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LED A
What is
Early Warning?

timely dissemination of reliable information to vulnerable populations and institutions,

anticipatory actions that reduce disaster risk, protect lives, livelihoods, and ecosystems.

Early Warning is a systematic process of hazard monitoring, prediction, and risk forecasting, combined with the

with the objective of enabling

Natural Disasters
and Other Hazards

Cyclones & Hurricanes

zoonotic or livestock dlseases

Risk Reduction: Provides advance notice
to minimize loss of life, livestock, crops,
and property.

Preparedness: Gives communities and
institutions time to plan, evacuate, or
safeguard resources.

Rapid Response: Ensures that emergency
systems (health, rescue, veterinary, disaster
management) are activated in time.
Resilience Building: Strengthens the
capacity of society to withstand and
recover from hazards.

Cost-effectiveness:  Preventive  action
based on early warning is far less costly
than post-disaster recovery.

\olcanic Eruptions




Livestock Disease Risk Forewarning Through Al & ML Based Disease Modelling

NADRES V2- NATIONAL ANIMAL DISEASE REFERRAL EXPERT SYSTEM

https://nivedi.res.in/Nadres v2/index.php

Preamble: NADRES V2 is an early warning system powered by Artificial Intelligence and machine learning with set of capacities needed to
generate and disseminate timely and meaningful warning information that enables at-risk livestock population, and guide the farmers and
organizations to prepare and act appropriately and in sufficient time to reduce the livestock disease incidence.
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Real time/Near Real time Disease Data Capture and Storage Workflow: NADRES V2 Database Flow Diagram

NADEN Centers NADRES v2 Portal Login Page Data Upload Page Compliance Across Data
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Visualization

Epidemiological data were compiled at the state, district and village levels from multiple sources, and a subsample of cases was confirmed in the laboratory; the dataset includes information on
susceptible populations, attack rates and outbreak-associated mortality




Real Time Climatic Factors used for Forecasting, Forewarning and Developing Risk maps
Climatic Events

Livestock Population

Livestock data (Numbers) Remote sensing | Units Meteorological Units Meteorological Units

Cattle 19,63,79,000
Buffalo 11,04,24,984
Sheep 15,01,13,442
Goat 7,32,94,702
Pig 92,94,830

Villages-664369
Blocks-5564

Source: 20™ Livestock census,
DAHD, Gol

Remote Sensing

LST °C

NDVI & EVI -1tol

PET mm

LAI m2/m?2
NDVI &EVI,

LST PET, LAI

Resolution: 1km Resolution:500

m.

Source:
https://ladsweb.modaps.eosdis.nasa.g
ov/

https://search.earthdata.nasa.gov/

Meteorological

*Village populations were aggregated to districts and transformed to population density

Limited
Climatic event Criteria C|Ima'[IC data
. Rainfall event | =100mm were
Air Temperature k Cloud Cover % Yo o | asee obtained
Potential Evaporation 2 Relative Humidity % T from IMD
Rate wim Lomperee |7 and NICRA
. Temperature °C orest fire Whote
Rainfall kg/m?/s - numer /~
Soil Moisture kg/m? Temperature Max C Ecological parameters S
Specific Humidity kg/kg Temperature Min C : Spatial
Surface Pressure Pa Vapour Pressure hPa Soil PH Endemicity
Wind Speed m/s Wet dry Frequency days Elevation (Min,
Source: Source: Max, Mean) Temporal
https://disc.gsfc.nasa.gov/datasets/GLD ' _ Endemicity
> L . https://crudata.uea.ac.uk/cru/data/hrg/cru under process
AS_NOAH025_M_2.1/summary?key .
_ _ts_4.05/cruts.2103051243.v4.05/ Carbon Emission
words=GLDAS Auto
Resolution: 0.25 * 0.25 degree Resolution: 0.5 degree Water bodies Correlation

Space Time

Delta Weather Parameters: Represents the difference between two corresponding values, typically between two time periods, to capture changes or trends.
Static Set: Long-term deltas (2001-2021) showing climatic trends affecting disease patterns.
Dynamic Set: Recent deltas (2018-2023 averages) capturing ongoing weather changes for short-term forecasting.
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Institutional Collaborations for Climatic Variables and Forecasting

Indian Meteorological Department (IMD): Recently established collaboration to enable
real-time weather data capture (rainfall, temperature, humidity, wind) from IMD’s
Automatic Weather Stations (AWS). These datasets are systematically ingested, quality-
controlled, and harmonized for seamless integration into NADRES V2 forecasting
pipelines.

Risk Communication and Advisory Dissemination
Extension of NADRES V2 advisories through IMD’s farmer outreach platforms
including:

v' Agromet Advisory Services (AAS)

v" Meghdoot Mobile App

v' Mausam App
Strengthening multi-channel dissemination by integrating with FRUITS and DLT SMS
alerts, NADRES portal, and social media platforms, thereby ensuring timely, accessible,
and actionable early warning for farmers and stakeholders.

Indian Space Research Organisation (ISRO): Partnership to leverage satellite-based
climatic variables (e.g., land surface temperature, soil moisture, vegetation indices,
evapotranspiration) for enhancing the spatio-temporal precision of disease risk prediction
models.

NICRA (National Innovations on Climate Resilient Agriculture): Collaboration to
utilize selected climatic variables and long-term climate projections for strengthening
adaptive capacity and enhancing the accuracy of livestock disease risk forecasting.

These collaborations strengthen NADRES by improving the accuracy of livestock disease forecasting and
expanding risk communication through IMD’s outreach platforms for timely, localized advisories.

MoU Signed between ICAR-NIVEDI and IMD on 16-09-2025



Data Alignment and Data Annotation

Disease Data

Climate Data

19 meteorological, 5 remote Sensing, 4 climatic events, 24 Delta parameters, 4 Ecological variables 15 Livestock Diseases (2016 to 2025)
Static Dataset Dynamic Dataset e ~N
(Average of 2011 to (Average of 2023, 2024, _ Yearly score
2022) predicted 2025) Disease data from 2016 to 2025 were

assigned descending weights, with
recent years scoring higher (e.g., 2025
=10,2024 =9, ... 2016 = 1). )

Data Layering
(First Static & then \

Dynamic) + - ~ r

_ _ _ Dimensionality Reduction through
D|men3|or_1allty Feature extraction technique Principal Monthly score
Reduction Component Analysis (PCA). It combines Aggregates 10 years of monthly

features to capture more of variance outbreak data for 15 diseases and
scales it from 1-10 to standardize

across diseases and months,

Lagged Variables Incorporating previous months data improving comparability and aiding

timely outbreak prediction.

