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Vaccine Production F/Y : 2076/77

SN Name of Vaccine Production Date Batch No Dose/vial No of vials Total Doses
4/14/2076 | 2076/77 NDF1-1 200 4100 820000
4/14/2076 | 2076/77 NDF1-1 500 4593 2296500
6/14/2076 | 2076/77 NDF1-2 200 5991 1198200
1 ND F1 6/14/2076 | 2076/77 NDF1-2 500 3550 1775000
9/23/2076 | 2076/77 NDF1-3 500 4550 2275000
9/23/2076 | 2076/77 NDF1-3 1000 1850 1850000
10/3/2076 | 2076/77 NDF1-4 1000 4190 4190000
2/27/2077 | 2076/77 NDF1-5 1000 3000 3000000
2 ND R2B 7/3/2076 | 2076/77-ND-R2B-1 500 10200 5100000
3 ND 12 8/23/2076 | 2076/77-ND-12-1 200 7600 1520000
5/26/2076 | 2076/77-1BD-1 500 3450 1725000
A BD 5/26/2076 | 2076/77-1BD-1 1000 2100 2100000
9/27/2076 | 2076/77-1BD-2 500 4360 2180000
12/9/2076 | 2076/77-1BD-3 500 4000 2000000
5/29/2076 | 2076/77-HSBQ-01 50 2320 116000
6/24/2076 | 2076/77-HSBQ-02 50 2340 117000
i 8/10/2076 | 2076/77-HSBQ-02 50 1435 71750
> MBS Lmipines 9/20/2076 | 2076/77-HSBQ-03 50 2025 101250
9/20/2076 | 2076/77-HSBQ-03 50 2350 117500
11/18/2076 | 2076/77-HSBQ-04 50 4347 217350
4/26/2076 | 2076/77-CSF-1 20 5000 100000
6/8/2076 | 2076/77-CSF-2 20 11400 228000
6 CSF 10/29/2076 | 2076/77-CSF-3 20 4300 86000
11/8/2076 | 2076/77-CSF-4 20 6475 129500
12/4/2076 | 2076/77-CSF-5 20 6300 126000
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5/15/2076 | 2076/77/PPR1 100 5000 500000
5/31/2076 | 2076/77/PPR2 100 5000 500000
6/30/2076 | 2076/77/PPR3 100 5000 500000
9/27/2076 | 2076/77/PPR4 100 /7000 /700000
9/29/2076 | 2076/77/PPR5 100 8000 3800000
10/8/2076 | 2076/77/PPR6 100 6150 615000
11/5/2076 | 2076/77/PPR7 100 /7100 710000
PPR 11/9/2076 | 2076/77/PPRS8 100 7050 705000
2/18/2077 | 2076/77/PPR9 100 /050 /705000
2/22/2077 | 2076/77/PPR10 100 6650 665000
2/22/2077 | 2076/77/PPR10 100 500 50000
2/29/2077 | 2076/77/PPR11 100 2350 235000
2/29/2077 | 2076/77/PPR11 100 4750 475000
3/18/2077 | 2076/77/PPR12 100 6950 695000
3/23/2077 | 2076/77/PPR13 100 1700 170000
Total Doses of Vaccine 41465050
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Rabies Vaccine Production F/Y: 2076/77

SN Name of Vaccine Production Month Lot No. Dose/vial No of vials Total Doses
1 Nela Rab Shrawan 101 10 1000 10000
2 Nela Rab Bhadra 102 1 8000 8000
Nela Rab Bhadra 103 1 9300 9300
3 Nela Rab Ashoj O O O O
4 Nela Rab Kartik 104 1 8300 8300
Nela Rab Kartik 105 1 4700 4700
5 Nela Rab 105 1 3550 3550
Mangsir
Nela Rab 106 1 8800 8800
6 Nela Rab Poush 107 1 7350 7350
107 1 1350 1350
Z Nela Rab Magh
108 1 7850 7850
8 Nela Rab Falgun 110 1 9300 9300
9 Nela Rab Chaitra 0) 0) o) 0)
10 Nela Rab Baisakh 0) o) o) 0)
11 Nela Rab Jestha 0) 0) 0) 0)
Nela Rab 109 1 1500 1500
Nela Rab 109 10
Nela Rab 111 10
12 Ashadh
Nela Rab 112 10 3000 30000
Nela Rab 113 10
Nela Rab 114 10
Total 110000
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Dose in '000'

