and Poultry to Humans in Nepal

Zoonotic diseases account for more than 60% of the emerging and reemerging diseases in the global
population [20]. The burden of zoonotic diseases is massive in low-income countries, like Nepal, where
people are highly reliant on livestock production and have limited access to healthcare facilities [21].
The lack of sufficient awareness of Nepali farmers about zoonoses and disease prevention measures
highlights the existing risk of pathogen spillover from livestock and poultry species to humans [22,23].
In fact, several bacterial (e.g., brucellosis and salmonellosis), viral (e.g., rabies and avian influenza),
and parasitic (e.g., cysticercosis and hydatidosis) zoonoses are endemic in Nepal and are imposing
a significant public health burden (Table 4) [23,24]. Rabies, caused by an RNA virus of the genus
Lyssavirus from the family Rhabdoviridae, is an endemic viral zoonoses in Nepal that results in deaths
of around 100 animals and 10-100 humans each year [25]. In addition, about 1000 animals and
35,000 humans receive rabies post-exposure prophylaxis annually [25]. The Ministry of Health and
Population (MoHP) of Nepal has recognized six diseases as prioritized zoonoses based on their
epidemic potential (Table 4) [26]. The parasitic zoonoses, including neurocysticercosis, toxoplasmosis,
and hydatidosis, are estimated to cause a public health impact equivalent to a human immunodeficiency
virus infection and acquired immune deficiency syndrome (HIV/AIDS) and higher than that of malaria in
Nepal [24]. Serological surveillance for bacterial zoonoses like brucellosis, caused by the Gram-negative
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bacteria Brucells sp., and leptospirosis, caused by spirochetes of the genus Leptospira, in humans have
indicated the potential spread of these pathogens from animals to humans in Nepal [27]. Periodic
outbreaks of the influenza virus have been reported in birds in Nepal since the year 2009 [28]. Recently,
a human infection with highly pathogenic avian influenza (H5N1 subtype) has been reported in Nepal,
highlighting the risk of the zoonotic transmission of viruses from birds to humans [29]. Vaccines
against a few zoonotic diseases, including anthrax, Newcastle disease, rabies, and FMD, are available
and are being practiced in Nepal in livestock and birds. However, vaccines against avian influenza
and parasitic pathogens are either not available or not in regular practice.

Table 4. Prioritized zoonotic diseases in humans listed by the government of Nepal. GI: gastrointestinal,
CNS: central nervous system.

Diseases Causative Agents Route of Transmission Clinical Signs

Parasitic

Taeniosis/Cysticercosis/
Neurocysticercosis [24]

Taenia spp., especially
Taenia solium Meat-borne and Fecal-oral GI disorders, severe headache, convulsion,

and epileptic seizures

Hydatidosis [30] Echinococcus
granulosus Fecal-oral Cyst in liver, CNS, and lungs, leading to

coughing, chest pain, and breathing difficulty

Toxoplasmosis [31] Toxoplasma gondii Meat-borne and Fecal-oral abortion, still-birth, congenital abnormalities,
and vision impairment

Bacterial

Leptospirosis [32] Leptospira interrogans
Contact with contaminated
soil and water or exposure

to animal reservoir

high fever, headache, chills, muscle aches,
and jaundice and anemia

Brucellosis Brucella abortus Contaminated food material Body-ache, night sweats, Malta or
Mediterranean fever, poor appetite, weight loss

Viral Avian Influenza [33] Influenza A virus
(H5 and H7) Direct and indirect contact Fever, Cough, sore throat, muscle aches,

and conjunctivitis

4. History of Livestock and Poultry Vaccination and Vaccine Production in Nepal

The use of vaccines has resulted in the effective management of various livestock and poultry
diseases worldwide. Vaccines currently available for veterinary use include inactivated (killed) vaccines,
live-attenuated vaccines, toxoids, recombinant subunit vaccines, ribonucleic and deoxyribonucleic
acid (RNA/DNA)-based vaccines, and vectored vaccines [34,35]. Vaccine-induced infection control and
disease prevention in livestock and poultry are mainly driven by the development of a neutralizing
antibody response and pathogen-specific T-cell responses [34,36]. Several novel technologies, including
nanoparticles, are being sought for the development of potent vaccines and adjuvants for veterinary
use [34,35,37].