\_ /

Input climate data




Integrated Dataset for Disease Outbreak Modeling

Population Data 19 Meteorological variables
[ | ) 0 : \
1 |state_id |state_name  |distrct id|district_nqdisease_i{disease_name  |month |catle |buaffalo goat  (sheep |(pg  |dbovine|dsg (|dpig |dbsg|dal |Artemp |Cloud_cover |Precipitation rate |Precipitation_water (Precipitation |Presswre  |Relative_humidity |Sea_Level pressure |Soil_moisture |Soil_Temperature |t max |tmin |Temperatju_wind |V wind |wet  |Wind_speed Vapour_pressure |Diumal_t
2 1|ANDHRAPRADESH|  102|Anantapy  189|LumpySkin Disease 12| 457102 285443| RRALRG| 4926587, 12767| 408067) 303752 0.66738| 344.659| 345.326) 16893.83007) 225243264  1135.700082 16.60944265) 1284 177868) 1550745871 -927.7200328 -190.611437) 5720221397 -1678189382( 85.1603| -G.6321) 24.3807) 95354(-16.1302) 143983 1365470058  1.24051003( -0.10948
3 1|ANDHRAPRADESH|  102|Anantap 189|Lumpy Skin Disease 12) 497102( 285443 BBA1BG| 4926587 12767) 40.9067) 303752 066738 344.659| 345.326| -16436.4469) 250361205 1796.14622 -198.1507603| -2202.44493| -1079.51206)  -BT3.B41509 1B97424682) 2460903523  -75.B0721605( -63.6857) -2.00569) 33.9836( -128616) -10.5059| 4.69859| 0834328388  0.193514062| -0.10201
4 1|ANDHRAPRADESH|  103|Chittoor 18| Lumpy Skin Disease 12| 950026 26680 535083 1696698| 3111 6RA204| 147.292| 0.20532) 215.712( 215.917| 16680.26048| 300416852 1250931859 0350420569| 1417.348000| -55.9630360)  -185.2747792 1709605800| -154.1003047)  -A0.43091673| -3.87176| 28.9984| -119.288| 13.3634)-18.7736) 14.7335| 1180030626 293800469 -0.08574
5 1|ANDHRAPRADESH|  103|Chittoor 189|Lumpy Skin Disease 12| 950026 26680 535083 1696698| 3111 6RA204| 147.292| 0.20532) 215.712( 215917| -164123620| 240515364 1755186459 -205.3458182) -1392.06346| -1125.40098 3007676172 -179.8040087) -24B.0420002)  37.39723427| -45.6270) 446898 -121.320| -13.5809 -11.9100) 7.02280| 987174541 2007000773 -0.00763
b |ANDHRAPRADESH|  104YSR. 189|Lumpy Skin Disease 12| 1370%9| 486581\ S57RG07) 1869861)  365| 40.6068| 150416 0.23602) 200.023| 200.159) 1682243845 356414616  1650.6578%h 7852598901 1313.518660) 102740312 -034.263483 -185.2889604| -170.7378163 -T74757787) 112036 55.7967) 0.20935| 9.92289) -15.6845| 19.2504( 1538068471 LA0S760973| -0.02182
7 |ANDHRAPRADESH|  104YSR. 189|Lumpy Skin Disease 12| 1370%9| 486581\ S7R607) 1869861)  3625| 40G068| 150416 0.23602) 200.023| 200.259) -16449.9675 410000105  4345.85602 -115.6903921 | -J055.08711 -L0B 4076 341737026 -51h.6983128| -253.2433391 GO0271828) 18759|-133077) B.74958| -10.75|-208256 1LB776| -1274500B|  -7.893625307 -0.00585
8 1|ANDHRAPRADESH|  105|EastGod|  189|LumpySkin Disease 12| 386021 58524p| 31RG%| 316480 18646| S0.7992| SBTTAS| 172536 140574) 151299) 1683392384 45860665 3171649239 -1A 20908355 1042234140/ 187534076 -2RB.44473%9 1229992531 301 8735001)  -28.44505909| -74145| 11795| -B75475| 15.2982( -28.3671) 125887| -G.SG017465)  -0.1B2407661| -0.00474
9 |ANDHRAPRADESH|  105|EastGod|  189|LumpySkin Disease 12| 386021 58524p| 31RG%| 316480 18646| S0.7992| SB77AS| 172536 149574) 1512%%) -167618831) 47379117 4927580363 -173.2702628) 1327985799| -373.134015 103.8310607 3074932807 -320.6284128)  110.6221462( -87.3713| 100606| -L39381| -16426( -19.6895) BASA7R| 1259610688  -11.95477787| -0.23383
10 1|ANDHRA PRADESH]  106|Guntur 188|Lumpy Skin Disease 12| 95827 882347\ 19G153| 704863  412R| 35.8B13| 70.0883 036230 16498) 165.343) 16913.97094| 3R06.56535  3928.246508 - 152700358 1064986789| 439472011  -D517698209 106.1647541) -G0.0234368)  -67.57049452( -9.9865| 984552 -SB.8617| 9.79177(-184861) 118304 -A910784f)  2.3685121| -0.00638
1 1|ANDHRA PRADESH|  106|Guntur 189|Lumpy Skin Disease 12| 95927| 882347) 196153| 704863| 4128) S.BBI3| 79.0989| (.3623%) 16498| 165.343| -16766.073| 4576.20466|  4B45.846003 -164.0468477) 9594386299 213000361  -D5B.1031032 S27465182) -538640717) 2675528722 -29.5485| ©1.1627)-48.3665| -21963|-16.2526) £.959¢1| 2388189466 -4 1800266/ -0.11636
12 I1|ANDHRAPRADESH|  110|Krishna 189|Lumpy Skin Disease 12| 78B4A| 669773 10G9BG| S93007|  736L) BS.7BIS| 80.5229| 0.84347) 176.305| 177.148| 1693813627 347351293 4785.758935 -5.T23596581) 1039.085627) 439.7109617 -103.801798 -06.02844104) -106.0040135)  -5343201299| -1B.0552| 904175)-529716| 765941(-238127) 15.1347) 4018434415)  3.080694855 -0.0326
13 1|ANDHRAPRADESH|  110|Krishna 189|Lumpy Skin Disease 12| 78BdA| 66OTT3| 1069BG| 593007)  7361) ES.7BI9| 005220 0.34347) 17e305| 177.148| -168807511) 463660377 291055712 -165.5120484) 1037752134 2753368103 3915601808 -158 7688348 -107.5066007)  67.28701065| -31.0047| 03.1335) -406878 -23.982(-13.1R05 10.875| 53.31814516)  -L3&7805505| -0.13%4
14 L|ANDHRAPRADESH|  111{Kumaol 189|Lumpy Skin Disease 12| 356122 419855| GI0574) 1985857 11482| 43.9448) 147045| (.65024) 15089) 191641 1685490339 03225558  1653.683417 §.31740242) 1063.071159) 1362757876 -964.1018954) -U15.2432344) 1781676685  -169.2043504] 341041| 81.9597) -3.96981| B45859|-108223| 14.4766| 1295473142 -1193173406| -0.09067
15 L|ANDHRAPRADESH|  111{Kumaol 189|Lumpy Skin Disease 12| 356122 419855| 610574 1985857 11482] 435448) 147.04f| 0.65024 19[).99| 19164]( -16415.6840| 394164904 4182312626 -190.7020112 8553657218 181835350 -BAA.27406%4 ADJRETET66| AL2ES1ATIR)  -12O3D7A%G8| 41%%4| 195842 73802| -202045)-120058) 995874\ 1422404206 1015634528 -0.04775
5 Remote Sensing variables 24 Delta Parameters 4 Climatic Events 4 Ecological Parameters 52 Lag variables Weightage
' A i ‘ i A I : ) | : O
EVI LAI LST NDVI PET Delta_Air| Delta_Clo| Delta_Vaj Delta_Diy Max_temp_event |Min_temp_event |Rainfall_event |Forest_fire |Scil.PH |Ele_Max |Ele_Mean |Ele_Min [Air_temp_lag |Cloud_cover_lag [{ Min_tem Rainfall_eventForest fiYearly_Score | Month_score [out
12.9881| -18.9673| -10.4377]  3.589| 9.41457| 362292| 158281| 0.69148| -0.28536 -0.1841B6093 -0.113567553| 0.104380324| 0.029935722| 0.04464| 002712 270F-05|-743E-06]  3.622921063 2181.255394 | | -0.04014] 0.027172323( 003978 0 0 0
-7.68762| 11.1341| -52571| -1.28738| -2.68017| 11.1018| -5.65121| 0.52684| -0.19418 -0.15222836 -0.170618388| ©0.133832022| 0.004093454| o0.0577| oc.oooes| 1.50E-05| 3.20E-05] 11.10178831 2121552889 | -0.05408] 0.111199262( -0.013% 0 0 0
10.7045| -13.4362| -3.6083| -3.60131| 17.7653| 2.26936| 2.83466| 0.56858| -0.07617 -0.220767785 -0.104802384| -D.266526432| -D.01439838] 0.07207| o.o18s2| 4.13F-05] B72E-08]  2.2893558B4 3763.765876 | | -0.02331] -0.24834647] 0.0109 0 0 0
-3.34075| 5.27126| -5.62172| -0.99314| -0.27378| -0.59873| -2.00046| 0.6672| 0.03538 -0.321506806 -0.228965054| -D.052025754| -0.00375669| -0.05516| 0.00302] 7.65E-06] 1.456-05] -0.598733037 2092.921354 | [ -0.06349] -0.04471928( -0.00519 0 0 0
_3.55559| -16.3153| 0.96241| 255181| 6.86125| 2.65468| 1.145| 0.73518| -0.10514 -0.139088728 -0.105839956| -0.033076333| -0.00568281] 0.04512] 0.02364] 3.04E-05]-1.206-06 2.65468264 3425.433702 | | -0.05723 -0.052223917( -0.01049 0 0 0
12.804| 11.8091] -153867| 10.6395| -2.28695| 14.8162| -0.09514| 0D.g48ag| -p.21199 -0.226729534 -0.21473486] 0.167036457| -0.00100344| 0.02243] o0.0082] 1.12F-05| 271E-05] 1481624438 3683989957 || 010913 0165823332 -0.01674 0 0 0
5.66404| -25.0857| -16.3558| 3.28004| 9.01207| 13.5266| 4.93798| -0.06055| 0.23808 -0.372336138 -0.110260566| 0.124507201| -0.04221003| -0.01053] 0.02834| 157E-06|-1.36E-05]  13.52657865 2477328554 || -0.00703] n03ss57003] 0.00708 0 0 0
_E.08895| B.49717| 2.54558| E48913| 0.78739| 1.10363| -4.02832| -0.04154| 0.15877 -0.221253365 -0.126201217| 0.268877741| -0.05028612] -0.13593] 00306 1.326-05] 877E-06] 1.103625116 4447 744038 | | 006017] 021811546 -0.04043 0 0 0
12.8515] -25.1727| -16.0205| 6.95782] 7.06015| 11.0021| 0.18252| -0.07585| 0.11434 -0.208585038 -0.182418761| -0.086432491| 0.038494831| -0.01966| -0.00214| B.B3F-06]-3.14F-05] 11.09413844 3672569643 | | -0.04137] -0.116056196] 0.02902 0 0 0
02093| 285336] 0.83931] 631100] -3.73482| 712024] -2s5oees| 0.10317) 0.2219 -0.076337125 -0.134844852| 0.028749108| -0.03758224| 0.00752] 0.00657] R4sE-06| 1.20E-05] 7.120444759 4259.31318[ | -0.0685] 0.017545211] -0.03532 0 0 0
12.7733| -23.4705| -17.1011 73678| 3.093143| oognas 7 3509 -0.13633| -0.09735 -0.222310268 -0.166703912 0.008307095( 0043491541 0.00728| 0.00744| 1.15E-05|-2.3BE-05 99804145061 3343 745903 (.| -0.07429| -0.004842073( 0.02787 9 2 1
3.36254| -0.00335| 952706| 3.53973| -6.57208 3 2721| -9.58057| -0.10823 0.0017 0.047329319 -0.087066225 0.002918407( -0.02316855| -0.13116| ©0.00222| -5.04E-05| 3.50E-05 2272097932 4383 666454 | -0.07776| -0.149150002| 0.02009 9 2 1
112068 22.3061| 11.20921| 1861091] -12.031| -237108| 224575 0.5281| -0.27677 -0.19255209 -0.213763043| 0.107262164| 0.021885126] 0.02023] o.01938] 17%E-05(-2.286-05] -2.371084125 2903.223866( | -0.14233] 0.06454516] 001728 0 0 0
10.6751| 272387| -15.0177| 2 16648| -5.04711| 11.7804| -558343| 0.69902| -0.14354 -0.241831879 -0.289551551| 0.137944723| -0.04661712| 0.05892| 001338 7.95F-06| 1.796-05]  11.78039183 3577.835583| | -0.2022] 0.065436832] -0.02199 0 0 0
Formula Binary Classification Dependent
Out ~ Population + Meteorological + Remote Sensing + Delta Parameters + Climatic events If outbreaks >1. then it is 1 variable (Y):
- - ,
+Ecological Parameters + Lag variables+ Yearly score + Monthly Score Outbreaks

orelse 0



Machine Learning Models: Selection and Evaluation Criteria

Model Selection Criteria L. Generalized Linear Model(GLM) ) Model Performance Criteria
» Akaike information criterion 2. Generalized Additive Model (GAM) —— 1. KAPPA
ing E I
(AIC)_ ) _ o 3. Random Forest (RF) ]7 g $§SC %:(I:?]?" qzseimb 'ng
» Bayesian information criterion : : Ensemble models combine
(BIC) 4. Kernal Support Vector Machine (KSVM) ]7 4.  Accuracy multiple machine learning
. - ST } 5. Error Rate models to improve prediction
Sg;idd%etig::terlon (BCCI’OSS 5. Boosted Regression Tree (BRT) | é & 6. Precession accuracy, reduce overfitting,
& . - and provide more reliable
* Deviance information criterion 6. Artificial Neural Networks (NN) .L&o ; ggzzll:cll\(/:ll?)// forecasts.
(D I C), : : i i -5-“ = ' Types: Bagging, Boosting,
« Likelihood-ratio test 7. Multiple Adaptive Regression Splines (MARS) Qé\e 20 Eigsfgsrse Stacking.
' <= : Methods: Voting, Averaging,
* MallowssCp 8. Flexible Discriminant Analysis (FDA) & | 11 GiniCoefficient  weighted Averaging.
: M!n!mum dGSCI’IptIOﬂ Iength 9. Classification Tree Analysis (CTA) o> ]7 12. RMSE
*  Minimum message length (MML) 13. MAE
« PRESS statistics 10. Support Vector Machine (SVM)
* Stepwise regression 11. Decision Trees (Tree prob)

NADRES

Key 12. Least Absolute Shrinkage and Selection Operator (Lasso)

W

Goodness of Fit: How well the model explains the
data.
Model Complexity: Number of parameters; simpler
models preferred.
Overfitting: Model fits training data too closely —
poor performance on new data.

NADRES Monthly Prediction Bulletin

Alvears v AlMonths v AITpes v (SRS

13. Gaussian Process (GP)

LA

14. Neural Network (NN)

Septerber 2025 Methodology - November 2025 Prediction - Part 2 (DD 205 November  Methodol ogy

15. Cubiset

Septerber 2025 predicton report of November 2025 - Part 1 (T W5 November

16. Probit Regression

17. Elastic Net

18. Adaptive Boosting

19. Ridge Regression ]

— Vet-Alerts: Livestock Disease Forewarning Bulletin
20. Conditional Random Forest } (Web-based Platform)

R A O O 0 R A R A

i




Interactive Visualization of Al-Based Disease Predictions: State, Disease and Month-Specific Insights in NADRES V2
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SELECT DISEASE

Choose a disease...

SELECT STATE

Choose a state...