Vaccine Production in Last 15 Years
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. . Poultry Vaccine Production in Last 15 years
PPR Vaccine Production in Last 20 Years (from
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Dose in '000'

HSBQ Vaccine Production in Last 15 Years
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Free Vaccine Distribution 2076/77

CSF NDI2 HSBQ PPR Rabies FMD Remarks
Packing Dose 20 200 50 100 10 50
8/25/2076 2400 | VHLSEC Morang
8/25/2076 2400 | VHLSEC Sunsari
10/8/2076 | 12100 1375 1200 12140 2160 | VL Biratnagar (Pradesh 1 all)
10/21/2076 500 VL Biratnagar Vaccine Bank
11/13/2076 2400 | VHLSEC Jhapa
11/13/2076 1760 | VL Biratnagar
P 1 Total Vials 12100 1375 1200 12140 500 | 11120
P1 Total Doses 242000 | 275000 | 60000 | 1214000 5000 | 556000 2352000
]I;ngmal SRk Larget Oy 242000 | 275000 | 60000 | 1214000 914000
6/14/2076 1250 300 8960 Province 2 all
21182076 1000 VHLSEC, Dhanusa,Mabhottari,
Sarlahi
8/16/2076 700 VHLSEC, Birgunj
P 2 Total Vials 1250 800 1700 8960 0 0
P 2 Total Doses 25000 160000 | 85000 | 896000 0 0 1166000
]I;igmal shose Larget by 25000 160000 | 140000 | 896000 287000
8/16/2076 125 1480 VHLSEC, Kavre
8/16/2076 250 990 VHLSEC, Dolakha
8/16/2076 600 250 1190 VHLSEC, Sindhuli
8/6/2076 400 VHLSEC, Chitwan
8/23/2076 400 VHLSEC, Kavre
11/20/2076 700 300 980 VHLSEC, Lalitpur
2077/2/32 500 125 400 1700 VHLSEC, Makwanpur
2/27/2077 400 175 2360 VHLSEC, Nuwakot
2/26/2077 50 100 1200 VHLSEC, Chitwan
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3/1/2077 240 | VHLSEC, Chitwan
3/2/2077 200 | VHLSEC, Sindhuli
2/3/2077 400 | VHLSEC, Kavre
3/3/2077 20 VHLSEC, Dhading
3/3/2077 450 125 400 1000 VHLSEC, Dhading
3/11/2077 100 VHLSEC, Kavre
3/9/2077 160 | VHLSEC, Kavre
Bagmati Pradesh Total 2800 1450 1600 10900 20 1000
gzgga“ FPradesh Total 56000 290000 | 80000 | 1090000 200 50000 1566200
Bagmati Pradesh Total Dose
Target by DLS 53000 275000 80000 1090000
12/4/2076 150 1150 Lamjung & Manang
12/5/2076 1000 200 400 2120 Tanahu and Nawalpur
12/5/2076 250 100 1340 Gorkha
Pokhara Lab (For Kaski, Parbat,
12/5/2076 2000 650 4070 500 Myagdi, Baglung, Mustang,
Syangya, Rabies for Vaccine
Bank)
Gandaki Pradesh Total Vials 3250 1100 400 9280 500 0
gz:;ak‘ cradiosn Lotal 65000 220000 | 20000 928000 5000 0 1238000
Gandaki Pradesh Total Dose
Target by DLS 65000 220000 20000 928000 0 0
120 | Gaindakot
11/4/2076 125 400 800 For Banke (VHLSEC Banke)
11/4/2076 125 400 600 For Bardia (VHLSEC Banke)
11/4/2076 150 400 600 For Dang
11/4/2076 50 200 For Rukum East
11/4/2076 125 500 For Rolpa
11/4/2076 125 500 For Pyuthan
11/4/2076 100 400 900 For Kapilvastu
11/4/2076 125 300 For Arghakachi
11/4/2076 125 450 For Gulmi
11/4/2076 125 650 For Palpa
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11/4/2076 50 400 350 For Nawalparast West
11/4/2076 100 400 600 For Rupendehi
11/4/2076
P 5 Total 0 1325 2400 6450 0 120
P5 Total Dose 0 265000 | 120000 645000 0 6000 1036000
ll;ng"tal Dune Largevhy 95000 265000 | 120000 | 1351000 460000
4/13/2076 1000 | VHLSEC, Dang
9/29/2076 650 700 9410 VL Surkhet (Karnali All)
Karnali Pradesh Total 0 650 700 9410 0 1000
Karnali Pradesh Total Dose 0 130000 | 35000 941000 0| 50000 1156000
Karnali Pradesh Total Dose 0 130000 35000 941000 0 0
by DLS
8/4/2076 1000 5000 2000 | Dhangadi Lab
12/9/2076 875 900 800 500 1120 | Dhangadi Lab
f,‘i‘;';"pas"h‘m Pradesh Total 1000 875 900 5800 500 3120
IS)‘;‘:::‘"'S"I“‘“ Pradesh Total 20000 175000 | 45000 580000 5000 | 156000 981000
Sodurpeshin Lotal Target 20000 175000 | 45000 580000 339000
by DLS
VL Biratnagar
6/14/2076 40 VL Janakpur
4/13/2076 500 200 1000 | VL Surkhet
VL Kailali
VL Pokhara
9/14/2076 500 VL Surkhet
2500 World Rabies Day
300 100 | Gadhimai Festival
Lab Total 0 0 0 840 3200 1100
— 20400 7575 8900 63780 4720 17460
Total Doses 408000 | 1515000 | 445000 | 6378000 | 47200 | 873000 9666200
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AT.F. J09% /089 AT I FIRTIMATHT fer#h! TRTHT SATHRIES
Vaccine Sales F/Y: 2076/77