Nepal has a long history of vaccine production and vaccination (Figure 1). Animal vaccination
was practiced first in 1952/53 against rinderpest using the goat tissue vaccine (GTV) imported from
India. In 1961, the Veterinary Investigation Laboratory (VIL) was established in Nepal to produce
rinderpest GTV [38]. Mass rinderpest vaccinations from 1963–1969 and 1974–1979 immunized over
3 and 4.5 million cattle and buffalo, respectively [39]. The OIE declared that Nepal was rinderpest-free
in May 2002. With the enormous efforts from countries all over the world, including Nepal, rinderpest
was declared eradicated globally on May 2011 [40]. In 1971, VIL was reorganized as the Central
Biological Production Laboratory (CBPL), which subsequently produced different livestock and poultry
vaccines. The Rabies Vaccine Production Laboratory (RVPL), established in 1970, switched from
the original nerve tissue vaccine technology to cell culture-based vaccine production in 2006 [25].
Vaccinations against FMD at the national level was started in 2012. Getting control over FMD through
continuous vaccination is of utmost importance in Nepal, because FMD outbreaks restrict the export
of livestock products to other countries [41]. In 2018, the CBPL was renamed the National Vaccine
Production Laboratory (NVPL).
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Figure 1. History of vaccination and vaccine production for livestock and poultry in Nepal.
Abbreviations: RP—rinderpest, HS—hemorrhagic septicemia, FMD—foot and mouth disease,
ND—Newcastle disease, BQ—black quarter, CSF—classical swine fever, PPR—Peste des Petits
Ruminants, and IBD—infectious bursal disease.

5. Current Status of Livestock and Poultry Vaccine Production in Nepal

At present, there are three laboratories registered for veterinary vaccine productions in Nepal.
NVPL is the government-owned laboratory, while Hester Biosciences Nepal and Biovac Nepal are the
private organizations for veterinary vaccine productions. NVPL produces at least 14 different types of
vaccines for poultry, swine, cattle, buffalo, sheep, goat, and other animals [39]. The quality of vaccines
produced by NVPL are within the quality and standards recommended by the OIE, and it is self-reliant
in producing vaccines intended to use in the National Livestock Disease Control Program (NLDCP),
except for FMD [42]. The vaccines produced by NVPL are available to the farmers mostly free of cost
through the NLDCP or at nominal prices recommended by the Nepal government via stockists [39].
The private vaccine production companies are relatively new. They produce vaccines for poultry and
large animals, but their quantity is not disclosed publicly.

The number of vaccines being produced by NVPL is increasing each year (Table 5). In the year
2018/19, NVPL produced around 30 million doses of poultry vaccines, and the ND F1 vaccine alone
accounted for half of the these. The production of poultry vaccines was increased at an average rate of
10% to 50% per year in Nepal (Table 5). The HS and BQ combined vaccine, intended for use in cattle
and buffalo, was produced in a quantity of around 650,000 doses in the year 2018/19, which was 27%
higher than the production five years before. Likewise, the production of the PPR vaccine, which was
around eight million doses in 2018/19, was around 166% higher than the production five years before.
Similarly, the production of swine fever vaccines to be used in pigs was also increased at a yearly rate
of 11.7%, with around 650,000 doses being produced in the year 2018/19 (Table 5).
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Table 5. Trend of livestock and poultry vaccine productions at the National Vaccine Production
Laboratory (NVPL), Nepal [43].

Vaccine Species Used
Dose Produced (×1000) Change in Last 5 Years

(%)
Change per Year (%)

2014/15 2018/19

ND F1 Poultry 10,000 15,000.30 50.00% 10.01%
ND Lasota + ND R2B Poultry 2500 5008.50 100.34% 20.07%

ND − I2 Poultry 576 1963.80 240.93% 48.18%
IBD + Pox Poultry 5088 8003.70 57.30% 11.46%
HS + BQ Cattle and buffalo 511 650 27.20% 5.44%

PPR Sheep and Goat 3000 8000.90 166.67% 33.33%
Rabies Canine 15.69 120 664.81% 132.96%

Swine Fever Swine 410 650 58.53% 11.70%

There was a massive increase, over 300%, in the import of poultry-related vaccines in Nepal
during the last five years (Table 6). Despite this increase in poultry vaccine imports, the import of
the ND-I2 vaccine was completely stopped due to enough production of it during recent years by
NVPL itself. NVPL has not started production of an FMD vaccine yet in Nepal, and hence, this vaccine
needs to be imported. The import of FMD was around 2.4 million doses in the year 2018/19, which is
around 90% above the import a half-decade before. A tremendous decline in the import of HS+BQ,
HS+BQ+FMD, and swine fever vaccines observed in Nepal in the last five years were attributed to the
increased production of these vaccines by the NVPL, which was cheaper and more easily available.