SELECT MONTH

() September

Livestock Disease Forecast - Initiate Control Measures for the Prospe

() October () November

| Measures for the Pr

SELECT DISEASE
Lumpy Skin Disease
SELECT STATE

Karnataka

SELECT MONTH

() September

(O October

Reset Form

Processing with Al
Analyzing disease patterns and predicting outcomes,

Lumpy Skin Disease (LSD)

Preventive Measures:

* Restrict movement of animals from infected areas.

* Dispose of infected carcasses by deep burial with lime.

If vaccinated, please ignore the disease forecast.

Disease Distribution Map

* Conduct ring vaccination within an 8 km radius using live attenuated LSD vaccines.

* Disinfect contaminated areas with appropriate disinfectants like phenolic solutions.

KARNATAKA Risk Prediction of Lumpy Skin Diseases for the month of November 2025

s

18°N

17°N
16°N
15N
14°N
13°N

12°N

75°E T6°E TT°E T&°E

NADRES

District Name Cattle
Belgaum 549540
Chitradurga 225603
Davanagere 207377
Haveri 261060
Mandya 369986
Mysore 492598
Raichur 245374
Yadgir 233336
Ramanagara 287502
Gadag 136311
Hassan 548185
Shimoga 518653

Transforming Animal Health

Home About Us

National Animal Disease Referral Expert System (NADRES
v2)

& Al-Enabled Redefining Livestock Disease Risk Forewarning
9/10/2025 113741 AM

Risk Factors  Analytics Livestock Diseases Post Prediction Validation ~Contact

Lumpy Skin Diseases Livestock Disease Forecast for the November Month in KARNATAKA

Buffalo

844171

113304

123506

85501

109443

21682

12420

57438

19644

55798

107971

120563

Goat Sheep Pig
701741 757679 21784
385058 1352087 2177
124542 505630 2418
144969 313205 3347
346430 347133 9408
208206 203463 7349
282718 657633 16384
256848 437092 20504
150130 127988 T102
191656 395899 14258
129058 199387 1046
59719 42526 6160

ICAR

Month
Novermber
November
November
November
November
November
November
November
November
November
November

November

A

F -
AR IvEDE

Result

Very High Risk
Very High Risk
Very High Risk
Very High Risk
Very High Risk
Very High Risk
Very High Risk
Very High Risk
Very High Risk
High Risk
Medium Risk

Medium Risk




Interactive Visualization of Al-Based Disease Predictions: Andra Pradesh Insights in NADRES V2

National Animal Disease Referral Expert System (NADRES v2) |
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NADRES

Livestock Disease Forecast - Initiate Control Measures for the Prospect

rol Measures for the Prospective Second Month

SELECT DISEASE SELECT DISEASE

e 2 NADBE 2 s GOLD AVARD - Nl Amarcs o Choose a disease.. v Anthrax A
SELECT STATE
Welcome to NADRES v2 SELECT STATE
Andhra Pradesh v
2 National Award for e-Goverance 2024-25 - Gold Award Choose a state... v
ert System — Integraning Dotz Driven
inder the categery Innovation by Use of Al SELECT MONTH

Sampling Plans:
SELECT MONTH _ — -
Cor () September (_) October (® November .
s | . ) : Processingvith Al

Y e e
itk () September () October (U November Analyzing disease patterns and predicting outcomes...

Reset Form Generate Forecast [3 Back
A 31860229 [ 02.1% syl Do e /_
Total ecored {hacks) s Reset Form Generate Forecast .
) L . CI |Ck

ANDHRA PRADESH Risk Prediction of Anthrax for the month of November 2025 Anthrax Livestock Disease Forecast for the November Month in ANDHRA PRADESH
| | |

Agpeotion / Kurnool 356122 610574 1985957 11482 November Very High Risk
18°N

Sri Potti Sriramulu Ne 107858 453820 1370812 3785 November Very High Risk
17°N

Anthrax

16°N

Preventive Measures:

Prakasam

* Ring vaccination and report of disease is advised.

15°N B

* Vaccination to be done in consultation with veterinarians and as decided by state animal husbandry authorities.
e 0 * Strict biosecurity measures may be followed.

14°N & - - -

» Carcass may be disposed of by deep burying covered with lime powder.
Chittoor . . . . .
“ + Contaminated areas may be disinfected with 4% formalin or 10% caustic soda.
13°N ~

* Grazing area may be restricted.

T T | T
78°E 80°E 82°E 84°E If vaccinated, please ignore the disease forecast.




September 2025 Livestock Disease Risk Maps: Visualizing High and Very High-Risk districts
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African Swine Anthrax Avian %\-\%\'0%0 060‘&"” o;
Fever Influenza ) 0@; o @e@o

Bluetongue Classical Swine  Enterotoxemia Fascioliasis
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Foot and mouth Haemorrhagic Lumpy Skin disease Peste des petits Sheep and Theileriosis
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End to End Risk Communications

Monthly Forecasting of 15 Livestock Diseases (Based on Al and ML models) Dissemination to all Stakeholders

¥

Hard Copy (vet-

alert, Livestock Diseases
Risk Forewarning
Bulletin)

Dissemination
by Post

l

DAHD and
ICAR officials

Soft co PY (vet-alert,

Livestock Diseases Risk
Forewarning Bulletin)

Via emails

State Veterinary
Officials(52),
KVKS (731),
NADEN centers

LDF & NER
LDF Mobile
application

Tvestock Disense Forewarning (LDF Mobile Application)

NADRES Website

o =

= RIS W S

Real time access
by field users
(100+ Users)

v’ Veterinary nodal

Fruits SMS
alerts to
registered
farmers

httpé?/}n;{)edi.rfes.in/Nad

res v2/index.php

Total Visitors: 27
Lakh Individuals (as
of latest update)

v 33.69 lakh SMS alerts
were sent to farmersin
September 2025.

v 35.80 million SMS alerts
disseminated via
FRUITS (April 2024 -

DLT SMS
to
Veterinary
Doctors

™

[

v' 16,721 SMS alerts
sent to
veterinarians in
September 2025.

v' 2.13 lakh SMS
alerts sent to vets
from September

Social
Media
Platforms

YouTube:
https://www.youtube.co

m/@icar-nivedi

Facebook
https://www.facebook.co
m/icarnivediofficial/

Instagram
https://www.instagram.c
om/p/DFE5DkagymcW/?i
9sh=N2NvZXR5cHp3cX
dj

LinkedIn
https://www.linkedin.co
m/feed/update/urn:li:sh
are:72946673718294364
17/

X (Twitter)
https://x.com/dilnivedi/s
tatus/1888899265411645

. August 2025).
(55 Including PI &CO_P|) officers use the system g ) 2024 to August 3%
to create data-driven 2025. GitHub:
Sampling plans for https://github.com/SEL -
NIVEDI/
targeted surveillance.
@ ) ‘ @
Goals Risk C ication: Real-ti interacti h f risk inf ti
v Empowerment: Facilitate protective and preventive actions. . - - " ISk Lommunication: real-ime, Interactive exchange of risk information
v" Trust and Credibility: Strengthen confidence in expert guidance. Informed Farming Community & Veterinary Authorities to enable informed decisions and protective actions.
v Behavioural Change: Encourage adoption of risk-mitigating = Early Response L ) . .
behaviours. - Risk Mitigation Beneficiaries: Supports farmers, veterinary doctors, and policymakers in
v : . . ; ; ) . prevention, decision-making, and building trust in institutions.
Community Engagement: Involve communities as active partners in = Animal Health Protection a

G risk management strategies.



https://nivedi.res.in/Nadres_v2/index.php
https://www.youtube.com/@icar-nivedi
https://www.facebook.com/icarnivediofficial/
https://www.instagram.com/p/DF5DkqqymcW/?igsh=N2NvZXR5cHp3cXdj
https://www.linkedin.com/feed/update/urn:li:share:7294667371829436417/
https://x.com/dilnivedi/status/1888899265411645536
https://github.com/SEL-NIVEDI/

Field-Level Accuracy of District-Wise Disease Forecasts vs. Reported Cases (2023-2024)

SLNO Diseases 2023 2024
Ground-
No. of Districts No. of Districts No. of Districts No. of Districts Truth
Forecasted Reported Forecasted Reported Observations
. . After Two

1 African Swine Fever 153 239(from march) 537 Months

2 Anthrax 257 20 253 38

3 Babesiosis 836 488 1074 473

4 Black quarter 430 68 592 53

5 Bluetongue 45 7 54 272 False Negative Error:
Districts Reported but Not Forecasted

6 Classical Swine Fever 97 27 588 12 In 2024, a total of 24 districts

7 Enterotoxaemia 305 61 418 67 (approximately 10.76%) reported at least
one disease outbreak, even though they

8 Fascioliasis 566 106 572 106 were not forecasted by the system.

9 Foot and mouth disease 664 101 1001 83

10 Haemorrhagic septicaemia | 461 22 872 39

— False Positive Error:

11 Lumpy Skin Diseases 30(from oct to dec) | 116 508 289 Districts Forecasted but Not Reported

12 |Peste des petits ruminants | 810 172 968 142 Meanwhile, 26 districts (around 3.94%)
were forecasted to have outbreaks, but

13 Sheep & Goat pox 478 57 526 30 no cases were reported from these

14 |Theileriosis 793 496 936 501 districts

15 Trypanosomiasis 692 325 802 363




Post-Prediction Validation of Livestock Disease Forecasts Using Outbreak

Anthrax prediction during 2023 for accuracy - S g Black Quarter prediction during 2023 for
checking : T : accuracy checking

NADRES v2 If implemented, could have prevented
542 Black Quarter cases from January to June (=
83.33%)

NADRES v2 If implemented, could have
prevented 93 Anthrax cases from January to
March (=80 %)

= Total attacks during 2023 : 650

e Spreads in : 28 districts

NADRES v2 predicted : 23 districts (= 82.14 %)
* Majority of attacks :January to June

* Total attacks in Jan-Jun: 484

* During Jan-Jun percentage of attacks : 74.46 %
* Spreads in : 24 districts (Jan-Jun)

NADRES v2 predicted : 20 districts (= 83.33%)

» Total attacks during 2023 : 116
* Spreads in : 10 districts

NADRES v2 predicted : 8 districts (=80%)
e et _ = Majority of attacks :January to March
I oiscrse predicied ﬁ . * Total attacks in Jan-Mar: 66

P * During Jan-Mar percentage of attacks : 56.9%
* Spreads in : 5 districts (Jan-Mar)
. » - R ) NADRES v2 predicted : 4 districts (=80%)
1 1

L L L L L i L 0 500 1,000 2,000 Kilometers
L L L L L L |

Validation of NADRES v2 showed 80% accuracy in predicting Anthrax outbreaks in 2023, highlighting its
potential to prevent most cases through early warning.

FMD prediction during 2021 for accuracy
checking

‘%}?{, NADRES v2 If implemented, could have prevented

‘ B ‘ [ ea 8¢ A
g‘{ir"l s - 11,685 FMD cases from June to November (=74%)
e

Validation of NADRES v2 showed =83% accuracy in predicting Black Quarter outbreaks during 2023,

underscoring its potential to prevent most cases through timely early warning.