Name of NDFI [BD (Gumboro) NDR2B | CSF Lasota NDI2 | HSBQ |Anthrax| PPR |Rabies| .

Vaccine Bill Amount
Vial size 200 300 1000 200 500 1000 500 20 200 500 (100200 S0 50 50100 1 (NPR)
Month/Vial-Bonus |\Vial (Bonus |Vial [Bonus |Vial [Bonus |Vial [Bonus |Vial [Bonus |Vial |Bonus [Vial |Bonus [Vial |Bonus |Vial [Bonus |Vial [Bonus |Vial |Vial |Vial [Bonus |Vial Vial |Vial |Vial

Shrawan 100 0] 800] Of 200f O 3000 0O 424 Of 0O Of 150, Of 340 0[250{ 0 1500 0 Of Of 332 O 0f O 5@ 5900 627798
Bhadra 350f 0] 550 Of 550, Of 300f O 1000 Of Of O 500 Of 40 O O O 50 O 0 0 5 0 0f Of 0f 11700 819500
Asoj 200f 0] 500[ 1) 5501 40f 220 O] 120{ 0j100{ 10; 100 10f 3000 Of O  Of 241 O Of 0 500 32 0f 0 50 12800 950840
Kartik J00{ 50| 744| 40 5401 39 700{ 50; 700{ 50 50{ O] 100 10{1230 100 OF Of 50 5 Of 0 350 20 Of 0 2 5800 913340
Mangsir 650{ 10| 712| 40 600] 50{ €50{ 10j 800{ 10y 50{f 0] 100, 10f 9151 e0f O Of 75 0Of Of 0 180 0 0f 0O 160{ 7500 977920
Poush 500 50 300 30[ 100 10{ Of O 350, 35 50f 5 1000 10[ 605 20 O Of Of O 0O 0] 670, 50 0f 0 41 5500 601900
Magh 250 Of 250{ O] 430 28| 500] 20{ 300 0] 120f Of 200{ 20{ 575 201200 20| 270} 20{ O] 75 170 5 0f 0O 282 6500 784390
Falgun 900 90 600 60| 650 61f 800[ 80] 300 30[ 50f 51 OF O 485 40| 55 3| 230[ 23| 0] 26/ 790, 30 0 011099 10750] 1324315
Chaitra 350 35 406 12| 50 5 250{ 25| 350 35{100f 10 O Of /50[ /5 O O Of O 0 0] 40 35 0f 0 320{ 3100 588700
Baisakh 500 50| 500f 50{1330] 133{ 500{ 500 O Of Of 0 2000 20{ 950 95 O Of Of O 0 0] 250 25 0f O O0f 2500 646900
Jestha 500{ 500 300 30f O Of 500f 500 3000 30 Of 0 2000 20{ 100 10 O Of Of O 0 0]1640] 98 0f 0 704/ 5000 783000
Asadh 840| 84| 974| 89| 570 52 800{ 3011250 95[150f 15/ 100f 10{ 420{ 32| Of Of 50 5 0 0]1860] 181 0f Of 477 9360 1409790
Total 5840( 419|6636 352|5570| 418(5520( 315(4994] 285(670| 45/1300| 110(7120{ 452|505 23|1116| 98| O] 101|7282| 476 0f 0[3140{ 86410 10,428,393
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Name of Disease