Table 6. Trend of livestock and poultry vaccine imports in Nepal [44].

Vaccine Species Used
Dose Imported (×1000) Change in Last 5 Years

(%)
Change per Year (%)

2014/15 2018/19

Poultry vaccines (combined) Poultry 549,567 2,378,685.85 332.82% 66.56%
FMD Cattle and buffaloes 1269 2409.43 89.86% 17.97%

HS + BQ Cattle and buffaloes 4534.20 585.12 −87.09% −17.41%
HS + BQ + FMD Cattle and buffaloes 270 0 −100% −20%

Rabies Canine 305 297.91 −2.32% −0.46%
Swine fever Pigs 200 0.10 −99.95% −19.99%

6. Conclusions and Future Perspectives

The past decade observed a tremendous growth of livestock and poultry productivity in Nepal, and
the trend is likely to follow in the future. Hence, the government of Nepal should continue prioritizing
agriculture and livestock sectors in their developmental plans and annual budgets. More investments
will be necessary to develop breeds that will thrive in the local environment and provide greater returns
on investments. Focus should be towards improving the technical knowledge of the farmers, making
the feeds and fodder accessible all year round, and improving the diagnostic and therapeutic services.

Moreover, the number of vaccine doses being produced is increasing over the years. Frequently,
vaccine technology is also upgraded, and new vaccines are introduced in the vaccine production
pipeline. Despite the commendable contribution of the NVPL in vaccine productions and distributions
in Nepal, the demands for livestock and poultry vaccines are highly unmet. This is especially true
for the poultry sector. Considering the growth in livestock and poultry production, the demand
for vaccines is also going to increase in the future. Hence, the NVPL needs to increase its capacity
to produce vaccines against multiple pathogens and in even larger quantities. Introduction of the
latest vaccine technologies, expansion of laboratory facilities, and regular training and the capacity
building of laboratory personnel would help in the direction of meeting the unmet vaccine demands.
Private sectors should also increase their investments for the research and development of vaccines
and establish industries with the capability to produce vaccines in large quantities.



Vaccines 2020, 8, 322 7 of 9

Authors Contributions

Conceptualization, U.P. and S.D.; data acquisition U.P., N.U., S.C., U.D., and S.D.; writing—original
draft preparation, U.P. and S.D.; writing review and editing, U.P., N.U., S.C., U.D., and S.D.; and supervision
U.D. and S.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank Kathy Bondra from Greehey Children’s Cancer Research
Institute, San Antonio, Texas, USA for English edits.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. FAO. Sustainable Small-Scale livestock Production. Available online: http://www.fao.org/3/ca7660en/

CA7660EN.pdf (accessed on 21 April 2020).
2. Murphy, S.P.; Allen, L.H. Nutritional importance of animal source foods. J. Nutr. 2003, 133, 3932S–3935S.

[CrossRef] [PubMed]
3. NSCoA. National Sample Census of Agriculture-2011/12; Central Bureau of Statistics, National Planning

Commission Secretariat, Government of Nepal: Kathmandu, Nepal, 2013.
4. CBS Central Bureau of Statistics. National Report; National Planning Commission Secretariat: Kathmandu,

Nepal, 2013.
5. MoALD. Nepal Agricultural Statistics 2074/75; Ministry of Agriculture and Livestock Development:

Singhdurbar, Kathmandu, Nepal, 2019.
6. MoAD. Statistical Information on Nepalese Agriculture 2013/14; Ministry of Agricultural Development,

Agri-business Promotion and Statistics Division: Singhdurbar, Kathmandu, Nepal, 2014.
7. FAO Poultry Sector Nepal. FAO Animal Production and Health Livestock Country Reviews; No. 8; FAO Poultry

Sector Nepal: Rome, Italy, 2014.
8. Pradhanang, U.B.; Pradhanang, S.M.; Sthapit, A.; Krakauer, N.Y.; Jha, A.; Lakhankar, T. National livestock

policy ot Nepal: Needs and opportunities. Agriculture 2015, 5, 103–131. [CrossRef]
9. Otte, J.; Hinrichs, J.; Rushton, J.; Roland-Holst, D.; Zilberman, D. Impacts of avian influenza virus on animal

production in developing countries. Cab Rev. Perspect. Agric. Vet. Sci. Nutr. Nat. Resour. 2008, 3, 1–18.
[CrossRef]