Theileriosis prediction during 2023 for accuracy
checking

NADRES v2 If implemented, could have prevented
2907 Theileriosis cases from January to August (=
92.30%)

» Total attacks during 2021 : 19363
* Spreadsin : 116 districts
NADRES v2 predicted : 82 districts (=71%)

« Total attacks during 2023 : 4271
* Spreadsin : 60 districts
NADRES v2 predicted : 54 districts (= 90.00%)

Districts with

* Majority of attacks :June to November =y * Majority of attacks :January to August
Bkrnh * Total attacks in June —Nov : 15791 : * Total attacks in Jan-Aug: 3150
B s Prediced ‘ * During June-Nov percentage of attacks : 81.5 % N '.,ﬁ ' * During Jan-Aug percentage of attacks : 73.75 %
N ﬁ ' * Spreads in : 104 districts (Jun-Nov) A : * Spreads in : 52 districts (Jan-Aug)
A '- NADRES v2 predicted : 77 districts (~74%) : ~.“ NADRES v2 predicted : 48 districts (= 92.30%)

0 500 1,000 2,000 Kilometers * 0 500 1000 2,000 Kilometers
L L I L L | L 1 L

Validation of NADRES v2 showed 74% accuracy in predicting FMD outbreaks in 2021, highlighting its

Validation of NADRES v2 showed 92.30% accuracy in predicting Theileriosis outbreaks in 2023,

potential to prevent most cases through early warning.

highlighting its potential to prevent most cases through early warning.



Post-Prediction Validation Using ProMED Data

We validated our forecasted results for livestock diseases using ProMED outbreak reports.
» Monthly forecasts were compared with actual reported outbreaks to verify whether the predicted diseases occurred in the same

month and at the same predicted locations.

» This spatio-temporal validation helped assess the accuracy of the disease timing in our forecasting model.

@can Swine FeveD

Lumpy Skin Disease

LAWNGTLAI AND MAMIT (MIZORAM) : PUBLISHED DATE: SAT 29 MAR 2025 : MIZORAM BATTLES FRESH AFRICAN SWINE FEVER OUTBREAK AS OVER 500 PIGS GIE

0O A new outbreak of [ CHTSMMCHEIEHERSENhas struck NEEORAM, leading to the IERTRSINENEH
M ProMED BN in just 2 weeks, officials confirmed on Saturday [29 Mar 2025). The highly contagious
'-@‘ NTERNATIONA disease has spread across 13 villages and localities in Lawngtlai and Mamit districts, prompting
‘ urgent containment measures.
Mizoram battles fresh African
Click Here: Swine Fever outbreak as over 500
pigs gie - Daijiworld.com

0 Teams from the Animal Husbandry and Veterinary Department (AHVD) have already culled
around 100 pigs and piglets in an effort to prevent further transmission. The fresh outbreak was
confirmed on 20 Mar [2025] after testing at the Northeast Regional Disease Diagnostic
Lahoratory (NERDDL) in Guwahati.

0O The outbreak initially surfaced in I EENNGUMMMSINEI, which shares an unfenced international
border with Myanmar and Bangladesh, The infection then spread to , which
borders Tripura and Bangladesh, Authorities are now closely monitoring the situation to contain
the disease and prevent further losses.

Date: Sat 29 Mar 2025

Issue Date: 4/1/2025,10:45:46 AM GMT+5:30
AFRICANSWINE FEVER

Wizoram Stats, Inda (0 Mizoram has suffered severe financial setbacks due to recurring ASF outbreaks. In 2023 alone,

the disease killed over 1100 pigs, while nearly 1000 were culled. The previous year, in 2022, ASF
claimed 12 795 pigs, leading to 11 686 cullings. The worst outbreak occurred in 2021, when the
state lost 33 417 pigs and was forced to cull 12 568 more, causing a financial loss of INR 334.14
crore [INR 3 341 400 000, approx. USD 39 million].

NIVEDI Prediction Reported February 2025 and Predicted April 2025

Districts of Mizoram ASF Preidiction for | ASF Preidiction for | ASF Preidiction for
March 2025 April 2025 May 2025
Aizawl VHR VHR VHR
Kolasib - - VHR
Lunglei VHR VHR VHR
Mamit VHR VHR VHR
Saiha VHR - VHR

24.5°N
24°N
23.5°N |
M
22{5°N o
Very High Risk
22N High Risk

BELAGAVI (KARNATAKA) : PUBLISHED DATE 26-11-2024 : LUMPY SKIN DISEASE STRIKES CALVES IN
BELAGAVI

Q@ ProMED

INTERNATIONAL SOCIETY
FOR INFECTIOUS DISEASES
e Dt JULE TR 0636 57
Subjet PRO/SOASCumpy K dsase-Tnde ) amatke) e cles

Avchive Number. 20241126, 8720274

The district|[Belagavi, Karnataka state, India]|is once again battling lumpy skin disease, a

contagious viral disease that a acts cattle, and this time, it is spreading mostly among calves. The
department of animal husbandry has commenced vaccination of calves on Monday |25 Nov 2024].

This is the third wave of lumpy skin disease. In the rest phase, the disease a acted local cattle,
while the crosshreed cattle were a acted in the second phase. In the third phase, it is a acting the
calves, especially the cow calf. However, department sources said the severity of the disease has
considerably decreased as compared to the rest phase.

As far as Belagavi district is concerned, the disease has been found in several pockets, mainly in
Kittur taluk. Lumpy skin disease is transmitted by blood-feeding insects, such as certain types of
flies, mosquitoes, and ticks. It causes fever, nodules on the skin and can lead to death, especially

LUMPY SKN DISEASE - NDIA (02} (KARNATAKA| CATTLE.CALVES among cattle that were not previously exposed to the virus.

A ProMED-mail post
hitpwwwpromednalorg
ProMED-malis 2 programof the

"We started vaccinating calves from Monday 25 Nov 2024]. In the district, there are
approximately 70 000 calves, and we have planned to complete their vaccination within a week. We
received 1.6akh [160 000] doses of vaccination to vaccinate all calves between 4-12 months. The
vaccination is not required for a calf below 4 months because of its naturally strong birth
immunity," Rajeev Koler, deputy director of the animal husbandry department told TOL

IntermationalSociety for Infectious Diseases

hitpulwwwisidorg

“agalkot

Haveri

Davange

18°N

NIVEDI PRECTION Reported September 2024 and Predicted November 2024

17°N

16°N

/

Belgaum VHR VHR NR il
Davanagere NR VHR NR

Haveri VHR VHR NR e

Kodagu NR VHR NR ol

Koppal NR VHR NR 12

Low Risk
Very Low Risk
No Risk / No Data

75°E T6°E TT°E T8°E




Integrating Mathematical Modeling Post Disease Risk Forecasting

KARNATAKA Risk Prediction of Foot and mouth disease for the month of August 2025

A Identification High

18°N

How will a disease spread within a population, and what factors influence the speed, scale, and peak

of an outbreak?

Risk district

17N 4

yapt
16°N -

Very High Risk

15N e, High Risk

14N /
a

13N gy

12°N 1 g
T T T T

v Epidemiological Equations (SIR/SEIR Models)
v Simulations
v' Sensitivity Analysis

Eg. SEIR equations: 150

ds dE dl . @_ﬂ ,.;,E
E—_ﬁsj- E—jSI_C'E‘ E—UE .’I- p = J |

Output

v" Disease transmission curves.

v' Peak infection time and expected case numbers.

v' Estimation of resource needs (e.g., vaccines, isolation units).

Deployment
7

;

Which combination of interventions (e.g., vaccination, quarantine, and social distancing)
Is most effective in controlling and epidemic, and what is the optimal timing for their
implementation?

What are the economic costs of an epidemic, and which intervention
strategies provide the best balance between public health benefits and
economic feasibility?

J

How can mathematical models inform policymakers to prepare for
future outbreaks and prevent secondary waves of infection?

J

Data Required for Mathematical Modeling

~

/\/ Population density of livestock.
v Movement and contact rates of animals.
v" Vaccination coverage data.
v Environmental persistence and transmission dynamics.
v" Disease-specific biological parameters (e.g., incubation period,

K Ro).

J

(v Integration with GIS and prediction outputs. ) i bHngs Lin y
. . . . . . vidence-pasea decision-making.
v"Real-time scenario testing (e.g., effect of vaccination, - Efficient resource allocation.
movement control). = Designing targeted control strategies
v' Web-based decision support tools for policymakers. gt'”s ‘r:a‘;g'”at'on’ SUVYe':_'ance)_-th
. . . . = akKenolaer communication wi
\\/ Simulation dashboards for field officers and stakeholders. W, enario simulations.




Modeling Foot-and-Mouth Disease (FMD) Dynamics Across Multiple Hosts

Objective:
1. To develop a multi-host FMD model incorporating cattle, buffalo, sheep/goat, and pigs to capture cross-species transmission and predict

outbreak time, duration, infection peak, spread speed, and disease scale under varying population densities.

2. To evaluate the effectiveness of control strategies such as vaccination for host animals and biosecurity measures in reducing FMD spread, and to

provide insights for designing optimal intervention policies

Questions that the model can answer

How can mathematical models explain the speed, peak, and overall scale of a disease outbreak in a population, and which parameters (such as
transmission rate, recovery, immunity, the role of vaccination, and environmental factors like rainfall, temperature, and p") most strongly
influence these patterns?

What combinations and timings of interventions such as vaccination, quarantine/isolation of symptomatically infected animals do models
predict as most effective for controlling an epidemic while minimizing social and economic disruption?

How can models be used to estimate the risk of disease introduction in a specific region, forecast long-term epidemic dynamics, and guide
policymakers in preventing future waves of infection?

Homogeneous Mixing — All host species (cattle, buffalo, sheep, goat, and pigs) are assumed to mix uniformly, with equal probability of
contact across individuals within and between species.

Deterministic Process — The model predicts FMD transmission dynamics based on fixed parameters and initial conditions, without
incorporating random chance or stochastic events.

Constant Rates — Epidemiological parameters such as recovery rate and natural mortality are assumed constant over time.

Uniform Individual Characteristics — Within each host group, individuals are considered equally susceptible and equally infectious, without
accounting for age, immunity level, or behavioral variation.

Disease-Free or Endemic Equilibria — The model analyzes the conditions under which FMD either dies out or persists as an endemic
infection in the host population.




Epidemiology and History of the FMD

Causative agent: FMDV, genus Aphthovirus, family Picornaviridae. Hosts: Cloven-hooved

animals.

Transmission: Direct contact with infected animals or their secretions/excretions, Indirect contact
(Fomites, Animal products, and Human), and Wind-borne

Morbidity and mortality: Very highly contagious in susceptible populations.

Durations of disease phases in cattle: Incubation 3.6 days (2.7—4.8 days); Latent 1.5 days (1.1-2.1
days); Subclinical infectious 2.2 days (1.5-3.5 days); Clinical infectious 8.5 days (6.2-11.6 days);
Total infectious phase (Subclinical infectious + Clinical infectious)10.8 days (8.2-14.2 days).

Serotypes: Seven types of FMD virus are A, O, C, Southern African Territories (SAT)- 1, 2, and 3,
and Asia 1. Only types O, A, and Asial are seen in India (Subramaniam et al., 2013).

Endemic disease — FMD has been present in India since the 19th century; serotypes O, A, Asia-1
circulate widely, while C disappeared after the 1990s (Subramaniam et al., 2013).

Burden & hosts — India reports thousands of outbreaks annually, mainly in cattle and buffaloes, but
also in sheep and goats. In Karnataka alone, 11,159 outbreaks with ~0.27 million cases were
reported between 1977-2012 (Rout et al., 2014).

