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EXECUTIVE SUMMARY

In 2021, besides providing monthly disease
forewarning for 13 major livestock diseases in
the country, disease forewarning SMS alerts were
sent directly to the farmers in Karnataka who had
registered in FRUITS (Farmers Registration and
Unified Beneficiary Information System). The risk
maps for Bluetongue occurrence in southern states
and risk & hotspot maps for CSE, FMD and PPR for
the northeastern region were developed. Further,
the sampling plan for 14 identified diseases under
one health programme and FMD and Brucellosis
under NADCP (National Animal Disease Control
Programme) were provided. The draft genomes
of three virulent P. multocida serotype B:2 strains
(NIVEDIPm32, NIVEDIPm34 and NIVEDIPm35)
were analysed following whole-genome sequencing,
assembly, annotation and compared with existing
global genomes (n=43) of bovine origin in the
database. Multi-locus sequence analysis based on
RIRDC scheme showed the presence of ST122 in all
three strains. wgMLST based phylogenic analysis
suggested that HS causing Indian virulent field strains
differed geographically and showed diversity from
existing HS vaccine strain P52.

The LSD outbreak investigations revealed
that the cutaneous lesions were more in numbers in
the case of indigenous breeds whereas the size and /
or severity of gross lesions were more in crossbred
animals. For brucellosis S19 post-vaccination sero
monitoring, a total of 2921 serum samples received
from six states/UT’s (Chandigarh, Karnataka, Delhi,
Mizoram, Sikkim and Dadra and Nagar Haveli) were
screened, of which, the highest seroconversion was
recorded in Chandigarh (99.49%) followed by other
states/UT’s. A total of 3085 pig serum samples received
from 26 different states were screened for CSFV
antibodies using CSFV Ab Check kit, of which 1071
samples were found positive (34.71%). The Japanese
encephalitis (JE) immunophenotyping of TMC for
CD4 and CD8 demonstrated that the count varied
between JEV positive and negative samples.

A total of 1382 bovine serum samples screened
for Trypanosoma evansi by recombinant VSG antigen-
based indirect ELISA, revealed 42.47% positivity.
Eventhough it is well established that E gignatica
infection in India is transmitted by R. auricularia,

NIVEDI - Annual Report 2021

the study revealed the involvement of Radix rufescens
as the intermediate host for E gigantica. The institute
besides supplying diagnostic kits for Brucellosis (nine
kits) and IBR (four Kkits), diagnostic services were
also provided to various organisations, and Animal
Husbandry Departments for Brucellosis, IBR, PPR,
BT, CSE LSD, Leptospirosis, JE, cysticercosis and
haemoprotozoan diseases in animals and humans.

Institute is maintaining 29  reference
Leptospira serovars cultures in semisolid and liquid
EMJH medium for the seroepidemiological study of
Leptospirosis. The serotype confirmed 37 isolates of
bluetongue virus were kept in lyophilized form in the
BT-repository of NIVEDI and submitted to ICAR-
NCVTC, Hisar. The details of the sera collected during
2017-18 & 2018-19 were updated along with the
status of the sera against relevant diseases {bluetongue
(n=25072 records), CCHF (n=24,743 records), PPR
(n=24,499 records), PRRS (n=5987 records)}, with
OD/percent positivity/percent inhibition values in
serum bank database and among these selected sera
were aliquoted, lyophilized and stored.

During the reported period, two patents
viz. ‘Recombinant VSG and monoclonal anti-
body-based competitive inhibition enzyme-linked
immunosorbent assay for the detection of anti-
bodies against Trypanosoma evansi’ (Patent Num-
ber: 36174) and ‘Monoclonal antibody-based dou-
ble antibody sandwich ELISA for the detection of
Trypanosoma  evansi antigen in animals (Patent
Number: 369790) were granted.

ICAR-NIVEDI has been identified as a key
institution in the Southern region for research on
zoonotic diseases (Leptospirosis, Brucellosis, Anthrax,
Rabies, Cysticercosis, Japanese encephalitis, and other
viral Zoonotic diseases) by NCDC, Gol including
Capacity Building, Surveillance & Diagnosis to serve
as regional coordinator for the Karnataka, Kerala, and
Lakshadweep region. Further, the institute is working
on animal coronavirus epidemiology in collaboration
with other research institutes in the country. The
study on economic loss due to sheep and goat pox in
Rajasthan state revealed one per cent disease incidence
during 2021 and the estimated mortality loss was Rs.
6279 and Rs. 12250/animal in < 1-year and >1-year
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old animals, respectively. Further, the system dynamic
models are being used to understand the impact of
PPR on the various value chain actors.

The institute conducted need-based training
programmes on  NADRES, epidemiological
investigations, disease diagnostics and sensitization
programme on disease control including webinars,
workshops, and hands-on training on laboratory
techniques to scientists/academicians/medical officers/
field veterinarians etc., working at various levels.
As a part of outreach and extension activities, under
the DAPSC programme, 15 training programmes
on “Livestock production technologies, agriculture
and allied activities” and animal health camps were
organized. A total of 853 scheduled caste farmers
from Karnataka got benefited. Under the MGMG
programme, a meeting was conducted in the Shivkote
village and created awareness of communicable diseases
and the safe disposal of bio-degradable and non-bio-
degradable wastes. The Swachha Bharat Abhiyan 2021
at ICAR-NIVEDI was organized keeping in view the
mission mode programs of the Government of India
which includes Swachhta Pakhwada, Digital India,

2

COVID-19 guidelines, Swasth Bharat, waste water
management and rain water harvesting, Atmanirbhar
Bharat (waste-to-wealth), doubling farmer’s income,
and women empowerment. Besides cleaning activities
in the institute, the denizens of Ramagondanahalli
village were appraised on “Swachh Bharat - Ek Kadam
Swachhta Ki Ore”, “Clean Village-Healthy Village”
and proper disposal of household waste and waste
segregation. ICAR-NIVEDI was bestowed with
Swachhta Pakhwada Award 2021 (First Prize) by
Hon’ble Shri. Narender Singh Tomar, Union Minister
for Agriculture and Family Welfare during Director’s
conference at NASC Complex, New Delhi.

During the reported period, Agri-Business
Incubator (NaaVic) at ICAR-NIVEDI invited five
cohort calls and processed the application under
NEO and NEST programmes. Several startups were
funded and also organized the training programme on
agripreneurship. Promoted Agri India Hackathon-2021
and two startups incubated at ICAR-NIVEDI Viz., M/s
Jeevabharu Bioinnovation Pvt Ltd and M/s. Froots
Technologies Pvt Ltd won the Agri India Hackathon
-2021 challenge award.
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About ICAR-NIVEDI

Convergence of Animal Health and Research Par Excellence

Historical Background

ICAR-National  Institute = of  Veterinary
Epidemiology and Disease Informatics (NIVEDI),
(Formerly, Project Directorate on Animal Disease
Monitoring and Surveillance, PD_ADMAS) under
the Indian Council of Agricultural Research (ICAR),
a pioneer research institute in veterinary epidemiology
is carrying out disease surveillance, monitoring and
analysis of livestock diseases in India. The AICRP
on animal disease monitoring and surveillance
(AICRP_ADMAS) initiated by the ICAR, made a
humble beginning during the VII five-year plan and
became fully functional in 1987 with the establishment
of four Regional Research Units (RRUs) at Bengaluru,
Hyderabad, Pune and Ludhiana. The Central
Coordinating Unit (CCU) was established at the
Institute of Animal Health and Veterinary Biologicals,
Bengaluru to coordinate the research activities of
the regional units. In the VIII plan, the institute was
strengthened with the support of ICAR and European
Union by taking up the major responsibility under
National Project on Rinderpest Eradication (NPRE)
involving 32 state-level diagnostic/disease investigation
laboratories in the country. On 1* April 2000 (during
the IX plan), the CCU was given the status of Project
Directorate and named ‘Project Directorate on Animal
Disease Monitoring and Surveillance (PD_ADMAS)’
with ten collaborating units under the AICRP_ADMAS
component. In the X and XI Five-year plan period, five
more collaborating units were added for providing
impetus to a nationwide animal disease monitoring
and surveillance. Appreciating the contributions made
by the Directorate to the country’s livestock health
sector and the need to strengthen the effort, the council
rechristened PD_ADMAS as ‘National Institute of
Veterinary Epidemiology and Disease Informatics
(NIVEDI) on 25" October 2013 (XII plan period)
with its exclusive campus at Bengaluru. Further, during
the same plan period, 17 additional collaborating units
covering other states were added under the AICRP_
ADMAS component totaling 31 collaborating units for
providing the needed impetus to a strong nationwide
animal disease monitoring and surveillance network.

On 9" January, 2015, NIVEDIs newly
constructed administrative building and Biosafety
Laboratory (BSL-2) were dedicated to the nation by
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Shri Radha Mohan Singh, Hon’ble Union Minister
for Agriculture, New Delhi in the presence of
Shri D.V. Sadananda Gowda, Hon'ble Minister of
Law and Justice, GOI and Shri T. B. Jayachandra,
Hon’ble Minister for Law, Justice & Human Rights,
Parliamentary Affairs and Legislation and Animal
Husbandry, Govt. of Karnataka and Dr. S. Ayyappan,
Secretary DARE and Director General, ICAR. The
centralized administrative and laboratory complex
of the institute is located in a sprawling campus at
Yelahanka, Bengaluru. During 2018-19, the newly
constructed Training cum Farmers Hostel and
Laboratory Block was inaugurated by Hon'ble Dr.
Trilochan Mohapatra, Secretary (DARE) and Director
General (ICAR) in the presence of Dr. Joykrushna
Jeena, DDG (AS) and Dr. Ashok Kumar, ADG (AH)
on 30" June 2018. From April 2021 onwards, National
Animal Disease Epidemiology Network (NADEN)
was established as an internal network of laboratories
of ICAR-NIVEDI with exisiting 31 laboratories and
it is enviasaged to increase the centers to forty-plus
collaborative centres in future, which are involved
in animal disease epidemiology across every state
of India. The network came into existence after the
closure of AICRP on ADMAS on 31* March 2021 by
the council.

ICAR-NIVEDI, a pioneer research institute
has been entrusted to conduct R&D in the field
of veterinary epidemiology and surveillance of
economically important livestock diseases in the
entire country, its role is extremely pivotal for
developing models for animal disease forewarning,
forecasting, economic impact, risk assessment, and
need-based animal disease diagnostics. The institute
has developed various technologies covering both
products and processes and some of them are
marketed and/or patented/copyright protected, which
are being utilized by various institutes/ organizations
and different stakeholders in the country. The role
of this institute in the eradication of Rinderpest
disease in India and the development of the National
Animal Disease Referral Expert System (NADRES)
- interactive software for forecasting are noteworthy.
The institute conducts various training programmes
related to basic epidemiology, sampling frame and
sampling techniques, outbreak investigation, research
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methodologies, and disease diagnosis protocols for
various stakeholders associated with animal healthcare.
Overall, NIVEDI has been proving its worthiness to the
Indian animal health sub-sector covering critical gaps
in diagnostic techniques, animal disease modelling,
economic impact assessment and analysis of animal
diseases, and human resource development in the
form of skill development and empowerment, capacity
building programmes etc. Further, NIVEDI envisions
to provide newer direction to undertake in-depth R &
D activities on the epidemiology of emerging and re-
emerging, transboundary animal diseases to others
involved in the sub-sector in the country, leading
finally to prevention, control and eradication of the
diseases for achieving animal welfare and safer animal-
human interface under one health approach.

(i) Vision Achieving freedom from animal diseases,
animal welfare, food and nutritional security through
healthy foods of animal origin, poverty alleviation and
economic growth of rural India.

(ii) Mission Capacity building in frontier areas of
Veterinary Epidemiology: dynamics of animal diseases
including zoonosis and animal healthcare intelligence.

(iii) Mandate of Institute

+ Epidemiology, informatics and economics of
animal diseases including zoonosis

+ Surveillance, forecasting and forewarning for
management of animal diseases including
Zoonosis

+ Repository and Capacity Development

(iv) Focus

+ Improving disease monitoring and surveillance
through the development of population assays
and pen side diagnostics

+ Risk assessment for the occurrence of
economically important animal diseases

+ Adapting strategies to improve animal disease
data quality

+ Understanding the threat from animal diseases
in the background of climate change and
globalization

+ Developing early warning system and disease
modeling/forecasting

+ Understanding economic impacts of animal dis-
eases and the management strategies

D

+ Promoting innovations and improving human
resource capacity

+ Fostering linkages and collaborations with
public and private, national and international
organizations

+ Improving knowledge management system

(v) Thrust Areas

+ Development of robust forecasting &
forewarning models for important livestock
diseases along with risk analysis.