10. Wolfe, N.D.; Dunavan, C.P.; Diamond, J. Origins of major human infectious diseases. Nature 2007, 447,
279–283. [CrossRef]

11. Dawood, F.S.; Iuliano, A.D.; Reed, C.; Meltzer, M.I.; Shay, D.K.; Cheng, P.Y.; Bandaranayake, D.; Breiman, R.F.;
Brooks, W.A.; Buchy, P.; et al. Estimated global mortality associated with the first 12 months of 2009 pandemic
influenza A H1N1 virus circulation: A modelling study. Lancet. Infect. Dis. 2012, 12, 687–695. [CrossRef]

12. Itoh, Y.; Shinya, K.; Kiso, M.; Watanabe, T.; Sakoda, Y.; Hatta, M.; Muramoto, Y.; Tamura, D.; Sakai-Tagawa, Y.;
Noda, T.; et al. In vitro and in vivo characterization of new swine-origin H1N1 influenza viruses. Nature
2009, 460, 1021–1025. [CrossRef] [PubMed]

13. OIE. OIE-Listed Diseases, Infections and Infestations in Force in 2020. Available online: https://www.oie.int/
animal-health-in-the-world/oie-listed-diseases-2020/ (accessed on 21 April 2020).

14. VEC. Annual Epidemiological Bulletin (January–December, 2018) of Veterinary Epidemiology Center, Department of
Livestock Services; Hariharbhawan: Lalitpur, Nepal, 2018; p. 38.

15. Jamal, S.M.; Belsham, G.J. Foot-and-mouth disease: Past, present and future. Vet. Res. 2013, 44, 116.
[CrossRef]

16. Shivachandra, S.B.; Viswas, K.N.; Kumar, A.A. A review of hemorrhagic septicemia in cattle and buffalo.
Anim. Health Res. Rev. 2011, 12, 67–82. [CrossRef]

17. Abreu, C.C.; Edwards, E.E.; Edwards, J.F.; Gibbons, P.M.; Leal de Araujo, J.; Rech, R.R.; Uzal, F.A. Blackleg
in cattle: A case report of fetal infection and a literature review. J. Vet. Diagn Investig. 2017, 29, 612–621.
[CrossRef]

18. Sharma, B. Milk marketing and dairy value chain development in Nepal in relation with climate resilience
effort in the present contect. Nepal. Vet. J. 2017, 34, 144–151. [CrossRef]

http://www.fao.org/3/ca7660en/CA7660EN.pdf
http://www.fao.org/3/ca7660en/CA7660EN.pdf
http://dx.doi.org/10.1093/jn/133.11.3932S
http://www.ncbi.nlm.nih.gov/pubmed/14672292
http://dx.doi.org/10.3390/agriculture5010103
http://dx.doi.org/10.1079/PAVSNNR20083080
http://dx.doi.org/10.1038/nature05775
http://dx.doi.org/10.1016/S1473-3099(12)70121-4
http://dx.doi.org/10.1038/nature08260
http://www.ncbi.nlm.nih.gov/pubmed/19672242
https://www.oie.int/animal-health-in-the-world/oie-listed-diseases-2020/
https://www.oie.int/animal-health-in-the-world/oie-listed-diseases-2020/
http://dx.doi.org/10.1186/1297-9716-44-116
http://dx.doi.org/10.1017/S146625231100003X
http://dx.doi.org/10.1177/1040638717713796
http://dx.doi.org/10.3126/nvj.v34i0.22917


Vaccines 2020, 8, 322 8 of 9

19. Jones, B.A.; Rich, K.M.; Mariner, J.C.; Anderson, J.; Jeggo, M.; Thevasagayam, S.; Cai, Y.; Peters, A.R.; Roeder, P.
The Economic Impact of Eradicating Peste des Petits Ruminants: A Benefit-Cost Analysis. PLoS ONE 2016,
11, e0149982. [CrossRef] [PubMed]

20. Jones, K.E.; Patel, N.G.; Levy, M.A.; Storeygard, A.; Balk, D.; Gittleman, J.L.; Daszak, P. Global trends in
emerging infectious diseases. Nature 2008, 451, 990–993. [CrossRef] [PubMed]

21. WHO. The Control of Neglected Zoonotic Diseases, a Route to Poverty Alleviation; World Health Organization:
Geneva, Switzerland, 2005.