Serotype dominance — Serotype O causes >80% of outbreaks across India and Karnataka; A and
Asia-1 appear sporadically, while C is absent (Rout et al., 2014).

Geographic & seasonal trends — Karnataka’s dry zones (Central, Northern, Southern transition)
report most cases, with peaks in cool, dry months and cyclic recurrence every 2-3 years (Rout et al.,
2014).

Control & vaccination — Preventive vaccination started in 2006-07 (ASCAD) in Karnataka and
scaled up under the FMD Control Programme (2004; nationwide 2019) with bi-annual mass
vaccination (Govt. of India, 2019).

Why Mathematical Modeling for FMD

» Understand disease dynamics: Models describe
how FMD spreads between animals, herds, and
regions. They capture factors like transmission
rate, incubation, carrier animals, and seasonality.

» Evaluate control strategies: Evaluate control
strategies: Models assess the impact of vaccination
frequency, coverage, and movement restrictions.
Biannual vaccination campaigns in India have
been designed, and future monitoring can be
guided by insights from mathematical modeling.

» Optimize resource use: Helps governments
decide where to allocate vaccines, manpower, and
funds. Reduces wastage by targeting high-risk
zones.

» Policy & decision support: Provides evidence-
based guidance for disease eradication programs.
Supports India’s goal of achieving FMD-free
zones for livestock trade.

> Assess the effectiveness of vaccination: Models
measure herd immunity levels and show whether
vaccination frequency and coverage are enough to
prevent outbreaks.

» Simulate “what-if” scenarios: Allows testing of
different outbreak situations (e.g., low vs. high
vaccination, unrestricted vs. restricted animal
movement) without real-world risk.




Schematic Diagram of SEIRVQq (Cattle), SEIRV (Buffalo), SVIR (Pig), SVIR (Sheep/Goat), Carrier

Fomites (F), Environment (P_env) Mathematical Model

I=Iey+leo+(Igp+1p +15)* F*P_env Compartment Description
oy f S Sc Sg Susceptible population gf Cattle and Buffalo
Cattle - o, E; Ep Latent/exposed population of Cattle and Buffalo
| P Sub-clinical infectious population of Cattle and Buffalo
Ie, Ig, Clinical infectious population of Cattle and Buffalo
R¢ Rg Recovered population of Cattle and Buffalo
Ver, Vi Vaccinated fewer rounds population of Cattle and Buffalo
Vez Vi, Vaccinated more rounds population of Cattle and Buffalo
Q¢ Quarantine population of Cattle
Pig ///' qc Isolated population of Cattle
T Sp Sq Susceptible population of the Pig and Sheep/Goat
) Vp Vg Vaccinated population of pigs and Sheep/Goat
el s 4 N 1 o L, I Infected population of the Pig and Sheep/Goat
L o N N "°—' vsls s Rp Rg The recovered population of pigs and Sheep/Goat
uslsy @ P env Environmental parameters includes temperature, humidity and
= = |nteraction < Buffalo v, F: Fomites _ p" : : :
Contribution “'s \‘?——gbj#;’/// VaaVs1 P: Environmental parameter . Fomkltes from contaminated feed, water, vehicles or farm
workers

Factors Influencing the Building of the Mathematical Modeling

Environmental parameters: Temperature(<20), Relative Humidity(>55), and PH (7-7.5) virus will survive in these conditions

* FMDV spreads mainly through secretions and excretions (breath, milk,
semen, etc.) of infected animals.

Hosts Spread factor Control factor «  Direct transmission occurs via inhalation of virus-laden aerosols or contact
Infectious animals (like infected Reservoir: Direct contact, Indirect Vaccination, Isolation with contaminated feed, water, vehicles, or farm workers.
Cattle, Buffalo, Sheep, and Goat) contact « Indirect transmission happens through ingestion of contaminated animal
Pig Amplifier: Airborne Vaccination and isolation products (milk, meat) or secondary aerosols.
Fomites and Environment Contact with Infected animals and Isolation of infected animals | | ©  The virus survives for days to months in the environment, with survival
with emitters of airborne influenced by temperature, humidity, and pH.




Model Parameterization

21 i Fomites pathogen decay rate
Why Parameterization: It is important in mathematical modeling because it assigns 22 "2 | Environment pathogen decay rate
realistic biological, ecological, and epidemiological values to the model’s variables.
24 S¢ Susceptible population of Cattle
SI.No Parameter Description 25 E. Latent/exposed population of Cattle
1 Bc Transmission Rate of Cattle 26 Iy Sub-clinical infectious population of Cattle
27 [ Clinical infectious population of Cattle
Br e c2
2 Transmission rate of Buffalo
28 R Recovered population of Cattle
3 Be Transmission rate of Pig
29 Ve Vaccinated fewer rounds population of Cattle
4 B Transmission rate of Sheep/Goat
S Uc Death Rate of Cattle 30 Ve, Vaccinated more rounds population of Cattle
31 Q¢ Quarantine population of Cattle
6 Hs The death rate of Buffalo
32 dc Isolated population of Cattle
7 Up Death Rate of Pig
- - - 33 Sp, Susceptible populations of Buffalo
8 D, Disease-induced mortality rate of cattle
9 ! Progression Rate from Exposed Cattle to Asymptomatically Infected Cattle 34 Eg, Exposed populations of Buffalo
10 o, Progression rate from Asymptomatic Cattle to symptomatic Cattle 35 Igy Subclinical Infected populations of Buffalo, respectively
11 0, Progression rate from Exposed Buffalo to Infected Buffalo 36 Ip, Clinical Infected populations of Buffalo, respectively
12 92 Progression rate from Asymptomatic Buffalo to symptomatic Buffalo 37 Rg Recovered populations of Buffalo
@ 38 ' Vaccinated population of fewer rounds in Buffalo
13 Rate of loss of immunity . .
39 Vi, vaccinated more rounds population of Buffalo
14 o Vaccination rate for Cattle 40 Sp Susceptible population of the Pig
og N
15 Vaccination rate for Buffalo 41 Vp Vaccinated population of pigs
16 ¢ Isolated symptomatically infected Cattle 42 I Infected population of the Pig
43 Rp The recovered population of pigs
17 X2 Waning rate of vaccinated animals
44 Se, Susceptible populations of Sheep and Goats
18 £ Recovery rate of symptomatic infected - -
45 \'A Vaccinated populations of Sheep and Goats
Ya
19 Isolated Cattle Recovery Rate 46 Is and Infected populations of Sheep and Goats
20 %e: Waning rate of vaccinated cattle 47 Rg Recovered populations of Sheep and Goats




Model Formulation

dIBl j—
CATTLE 3 St = poEp — (gt 0))lp
ds ICI +1C2 +IB2 +f env *IP + f env *1,
1. = 0c+agVer +x2Vep + KiQe+ORC — [ag + e, ﬁc( fTV L D IS¢ 4 d;iz = 0,05 — (ug + Dp)lp,
dE, IC1 +IC2 +IB2 + f env #IP + f eny *1, av,,
2 = :3c( f,_V L S)Sc — (p1 + 1c)Ec 5. d_f = apSp — (ap, +%B2 1) Vi1 - Y2V g1
3. Ay — E. — (uc+ o)l Vg,
- = PiEe — et o)y 6. — =gV — (U +Xs) Va2 - V51V2
al, dRr,
4 E=ola+KQe— (s +uc+ @ +Dle, 7. e Vel —(Ug)RE V51V B2 V2V 1
dR SHEEP/GOAT
5 = aaViVarXi¥aVer + Valer + vaqe — (e + DR, /
ds (18)
1. == A+ 6V — (Bs—+ us + ag)S
6. d;: = aS¢— (A V1 + e |, ez, UV at s+ OV = s v s
dl (is)
2. —==B—=5;—(us+ Dyl
7 d;/,fz = Vo1 - X2t e X2 )Ver a0 P Ss~Us DIl
av
3 —E=aSq— (85 + ug)Vs .y V
do, _ $9s s T Hs)Vs. Vs1Vs
8 2 = Boc — [Ki+Ky + uc]Qc a
dR
4 —2=yJd—(ug)Rs, v,V
d stsTMs) s 1 V51 Vs
? dqtc =@l =(Va+ He)ac at ’
PIG
BUFFALO
ds ap)
1. —=A +6,Vp,— (Bp——+ up+ap)sS
n i ac_ Sp T OPVp PN p T Qp)op
1. % =8p + gV XeVer — [0 + 15 + B B!+ B2 fEenv dilas; 1Ss ar ap)
2. —t=Pp—85p —(up +Dp)I
aE, . (IBI +IB2 +f env +F  1C2) ac = Proyy S =l Do)l
2 F= By N Sp— (p2 + 1p)Eg av
3. T apSp = (8p + 1p) Ve ¥p1 Ve
dR
4 L =vele —(Up)Rp 1 VPV

Why are differential equations: Differential equations describe how populations change continuously over time. They provide a precise
framework for predicting outbreaks, evaluating interventions, and calculating the basic reproduction number (Ro). These equations are
essential because they offer a powerful mathematical tool to describe, predict, and analyse how systems evolve, helping us understand natural
phenomena, model complex processes, and solve real-world problems




Equilibrium point

(1) Disease— free equilibrium point (E) :

A stable state in an epidemic model where the number of infected individuals in
a population is zero, and the disease is no longer circulating.
And Why? Study the DFE to know the disease Can be eradicated? And What

conditions (like Ry < 1) ensure elimination?

S % == Ac"'0‘03‘/01"'XZVC2+(Z)RC E* — I* — I* — n* — 0 R* — O‘c1y1VC1+)(1y2VC2
C [« +ic ] 1B =1e1= le2 = qc =Y, ¢ ,
cTHc (W +0
V(}k — O‘SC V., = %V
1 (o y1+acz+acs+“c), c2 (1Yo HctX2 )

(2) Endemic equilibrium point (E;):

An endemic equilibrium point is a stable state in an epidemiological model
where an infectious disease persists within a population at a consistent

Why? This study is to understand What happens if the disease cannot be
eradicated? And how many people/animals will remain infected long term?

Ac+ OLcavm"'XZVCZ + KlQC +®RC

Sc*=
1, , IC, IB,, fenv«*[P+fenv=*IS
[“c"‘#c"‘ﬁc( c1 4124107 44 = — 5) ]
(11 ,1C,  IB, ,fenv*IP fenvxIS),
E. * = BC N [..*= p,EC qc* q’I(;Z
B (p,+u) 7O T (upta,) 1O (v, 4y
I 011c1+KzQC Q * = AQC R *— O‘61}/1VC1+X1VZVC2"')/3IC2+Y4qc
C2 *= (Y3+/'lc+(plcz +Dc)l ¢ [ K 1+K2 + #C]’ ¢ ([,lc+®) !
otSc a:ZV:

Veyoe Ve, =
U= (e vitag, a1 Tyt )

Basic Reproduction Number (Ry)

Basic reproduction number: It represents the average number of new infections
generated by a single infected person in a completely susceptible population

Steps for finding the next generation matrix (NGM):

Step 1: Identify the infectious compartments (like Exposed “E” and infected “I”
compartments)

Step 2: Write the equations for infected compartments
» F: Rate of new infections entering the compartment

* V: Rate of transfer into and out of the compartment (not including the new
infections)

Step 3: Compute the Jacobian matrix (Jacobian with respectto E & I)
Step 4: Form the next generation matrix (NGM)
NGM = FVv!