+ Epidemiological investigation, surveillance
and monitoring of endemic, and re-emerging
diseases of animals including zoonosis.

+ Development of diagnostics for population
survey of economically important diseases
including zoonosis.

+ Molecular epidemiology of pathogens, disease
outbreaks and detection and control of
infectious diseases.

+ Socio-economic impact and policy analysis of
prioritized diseases.

(vi) National Animal Disease

Network (NADEN)

Epidemiology

The National Animal Disease Epidemiology
Network (NADEN) is a newly established network
of laboratories, which are involved in animal disease
epidemiology, across every state of India. The
network came into existence after the closure of
All India Coordinated Research Project on Animal
Disease Monitoring and Surveillance (AICRP on
ADMAS) on 31 March, 2021. As an internal network,
ICAR-NIVEDI, plans to function with forty plus
collaborative centers, as compared to existing 31
centres of AICRP_ADMAS. NADEN includes 6
Regional Disease Diagnostic Laboratories (RDDLs), 6
AQCS (Animal Quarantine and Certification Service),
a center from Ladakh and an additional center each
from the state of Uttar Pradesh, Rajasthan in addition
to existing 31 centers. The focus of NADEN would be
on the understanding the nationwide animal disease
epidemiology to better inform control strategies.

Objectives

+ To participate in R & D in animal disease
epidemiology and informatics by collecting/
generating and collating livestock disease data
and systematic outbreak investigation.
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+ To analyse disease data for risk mapping,
epidemiological trends, forewarning for taking
appropriate intervention strategies for disease
control

+ To undertake seroepidemiological studies

+ To devise epidemiological solutions for effective
control of animal diseases.

Mandates
+ Strengthening of National Animal Biological
Repository

+ Effective updating of NADRES with active
disease data, climatic and non-climatic factors

o ag 1A A
R

+ Surveillance of diseases/pathogens in domestic
companions, laboratory and wild animals

+ Analysis of economic losses due to animal
diseases and impact of control measures
adopted for their management.

+ Sero-monitoring of animal diseases based on
strategic sampling

+ Investigation of endemic, emerging and re-
emerging animal disease outbreaks using
innovative technologies.

+ Working with all stakeholders in the public and
private domain for the welfare and health care
of animals.

Tree Plantation Drive on the Ocassion of Independence Day, 15" August 2021 at ICAR-NIVEDI
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1. ANIMAL DISEASE INFORMATICS

A. National Animal Disease Referral Expert
System (NADRES)

A dynamic, online Geographic Information
System (GIS) based animal health information
system called National Animal Disease Referral
Expert System (NADRES) (www.nadres.res.in) was
developed to facilitate efficient storage, transmission
and retrieval of animal health information system and
it is the first of its kind in the country. ICAR-NIVEDI
has identified 13 priority diseases, based on the past
incidence patterns and has built a strong database of
these diseases. The database, which is the backbone
of the National Animal Disease Referral Expert
System (NADRESv2), is used for providing monthly
livestock disease forewarning, which is compiled in

the monthly bulletin to alert the animal husbandry
departments, both at the national/state level to take
appropriate preventive and control measures two
months in advance. This forewarning bulletin will
assist the field Veterinarians in adopting appropriate
preventive and control measures, thereby reducing the
occurrence of livestock disease outbreaks. In addition
to NADRES V, (The National Animal Disease Referral
Expert System), ICAR-NIVEDI collaborated with
NIC, Govt. of Karnataka for sending the SMS alerts
(information alerts on risk prediction of six livestock
diseases) directly to farmers who have registered in
FRUITS (Table 1).

Table 1: Number of farmers who received the SMS alert through FRUITS application from
September 2021 to December 2021

Disease Month /Year Total SMS Disease Month /Year | Total SMS
Sep-21 354371 Sep-21 734486
Oct-21 288256 Oct-21 532079
Anthrax FMD
Nov-21 157123 Nov-21 588230
Dec-21 155220 Dec-21 718718
TOTAL 954970 TOTAL 2573513
Sep-21 229955 Sep-21 217162
Oct-21 438731 Oct-21 375438
BQ BT
Nov-21 327032 Nov-21 408633
Dec-21 560624 Dec-21 282691
TOTAL 1556342 TOTAL 1283924
Sep-21 24939 Sep-21 116935
Babesiosis - - Theileriosis Nov-21 81206
TOTAL 24939 TOTAL 198141

The Cattle Disease Diagnosis Expert System
(CaDDES), a web application was developed, validated
internally, and improved further with additional
features. The copyright application for CaDDES web
application has been submitted to the Registrar of
Copyrights, New Delhi.

B. National Surveillance Programme for Aquatic
Animal Diseases (NSPAAD)

National Aquatic Animal Disease Database:
A Dynamic Web Application is state-of-the-art
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interactive software that supports data entry, data edit
or management, verification, validation and reporting
and is deployed at the NBFGR server. There are 28
centers having access to the database and each center
has three logins for the data entry operator, verifier,
and validator. Monitoring and surveillance of aquatic
animal diseases are necessary for the prevention and
control of aquatic animal disease on one hand and
complying with the international disease reporting on
the other hand for trade and commerce. This will give
an overall different functionality to the architecture
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of the database for data capturing, analysis and
reporting. Implemented baseline hatcheries data for
finfish and shrimp, query reporting of baseline and
biological samples, and disease outbreaks (Table 2).
Epidemiological analysis was carried out and aquatic

it

disease maps were generated at the validator level. In
the reports, three functionalities viz., view, edit, and
download were implemented. Admin functionalities
include user management, master forms, database
management, etc.

Table 2: Data of all baseline, biological, disease outbreaks, and hatcheries are collected and reported

Description No. of entries

Baseline Data 14808
Biological- Finfish 4260
Biological-Crustaceans 9861
Biological- Molluscs 337
Disease Outbreaks- Finfish 260
Disease Outbreaks- Crustaceans 1578
Disease Outbreaks — Molluscs 18
Baseline Landing Centre 153
Baseline data of Finfish Hatcheries 618
Baseline data of Shrimp Hatcheries 262

C. Disease Risk Modelling and Assessment

(i) Modeling the Effects of Climate Variability on
Transmission of vector-borne diseases

Bluetongue outbreak data from 2001 to 2019
for Karnataka (954), Andhra Pradesh (221), and Tamil
Nadu (414) states were extracted from the database
and latitude/longitude of outbreaks, Normalized
Difference Vegetation Index (NDVI), Land Surface
Temperature (LST), weather parameters were extracted
and used for risk map generation. Further, for
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Karnataka and Tamil Nadu, EL-NINO and LA-NINA
effects on the Bluetongue outbreaks were studied.
Anaplasmosis data from 2015-2019 for Kerala and
Babesiosis, Theileriosis, and Trypanosomiasis data for
Haryana were collected and risk maps were generated
(Fig. 1). The prioritization of livestock diseases in
Karnataka state was carried out by calculating the R
(basic reproduction number) for the livestock diseases
that occurred during the past 11 years (Fig. 2A & B).
The herd immunity level and vaccination coverage
required for the livestock diseases in Karnataka state
were obtained using the R  values.
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(ii) Risk, hotspot, and incidence maps of different
diseases in North Eastern region

Development of ICT based, farmer-centric,
syndromic analytics-enabled knowledge-based system
(KBS) for early detection, forecasting, and disease alert
system by calibrating machine learning algorithms for
pig diseases in NER of India and up-gradation of the
mobile app of (ADMaC) for better utility among the
stakeholders and validation are the main objectives of
the NER project. The KAP tool developed was used
to measure the clinical score for pig diseases in NER
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region. Implementation and deployment of mobile
applications for seamless information exchange
between farmers, veterinarians, paravets, and animal
health care centers and establishing linkages with DBT-
One health program and utilization of this system
for further validation were carried out. Filled forms
(n=21) have been received from the respondents. The
data were extracted and analyzed. Risk, Hotspot, and
incidence maps of different diseases viz., CSE, FMD,
and PPR for North Eastern region have been prepared
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Fig. 2: (A) Hotspot, Risk Map, and Incidence map of Assam’s CSF disease

Fig. 2: (B) Kriging with remote sensing and outbreaks data
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D. Sampling plan The sampling plan for 14 diseases under DBT
One health consortium was prepared and submitted.
Initially, based on meta-analysis, percent prevalence
was derived for the diseases and based on this, sample
size was estimated. The diagnostic test parameters
used were sensitivity of 90% and specificity of 90%.
The two-stage stratified random sampling plan was

generated at 95% confidence using an in-house

population,.anfi geo-coordinates across the c01'1ntr)'f at  Jevel oped epi-calculator under NADRES v2 by ICAR-
the block/district level was developed. The estimation NIVEDI, Bengaluru: https://nivedi.res.in/Nadres v2/

is based on the animal/ fish level prevalence, herd/ Epical/stratified/random _sampling.ph Further
e Lpical/stratiied/random sampling.php. >
pond level prevalence, test sensitivity, herd-level 0 ymber of villages to be selected at the state level

sensitivity and system sensitivity. The sampling frame and the number of animals to be sampled from each
is provided to all the NADEN centres to carry out the 1o ted village were also provided (Table 3)

livestock disease surveillance in the country.

For the robust, scientifically accepted and field
level sampling, the institute has developed a robust
sampling frame for drawing random, representative
and independent samples for epidemiological studies
of livestock diseases. For generating a sampling frame,
the database on the list of villages with livestock

Table 3: Sampling plan for one health disease

. e . No. of No of samples per
Disease Prevalence Species to be covered sa‘mpled No. of Samples -
(%) villages
Brucellosis 12 Cattle, Buffalo, Sheep, Goat, 160 3228 18-21
Pig

Coxiella/Q-fever 10 Cattle, Buffalo 185 4517 21-25
Cysticercosis 18 Pig 152 2205 13-15
CCHF 11 Cattle, Goat, Buffalo 154 3695 20-23
Scrub typus 22 Rodents* 134 1553 11-12
Swine influenza 28 Pig 105 1075 09-10
Tuberculosis 12 Cattle, Buffalo 158 3230 18-21
Japanese encephalitis 14 Pig 134 2389 16-18
Listeriosis 9 Food* 156 4183 23-27
Cryptosporidiosis 27 Cattle, buffaloes (calf) 116 1161 09-10
Salmonella 14 Cattle, Pig, Chicken, Duck 133 2341 16-18
PRRS 29 Pig 115 1045 8-9

LSD 18 Cattle 157 2250 13-15
ASF 19° Pig 135 1888 12-14

*Human population used

The National Animal Disease Control Programme (NADCP), aims to control livestock diseases viz., FMD
and Brucellosis by 2025 and eradicate these diseases by 2030. The epidemiological investigation requires a
scientific sampling plan for the collection of data on health problems including serum samples for surveillance
or monitoring in a specific population. In this scheme, stratified random sampling was employed with the district
as a stratification variable for cattle and buffalo populations in different states using an in-house developed epi-
calculator under NADRES v2 by ICAR-NIVEDI, Bengaluru: https://nivedi.res.in/Nadres v2/Epical/stratified/

random sampling.php.

>
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E. Meta-Analysis

The literature on the prevalence of foot and
mouth disease (FMD) in India was collected from
offline and online databases. Based on the Preferred
Reporting Items for Systematic Reviews and Meta-
analysis (PRISMA) guidelines, the prevalence studies
were systematically reviewed and selected for further
analysis. By using the R software meta-package,
the meta-analysis of FMD prevalence studies was
carried out. The number of FMD prevalence studies
included for systematic review and meta-analysis
was 73. The percent prevalence estimates based on
various subgroup analysis were 43, 44, 59, 53, 30, and
24 in the entire India, North, East, West, South and
Central zones, respectively. Based on the subgroup
analysis, the high-risk zones, states, species, methods,
and serotypes have been identified for FMD in India.
This will help the policymakers and stakeholders in
making an informed decision regarding the control
and prevention of FMD in India.