22. Kelly, T.R.; Bunn, D.A.; Joshi, N.P.; Grooms, D.; Devkota, D.; Devkota, N.R.; Paudel, L.N.; Roug, A.;
Wolking, D.J.; Mazet, J.A.K. Awareness and Practices Relating to Zoonotic Diseases Among Smallholder
Farmers in Nepal. Ecohealth 2018, 15, 656–669. [CrossRef] [PubMed]

23. Acharya, K.P.; Karki, S.; Shrestha, K.; Kaphle, K. One health approach in Nepal: Scope, opportunities and
challenges. One Health 2019, 8, 100101. [CrossRef] [PubMed]

24. Devleesschauwer, B.; Ale, A.; Torgerson, P.; Praet, N.; Maertens de Noordhout, C.; Pandey, B.D.; Pun, S.B.;
Lake, R.; Vercruysse, J.; Joshi, D.D.; et al. The burden of parasitic zoonoses in Nepal: A systematic review.
PLoS Negl. Trop. Dis. 2014, 8, e2634. [CrossRef] [PubMed]

25. Devleesschauwer, B.; Aryal, A.; Sharma, B.K.; Ale, A.; Declercq, A.; Depraz, S.; Gaire, T.N.; Gongal, G.;
Karki, S.; Pandey, B.D.; et al. Epidemiology, Impact and Control of Rabies in Nepal: A Systematic Review.
PLoS Negl. Trop. Dis. 2016, 10, e0004461. [CrossRef] [PubMed]

26. MOHP. Zoonotic Disease Control Programs. Available online: https://www.mohp.gov.np/eng/program/

communicable-disease/zoonotic-disease-control-programme (accessed on 21 April 2020).
27. Koirala, K.D.; Chappuis, F.; Verdonck, K.; Rijal, S.; Boelaert, M. Persistent febrile illnesses in Nepal:

A systematic review. Indian J. Med. Res. 2018, 148, 385–395.
28. Gompo, T.R.; Shah, B.R.; Karki, S.; Koirala, P.; Maharjan, M.; Bhatt, D.D. Risk factors associated with Avian

Influenza subtype H9 outbreaks in poultry farms in Kathmandu valley, Nepal. PLoS ONE 2020, 15, e0223550.
[CrossRef] [PubMed]

29. CDC First Human Infection with Avian Influenza A (H5N1) Virus Since September 2017 Reported in Nepal.
Available online: https://www.cdc.gov/flu/spotlights/2018-2019/h5n1-human-infection.html (accessed on 24
May 2020).

30. Joshi, D.D.; Joshi, A.B.; Joshi, H. Epidemiology of echinococcosis in Nepal. Southeast. Asian J. Trop. Med.
Public Health 1997, 28, 26–31.

31. Saadatnia, G.; Golkar, M. A review on human toxoplasmosis. Scand. J. Infect. Dis. 2012, 44, 805–814.
[CrossRef]

32. Regmi, L.; Pandey, K.; Malla, M.; Khanal, S.; Pandey, B.D. Sero-epidemiology study of leptospirosis in febrile
patients from Terai region of Nepal. BMC. Infect. Dis. 2017, 17, 628. [CrossRef] [PubMed]

33. WHO Influenza (Avian and Other Zoonotic). Available online: https://www.who.int/news-room/fact-sheets/
detail/influenza-(avian-and-other-zoonotic) (accessed on 24 May 2020).

34. McVey, S.; Shi, J. Vaccines in veterinary medicine: A brief review of history and technology. Vet. Clin. N. Am.
Small Anim. Pr. 2010, 40, 381–392. [CrossRef] [PubMed]

35. Jorge, S.; Dellagostin, O.A. The development of veterinary vaccines: A review of traditional methods and
modern biotechnology approaches. Biotechnol. Res. Innov. 2017, 1, 6–13. [CrossRef]

36. Porter, E.R., Jr. Vaccination of Poultry. In Backyard Poultry Medicine and Surgery; Greenacre, C.B.,
Morishita, T.Y., Eds.; Wiley-Blackwell: Chichester, UK, 2014; pp. 321–328.