Step 5: Compute RO, the basic reproduction number, which is the spectral radius
(dominant eigenvalues) of k

RO = p (K)
Ry = ScBcpa 4 VA
2N (pc+p1)(Dc+vs+pucte) B
Here, A =Scfcp1(ug + p2 + v5) ((4DCFSBfenvﬁBﬂC) + (4D¢FSg fenvBpP1) + (A4F Sp fenvBrY3lic)
+ (4F S fonvBY3P1) + (4F S fonyBeie) + (4F Sp fonuBriicp1) + (4F SpfenvBrpiic)

+ (4F Sp fenvBrPp1) + (ScBcysp1) + (ScBctppi) + (ScBep2p1)

B =2N (Dcyshic + Dcyppr + DC”B#E + Dcugpy + Depicpz + Depapr + ¥3YBHc + Y3lpP1 T V3lsHc
+YpipP1 T V3hcP2 + V3P2P1 + VUG T VBHCP1 T VBUCP T VBP1P T Ul t UplcP1 T UBUCP
+ Upp1® + UCP2 + Hep2p1L T UcP2® + P2P19)

The basic reproduction number R, serves as a threshold indicator for the control of foot-and-
mouth disease (FMD): when R, < 1, the epidemic dies out; when R, >1, the epidemic persists.
Control measures should aim to reduce Rybelow 1 to eliminate the disease.

Herd immunity threshold (HIT): Minimum proportion of animals that must be immune to stop
spread: HIT=1 — %

0




Theorem 1: Non-Negativity

Theorem 2: Boundedness

Goal: We aim to show that if all the initial conditions are non-negative, then all the state variables
remain non-negative for all future time t > 0.

Sc (0), Ec(0),1¢1(0), Ie2(0), R¢ (0), V1(0), Vi2(0), Q¢ (0), g¢ (0) = 0
Proof: We'll prove this for each differential equation using the standard approach:

dsc .

— = Act aVer + xoVer + 1 Qe + ORe — (o + pe + (B (infected) /N)) * Sc

(Note: infected /I, 15, 1p+IS+F+P_env) All terms are non-negative except the last, which
subtracts. The depletion term is proportional to S, so if S = 0, this term vanishes. So, % >0 when
Sc = 0 — no negative flow out of zero.

%m:o = (BC(infected)/N )* SC, If E.=0, the loss term vanishes. Production from S >0 so % >0.

%ICFO = p1 Ec Again, if I,=0, its depletion stops, p; Ec >0 produces it. So, I¢,(t) > 0.

% 1c2=0 = 01 ley K, Q¢ Gains from I, and Q. — both are > 0, Loss is proportional to I, — stops at
0. So, I,(t)= 0.

% re=0= Oc1Y1VertaaY2 Ve tYalcatyade All inflow terms > 0. So, R > 0

% vei=o =0S¢ If V¢, =0, depletion is zero, Gain from S, > 0 — V stays > 0, Linear ODE with

inflow, bounded outflow — stays >0

e Ztczvcz:o = 0c,Vep IF VC2 = 0, depletion is zero, Gain from S >0 — V stays > 0
dQc

T4t Qc=0 =Aqc=20

dqcC

—r oc=0 =@ IC; Inflow from I,> 0, depletion linear in qC, Since the depletion terms vanish at zero for

each variable, the inflow terms are always non-negative. The system is well-posed, and all initial
conditions are non-negative. By the non-negativity theorem, all state variables remain non-negative for
all t=0.

Conclusion: The non-negativity theorem ensures that model solutions never become
negative, keeping results biologically meaningful.

Goal: The goal of proving boundedness is to demonstrate that the model’s solutions remain finite and well-
defined for all time, ensuring that the system does not diverge or exhibit unrealistic, unbounded behavior

The boundedness proof for the model is based on the provided system of differential equations.
Define Total Cattle Population: Let NC(t)=Sc+Eq+lgy+lcptRctVe Vet Qetae

Add All the Equations, Now, compute: % =Y all RHS terms

We will notice that many internal transfers cancel each other (e.g., a term leaving one compartment enters
another). So, the only non-canceling terms (net sources and sinks) are: Birth/entry terms: +A¢, +Aqc Natural
death terms (all compartments lose puC times their values): Appears in each equation, Disease-related death: D
I, (only affects one compartment)

—B (Lpg i drp Lgo  Lpt1S+F+P _env)
C

Ne(® = A¢ + agsVer + XV, + KiQc N ]

(Lrg oo Lgo  Lpt1S+F+P_env)
BC SC

+ ORC — S, Sc +

N = piEc +piEe — oyl 0l +KQe = Vsleo = @lea = Dplez |, %1 ViV
+ X1V2Ve2 + Valea + V4G — ORC + acSc — o1 V1 Ve — aeoVer — @esVer + ocVer _ X1¥2Ver = X2Ver + BDoc =
KiQc— KyQc + @l ey —vade — ucSc — Ectbe = beler — belcr = BeRe ~1cQc —teqc —1cVer — UeVer
Nc(ONC(t)= A +A8pc —1cSc — Ec e — el — Helca — teRe —1cQc —tcqc —t#cVer — UcVez —Delcz

Ne(® = A¢ +A¢c —pc(ScHEcHciH e +Re+V e Vi, +Qetqc) —Dele,

Ne(t) = Act+Agc— ue Ne =Dl

Therefore: % < ActAgc — Be Ng (Why "<"? Because we ignore disease-related deaths (DC 1C2=0, which
would make it smaller).

Step 4: Solve the Differential Inequality Let: M = Ac+Aqc Then: % <M-uCNC

This is a standard linear differential inequality. We compare this to: % =M-uCy

The solution is: y(t) = (NC (0) — u%) e Mct + u% (Boyce, W. E., & DiPrima, R. C., 2017).

By the comparison theorem: NC(t) < y(t) < max (NC (0), uﬂC)

Hence, the total population NC(t) is bounded above by: max (NC (0), (AC+AQC)/uC)), For all 0, the total cattle
population NC(t) remains bounded above by a constant: N(t) <max (N¢ (0), (Ac+Aqc)/kc)

The boundedness theorem ensures that the total population remains within a finite limit, reflecting
real-world constraints and preventing the model from producing unbounded or unrealistic growth.




Theorem 3: Stability Analysis Around Equilibrium Points Sensitivity analysis

Goal: To determine whether a model’s equilibrium points are stable or unstable. Sensitivity analysis on the key parameters to assess their influence on the R, value and
Will the system return to equilibrium after a small disturbance (stable), or will it move away determine which parameter has the greatest impact on the basic reproduction number.
and behave differently (unstable). AR — Ri * %
0
[ ol S A A S S SN S A S N S S S N O O Parameter | B¢ | By | Dc | mg | Mc | P1 | P2 | V3 ®
13 description 027 | 027 0.01 0.0057 | 0.02 015 | 0.0021 | 0.143 0.03
Value 027 | 0.27 0.01 0.0057 0.02 015 | 0.0021 | 0.143 0.03
Sensitivity
i dex 0.99 | 02830 | -0.0297 | 0.0831 | -0.1241 | 0.3324 | 0.0369 | -0.4250 | -0.0831

Bc, Bs Transmission rate of Susceptible Cattle and buffalo

The Jacobian J, at the disease-free equilibrium E, determines the local dynamics of the P1,P2 Progression rate from Exposed Cattle to Infected Cattle and buffalo respectively

FMDV model. If all eigenvalues of J, have negative real parts, E,is locally asymptotically
stable and the infection dies out. If all eigenvalues have positive real parts (as required in this Doy Ha He, Disease-induced death rate, natural death rates

theorem), E, is unstable, and small perturbations grow. If some eigenvalues are negative and

others positive, E, is a saddle equilibrium, stable along certain directions and unstable along re® Recovery rate and isolation rate of cattle

others Sensitivity of Ry to S, BC, p1, 1B, p2, and FS Sensitivity of Ry to uC, D, y3, ¢, and yB
AT A+ (Yot AR (e V1Y 2X 0oy YA+ Aty Y He 0l YiXa HOe Ot YVoXo H el A+ aae e et aacae, U T

oY, Mo H oY HeXe F oY 2 W HacA2+ 2 A pcHacAx, oAb+ o heXy HachcbHack Wt e ViV A Hog ! :EE 12

Y1Y2HeXoH etV 1Y 2o W+ 0 VaA2+ 200, Vi AR+ Ay Vi AXp + 0y ViAW + Ay Yy Moy Vi ReXe+acr Vi MW+ ae VX W+ — B

QY2 AoV leXaHAeaY X Wt oA+ 20, AC + 0 pAX, + 0 AW+ Qo e O MeXp Ao MW+ Ao X Wt aes Y 2AX T E: 1507

2H 03 Yo X T sV XoWH o eaA? 20 caA e aesAx, o s A+ s pe 2 HacseXp H s el +aesXo WY A%+ 2Y A1, ’

sz]ryzlxzwvzuczxﬁyz HXoWHAS+3A2 AT+ A2 +3Apc+ 2AU0X,+ 2AH W AW+ AP+ X o HRAY HRCX, 121

P)]=0 ¢ €

[P + pp) (o g, Vg F0tg gy A0t gy Mg+t Yy Vg0l Yigg A0 Yy HpF0g Yigp A0t Vg, Hg +0g Vi, X+
A 4205 A g+ A Xpt Ol O Mg X +0p V1A +0g VpiHp +0g; A2 +20p,A Py +otg; A Xptag e+ aplg
Xgt Qg Y pi At 0, Y g g+ 0, A2+ 200, A Hptag, A X g, WP+, Mg XgtVp
Y2 A Vi1 Viz MgtV A2+ 2V Ap Y Mp®+Y A2+ 2, A MptYgy A Xp+Ve H®+ Vo Mp Xp A +3A% pp+A%xp+ 3
Apg?+2A Wy X+ Hps g, X5)] = 0
A A+ pp) (0tp Ypy+ap A0t pptYp Ay p  Hpt8pA+8ppp+A2+ 241, +1,2) ] =0

0.75

0501

N

2 2\1 =
[}\ (}\ + uS) (0(5 YS1+(XS 7\+0(5 HS+YSl}L+YSlHS + 85 }L + 85 us_i_}\ +2}\us+us )] 0 0.‘0 0.‘2 0:4 0.‘6 0.‘8 l.IO 0.‘0 0:2 0:4 0.‘6 0.8 10
Parameter value Parameter value

From above, we see that all the characteristic polynomials of the Jacobian matrix are Parameters with Positive Contribution to Parameters with Negative Contribution

positive. From this, we will obtain negative eigenvalues. If Ro <1, then the equilibrium Ro: BC, p1, pB, p2, and F S_B to Ro: C, DC, vs, and & on R
point (E,) is locally asymptotically stable and unstable if Ro >1. - o P T Y3 0



Theorem 4: Mathematical analysis of FMD with optimal control

In this section, we analyze the optimality function of the SVVEIIR model using control
variables. Our main goal is to reduce the number of infections with vaccination of susceptible
animals and isolation of infected animals. The number of infections was minimized while
keeping intervention costs under control.