F. Bioinformatics

Duck hepatitis B virus (DHBV) appears to have a
limited genetic variability due to a lack of cell surface
receptors for the virus in the species. Determining
the virus’s spread, persistence, and evolution requires
linking epidemiology and sequencing data. To
explain the evolutionary dynamics of DHBYV, data
on molecular characterization of the 48 isolates were
collected from 1993 to 2020. A Bayesian Coalescent
Approach of Time-Estimated Evolutionary and
Phytogeography analysis of DHBV was conducted. The
Bayesian Markov Chain Monte Carlo approach was
used to estimate the evolutionary rate of the virus, and

-\
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the SLAC (Single Likelihood Ancestor Counting) and
FEL (fixed effects likelihood) approaches were used to
analyze selection pressures in the DHBV (Fig. 3). The
evolutionary rate was estimated to be 2.45 with 95%
lower and higher HPD as 0.94 and 4.03 respectively.
The tMRCA was found to be in 1974, which shows that
the virus has evolved 46 years ago. DHBV’s effective
population size is stable until 2019 and falls after 2020
showing that this virus is evolving slowly. There were
unexposed positively selected sites detected but it was
observed that it had 22 and 85 negatively selected sites
from both the SLAC and FEL approaches respectively
had led to the evolution of the virus. Bayesian Inference
tree of DHBV obtained from Mr.Bayes, representing
three different clades and showing that the evolution
has occurred.

Fig. 3: Bayesian Inference tree of DHBV obtained
from Mr. Bayes, representing three different clades and
showing that the evolution has occurred

2. ANIMAL DISEASE EPIDEMIOLOGY

Currently, the institute is actively involved in
research on the epidemiology of emerging and re-
emerging transboundary diseases of animals (MCE,
CSE PRRS, TTV, BVD, BT, Al) including surveillance
and molecular analysis of MRSA, MR-CoNS, VRE,
ESBL and Carbapenemase-producing Gram-negative
bacteria.

A. Bacterial Disease Epidemiology
(i) Haemorrhagic septicaemia (HS)
Although several conventional and molecular

typing tools have been routinely used for differentiation
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of HS causing P. multocida strains, limited attempts
were made to whole-genome sequencing of virulent
HS strains. A total of 45 clinical samples from suddenly
dead bovines were analyzed. The draft genomes
of three virulent P. multocida serotype B:2 strains
(NIVEDIPm32, NIVEDIPm34 and NIVEDIPm35)
were analyzed following whole-genome sequencing,
assembly, annotation and compared with existing
global genomes (n=43) of bovine origin in the
database. Three draft genomes of NIVEDIPm strains
consisted of 40-52 contigs with GC content of ~40.4%.
The genome size and predicted genes content were ~2.3

> 4
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Mb and 2811- 2189, respectively. Besides, the presence
of various mobile genetic elements, antimicrobial
resistance genes and biofilm-related genes suggested
their vital roles in virulence; further, adaptation to
the host immune system as well as host-pathogen
interaction. Comparative circular genome (BLAST)
visualization of P. multocida NIVEDIPm 32, 34 and 35
strains and HS vaccine strain P52 indicated different
missing open reading frame region NIVEDIPm
strains in comparison to reference genome, Pm70
strain (Fig. 4). Additionally, reference-based assembly
and mapping of genome based on SNP and Indel
suggested extensive gene evolution, especially for
serogroup-A strains. The pan-genome of the 46 strains
analyzed more unique (accessory) genes than the core

BinveckProdd

gene. Multilocus sequence analysis based on RIRDC
scheme showed the presence of ST122 in all three
strains. wgMLST based phylogenic analysis suggested
that HS causing Indian virulent field strains differed
geographically and showed diversity from existing HS
vaccine strain P52. The phylogenetic tree revealed that
North Indian strains share high similarity with strains
of Pakistan than the South Indian strain. Notably,
a high divergence of SNPs between the HS causing
circulating virulent strains of India and current HS
vaccine strain P52 suggested an imminent need for
a relook into HS vaccination strategy for livestock in
India.

W GC Content

Pasteurella multocida

2257487 bp

Fig. 4 : Panel A: Venn diagrams showing orthologous clusters shared by NIVEDIPm strains 32, 34, 35 and 2 other
P. multocida strains; Panel B: Comparative circular genome visualization of P. multocida NIVEDIPm strains 32, 34,

35, P52 and reference genome strain Pm?70

A total of 171 clinical samples (124 nasal swabs, 40
lung samples & 7 blood samples) were collected from
apparently healthy and diseased small ruminants from
7 districts of Karnataka. A total of 6 samples were
positive by KMT PCR and could successfully isolate
three Pasteurella multocida isolates. The isolates were
characterized for various PCRs 23S r RNA, rpoB,
capsular type, LPS type, Virulence profiling and
Antibiotic resistance PCR. These isolates carried fim 4
gene, tbp A, pthA, Pm HAS but did not carry tox A,
Nan H, Nan B, HgbA. These isolates were negative for

) < 4

Macrolide resistance genes. Multi locus sequencing
type (MLST) PCR for a few representative isolates
was carried out targeting different genes like AroA,
G6PD, ADK, DEOd, gdh, mdh and pgi and found
to be positive. Sequencing analysis of the genes was
done using MEGA X software using the Maximum
Likelihood method. Phylogenetic tree analysis of KMT
gene of representative P. multocida isolates was carried
out and found to be clustering together as Cluster B
(Fig. 5). Apart from these, 10 Mannheimia isolates
were also isolated from the samples.
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AR

—

CQeO0FEZTZZIO0B8C00 6cLO0ZZZM8DFO0C0D
Sddidafpjiazaadedepdiggaiigsagit
Eeildkdzaccagr RELE ddppRagRr Rl

uuuuuuuuuuuuuuuuuuuuuu

EIEYASS SRR
UG NG D BPEOU
EPLEHHO B
FRUZIAMOD PRSI
LA 700 0 R,
FRABEINL 78 N BPRORN

g =
B LD g 26 6P PR

Epu

uuuuuuuu

©

20D
ECHO0EY
00040
ez

PRGSO
BIEEID
ESECL0HD
PELGOGD
ELEOHOED
P LEDD

i | BRI
LeeEnED

?ITIIIIIDPIDIIIIPVIILPPODOIDDD

-

L L S b MO

peLe s

*nenzo)

Fig. 5: Sequence analysis of KMT gene

(ii) Brucellosis

A total of 2921 bovine serum samples [Chandigarh
(n=197), Karnataka (n=1532), Delhi (n=399), Mizoram
(n=395), Sikkim (n=216) and Dadra and Nagar Haveli
(n=182)] were received from 6 states for brucellosis
S19 post-vaccination sero-monitoring. The highest
seroconversion was recorded in Chandigarh (99.49%)
followed by Karnataka (96.67%), Delhi (89.47%),
Mizoram (88.86), Sikkim (88.43%) and Dadra and
Nagar Haveli (80.77 %). Monthly data on brucellosis
vaccination was collected from Information Network
for Animal Productivity & Health- INAPH website
to correlate with sero-monitoring during September-
December, 2021. Overall, vaccinations carried out
were 23,72,171 benefiting 16,51,447 farmers under
NADCP program with West Bengal (7,08,186)
showing the highest vaccination coverage among eight
states (Gujarat, Haryana, Karnataka, Manipur, Odisha,
Punjab, Telangana and West Bengal) and four UT’s
(Chandigarh, Dadar and Nagar Haveli & Daman and
Diu, Delhi, and Ladakh).

The survey schedules and sera were collected from
15 sheep flocks from Kolar district, Karnataka and sera
were subjected to screening of smooth Brucella spp.
and B. ovis antibodies by ELISA. Analysis revealed that
the percent positivity due to smooth Brucella spp. is
2.25 9% and B.ovis is 2.8 % in Kolar district, Karnataka.
Five percent of ewes have been aborted during the
year, and interestingly neither of the aborted ewes
nor rams have shown antibodies either for smooth
Brucella spp. or for B.ovis. On comparison to other
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districts such as Tumkur, Chitradurga, Haveri of
Karnataka under this study, sero prevalence of Brucella
spp. antibodies were least in Kolar district. Using 16S
metagenomic analysis of sheep vaginal and preputial
swabs from aborted flocks in Karnataka, the presence
of DNA of Brucella spp./Ochrobactrum spp., Leptospira
spp., Mycoplasma spp., Anaplasma spp., Chlamydia
spp., Yersinia spp., etc., could be identified. Thus, in
the future, metagenomics may play a vital role in the
molecular diagnosis of pathogens.

B. Viral Disease Epidemiology
(i) Infectious Bovine Rhinotracheitis (IBR)

Serosurveillance and virus isolation of Bovine
alphaherpesvirus-1 (BoHV-1), a causative agent of
Infectious Bovine Rhinotracheitis (IBR) from the
samples collected from different states of India were
undertaken. A total of 394 bovine serum samples
from Andhra Pradesh, Karnataka, Odisha, Punjab
and Uttar Pradesh were tested for the presence of IBR
antibody using the NIVEDIs Avidin-Biotin ELISA
kit, which revealed an overall prevalence of 43.40%
(171/394) with highest positivity of 58% (58/100) in
Punjab, and lowest 27% (27/100) in Andhra Pradesh
and Karnataka. Odisha and Uttar Pradesh had 50 %
(28/56), and 43% (55/127) positivity, respectively. The
cumulative seropositivity of IBR in India from the year
1995 to 2021 is 34.51% (33568/ 97255). A blood sample
of Murrah buffalo from Theerthahalli, Karnataka was
screened for IBR and MCF using specific primers
gB293 and 556&775 and found negative for both IBR

and MCE
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(ii) Lumpy skin disease (LSD)

A survey tool was developed to record the
epidemiological parameters during the outbreak
investigation of LSD. The LSD outbreaks were recorded
in all age groups irrespective of breed and sex. During
outbreaks investigation, the lesions were more in
numbers in the case of indigenous breeds compared to
crossbreeds. Whereas, the size and/or severity of gross
lesions were more in crossbred animals compared to
indigenous breeds. Further, A total of 118 clinical cattle
samples were screened by P32 gene-based in-house
PCR developed for the detection of capri poxviruses
and 87 samples were found positive. The LSD virus
was confirmed by isolation in MDBK cell line and
sequencing of full-length P32 gene and RPO30 genes.
A total of 6 LSDV isolates have been successfully
recovered and confirmed and are under different levels
of passages. The LSD virus was confirmed by isolation
and sequencing and phylogenetic analysis.

(iii) Bluetongue

The suspected bluetongue outbreaks in 45 villages
within eight districts of Karnataka and Andhra
Pradesh were attended and in all, epidemiological data
from 112 sheep flocks and 4 goat flocks were collected
through Epicollect 5. The majority of visited flocks
consisted of 100-150 sheep, however, ownership of
smaller flocks was more consistently seen in Raichur
and Chikkaballapura. Most farmers kept goats for
their daily milk needs, while 30 owned cattle and only
15 owned buffaloes. Among these flocks, nearly 56%
of owners depend on locally available land for grazing,
while the remaining were migratory. Nearly 17% of
owners practiced seasonal inter-district migration,
while 7% practiced interstate migration and the
remaining flocks (19%) depended on short-distance
migration within the district.

It was found that sheep (70%) within the two years
of age were mostly affected indicating that the affected
group probably had no previous exposure. Infection
within the age group of six months which comprised
20% of the affected population is also a point of
concern. The masking of typical bluetongue-clinical
signs due to secondary bacterial and mycoplasmal
infection was a major feature during this year. For
example, most of the lame animals were severely
affected by foot rot. The median flock morbidity rate
was 20%, while the median flock mortality rate was

D

55.7%. Very high mortality rates were recorded in
Ananthapuram, Bagalkot and Chitradurga districts.
Analysis of the data showed clustering of BT outbreaks
both in geographic space and time indicating that
there were at least three independent incursions (July,
September, mid-November-December, 2021) of the
disease in these two states. Regarding the previous
occurrence of the outbreak, 68 flock owners answered
that they had seen the outbreak the previous year also,
while 28 said they had faced a similar situation some
five years ago, another five owners said they had seen
the disease in 2019 and the remaining 11 told they did
not remember when they had a previous outbreak.
Geographical incursion pattern of bluetongue in 2021
(Fig. 6).