1

Avian Adeno Virus

Avian Encephalomyelitis

Avian Infectious Bronchitis
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Avian paramyxo virus

Avian Reo Virus
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— O |0 || N[ | ]|WIDND

Chicken Anemia virus (CAV)

Fowl Pox Virus

Haemagglutinating avian adeno virus (EDS-76 virus)

Infectious Bursal Disease virus (IBD)

Intfluenza virus Type-A

Marek’s Disease virus
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Turkey viral rhinotracheitis (Avian pneumo virus)

Turkey herpes virus
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Mycoplasma Spp.
Salmonella pollorum
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Salmonella gallinarum (Fowl Typhoid)

N
o

Other Salmonalla Spp.
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Hemophilus paragallinarum
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Avain Tuberculosis

o
N

Inclusion Body Hepatitis
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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.

Keywords: infectious diseases; livestock; poultry; vaccine

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 butfalo 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 Pﬂpu(lia;h;;llllilﬂiﬂ)UB/{]Q Pﬂpu(li.i:fﬁl]ljilﬂiiil’?/lfi Change(il;:)lﬂ Years Change/Year (%)
Cattle 717 7.37 2.80 0.28
Buffalo 4.68 .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 G BAD
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 (%)
Buffalo 156,627 185,180 18.22 1.82
Mutton/Chevon 51,183 73,556 43.71 4.37
Meat Pork 16,992 28,214 66.04 6.60
(MT) Chicken 16,662 60,122 260.83 26.08
Duck 226 280 25.89 2.38
Total 241,690 346,179 43.23 4.32
Milk Cattle 413,919 754,126 82.19 8.21
(MT) 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 [3].
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 1s 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 RN A 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].

Number of Animals/Birds
Disease Species Mainly Affected No. of Outbreaks :
Susceptible A ffected 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 s 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 RNNA 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 immunodetficiency
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

Taeniosis/Cysticercosis/  Taenia spp., especially GI disorders, severe headache, convulsion,

Meat-borne and Fecal-oral

Neurocysticercosis [24] Taenia solium and epileptic seizures
ot W s Echinococcus Cyst in liver, CNS, and lungs, leading to
s 30 L
Parasitic Hysatidests [30] granulosus Hecal:orel coughing, chest pain, and breathing difficulty

abortion, still-birth, congenital abnormalities,

Toxoplasmosis [31] Toxoplasma gondii Meat-borne and Fecal-oral . ;
and vision impairment

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

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

Bacterial

Body-ache, night sweats, Malta or

Brucellosis Brucella abortus Contaminated food material i . )
Mediterranean fever, poor appetite, weight loss
Viral Avian Influenza [33] brrfiniensa A AT Direct and indirect contact SRR A e .thma}t,.muscle 2ches,
(H5 and H7) 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—Newecastle 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].

Dose Produced (x1000) Change in Last 5 Years

Vaccine Species Used 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 — 12 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].

Dose Imported (x1000) Change in Last 5 Years

Vaccine Species Used 2014/15 2018/19 %) Change per Year (%)
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.
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