T B B
Uy, U) = fy [AsSc+ AgEc + Asley + Ale | 2wy () +2u2 (D) dt

where 4,, A,, A, penalize the cost of minimizing the S, Eg, I, Ic, and B,, B, are positive
weight control costs. Pontryagin’s Maximum Principle (PMP) was adopted to determine the

optimal solution for the model.

Apply the Hamiltonian H to obtain the minimum value of PMP, which is given by

c1

B B
H= ASc+ MLEc+ A3l Adey  Fu®(0) + ZFu?(0) + A {Ac ta V. +rv,

(ICL+IC2 + fonp*F*IB2 4 fony * F* IP + fony * Fx IS)

/ ] S}

+ K1Qc+9ORe —[a_+pu + (1 — u)be

(IC1+IC2 + fonyp*F* IB2 + fony * F* IP + fony
N

+ 25 {1~ u)Be 2 Se} = (pr + HEe
{ piEc —(ue+o)les 1} + Az {oles +K,Qe— (s +pc + w9 + D)l }
+ Ap{ug ac Y1Vers W X1y Ve + (1 = up)valey + Upyade + usSc — (MC + PIRc} + Ay { ugaSe
—(agvitagtagt+udVea + Ao {waeVe  (Wxv,+uc+x2)Ve} + A9 {Bgc— [
Ki+K; +uc] Qe } + Aq {u 0l —(va + ue)qch

+ {hic1

Theorem. There exists an optimal control u, , u, and the corresponding solution (S.*, Vo *, V%,
Ec* I, Io™, R, Q% Q¢*) that minimizes J. For the above statement to be true, there exist
adjoint functions AS.(t), AE.(t), Al (t), Alg,(t), AR(t), AV, (t), AV, (t) such that Adjoint

functions: A'=—3—Z, A(t)=0

Taking u,* and u,* to be optimal control functions and S-*, E.*, 1,*, 1,*, Rc*, Vi ™,
Vo *, Qc*, qc* are corresponding optimal state variables of the control problem. Here use
the Pontryagin Maximum Principle, which requires that the optimal controls maximize the
Hamiltonian. The Solving for u, and u,:
_ (st g -Ap)Sc— Ar{ e v, Vi .7,V eol=Ava aSc— Avs (a,Ve, x1¥,)

5 :

1
ez @ T ARV o — ARV, A T Aq @l
,=
B

U,

2

Since the controls are constrained by 0 <u; <umax 1 and 0 <u, <umax 2, we apply the
projection condition:

u,* = max (0, min (u"®,

(As+ Ag =2r)Sc — Ar{ @0, ¥, Veis X, Vol = vi aSc— Ava (a,Ve, X17,) )
B, ’
* = 0. min (umax ez ¢+ ARV o - ARYV,4c t Aq Plc)
u,* = max (0, min (uy*®%, = )

2

Conclusion:

v u, represents the optimal level of intervention that is Vaccination that reduces the

susceptible population S moving into infected states.

v' U, represents the Isolation of symptomatic infected animals those spreads the FMDV

to other susceptible animals and also reduce FMDV spreads in the environment.

v This could include vaccination and isolation measures. Again, it ensures that the control
is within the allowed range.




Purpose of Proving the Theorems

Theorem 1: Positive Invariance

Conclusion: The non-negativity theorem ensures that model solutions never become negative, keeping results biologically
meaningful.

Sc (0, Ec (), I (1), Ieo(D), Re (1), Vy (1), Vo (), Qc (1), q¢ () 2 0, V £ =0

Theorem 2: Boundness

The boundedness theorem ensures that the total population remains within a finite limit, reflecting real-world
constraints and preventing the model from producing unbounded or unrealistic growth.

N¢(t) < max (N¢ (0), (Ac+Aq0)/1e)

Theorem 3: The Jacobian matrix J, at the Disease-Free Equilibrium (Ey), determines whether FMDV will die out or
persist in the population. Stability analysis is used to assess whether the system will return to its equilibrium state over time.
A stable disease-free equilibrium suggests that the infection will eventually die out, while an endemic equilibrium indicates
that the disease is likely to persist and spread within the population.

Theorem 4: Optimal control problem of the system

The number of infections was minimized while keeping intervention costs under control. The optimal control strategy cuts
infections and costs by blending Isolation of infected animals and vaccination into the most effective shield against disease.
Using Pontryagin’s Maximum Principle, the model guarantees solutions that are both mathematically sound and cost-
efficient. This framework equips policymakers with a powerful toolkit to compare scenarios and choose the ultimate mix of
interventions.




Data collection

1. Total population (N;): District-wise data

District Name Cattle Buffalo Goat Sheep Pig Reference
Bengaluru Rural 170722 16924 95156 | 118788 14131
Ramanagara 287502 19644 150130 | 127988 7102

20t livestock census

2. Overall, the mean [95% Confidence Interval (CI)] durations of disease phases in cattle (YYadav et al., 2019) were estimated to be:
Incubation phase = 3.6 days (2.7-4.8), Latent phase = 1.5 days (1.1-2.1), Subclinical infectious phase = 2.2 days (1.5-3.5),
Clinical infectious phase = 8.5 days (6.2—11.6), and Total infectious phase = 10.8 days (8.2-14.2)

3. (Bradhurst et al., 2015) i = Average natural lifespan of the host, (u = Natural death rate)

Hosts Lifespan (min) | Lifespan (max) Average | Natural death rate

Cattle 15 20 17.5 0.0571

Buffalo 15 20 17.5 0.0571

Pig 10 15 12.5 0.0800
Sheep/goat 12 15 13.5 0.0741

By using pert the natural death range is

for cattle and buffalo (0.05, 0.0541, 0.0583, 0.0625, 0.0666),
for pig (0.1, 0.0916, 0.0833, 0.075, 0.066) and

for sheep/goat is (0.0833, 0.0791, 0.075, 0.0708, 0.066)




4. Progression rate from Exposed Cattle to Asymptomatic Cattle (p)

% = average duration of latent period, (6 = progression rate from exposed to infectious), latent phase = 1.5
days (1.1-2.1), Let it be 1.5

1
Latent Period

5. Progression rate from Asymptomatic Cattle to symptomatic Cattle (o), Incubation 3.6 — latent 1.5 =2.1 average
subclinical or asymptomatic infectious period

Progression Rate (%) = ( ) = (1—15) = 0.66

1
Incubation — latent days

Progression Rate (%) = ( ) = (2—11) =0.476
6. Rate of Loss of Immunity (@) = %, D = duration of immunity (how long immunity lasts, in days/months): For foot
and mouth disease, it's about 6 months or 180 days based on this

1
= —— = 0.0056
? 180

: : : 1
/. The rate at which vaccinated cattle become susceptible =

duration of immunity for 3 or less vaccination round

1

=— = (0.0056
180

8.Recovery rate(y), % = average duration of the infectious period. Let the duration of the infectious period be an
average of 7 days

Recovery rate = 1/7 = 0.143




9. Transmission rate: From the Risk map, we used R, for the districts of Bangalore Rural and Ramanagara, Prevalence data
from the (Ravindra et al., 2016)

* Transmission rate:

Transmission rate
District R, Recovery rate (y) | prevalence | Non-immunnity

B = Ry * y* prevalence * (1- immunity)
Bangalore Rural 1.1775 0.143 14 0.81 1.9095
Ramanagara 1.3505 0.143 17 0.90 2.9548

10. Exposed population (E):
E=Bc(N— Ve (VE))

State Vaccination Rounds Covered Average Average (Post) |s, Sing Vaccine Efficacy
(Pre)
Karnataka | 6 72.63 92.466667 0.273 [ 0.0753 0.724

Transmission rate, let it be 1.9095 and 2.9548, Time let it be 6 months, 0.724

E = Transmission rate (Total population — Vaccination * Vaccination efficacy) -symptomatic infected

For Bangalore Rural is, E = 1.9095 (170722 — (32429 * 0.724 * 6))-699 = 4327.
11. Asymptomatic Infected cattle (I,): Exposed * rate of exposed population change to asymptomatically affected
* Infected population (asymptomatic) =0

12. Infected symptomatic cattle (l,): Bangalore rural 699, Ramanagara 1075




13. Recovered (R) = Cumulative symptomatic cases* recovery rate + isolated animals * recovery rate of isolated animals

Bangalore rural: Recovered from the symptomatically recovered animals =699 * 0.143 = 99, Recovered from the isolated animals
=350*0.143 = 50, Total Recovered animals =99+50=149

Ramanagara: Recovered from the symptomatically recovered animals = 1075 * 0.143 = 154, Recovered from the isolated animals =
537 * 0.143 = 77, Total Recovered animals = 153 + 77 = 230

14. Isolation of animals, let it be 50% that is 350 for Bangalore rural and 537 for Ramanagara

The total symptomatically infected in Bangalore rural is (699-350-150=199)

The total symptomatically infected in Ramanagara is (1075-537-230=306)

15. Susceptible = Total Number of animals — exposed — asymptomatic — symptomatic — recovered — vaccinated — isolated animals
Bangalore rural Susceptible = 170722- 4327-0-199-149-32429-350 = 133268

Ramanagara Susceptible = 287502- 30024-0-306-230-28504-537 = 227895

Vaccinated animals

16. Vaccination rate = : .
Total animals at the starting

For cattle = 229332 / 287502 = 0.7976
For buffalo = 15669/19644 = 0.7976




Numerical Simulation

Ramanagara district Scenario-II1

Ro Value: 1.0758

Data collected from the 20" live stock census and the infection and vaccination data from the NADRES V2, Compartmental data: Susceptible Cattle (Sc): 34850, Exposed Cattle (E):
22245, Infected Cattle Stage 1 (l¢;): 1, Infected Cattle Stage 2 (I.,):449, Recovered Cattle (R.): 208, Vaccination less than 3 doses(V;):229330, Vaccination more doses (>3) (V,): 2,

Isolated infected Cattle (qc): 416 , Susceptible Buffalo (Sg): 2394, Exposed Buffalo (Eg): 1554, Temperature (°C): 25, Humidity (%):60, pH:7

] Susceptible Catile (S_C)

Exposed Cattle (E_C) [[___] Infected Cattle Stage 1 (I_C1) [__] Infected Cattle Stage 2 (I_C2)

[ Recovered Cattle (R_C) [] #éected-Bufale-t—Bay [ tnfescted-Rig-H—r Infectod-Shaop-H—o)

e

50,000

40,000

30,000

Papuletion

20,000

10,000

Days

Key Events

Meaning

Rapid Onset (Days 0-10)

Blue Line (Susceptible Cattle) drops fast. Red Line (Infected Cattle 1).

Explosive Outbreak: The disease is spreading very quickly.
Most healthy cattle are now infected.

Peak Infection (Days 7-20)

Red Line (Infected Cattle 1) and Maroon Line (Infected Cattle 2) hit
their highest points and start to fall. Green Line (Recovered Cattle) is
rising fast.

Epidemic Peak: The maximum number of cattle are sick.
Infections are slowing down because animals are starting to
recover and become immune.

Decline & Resolution (Days
20-48)

Red and Maroon Lines (Infected Animals) fall close to zero. Green
Line (Recovered Cattle) remains high.

Outbreak Over: Implemented isolation of infected animals
and vaccination. The epidemic has burned out, leaving most of
the initial population immune.