July, 2021
September, 2021

Mid Nov-Dec 1% week, 2021

Fig. 6: Geographical incursion pattern of bluetongue
in 2021-22

Flock-wise vaccination details showed that about
51% of the flocks were unvaccinated, while 19%
received the vaccination with the onset of disease. The
remaining other flocks, which received the first dose
of vaccination never had booster doses. Interestingly,
within villages also vaccination patterns and timings
varied among the flocks. All the 241 clinical samples
collected during the year were subjected to virus
isolation in cell culture. Following four rounds of blind
passes in cell culture, 52 isolates were recovered so far
and serotyping is in progress. All the earlier recovered
viruses (n=9) were positive for BTV genome in group-
specific nested PCR and belonged to serotypes 1, 5,
12 and 16. From 56 clinical samples received from
Raichur between 2020 and 2021, 27 virus isolates could
be recovered in cell culture and serotyping results
indicated the presence of serotypes 1, 4,12,16,23 and 24.
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(iv) Sheep and Goat pox

On investigation of the eight-goat pox and 17
sheep pox outbreaks from different parts of Karnataka,
female animals were more affected than males with 1-2
years old animals have mostly affected (42% and 64%)
followed by below one year and least affected were
above 2-year-old animals. Further, out of 68 clinical
suspected goat pox samples, 64 samples were found
positive, whereas, in the case of sheep pox, out of 105
samples, 95 samples were found positive for Capri
poxviruses through specific amplification of partial
P32 gene. Gross and microscopic examination of the
pox lesions were examined and hyperplasia of type II
pneumocytes and bronchiolar epithelium and presence
of intracytoplasmic inclusions were characteristic
in lungs. The P32 gene-based PCR showed positivity
in the lungs, liver, kidney, intestine, and heart along
with scab and biopsy samples indicating the systemic
spread of the virus. Sequencing and phylogenetic
analysis confirmed the presence of sheep pox and
goat poxviruses. The strains were host specific and
were closely related to other sheep and goat pox virus
isolates from earlier reported outbreaks in India.

(v) Classical Swine Fever (CSF)

A total of 3085 pig serum samples received
from 26 different states were screened for CSF virus
antibodies using CSFV Ab Check kit, of which 1071
samples were found positive (34.71%). Further, a
total of 71 pig (tissue & blood) samples received from
Odisha (n=6), Maharashtra (n=5), Arunachal Pradesh
(n=41) Karnataka (n=19) states were screened for
CSFV infection by RT- PCR using 5° UTR out of which
2 samples one each from Maharashtra and Karnataka
were found positive. The positive pig tonsil sample
from Hassan, Karnataka was successfully recovered in
PK15 cells (CSFV isolate No:11118/21).

(vi) Porcine Respiratory Disease Complex

A total of 28 tonsil samples were collected from
three villages of Bengaluru rural district and processed
for detection of selected persistent viruses viz., CSFV,
PRRSV, PCV2. The samples were also processed
for tonsillar mononuclear cells (TMC). TMCs were
stained for detection of CD4-FITC, CD8-APC and
CD25-PE immuno-markers. The PCR-based screening
revealed all the samples as negative for PRRSV, CSFV
and PCV2 viruses. The genetic characterization of
positive samples of PCV2 obtained during 2020 by
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gene sequencing and phylogenetic analysis revealed
PCV2d genotype.

(vii) Japanese encephalitis

The host tissue-specific cell-mediated immune
response in JE seropositive pigs was evaluated. The
tonsil of the soft palate was collected from cases along
with blood samples from each suspected animal (n=3)
which were transported to the laboratory in cold
conditions. In the laboratory, the pig tonsil tissues were
dissected to remove the tissue aggregates from the
tonsil tissue. The tonsil tissue was processed following
standard protocol for isolating tonsillar mononuclear
cells (TMCs) by density gradient centrifugation using
histopaque-1077. The cell counting determined the
cell number which ranged from 5-15 million cells.
Further, a known number of cells were used for
Immunophenotyping. The immunophenotyping of
TMC for CD4 and CD8 counts were carried out.
The specific cell populations were differentiated and
gated in comparison with unstained control cells.
Appropriate gating was done to exclude debris and
other artifacts. The number of events was recorded
for each of the markers. The CD4+ count was higher
(20%) in the JEV positive samples as compared to that
of the JEV negative control (2.1%). The CD8+ count
was also higher (3.33%) in JEV positive samples as
compared to that of the JEV negative control (0.92%).
The results demonstrated that CD4 and CD8 counts
varied between JEV positive and negative samples
(Fig. 7).
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Fig. 7: Immunophenotyping of stained TMCs (A)
against an unstained negative control (B)

C. Parasitic Disease Epidemiology
(i) Trypanosomosis

A total of 1382 bovine serum samples (Andhra
Pradesh-255, Haryana-565, from Punjab-171,
Assam-207 and Chhattisgarh-182) were screened
by recombinant VSG antigen-based indirect ELISA,
of which 587 (42.47 %) were found positive for
the presence of antibodies against Trypanosoma
evansi. Further, samples from Assam showed a high
seroprevalence of 51.19 % followed by Punjab (49.12
%), Andhra Pradesh (45.09 %), Haryana (39.29%),
and Chhattisgarh (32.41 %). Among buffaloes,
Haryana showed 40.22 % seropositivity followed
by Chhattisgarh (32.41 %), Punjab (30.61%) and
Andhra Pradesh (27.38 %). Among cattle, Andhra
Pradesh showed the highest seroprevalence (73.46
%) followed by Punjab (73.29 %), Assam (52.21 %)
and Haryana (33.33 %). The analysis of minicircle of
kinetoplast of T.evansi (Leopard isolate) sequence of
T. evansi revealed 81.4 to 89.9 % similarity with other
T.evansi isolates whereas the sequence of Trypanosome
Alternate Oxidase (TAO) gene of T. evansi leopard
isolate showed 99.7 to 99.9 % sequence similarity with
other isolates of T. evansi.

(ii) Fasciolosis

Understanding the transmission foci of fasciolosis
by snail surveillance is a crucial step in the effective

p 10z

management of the disease. A total of 285 Radix sp.
[Lymnaea snails (Radix sp.) acts as an intermediate
host for the Fasciola gigantica] were collected from
four districts of Karnataka (Bengaluru rural, Tumkur,
Kolar and Mandya) beside a total of 60 Radix sp. snails
received from Kerala, Bihar and Madhya Pradesh. The
snails were morphologically characterized and further,
the genetic characterization based on Cytochrome
Oxidase 1 gene and phylogenetic analysis revealed that
the snails from Bareilly, Karnataka (Devarahosahalli
and Madhur) and Bhopal is forming a separate clade
with Radix rufescens and is not grouping with R.
auricularia. Even though it is well established that
E gignatica infection in India is transmitted by R.
auricularia, the present study revealed the involvement
of Radix rufescens as the intermediate host for E
gigantica.

Further, out of 858 bovine sera (Odisha (n=144),
West Bengal (n-117), Karnataka (n=300), Madhya
Pradesh (n=148) and Chhattisgarh (n-149)) screened
by ELISA using cathepsin B recombinant antigen, 362
samples (42.19%) showed the presence of antibody
against Fasciola gigantica. The seroprevalence observed
among cattle and buffalo was 38.91% and 51.08%,
respectively. Among the states, the seroprevalence
was highest in Madhya Pradesh (81.75%) followed by
Chbhattisgarh (65.77%), Odisha (47.22%), West Bengal
(31.62%) and Karnataka (12.66%). Furthermore,
during the reported period tick survey and sample
collection were undertaken in 158 villages in 32
districts of Tamil Nadu by using a stratified sampling
technique.

D. Disease Investigation and Diagnostic Services

Institute disease investigation team comprising
scientific experts in various disciplines visited/
attended different outbreaks including natural
calamities on request from various stakeholders as
and when required. After investigation of the disease
outbreaks, diagnosis and epidemiology appropriate
suggestions had been advised for the prevention
and control of the disease. Outbreaks and disease
investigation/diagnostic services were provided as per
the need of the state animal husbandry departments.
Diagnostic services for PPR, BT, CSE LSD, Brucellosis,
Leptospirosis, and JE in animals/Livestock and humans
to various organisations, and animal husbandry
departments of state disease diagnosis laboratories in
different states of India as per their request as and when
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samples were submitted to ICAR-NIVEDI. A total
of 13 ELISA Kkits (four IBR AB ELISA Kkits and eight
Brucella Protein G ELISA kit and one Brucella Sheep
and Goats ELISA kit) were supplied on a payment
basis to different diagnostic laboratories in India.

it

As a part of surveillance of Zoonotic diseases under
NCDC, Gol project, diagnosis service was provided
for Leptospirosis, Brucellosis, Japanese encephalitis,
and Cysticercosis across the country (Table. 4).

Table 4. The details of the samples submitted and screened for the zoonotic diseases and provided the diagnosis

c Number Number State/Location/
Name of zoonotic Type of test .
. Species of samples | of samples | Area from where
disease performed .- 5
screened positive samples received
Human 325 90
o Bovine 398 R jarar, Uttar
Leptospirosis MAT/IgM ELISA Pradesh, Odisha,
Dog e £l Telangana
Goat/ Sheep 417 180
Brucellosis RBPT/ELISA Goat/ Sheep 136 21 Karnataka
Cysticercosis ELISA Pig 95 5 Karnataka
Japanese encephalitis | RT-PCR Pig 5 0 Karnataka
Total 1608 463

E. Disease Diagnostics

NIVEDI is working on the development of novel
and effective diagnostic tools especially to monitor
the epidemiology of disease for use in the field and
regional laboratories to support clinical suspicion of
disease as well as for population survey, in addition,
to the investigation of disease outbreaks, generation
of scientific confirmation reports, monitoring and
surveillance of the livestock diseases in the country

(i) Brucellosis

cELISA for livestock

Five monoclonal antibodies against B. abortus S99
were produced and characterized in ADMaC phase-I
project, of which, one Brucella-specific monoclonal
antibody- 2B3 with DIVA capability was selected
for standardization of cELISA. In the checkerboard
titration, smooth LPS Brucella antigen, serum,
MADb and anti-mouse HRP conjugate were used at a
dilution of 1:320, 1:20, 1:200 and 1:8000, respectively.
The analytical sensitivity was determined up to 1:80
dilution of serum and analytical specificity was 100%
when tested with 22 cross-reactive Gram-negative
bacterial hyperimmune serum. The cut-off of 30 PI
was set for the detection of brucellosis. The sera from
555 calves (Punjab (n=197), Dadar Nagar & Haveli
(n=182) and Andhra Pradesh (n=176)) vaccinated
with Brucella S19 vaccine were tested for vaccinal
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antibodies and results showed the DIVA potential
of cELISA indicating 96.39% of total samples as
vaccinated, 2.88% of samples declared as positive and
0.72% as suspected for brucellosis.

Lateral flow assay (LFA)

In DBT-ADMacC-II project, LFA for the detection
of anti-Brucella antibodies in multiple livestock species
was standardized. The satisfactory results were obtained
with the neat serum of 10 pl, 100 ng of antigen, 40 um
protein A/G gold colloidal conjugate, 0.6 mm sample
pad, nitrocellulose membrane pore size of 10 pm and
conjugate release matrix pad PT-R5. The Analytical
Sensitivity (ASe) of the standardized LFA considering
iELISA as the gold standard with serum dilutions
(1:10 to 1:5120) revealed positivity till 1:640 serum
dilution and with reference to analytical specificity
(ASp), the hyper immune sera from 22 Gram-negative
bacteria tested showed no reactivity except for Yersinia
enterocolitica. The kits were evaluated for ASn using
150 sera from multiple livestock species viz., small
ruminants-sheep and goats (60), cattle (70) pig (10),
vaccinated (5), non-vaccinated (5). Considering RBPT
and protein G iELISA as gold standard tests, the ASe at
95% confidence level was 94% and 100% and ASp was
100% and 97.9%, respectively. The kits were validated
at ICAR-NIVEDI and AAU, Assam with 20 coded sera
samples that showed kappa agreement of 1.0 indicating
an excellent test score for the newly developed test.
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Indirect ELISA for humans

Human serum samples are regularly received
at NIVEDI for screening of brucellosis and tested by
conventional serological tests such as RBPT and STAT.
To improvise the sensitivity and specificity of diagnostic
tests, [gM and IgG-based i-ELISA for detecting Brucella
antibodies in human sera was standardized using
checkerboard titration, with optimal dilutions of 1:320,
1:80 and 1:4000 sLPS antigen, serum and conjugates,
respectively. The analytical sensitivity (ASe) was up to
1:320 serum dilutions with two positive samples and
analytical specificity (Asp) revealed no reactivity with
hyperimmune sera against 22 cross-reactive Gram-
negative bacteria. In the ROC curve, a cut-off value of
> 42 PP with the Se of 98% and Sp of 100% for IgM
ELISA and a similar cut-oft value of 242 PP with Se of
98% and Sp of 99.9% for IgG ELISA were arrived (Fig.
8).
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Using the standardized protocol, 754 human
sera samples from Karnataka [veterinary doctors (n =
161), artificial inseminators (n = 187)] and 406 animal
handlers from Kolkata were screened using RBPT,
SAT, IgM and IgG ELISA. Of these 754 samples, 16.1%,
15.3%, 12.2%, and 9.2% were positive by IgG ELISA,
RBPT, IgM ELISA and SAT, respectively and 73 (9.7%)
were reported as positive for brucellosis. Considering
RBPT as gold standard test, the diagnostic sensitivity
(DSe) and diagnostic specificity (DSp) of IgM ELISA
were 91.1% and 99.2% and the DSe and DSp of IgG
ELISA were 92.86% and 99.2%, respectively. Similarly,
considering SAT as a gold standard test, the DSe and
DSp of IgM ELISA were 92.8% and 97.4% and the
DSe and DSp of IgG ELISA were 90.7% and 97.4%
respectively. Overall, anti-human IgM and IgG-based
iELISA are sensitive and highly specific assays for the
differentiation of acute and chronic brucellosis.