37. Dhakal, S.; Renukaradhya, G.J. Nanoparticle-based vaccine development and evaluation against viral
infections in pigs. Vet. Res. 2019, 50, 90. [CrossRef] [PubMed]

38. NVPL. Introduction to National Vaccine Production Laboratory; Ministry of Agriculture and Livestock
Development, Government of Nepal: Tripureshwor, Kathmandu, Nepal. Available online: http://nvpl.gov.np
(accessed on 21 April 2020).

39. Gautam, S.P.; Ghimire, N.P.; Shrestha, S.; Gautam, S. History of vaccine production and vaccination in Nepal.
Gold. Jubil. Souvenir 2018, 1, 136–143.

40. Morens, D.M.; Holmes, E.C.; Davis, A.S.; Taubenberger, J.K. Global rinderpest eradication: Lessons learned
and why humans should celebrate too. J. Infect. Dis. 2011, 204, 502–505. [CrossRef]

41. Stenfeldt, C.; Diaz-San Segundo, F.; de Los Santos, T.; Rodriguez, L.L.; Arzt, J. The Pathogenesis of
Foot-and-Mouth Disease in Pigs. Front. Vet. Sci. 2016, 3, 41. [CrossRef]

http://dx.doi.org/10.1371/journal.pone.0149982
http://www.ncbi.nlm.nih.gov/pubmed/26900944
http://dx.doi.org/10.1038/nature06536
http://www.ncbi.nlm.nih.gov/pubmed/18288193
http://dx.doi.org/10.1007/s10393-018-1343-4
http://www.ncbi.nlm.nih.gov/pubmed/29869006
http://dx.doi.org/10.1016/j.onehlt.2019.100101
http://www.ncbi.nlm.nih.gov/pubmed/31485475
http://dx.doi.org/10.1371/journal.pntd.0002634
http://www.ncbi.nlm.nih.gov/pubmed/24392178
http://dx.doi.org/10.1371/journal.pntd.0004461
http://www.ncbi.nlm.nih.gov/pubmed/26871689
https://www.mohp.gov.np/eng/program/communicable-disease/zoonotic-disease-control-programme
https://www.mohp.gov.np/eng/program/communicable-disease/zoonotic-disease-control-programme
http://dx.doi.org/10.1371/journal.pone.0223550
http://www.ncbi.nlm.nih.gov/pubmed/32240166
https://www.cdc.gov/flu/spotlights/2018-2019/h5n1-human-infection.html
http://dx.doi.org/10.3109/00365548.2012.693197
http://dx.doi.org/10.1186/s12879-017-2733-x
http://www.ncbi.nlm.nih.gov/pubmed/28923024
https://www.who.int/news-room/fact-sheets/detail/influenza-(avian-and-other-zoonotic)
https://www.who.int/news-room/fact-sheets/detail/influenza-(avian-and-other-zoonotic)
http://dx.doi.org/10.1016/j.cvsm.2010.02.001
http://www.ncbi.nlm.nih.gov/pubmed/20471523
http://dx.doi.org/10.1016/j.biori.2017.10.001
http://dx.doi.org/10.1186/s13567-019-0712-5
http://www.ncbi.nlm.nih.gov/pubmed/31694705
http://nvpl.gov.np
http://dx.doi.org/10.1093/infdis/jir327
http://dx.doi.org/10.3389/fvets.2016.00041


Vaccines 2020, 8, 322 9 of 9

42. OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals. Available online: https://www.oie.int/
standard-setting/terrestrial-manual/access-online/ (accessed on 21 April 2020).

43. NVPL. National Vaccine Production Laboratory, Annual Report 2075/76; Ministry of Agriculture and Livestock
Development, Government of Nepal: Tripureshwor, Kathmandu, Nepal, 2019.

44. VSDRL. Yearly Progress Reports of Veterinary Standards and Drug Regulatory Laboratory (VSDRL); VSDRL:
Kathmandu, Budhanilkantha, Nepal, 2019.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

https://www.oie.int/standard-setting/terrestrial-manual/access-online/
https://www.oie.int/standard-setting/terrestrial-manual/access-online/
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Status of Livestock and Poultry Population and Productivity in Nepal 
	Status of Livestock and Poultry Diseases in Nepal 
	Zoonotic Disease Transmission from Livestock and Poultry to Humans in Nepal 
	History of Livestock and Poultry Vaccination and Vaccine Production in Nepal 
	Current Status of Livestock and Poultry Vaccine Production in Nepal 
	Conclusions and Future Perspectives 
	References