ROC Curve

B, Analytical specificiry

Rapid IgM ELISA

Semsitivity: 98%
Specificty. 99.9%
o | Cutsoff 42
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P=0.001
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Fig.8: Determination of analytical parameters of IgM and IgG i-ELISA. A. Analytical sensitivity was estimated
using two representative positive samples (S1: IgM positive sample, S2: IgG positive sample) at different dilutions.
B. Analytical specificity estimated with hyper immune sera against various cross-reactive Gram-negative bacteria.
C. Determination of cut-oftf using ROC curve analysis of IgM and IgG ELISA drawn using 50 each brucellosis
positive and negative human sera.
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(ii) Leptospirosis

The cloning and expression of the recombinant
proteins (Lsa 44, LipL21 and 41, GroEL, ErPY-like)
and fusion proteins (LSA plus OMPL, LSA plus Loa;
LipL plus OmpL) of pathogenic Leptospira in the E.
coli system were carried out and the proteins were
characterized & confirmed by SDS-PAGE and western
blot analysis. The expressed protein(s) was purified,
characterized, and stored in the freeze-dried form
for further use. The preparation of the Latex beads
coated with this recombinant protein (s) and fusion
proteins was carried out for assessing the antigenic
diagnostic potential in the form of reactivity in the
Latex Agglutination Test (LAT) with a standard panel
of positive and negative sera. Further, for the prepared
beads with LSA 44 as a diagnostic antigen, a total of
300 cattle serum samples from Telangana state were
screened by LAT for evaluation.
(iii) PPR

The revival of the Bl-21 clone expressing
recombinant PPRV-NPN-protein was carried out
and six batches of expression were carried out.
The expressed PPRV -NPN protein was purified,
characterized, and stored in the freeze-dried form
for further use. The hyperimmune serum was raised
against the expressed purified recombinant protein
in Guinea Pigs and sera were stored at -20 °C as the
freeze-dried form for further use. PPR surveillance
ELISA kits were developed by exploiting the polyclonal
antibodies produced against expressed recombinant
nucleoprotein of PPRV. All the test reagents of both the
ELISA (ABrC ELISA kit and ABrAC-ELISA Kit) were
prepared in the kit format and, assessed its stability
for transportation at 4 °C and storage at 4 °C as well
as -20 °C. Large scale screening of the serum samples
(n=1437) from sheep and goats from different states
(Madhya Pradesh, Odisha and Bihar) was carried out
and determined the relative diagnostic efficacy (DSn=
88 %; DSP = 90%) of the PPR ABrC ELISA kit with
IVRI PPR competitive ELISA kit for seromonitoring
and surveillance of PPR in sheep and goats. Further,
the Intra-Institute validation of both the kits PPR Ab
Chek Kit / PPR Ag Chek Kit was completed through
ITMU and the same for the inter Institute validation is
in progress through ITMU of ICAR-NIVEDL

(iv) Capripox virus infection

Further, in-house developed recombinant iELISA
validation revealed 98% sensitivity and 96% specificity
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with sheep pox and 97% sensitivity and 98% specificity
with goat pox.

(v) Porcine Respiratory Disease Complex

The multiplex serodiagnostic methods which are
less time demanding, cost-effective and consume a
very small quantity of clinical samples are the need
of the hour, especially for multi-etiological disease
conditions like Porcine Respiratory Disease Complex
caused by the combination of viral agents majorly
Porcine Circo Virus-2 (PCV2), classical swine fever
virus (CSFV) and Porcine parvo virus (PPV). The
current project with objectives of generating conserved
immunogenic recombinant proteins of CSE, PPV2,
and PCV2 and standardization of flowcytometry based
multiplex microbead array for detection of antibodies
against CSE PPV2, and PCV2 was initiated. The
major achievements include the standardization of
functional bead conjugation with PPV recombinant
protein. The optimum concentration to coat the beads
was estimated to be 0.5ug of protein for every 10,000
beads.

F. National Animal Biological Repository
(i) Microbial isolates

It constitutes one of the components of natural
biodiversity in addition to being the repository for
candidate vaccine strain selection, epidemiological
studies, and the development and validation of
diagnostics. Therefore, safeguarding such treasure is
everyone’s responsibility. In this direction, the institute
was bestowed with the responsibility of collection,
recovery, maintenance and onward transmission of
microbial pathogens to NCVTC. Accordingly, during
the year under report, 37 isolates of bluetongue virus
kept in the BT-repository of ICAR-NIVEDI were
revived and freshly passaged in BHK-21 cells. Later,
these infected supernatants were used for viral RNA
extraction, cDNA preparation, and virus and serotype
confirmation by PCR. The type confirmed isolates
were lyophilized in 10 aliquots for further transmission
to NCVTC. A detailed history of the isolates along
with duly filled submission forms was handed over to
NCVTC.

(ii) National Livestock Serum Repository

Institute has a huge repository of serum collected
from randomly identified villages across India
through its AICRP_ ADMAS collaborating units.
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These samples, collected from apparently healthy
animals, are screened for various livestock diseases
and the left-over serum, after the initial screening, is
stored in a livestock serum repository. Currently, the
serum repository has more than one lakh sera, which
are cataloged. To have easy retrieval of screening
results, and metadata relating to the serum and the
stored serum, MS Access-based software has been
developed. The said repository acts as a storehouse for
a retrospective screening of livestock diseases and also
for diagnostic assay development and validation.

ICAR-NIVEDI has been mandated with
animal disease monitoring and surveillance and
the livestock serum samples collected through
AICRP_ADMAS units (n=31) are screened for
infectious diseases such as brucellosis (in sheep,
goat, cattle, buffalo and pigs, humans), infectious
bovine rhinotracheitis (cattle), classical swine fever
(pigs), peste des petits ruminants (goats/cattle), and
bluetongue (sheep/goat), porcine reproductive and
respiratory syndrome (pigs) etc. The data generated
about the status of livestock diseases in the country has

enabled policymakers to initiate nationwide control
programme on livestock diseases such as brucellosis,
FMD, PPR and CSE The details of the serum samples
collected during 2017-18 & 2018-19 were updated
along with the status of the serum against relevant
diseases, OD/percent positivity/percent inhibition
values in the serum bank database. Optical density
(OD) values for bluetongue (n=25072 records), CCHF
(n=24,743 records), percent inhibition values for PPR
(n=24,499 records) were added to the records of sheep
& goat serum samples which were collected during
2017-18. Similarly, OD values of PRRS were added
to 5987 pig serum records. In addition, geographic
coordinate (lat long) values for 1527 villages, from
which the above serum samples were collected, were
extracted from internet sources and added to the
25567 small ruminant & 6197 pig serum records. After
adding the OD/percent positivity/percent inhibition
values, the serum samples were short-listed to make
disease and species-wise strong positive and strong
negative serum panels. These serum samples (Table 5)
were aliquoted in 250 pl quantity and lyophilized and
stored for any future use.

Table 5: Serum panel available at serum repository of ICAR-NIVEDI

Name of the disease No. of positive sera No. of negative sera
Sheep Goats Pigs Sheep Goats Pigs

Bluetongue 141(8) 60 (7) - 214 (17) 207 (23) -
Crimean-Congo Haemorrhagic 44(8) 14 (4) ) 9 (4) 32 (9) )
Fever
Peste des petits ruminants (PPR) 17 (1) 27 (3) - 22 (1) 41 (3) -
Porcine reproductive and respira-
tory syndrome (PRRS) i i 70 (4) i i 95 (19)
Total 202 101 70 245 280 95

* The No. in bracket indicates the number of states from which the sera were obtained

3. ONE HEALTH

A. Zoonoses
(i) Brucellosis

A total of 1479 serum samples from large ruminants
(n=982) and small ruminants (n=497) from 7
organized farms received from six states were tested
for brucellosis by RBPT as a preliminary test followed
by iELISA. In the large ruminants, seroprevalence
recorded was 61% (61/100), 54.55% (6/11), 18.75%

D

(3/16), 8.89% (4/45), 7.33% (32/437) and 2.42%
(9/373) in Uttar Pradesh, Maharashtra, Telangana,
Chhattisgarh, West Bengal and Karnataka, states,
respectively. Similarly, brucellosis seroprevalence in a
small ruminant flock from Karnataka showed 11.67%
(58/497). The results were provided to the stakeholders
along with advisory for the control of the disease in
livestock to reduce economic loss and public health
hazards.
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(ii) Leptospirosis

A total of 490 purposive random serum samples
from cattle (n=386) and Goats (n=104) from
Andaman and Nicobar Islands, India were tested from
January to March 2021, using MAT with a panel of 20
references Leptospira serovars. The overall leptospirosis
seroprevalence of 17.6 % (86/490) with 17.6 % in cattle
and 17.3 % in goats was observed. The frequency
distribution of predominant anti-leptospiral antibodies
representative serogroups was Icterohaemorrhagiae
(45.3%), Hardjo (15.1%), Grippotyphosa (10.5%),
Pomona (9.3%), Tarassovi (9.3%), etc. The present
study provides evidence of the emerging prevalence
of Tarassovi, Djasmin, Shermani, and intermediate
serovar ~ Hurstbridge serogroup anti-leptospiral
antibodies in livestock in the South Andaman.

ICAR-NIVEDI has also been identified as a key
institution in the Southern region working in the field
of zoonotic diseases by NCDC, Gol and involved in
Capacity Building, Surveillance & Diagnosis of
zoonotic diseases and serving as regional coordinator
for the Karnataka, Kerala, and Lakshadweep. Institute
is maintaining 29 reference Leptospira serovars cultures
in semisolid and liquid EMJH medium for the
seroepidemiological study of Leptospirosis. A total of
1372 serum samples (Bovine 398; Human 325; Dog
232; Goat/Sheep 417) from Gujarat, Uttar Pradesh,
Karnataka, Odisha, Telangana were tested by MAT at
>1:100 dilution using the panel of 20 to 28 pathogenic
reference serovars for seroprevalence
of Leptospira serogroup specific antibodies, of which
437 (Human-90; Bovine -117; Dog-50; Sheep/goat -
180) serum samples were showed positive reactivity
against different Leptospira serovars with a percentage
positivity of 32%.

(iii) Japanese encephalitis

A conventional RT-PCR targeting the envelope
gene and NS3 gene of JEV was standardized, beside
a conventional RT-PCR for detecting Panflavivirus
targeting the NS5 gene of flavivirus was standardized.
RNA extracted from JEV vaccine strain SA 14-14-2 was
used as a positive control template for standardization
of the aforementioned RT-PCR assays. Further, C6/36
and Porcine Stable Kidney cell lines have been procured
from NCCS, Pune and are being propagated in the
laboratory for virus isolation. A sampling plan has
been derived using two-stage cluster sampling (n=448)
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for sero-surveillance of JE in pigs in the southern part
of Karnataka. To collect the data regarding the pigs,
demography and farm details, a questionnaire has
also been developed. Further, to identify the human
JE prevalence in Karnataka state, the human JE cases
data from 2010 to 2020 was obtained from National
Vector Borne Disease Control Program (NVBDCP)
unit, Department of Health and Family Welfare,
Government of Karnataka and analysed for spatial and
temporal distribution of human JE cases.

(iv) Toxoplasmosis and Coxiellosis

Epidemiological analysis on the prevalence of
Toxoplasma gondii, along with coexisting antibodies
against abortifacient zoonotic pathogens viz. Coxiella
burnetii and Leptospira spp. in dairy cattle with
reproductive disorders was carried out using cattle
sera (n=246) collected from the dairy farms (n=35)
situated in different locations in India. The overall
seropositivity of 11.38 % (28/ 246) in dairy cattle with
the presence of antibodies in reproductive disorders
with seropositivity in 15 dairy farms was observed, as
invariability of at least one suspected animal in each
farm was found to be positive. Moreover, on analysis
of screened sera for Coxiella burnetii antibodies by
PrioCHECK™ Ruminant Q Fever AB Plate ELISA
Kit, and for Leptospira antibodies by microscopic
agglutination test, 49.78 % and 77.64% samples were
found positive, respectively.

(v) Animal Coronaviruses

A cross-sectional study design for surveillance of
Porcine coronaviruses (Transmissible Gastroenteritis
Virus (TGEV), Porcine Respiratory Coronavirus
(PRCV), and Porcine Epidemic Diarrhoea Virus) in
Karnataka and Assam were developed. The sample size
was estimated for Karnataka with a sample number of
486 by covering 54 villages with the assumed factors
of Cluster sensitivity: 0.9, Design level prevalence: 0.3,
Cluster Level prevalence: 0.03. Based on the sampling
design, the sampling is initiated in Karnataka, and a
total of 96 samples were collected (58 nasal samples
and 38 fecal samples). All the samples were subjected
to screening of TGEV and PRCYV, and the results were
negative. To date, 350 pig serum samples were also
collected and stored. Out of which 178 serum samples
were screened for antibodies using commercial
ELISA (SVANOVIR TGEV/PRCV-Ab ELISA Kit); 28
samples were positive for TGEV and one was positive
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for PRCV. The Questionnaire titled “Identification
of Host and Environmental Risk Factors of Porcine
Coronaviruses” was prepared using Epi Info Software
to identify the risk factors.

(vi) Ecological drivers
Zoonoses

for the emergence of

The Crimean Congo Haemorrhagic Fever, Anthrax
and Avian influenza are the prioritized diseases to
identify and quantify the ecological drivers for the
emergence of important zoonotic diseases in India. For
CCHE the data on the spatial distribution of different
species of Hyalomma ticks in India were collected from
published literature and maps were prepared. It was
found that H. marginatum species is most abundant in
India and a large proportion of them was concentrated
in the northern states of Punjab, Himachal Pradesh
and Haryana. There is a presence of different tick

species in the state of Gujarat where the first case of
CCHF in India was reported in 2011. Further, risk
factors for the occurrence of CCHF were enlisted and
work is in progress to quantify the risk factors. For
Anthrax, past outbreaks in the Chikkballapura district
of Karnataka were visualized with a contour map with
river streams (Fig. 9). The contour map shows the
distribution of anthrax outbreaks from high altitude
to low lying areas with few outbreaks at high elevation
compared to more outbreaks at low elevation. Further
studies are required to collect the samples during the
outbreaks to identify the source of infection. Initiated
the work on Avian influenza with the collation of past
outbreaks and other risk factors. The geo-locations of
bird sanctuaries in India were obtained and a map was
prepared.
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Fig. 9: Contour map showing the occurrence of anthrax outbreaks and elevation values (meters). The red dots are
the location of anthrax outbreaks in Chikkballapura and lines (red and green) are the river streams flowing in that

area.
B. Antimicrobial Resistance

One eighty samples (cow milk 81; buffalo milk 15;
sheep/goat rectal swabs 29; pig rectal swabs 19; poultry
cloacal swabs 36) and 72 animal handlers’ swabs (36
each of hand and nasal swabs) were collected from 12
villages belonging to four taluks of Chikkaballapura
district. Duplex PCR identified 164 Staphylococcus
isolates [89 from cow/buffalo milk (54.26%) and 75
from animal handlers (45.73%)] and 18 mecA positive
(10.97%) isolates. Multiplex PCR identified 15 mecA
positive isolates viz., eleven S. epidermidis (4- cow milk,

D

4- hand swab, 3- nasal swab), three S. haemolyticus
(2-cow milk, 1- hand swab) and one S. chromogenes
(hand swab). Three mecA positive isolates were
identified by partial 16S rRNA sequencing as one each
of S. gallinarum, S. pasteuri and S. saprophyticus from
hand swab, cow and buffalo milk, respectively. The
mecA positive S. epidermidis detected from cow milk
and animal handlers of Haleperesandra and Dibburu
villages are alarming (Table 6). Methicillin resistance
among animal handlers was 10.33% (10/75) which was
higher compared to animals i.e., 8.98% (8/89). Kirby
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Bauer disc diffusion assay among animals and animal
handlers showed maximum resistance to penicillin
at 50% and 76% respectively. All staph isolates were
sensitive to vancomycin by broth microdilution
method. E. coli multiplex PCR identified 144 (57.14%)
isolates as E. coli, of which, 113 were from animals
(62.77%) and 31 from animal handlers (43%). Kirby
Bauer disc diffusion assay among animals and animal
handlers showed maximum resistance to cefotaxime

(46%) and amoxyclavulinic acid (61.29%) respectively.
All E. coli isolates were sensitive to colistin by the broth
microdilution method. The confirmatory disc diffusion
test identified 31 E. coli isolates as ESBL producers
(21.52%), 6 as AmpC producers (4.16%) and 6 other
isolates as both ESBL and AmpC (4.16%) producers.
The highest prevalence was found in the poultry sector
(34.8%; 15/43) showing the poultry sector as the major
cause of concern.

Table 6: Details of mecA positive isolates

Taluk Villages Isolate ID Source mecA positive Staph
Ablud HS1 Animal handler hand swab S. gallinarum
udu
Sidlaghatta HS3 Animal handler hand swab S. epidermidis
Devaramalluru IN 169 Cow milk S. epidermidis
IN 16 C1 Cow milk S. haemolyticus
Bandarlahalli
IN 20 C2 Cow milk S. pasteuri
Gauribidanur
HS 13 Animal handler hand swab S. haemolyticus
Kudumalakunte
NS 13 Animal handler nasal swab S. epidermidis
Chintamani Alapalli IN 37 C2 Buffalo milk S. saprophyticus
<‘I‘N’52’7 Cow milk S. epidermidis
Dibb 10 C2 Animal handler hand swab S. epidermidis
ibburu
HS 12 Animal handler hand swab S. chromogenes
NS 12 Animal handler nasal swab S. epidermidis
Peresandra IN 77 Cow milk S. epidermidis
Chikkaballapur
IN 155 C1 Cow milk S. haemolyticus
< 157 Cow milk S. epidermidis
Haleperesandra ~HS31 C2 | Animal handler hand swab S. epidermidi
HS 32 Animal handler hand swab S. epidermidis
NS 32 C2 Animal handler nasal swab S. epidermidis
In conclusion, epidermidis harboring mecA  S. aureus isolates from various institutes (ICAR-

gene both in cattle and the animal handler of the
same household in the village of Haleperesandra
of Chikkaballapur taluk probably suggesting that
horizontal mode of transmission from animals to
humans or vice versa. S. epidermidis harbours mecA
gene both in cattle and the animal handler of different
households but belonging to the same village of
Dibburu of Chikkaballapur taluk. Thus, appropriate
animal husbandry practices must strictly be
implemented in the dairy herds to prevent the spread
of resistance and reduce the disease burden associated
with these resistant pathogens.

The bacterial isolates processed during 2020-21
revealed resistance trends with a putative hotspot at the
Garchuk site, Guwahati. Genomic study of 55 archived
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NIVEDI, Bengaluru; ICAR-CIFT, Cochin, ICAR-
IVRI, Bareilly, ICAR-RCNEH, Barapani, GMCH,
Guwahati and II'T-Delhi) isolated from various clinical
samples {cattle (milk, nasal, extra mammary site and
wound samples) and nasal samples from goat, pig,
sheep and poultry}, were screened for the detection of
methicillin resistance and other factors responsible for
the development of AMR. Whole-genome size of 55 S.
aureus isolates ranged from 2.61 mb (NIVEDI) to 3.02
mb (NIVEDI). Out of 55 isolates, 25 isolates harbored
PBP2a gene (294bp). The MLST analysis resulted in 17
sequence types with the dominant ST being ST772 of
Bengal Bay clone (GMCH =6, CIFT=7) followed by
ST672 (GMCH =4 & IVRI =4) and livestock specific
six ST1687 from NIVEDI. Similarly, 23 spa types with
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the most prevalent spa types being t345 (GMCH=38)
and t17242 (NIVEDI=6). Samples belonging to ST772
and ST672 need to be studied in detail as they were
found to be more prevalent in India across the sectors
(Table 7 and Fig. 10). Preliminary genome-wide
analysis suggests water/ environment as a reservoir
of highly virulent STs which may transfer to humans
through aquaculture and from the environment.

The data generated from across the sectors (animal,
human and environment) for S. aureus from India is
the first of its kind addressing AMR in the One Health
context. The social science survey conducted in 2021
at three study sites at Guwahati indicated that 75% of
veterinarians administer/treat with antibiotics such as
Ceftriaxone, Enrofloxacin, Penicillin, Amoxicillin and
Streptomycin.

Table 7: MLST based analysis of S. aureus

Foods of
Properties | Animals animal Aquaculture Environment | Humans Common STs
origin
MLST ST3881, ST22, |ST772 ST772 ST1, ST6, | ST772 (among aquacul-
ST22 ST789, ST12, ture, environment and
ST72, ST772, | humans & ST672 (among
ST672, ST672, | food of animal origin and
ST2219, ST1482, | humans
ST2459, ST1004
ST1687

Tree scale: 1
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Fig. 10: SNP-based parallelogram of 55 S. aureus genomes. S. aureus ST772 and ST672 were found associated with
samples from hospitals (humans), fisheries and foods of animal origin

4. ANIMAL DISEASE SOCIO-ECONOMICS

The estimation of economic losses due to livestock
diseases help in the prioritization of control options
and helps in allocating scarce resources efficiently.

A. Assessment and Economic Impact

(i) Economic loss due to sheep and goat pox

D

The study envisaged to assess the economic loss
due to sheep and goat pox in Rajasthan state. Ajmer,
Bikaner and Jodhpur districts were surveyed in 2021
by a multi-stage random sampling procedure. A total
of 362 flocks were surveyed. The collected data was
analyzed using deterministic models. The pooled
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results showed that the disease incidence, CFR,
recovery and distress sale in Rajasthan state in sheep
was 1.0%, 32.6%, 37.5% and 29.9%, respectively. The
estimated mortality loss was Rs. 6278 and Rs. 12250
per animal in <l-year and >1l-year old animals,
respectively. Some of the constraints faced by the
farmers in adopting sheep and goat pox vaccination
were the non-availability of vaccination at local places;
vaccination place is too far and unaware of the need
for vaccination against sheep and goat pox.

(ii) Disease Burden Quantification in Small
Ruminants

A cross-sectional survey was undertaken in three
districts viz., Kalahandi, Mayurbhanj and Balangir
of Odisha to quantify the disease burden in small
ruminants. Using the deterministic model disease loss
per farm was calculated. The survey results revealed
that the major diseases observed in sheep and goats in
the survey districts were Enterotoxaemia (ET), Sheep
and goat pox, PPR and FMD. The estimated loss ranged
between Rs. 2600 to Rs.28000/per farm and Rs 1200 to
32000/farm for PPR and ET, respectively. To minimize
the farm level disease losses ‘mass vaccination drive’
against the important diseases in sheep and goats needs
to be undertaken. Further, the deworming impact on
weight gain was assessed using the quasi-experimental
techniques in real field situations. The results revealed
that the weight of the dewormed animals had increased
by 9.2% to 14.7% compared to the control animals.

(iii) Impact of PPR in sheep and goats

The ILRI project intends to quantify the economic
impact of three major diseases in livestock in India
viz., PPR, HS and Brucellosis using a value chain
approach. The survey was undertaken in Andhra
Pradesh (Ananthapur and Prakasham districts) and
Karnataka (Bellary and Mandya districts) to assess the
impact of PPR. The disease incidence, CFR, recovery
and distress sale was 3.2%, 83.6%, 15.2% and 1.2%,
respectively in Andhra Pradesh and it was 3.5%, 65.2%,
30.4% and 4.4%, respectively in Karnataka. Besides
per farm and animal loss assessment, the PPR spread
module in sheep and goats using Stella Architect was
developed for Karnataka and Andhra Pradesh and the
validation is in progress. Further, the herd and market
dynamic modules were also developed to assess the
comprehensive impact of PPR among various value
chain actors.
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(iv) Impact of Bluetongue in Sheep

An attempt was made to assess the economic
losses arising due to BTV at the farm/flock level and
to study the factors influencing the losses. Conducted
a primary survey and data were collected from
Chitradurga, Bellary, and Koppal districts of Karnataka
and Anantapura, Kurnool, and Guntur districts of
Andhrapradesh to know the incidence, attacks and
deaths and economic loss due to BTV outbreaks.

(v) KAP studies

During the reported period, the social science
team conducted a brief survey with identified
stakeholders (poultry and piggery farms, pharmacists,
meat shops, and markets in and around the project
sites in Guwahati, Assam) to collect qualitative and
quantitative data on the Knowledge, Attitude and
Practices on antibiotics and AMR. The team considered
the meat shops are the key drivers in AMR, hence, data
on the type of meat processed, source of purchase,
hygiene practices, knowledge on antibiotics use in
animals and waste disposing methods of the meat
shops were documented. The team also interviewed
the poultry, piggery and fish markets (near to sites) to
document their antibiotics usage in the farms.

B. Outreach and Extension
(i) Assessment of adoption of biosecurity practices

The interview schedule was developed with
respect to FMD, Mastitis and HS diseases by
including components such as general animal health
management measures being adopted in the farm,
farm characteristics, knowledge on symptoms and
treatment strategies, awareness about disinfectants,
risk factors, farmers innovation proneness and
constraints in adoption of biosecurity management
practices to prevent diseases occurrences in the
farm. During September 2021, a pilot survey was
conducted in the Tumkuru and Ramanagara districts
of Karnataka, and questionnaires were modified as per
the local situation. Along with studying biosecurity
management measures, a separate questionnaire on
Social Network Analysis (SNA) was developed to
study the impact of Blue Tongue Virus (BTV) on trade,
knowledge dissemination, and disease communication
among the sheep growers of Karnataka and Andhra
Pradesh.
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(ii) Development Action Plan for Scheduled Castes
(DAPSC)

In March 2021 under DAPSC, 15 training
programmes including animal health camps were
conducted. A total of 853 farmers from Tumkuru,
Chitradurga, and Chikabalapura districts of Karnataka
belonging to scheduled caste have participated.
The subjects covered were improved production
technologies for cereals and pulses, mushroom
cultivation, nutritional security, soil and water

conservation, oil seeds production technologies and
horticultural technologies.

On 21% March 2021, ICAR-NIVEDI organized
goat and feed distribution programme along with
study desk bench, and water filter distribution to the
village school, Pemmadevarahalli. The programme
was graced by the Director, ICAR-NIVEDI, and other
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district-level animal husbandry and agricultural
department functionaries. During October and

November, 2021 for the upliftment of scheduled
caste people rural poultry farms were promoted by
selecting the most economically backward people
of Bilekalpalya of Koratagere taluk and Suthahalli
village of Doddabalapur taluk, and Vaddarapalya of
Kolar taluk. About 4000 Kalinga Brown 6 weeks old
vaccinated chicks were distributed to 425 families.

(iii) Mera Gaon Mera Gaurav (My Village My Pride)

This scheme was launched on July 25, 2015,
by the Hon'ble Prime Minister of India. At ICAR-
NIVEDI this scheme is being implemented through all
scientists in 5 teams adapting 25 villages belonging to
Bengaluru rural district. Accordingly, on 18.12.2021 a
meeting was organized in the MGMG adapted village
Shivkote and created awareness of communicable
diseases and safe disposal of bio-degradable and non-
bio-degradable wastes. In the awareness camp, ICAR-
NIVEDI staff distributed face masks and handwashes
for farmers and to the general public. The awareness
camp was organized with help of local panchayat
members.
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ICAR-NIVEDI visited the
Gantiganahalli MGMG village, under a special
swachhta campaign on 13" October 2021. The staff
of state health departments Dr. Halima (AYUSH
Hospital), Dr. Viswanath (Vet. Hospital) participated
in the Swachhata activities undertaken in and around
hospital areas. The team undertook a cleanliness drive
along with livestock farmers in the Veterinary and
AYUSH hospitals compound.

(iv) Swachha Bharat Abhiyan (SBA)

A detailed programme of the Swachha Bharat
Abhiyan 2021 at ICAR-NIVEDI was planned and
executed from January to December 2021. From
2" to 31 October 2021, under Special Swachhta
Campaign, week wise action plan was drawn as
per the instructions from Council. In this context,
various scientists’ teams with week-wise activities
have been constituted and allotted to different MGMG
villages adopted by the ICAR-NIVEDI. All the team
members actively participated and devoted their time
to campaigns. In four week, nine campaigns were
organized and the total number of participants was
630, the number of files weeded out were 45, and
disposal of scrap was 100 quintals and as a result, the
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space freed was 370 (Sq. Ft.) and revenue generated out
of this activity was Rs.40000/-.In addition to this, from
16™ to 31* December 2021, a fortnightly Swachhta
Pakhwada plan was drawn by keeping in view of the
mission mode programs of the Government of India
which includes Digital India, COVID-19 Appropriate
Behaviours, Swasth Bharat, waste water management
and rain water harvesting, Atmanirbhar Bharat (waste-
to-wealth), doubling farmer’s income, and women
empowerment. The activities led to the participation
of staff, students, and invitees (officers, progressive
farmers, common public, etc.) to fulfill the goals
of Swachh Bharat Abhiyan. Mask and pamphlet
distribution were also taken up during these events.
Besides within the campus, selected outside places of
Ramagondanahalli and adjoining areas were cleaned
by all the members of the team with slogans about the
“Swachh Bharat - Ek Kadam Swachhta Ki Ore”, “Clean
Village-Healthy Village”. Apprised each household
about the proper disposal of waste material including
their segregation. The overall impact of the above
programmes resulted in general hygiene maintenance,
beautification and making the campus a safe place to
work and house a safe place to live.
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(v) Awareness Programme

Under the broad umbrella India@75 celebration,
ICAR-NIVEDI observed “World Rabies Day” in
collaboration with the National Center for Disease
Control (NCDC), Delhi under the National One Health
Programme for Prevention and Control of Zoonoses
(NCDC-NOHPPCZ).. The activities included a
webinar, a week-long anti-rabies Vaccination drive at
the Veterinary clinical complex, Yelahanka (for 100
dogs and cats) and an outreach awareness program (for
pet owners and students of Nagarjuna Pre University
College, Ananthapura, Bengaluru urban district) on
28" September 2021, to create awareness on Rabies
transmission, proper wound toilet, the importance
of timely and complete post-exposure prophylaxis,
the importance of responsible pet ownership and dog
vaccinations.

Further, on the occasion of World Zoonoses Day,
on 6" July 2021, a webinar was conducted to create
awareness on the prevention and control of zoonotic
diseases among different stakeholders. As a part of an
outreach activity, Awareness Program on Zoonotic
Diseases was undertaken to school children at
Marasandra village, Doddaballapura taluk, Bengaluru
rural district and sensitized 102 farmers on Zoonotic
Diseases at Bilekalpalya village, Gubbi taluk, Tumkur
district of Karnataka.

Further, the awareness programme on Zoonotic
Diseases for farmers was organized on 21* March
2021 at Pemmadevarahalli village, Koratagere Taluk,
Tumkur District, Karnataka state.

5. CAPACITY BUILDING

A. Entrepreneurship

Agri-Business Incubator- NIVEDI’s Agri-business
Incubation Centre for Animal Husbandry and
Veterinary Sciences (NaaViC), is a unique institution
for Startups on animal health with significant
strength and strong network across India. This will
pave the way for revenue generation for ICAR and
also support current Govt of India programme like
Atmanirbhar Bharat, Vocal for Local, wealth creation,
employment generation, skill development of potential
entrepreneurs, start-up and stand-up India.

The centre is involved in various entrepreneurship
promotional activities like webinar series (Table 8),
ideation and boot camps, etc. R-ABI Implementation
Committee (RIC) meeting for the first cohort, was
held to monitor the progress made by startups and
recommended for release of 2™ tranche of Grant-in-
aid. RIC meeting for second cohort applicants was held
with MANAGE Hyderabad and a total of 16 startups
pitched their ideas and of which 7 startups (Seed stage:
2, Pre-seed stage: 5) got selected to receive a total
outlay of 80 lakhs as Grant-in-aid from the ministry.

A total of 175 applications (NEO-98; NEST-
77) were screened in third cohort proposals, and
after selection 28 entrepreneurs were trained in
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agripreneurship program organised from 11" Jan to 2™
Feb 2021. Of 16 applications pitched in the final RIC
meeting, a total of 10 startups were recommended for
receiving a total of 1.1 crore grant-in-aid. The fourth
cohort call was launched on 13.05.2021, and a total of
365 applications were received under NEO (209) and
NEST (156) programme.

The first RIC meeting for the 4™ cohort was held
on 26-27" July 2021, which recommended a total of 26
entrepreneurs for a two-month-long virtual training
programme (15" Sept to 15" Nov 2021). The second
RIC meeting for the 4™ cohort was conducted, which
recommended 12 proposals for the RIC meeting.
Further, the fifth cohort call for proposal was launched
in Sept 2021, and a total of 253 applications were
received under NEO (119) and NEST (135) programme.
A total of 30 applicants were recommended for
training. Additionally, NaaViC also organized
virtual six-week DST-sponsored Technology-based
Entrepreneurship Development Programme (TEDP)
and trained 35 young entrepreneurs. NaaViC
promoted Agri India Hackathon-2021 for four months
from Nov 2020 to Feb-2021 and over 9000 applications
from across India participated. Two startups incubated
at NaaViC, namely M/s Jeevabharu Bioinnovation Pvt
Ltd and M/s. Froots Technologies Pvt Ltd won the Agri
India Hackathon -2021 challenge award. Glimpses of
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entrepreneurial promotional activities conducted by
Team NaaViC are shown below.
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Further, on a path to excellence and sustainability
of NaaViC, several noteworthy roadmap suggestions
were provided by experts during the first ABI-
Advisory Committee meeting. In addition to ongoing
activities, ABI launched two new flagship programs.
The NOVICE’ program runs throughout the year and
it is specially designed for entrepreneurs, Start-ups,
and Ideapreneurs having innovative ideas and who are
willing to avail physical/ virtual incubation facilities at
NaaViC. The ‘NEXUS’ program is membership access

it

to the NaaViC online mentoring platform, which
will allow the ideapreneurship and entrepreneurs to
interact with our mentors & resource persons.

NaaViC continued its efforts to sow such
seeds of innovation in the minds of several young
entrepreneurs through a series of national webinars
(10) namely, ‘EMPOWER’ in collaboration with
Karnataka Science and Technology Academy (KSTA),
Govt of Karnataka and reached more than 12000
budding entrepreneurs nationally. Further, ‘ARISE’
webinar (5) series was organized in collaboration
with the National Institute of MSME, Hyderabad to
support & enrich the knowledge of startups towards
entrepreneurial ecosystem and opportunities, in which
about 2000 startups/entrepreneurs participated. To
commemorate the 75" year of Independence, NaaViC
promoted ‘Azadi Ka Amrit Mahotsav webinar/lecture
series, reaching more than 1000 participants.

Additionally, NaaViC actively took part
in promoting the National level KRITAGYA
Hackathon on ‘Precision and Economical Animal
Farming’ launched by NAHEP & Animal Science
division of ICAR throughout states through various
communication means, and 4 incubates of NaaViC
were selected for the final round in highly competitive
selection process. NaaViC also organized more than 40
boot camps to create awareness about entrepreneurial
opportunities in Agri and allied sectors by visiting
various Incubation Centers and colleges. The team
also facilitated the signing of several MoUs (>5)
with leading organizations and R&D institutes for
entrepreneurship development. NaaVic also promoted
entrepreneurship through various platforms of social
media reaching more than 30000 plus participants
across India.

Table 8: Details of training and webinars organised by NaaViC

SL . . Duration
No. Name of Seminar /Workshop /Training Venue (Days) Date
Two months Agripreneurship training program AOP and . 25.01.2021-
1 -
SAIP (3rd Cohort) TCAIREIIADN (Fricicel) 60 25.03.2021
) Workshc:p on ‘Veterinary entrepreneurship orientation ICAR-NIVEDI (Virtual) 1 25.03.2021
program
3 | Webinar on ‘Phytobiotics and their pharmacology’ ICAR-NIVEDI (Virtual) 1 11.08.2021
4 Webln:ar on ‘Animal coronavirus and their pandemic ICAR- NIVEDI (Virtual) ] 02.09.2021
potential
Agripreneurship training program AOP and SAIP (4% ) 15.09.2021-
5 Cohort) ICAR-NIVEDI (Virtual) 60 15.11.2021
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6 Webinar on j}pphcatlon of ICTs in livestock ICAR-NIVEDI (Virtual) ] 15.09.2021
management
Sensitization program on ‘Entrepreneurship

7 f[)}}l);)ortumtles in agricultural and allied sciences through ICAR-NIVEDI (Virtual) 1 24.09.2021
application of information technology’
Webinar on ‘How RKVY-AFTAR can be your fortune NaaVic, ICAR-NIVEDI

8 : : 1 08.10.2021
turner (Virtual)

9 Lecture on emotional intelligence stress management ICAR. NIVEDI ] 02.11.2021
& soft skill development for entrepreneurs

10 | Webinar on ‘Bankable project report’ ICAR- NIVEDI (Virtual) 1 03.12.2021

11 Webinar on vaernment sch?mes and institutional ICAR-NIVEDI (Virtual) 1 10.12.2021
support for agri-entrepreneur

B. Human Resource Development

Institute has established collaborative linkages with
various international and national organizations/
Institutions including NGOs for research and
development activities, training, outreach activities
etc. The institute has conducted need-based training
programmes for scientists/ academicians/ field
Veterinarians etc., working at various levels and trained
on modern laboratory techniques, epidemiological

investigations, NADRES software, Epilnfo software,
epidemiological analysis, forecasting of livestock
diseases, GIS data analysis, diagnostics, research
methodologies, the economic impact of diseases,
sensitization programme on disease control, etc., These
trainings were imparted to veterinary officers in the
departments of animal husbandry, field veterinarians,
Assistant professors from SAU’s, students from various
disciplines of life sciences on the above-said areas
(Table 9 and Table 10).

Table 9: Training/Webinar/Workshop/Meeting/Outreach/awareness programme Organized

L Name of Webinar/Workshop /Trainings Venue Duration | p .
No. (Days)
Orientation programme on tick survey and
1 sample collection for field veterinarians of ICAR-NIVED], Bengaluru 1 06.01.2021
Tamil Nadu state
Sensitization e-workshop on important zoonotic
2 diseases in Karnat:aka state under. NCDC Inter ICAR-NIVEDI (Virtual) 1 10.02.2021
sectoral coordination for prevention and control
of zoonotic diseases
Skill development in scientific animal husbandry g
3 practices and input distribution under SCSP UCALHSTS [emelsalt wize(: 1 09.03.2021
: . I s Department of Agriculture
4 Role Qf kitchen garden in achieving nutritional Theming Centc(DATC) 1 16.03.2021
security T
umkur
Meeting of state level zoonosis committee in
5 Kerala under NCDC Inter-sectoral coordination ICAR-NIVEDI (Virtual) 1 17.03.2021
for prevention and control of zoonotic diseases
Department of Agriculture
6 | Organic farming for doubling farmers income Training Centre (DATC), 1 17.03.2021
Tumkur
. . . . Department of Agriculture
7 Bee farming (Apiculture) for increasing farmers Training Centre (DATC), 1 18.03.2021
income
Tumkur
Training on livestock production technologies, ICAR-KVK, Hirehalli,
8 . . . 1 18.03.2021
agriculture and allied activities Tumkur
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SL Name of Webinar/Workshop /Trainings Venue Duration | p
No. (Days)
Integrated farming system (IFS) for sustainable Digppaicncn ol e e
9 |Me8 85y Training Center (DATC), 1 20.03.2021
income
Tumkur
10 évlzazrlgness Rreziamupsionizeonuiat el Pemmadevarahalli, Tumukuru 1 21.03.2021
I . . Sheep Breeding Training Centre,
11 | Modern scientific animal husbandry practices [y e 1 23.03.2021
1 Tra.ining on livestqck pr0.<il'1c.ti0n technologies, ICAR-KVK, Hirehalli, 1 24.03.2021
agriculture and allied activities Tumkur
Training on livestock production technologies, ICAR-KVK, Hirehalli,
13 : a o 1 25.03.2021
agriculture and allied activities Tumkur
Creating awareness on Agriculture, Horticulture Department of Agriculture
14 | and Animal Husbandry development programmes to | Training Centre (DATC), 1 25.03.2021
farming community Tumkur
15 Animal health camp and modern animal Dy'fwaranahalli, Challakere, 1 25.03.2021
husbandry practices Chitradurga
16 | Animal health camp and input distribution Pulaganahalli and Alipur colony, 1 26.03.2021
P P Chikkaballapur Rt
: Rajeevanagara,
17 Arﬁglnailﬁl eagta?lcclimprang RieRipncioniueee Channammanagatihalli, 1 26.03.2021
antmatius ¥ practices Chitradurga district
S Department of Agriculture
18 Zerq budget natural farming: minimum cost and ettt (6t ((DA0E) 1 26.03.2021
maximum profit
Tumkur
19 Awareness programme on clean hygienic health Govt. School, Nayakanahatti, 1 27.03.2021
practices and zoonotic diseases to school children Chitradurga o
S Spatial Epidemiology
20 | Krigging in Python Laboratory, ICAR-NIVEDI 1 30.04.2021
. . Spatial Epidemiology
21 | Codon usage bias analysis Laboratory, ICAR-NIVEDI 1 01.05.2021
9 Measuring Compositional HM of GC content Spatial Epidemiology 1 03.05.2021
from coding regions by KLD approach Laboratory, ICAR-NIVEDI e
Estimating of indices from Landsat 8 real image Spatial Epidemiology
23 datasets Laboratory, ICAR-NIVEDI 1 06.05.2021
. Spatial Epidemiology
24 | Basics of QGIS Laboratory, ICAR-NIVEDI 1 10.05.2021
. . Spatial Epidemiology
25 | Introduction to python & markov chain model Laboratory, ICAR-NIVEDI 1 11.05.2021
. Spatial Epidemiology
26 | Molecular clock and demographic tree models Laboratory, ICAR-NIVEDI 1 13.05.2021
" . Spatial Epidemiology
27 | All India COVID confirmed cases RO calculation Laboratory, ICAR-NIVEDI 1 14.05.2021
. i Spatial Epidemiology
28 | Epitope prediction Laboratory, ICAR-NIVEDI 1 19.05.2021
Estimation of LST using Landsat8 real Image Spatial Epidemiology
29| datasets Laboratory, ICAR-NIVEDI 121052021
. . S Spatial Epidemiology
30 | Time series analysis using ARIMA Laboratory, [CAR-NIVEDI 1 22.05.2021
KDL approach to establish core-length of the Spatial Epidemiology
31| codon Laboratory, ICAR-NIVEDI L |2505.2021
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SL Name of Webinar/Workshop /Trainings Venue Duration | p
No. (Days)
Estimation of indices from Landsat8 real image Spatial Epidemiology
32 datasets-2 Laboratory, ICAR-NIVEDI ! 27.05.2021
. Spatial Epidemiology
33 | Meta-analysis Laboratory, ICAR-NIVEDI 1 31.05.2021
" Spatial Epidemiology
34 | Deep learning Laboratory, ICAR-NIVEDI 1 01.06.2021
L Spatial Epidemiology
35 | Process of generating risk map Laboratory, ICAR-NIVEDI 1 03.06.2021
. Spatial Epidemiology
36 | Calculating RO values for COVID 19 Cases Laboratory, ICAR-NIVEDI 1 12.06.2021
Awareness program on zoonotic diseases on the Chikkadoddavadi,
37 occasion of World Zoonoses Day 2021 Tumkur 1 07.07.2021
Struggle and achievements of women’s right to .
38 equality and their right to property ICAR-NIVEDI (Virtual) 1 14.08.2021
Webinar on position of women in post
39 | independent era with particular reference to right ICAR-NIVEDI (Virtual) 1 18.08.2021
to property
40 | Food and nutrition for farmers ICAR-NIVEDI (Virtual) 1 26.08.2021
ag || Psstellbealin delitsires faad byl ICAR-NIVEDI (Virtual) 1 28.08.2021
communities
I Spatial Epidemiology
42 | Krigging Laboratory, ICAR-NIVEDI 1 30082021
Basic microbiological culture techniques and 01.09.2021-
43 molecular procedures USSNIRA ) 30 30.09.2021
Introduction to LINUX-CLI (Command Line Spatial Epidemiology
44 Interface) Laboratory, ICAR-NIVEDI L v A0
Spatial Epidemiology
45 | LINUX advance commands Laboratory, ICAR-NIVEDI 1 02.09.2021
46 Training on brucellosis control program Chickkaballapur District, 1 02.09.2021
implementation modalities under NADCP Karnataka o
. Spatial Epidemiology
47 | Introduction to python Laboratory, ICAR-NIVEDI 1 06.09.2021
48 | Lecture on the application of [CTS in ICAR-NIVEDI (Virtual) 1 [15.09.2021
livestock management
49 Vet.erlr%ary dlagnqstlcs—ﬁtness of purpose and ICAR-NIVEDI (Virtual) 1 21.09.2021
validation strategies
50 Training on brucellosis control program KVK, Hadonabhally, 1 24.09.2021
implementation modalities under NADCP Doddaballapur R
51 Webinar on Rable.s in animals: diagnosis , surveillance ICAR-NIVEDI (Virtual) 1 28.09.2021
and control - a priority
52 | Awareness lecture on rabies for college students Negzergjomsn ) ol 1 28.09.2021
Bengaluru
53 | Webinar on ‘FMD control in India: pros and cons’ ICAR-NIVEDI (Virtual) 1 18.10.2021
o 26.10.2021-
54 | Vigilance Awareness Week-2021 ICAR- NIVEDI 7 01.11.2021
Sensitization lecture on Importance of cleanliness and SO LIRSy
55 . g : School, Marasandra, Bengaluru 1 29.10.2021
major zoonotic diseases
Rural
56 ﬁ.ecture on Blosec?rlty practices to prevent infectious Veterinary College, Hasan 1 10.11.2021
isease in pig farm
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S Name of Webinar/Workshop /Trainings Venue Duration | p
No. (Days)
. . 18.11.2021-
57 | World antimicrobial awareness week 2021 ICAR-NIVEDI 7
24.11.2021
Legal awareness program on sexual harassment of
e place POSH Act, 2013 LR ERI 1 23.11.2021
® — ;
59 28 Annual Sgepﬂsts meet of.AICRP on Animal ICAR-NIVEDI (Virtual) 1 24112021
Disease Monitoring and surveillance
60 | Creation of micro Enterprise ICAR-NIVEDI 1 27.11.2021
61 V[t,g;if];ﬂtural technologies for conversion of waste to ICAR-NIVEDI (Virtual) 1 22.12.2021
Department of Animal
62 | Interactive meeting on economics of brucellosis Husbandry and Veterinary 1 22.12.2021
Services, Tumkur
Training programme on doubling of farmers
income through poultry rearing and chick Vaddarapalya, Kolar 1 28.12.2021
distribution programme under DAPSC

Table 10: Training / Summer/ Winter Schools / Seminars/ Conferences/ Symposia/ Workshops/ KrishiMela/
Fairs/ Programmes participated

SL Name of Seminar / :
No. Workshop /Training Organised by Date Attended by
Online review meeting of officers of

1 | ICAR and DARE by Secretary, DARE & ICAR, New Delhi 01.01.2021 | All scientist
DG, ICAR

2 | Time series data analysis ICAR-NAARM, Hyderabad 04.01.2021- Dr. G. Govindaraj

09.01.2021

3 Gene%‘lc e T O e ICAR, New Delhi (Virtual) | 05.01.2021 | Dr. P. Krishnamoorthy
security
Standardization of different techniques 05.01.2021-

4 | for checking the antibiotic residues in KME Bengaluru 0 6. 01' 2021 Dr. B. R. Shome
milk samples —Quality analysis R

5 eIy e s in ity ICAR-NIVEDI, Bengaluru | 08.01.2021 | Dr. P. Krishnamoorthy
for employees
One health workshop on “Tripartite Veterinary College, KVAF

6 | regional workshop on diagnosis, SU, Hebbal, Bengaluruand | 12.01.2021 | Dr. V. Balamurugan
surveillance and control of rabies’ NCDC Delhi (Virtual)

7 Technical seminar & entrepreneurship ICAR-KVK, Shivamogga, 12.01.2021- | Dr. S. B. Shivachandra
orientation for veterinary doctors Karnataka 13.01.2021 | Dr. R. Yogisharadhya
Morphological identification of ticks at Madras Veterinary College, | 18.01.2021- .

8 genus and species level Chennai 22.01.2021 Dr. P. Krishnamoorthy

Ministry of electronics and
. . S . Information Technology .
9 Generic online trai