<S

<<

<\

DN NI NN

p_ C (Cattle Transmission
Rate) 2.95,

B B (Buffalo Transmission
Rate)0.30,

p_1 (Cattle Incubation Rate): 0.66,
p 2 (Buffalo Incubation Rate):
0.66,

v 3 (Cattle Recovery Rate): 0.143,
v B (Buffalo Recovery Rate):
0.143,

p C (Cattle Natural Mortality):
0.0571,

u B (Buffalo Natural Mortality):
0.0571,

D_C (Cattle Disease Death Rate):
0.00858,

D B (Buffalo Disease Death
Rate): 0.00858,

o_B (Buffalo Vaccination Rate):
0.7976,

a_P (Pig Vaccination Rate): 0.06,
¢ (Isolation Rate) 0.173,

F (Environmental Factor): 1,
T_opt (Optimal Temperature): 25,
pH_opt (Optimal pH): 7.4




Numerical Simulation

SEMENELEIER  Nf[a S EISBAVAl R, Value: 0.74

Data collected from the 20" live stock census and the infection and vaccination data from the NADRES V2, Compartmental data: Susceptible Cattle (Sc): 34850, Exposed Cattle (E):
22245, Infected Cattle Stage 1 (l¢;): 1, Infected Cattle Stage 2 (I.,):449, Recovered Cattle (R.): 208, Vaccination less than 3 doses(V;):229330, Vaccination more doses (>3) (V,): 2,
Isolated infected Cattle (qc): 416 , Susceptible Buffalo (Sg): 2394, Exposed Buffalo (Eg): 1554, Temperature (°C): 25, Humidity (%):60, pH:7

] Susceptible Catile (S_C) Exposed Cattle (E_C) ] Infected Cattle Stage 1 (I_C1) [ Infected Cattle Stage 2 {I_C2) v

_ o B C (Cattle Transmission Rate)
ecovere attle (R_ SRR I E i ——E— eI I — TRz siIzioTiarsoao-—Eo —
nnnnn —r d Cattle (R_C) [—1 — # 2.95,

N v B B  (Buffalo  Transmission
Rate)0.30,

p_1 (Cattle Incubation Rate): 0.66,
p 2 (Buffalo Incubation Rate):
0.66,

v_3 (Cattle Recovery Rate): 0.143,
v B (Buffalo Recovery Rate):
: e Ll 0.143,

B . T~— v’ n C (Cattle Natural Mortality):

~Z T~ 0.0571,
l W T v u B (Buffalo Natural Mortality):

. T 0.0571,
w4l , — _ S~ v D_C (Cattle Disease Death Rate):
° : l - =] = 10 11 1= 1 1 15 18 17 18 1 3 21 2_2 2_2 24 2C—:=, ;:3, £T ::-5 2-9 3-: 3-1 ?.-z :!-5 3-4 5-5 5-5 3-.— e-a ?.-;- ;5 4-1 :: 4-2 44 45 a5 47 45 40 0'00858’

e S e v' D_B (Buffalo Disease Death Rate):
0.00858,

Infected Cattle (Red/Maroon) peaks are lower Vaccination reduced the number of animals that got sick, a—B (BUffaIO Vaccination

(around 22,000) and less sharp. successfully suppressing the total size of the epidemic. Rate): 0.92,
a_P (Pig Vaccination Rate): 0.06,

¢ (Isolation Rate) 0.259,
T_opt (Optimal Temperature): 25,
pH_opt (Optimal pH): 7.4,

40,000

AN

BOLO00

Papulation

<

11D, DO

Feature Observation from Graph Interpretation (Effect of Control)

AN

Outbreak Severity

Infected Cattle peaks are delayed (around Days 9- Isolation/Lower RO slowed the infection rate, meaning the

Speed of Spread 12). outbreak took longer to reach its peak.

ASRNIENIRN

Effective control measures like vaccination and isolation may

Exposed Cattle (Orange) line is highly visible and delay the progression from being exposed to becoming fully

Exposure Role

peaks early. infectious.




FMD Simulation (Epidemic Calculator) — Scenario |

The simulation data is obtained from the 20th Livestock Census (2019) and the

Initial Populations Transmission Parameters
NADRES database, with model parameters calculated using the formulas provided Susceptible Cattie (5. as50 6 c cattion: -
in the previous slides. 34850 B & uffalo: 0.30
Exposed Cattle (E_Ch: 22245 . g
B_P (Pig) 0.35
22245 [ J
Intervention day Transmission reducticn (%) Day cursor i Infected Cattle Stage 1 (_C1): 1 B_S (Sheep): ® 0-28
L 100 ¢ 66.87% @ 2 1
Infected Cattle Stage 2 (I_C2) 449
Day 2 sc@ec@Ia @i GrRC @i @Ip @IS 449
[inear scale 1000 ' Recovered Cattle (R_C): 208
E 208
- Susceptible Exposed Cattle i u U N D E R P RO G R ESS
Cattle (5.C) EQ @00 ; ) Infected Buffalo {I_B): 23
48,550 10,053 In this scenario, the number of s
susceptible animals is 48,550. i
Infected Cattle Infected Cattle Day2 H Infected Pig (I_P): 2
= etlcy || = sogernc 0000 Control measures are applied at a >
14,155 4,154 low level, with isolation at 14.2% infected Sheep (1_S): o
W infecied Calfie Stage 175 H H 0 H
Recovered Cattle nfected Buffalo 70000 Dr;m;md&’;‘:ﬁm'l .and VaCCI.natlon at 79./0’ rESUItIng 29
RO ) A in a basic reproduction number Total Population (N sa7E02
21 1,125 i = O (Ro) of 1.02, indicating continued 287502
S w disease transmission.
nfected Pig (I_P) - ;
3574 ’ 3 2';)8 H ' Environmental Parameters
B , 3 . !
:1 50,000 ' Temperature (°C): - 25 Data Used for the
' Humidity (98): 60 1 1
| — = Simulation
40000 ' pH: 7.0
' L 2
H F (Environmental Factor): 1.0
0000 ! 1
' Mortality Parameters Control Parameters
s | : T (Cattle): 0.0571 ip (Isclation Rate): 0. 1420
; ® e
E p_B (Buffalo): 0.0571 o (Cattle Waccination): 0. 7900
10,000 | : ! [ ] [ ]
” H I . P (Pig) . 0.0800 o_B (Buffalo Vaccination): ® 0.7900
, ‘"lll]mmm.'nh ‘ H “|l““””ﬂ“\'|l|||||n|-: il AR WS (Sheep): 0.0100 a_P (Pig Vaccination): 0.0600
00D O DHELPPRERERL YL P PP L LI P PRI P PR LIRSS ® : ot o
D C (Cattle Disease Death): 00086 o5 (Sheep Vaccination): 0.0400
Rp:1.02 Rt:0.34 Fenv:0.789 Pazk infections: 67,219 ®

DB (Buffalo Disease Death): 0.0086




FMD Simulation (Epidemic Calculator) — Scenario 11

Initial Populations Transmission Parameters
The simulation data is obtained from the 20th Livestock Census (2019) and the ST e e RS = == -
- - - E_B (Buffalo): 020
NADRES database, with model parameters calculated using the formulas provided Exposed Cattle E_O) 2o2es o ®
- - - - .
in the previous slides. e £ (Sheep): 028
Infected Cattle Stage 1 (1LC1)k 1 [ ]
1
. S Infected Cattle Stage 2 (1_C2k 449
Intervention day Transmission reduction (3) Day cursor
] 100 ° 66.87% @ 2 @ 449
Recovered Cattle (R_C): 208
208
Day 2 5C EC L1 |2 RC 1B P 15
a::nearsca\e s ! nflected Buffalo {1 B): 2 u U N D E R P ROG R ESS
i 23
o Susceptible Exposed Cattle ! i Infected Pig (LLP): 2
Cattle [5.€) [EQ)
16,699 5,518 2
. . Infected Sheep (I_Sk 59
B I o If control measures such as isolation o :
;43‘;9;;'-C'1 ;;a;;l'i'-m " (93.2%) and vaccination (94%) are Total Population (N): .
' ’ applied, the number of susceptible 287502
— G s - animals decreases to 16,698, resulting
742 1,125 in a reduction of the basic Environmental Parameters
. reproduction number Ro by 0.31 and Temperature (C): - > Data Used for the
nfected Pig (I_P) - .n f-:le- sk H H H Humidi L) 60 - -
. verall di ransmission. ity G
90 310 : overall disease transmissio . ® . S|mUIat|0n
33'3.'33[2 : — . -
- H F (Envircnmental Factor): 1.0
w00 : Mortality Parameters Control Parameters
W C (Cattle): 0.0571 @ (Isolation Rate): 0.9320
E ® @
B (Buffala): 0.0571 o_C (Cattle Vaccination): 0.9400
10,000 i : [ ] -
| ' P (Pigh ® 0.08 o_B (Buffalo Vaccination): ngmﬂ
W _ l H“ H“"mm ; 1S (Sheep): 0.01 a_P (Pig Vaccination): 0.9200
E ® ¢
0 ““ | i II"””““""HI || [[TTTTTHEre—— : . 0 O W W . | 0_C (Cattle Disease Death): 0,00858 a5 (Sheep Vaccination): 0.9300
S E L L PP PP P FLPEERO PO PP F TR E P IS EIESESEL S S ® ®

R::0.31 RE0.00 Fenv:0.789 Peakinfections: 19,643 D_E (Buffalo Disease Death): 0.00858




Schematic Diagram of SEIRVQq (Bovine), SVIR (Pig), SVIR (Sheep/Goat), Carrier Fomites (F), Environment (f_env), FMD

(s + D)l

ysls Y

Model Formulation

Bovine

ds
1 —E=A+ aVh, XoVie + KiQu+ORD — [y, + p, +

(b1 +Ib2 + Is + IP) *f env #F
By . 1S,
+ b2 + +
2 %b;h =8, (Ibl + 12 f_em;]*IP f env *IS)Sb
(p1+ 1p)E,
dl

3. —d't” =pE, — (, + Iy,

al
4. =0y +KQ = (y3+ iy + @ + Dyl

dR
5 Eﬁ = 01 V1Vo14X1V2 Vo2 + Valoa + Vaq, — (4 + @)RD
6. = oS, = (Vi + G Q3 M)V
7 Wi
- =V (Xﬂ/z + ty + X2 )V

ae
8 = DBop — [Ki+K; +p1]Q,

d
9. _qu ol —(Ya + 1)qy

22

Mathematical Modeling

Model Parameterization

As FMD vaccination is only available for bovines, the model is
formulated using the aggregated 'bovine' population instead of
treating cattle and buffalo separately

The boundedness and non-negativity theorems are proved for the model,
demonstrating that all state variables remain non-negative and confined
within biologically feasible domains for all.

R, Estimation

SLNe Parameter Description Qoth 7
livestock Estimated from Estimated 7 20th
15 Sy Ep Ip, Susceptible, Latent, Sub-clinical census data E“;:i:{'zt z’gizﬁﬁl‘: Smi:’:;m 11::;;321(
Iio Ry infectious. clinical infectious and Vacdnation| P data cmien data
Recovered population of bovine i
respectively States F S“;:_‘:::le feny Betta Rho 1 Db Gamma Mub Sigma sci PD:‘;;“I:M RO
6-7 Vip Vo Vaccinated fewer rounds. Vaccinated Andaman & Nicobar, 002 72696 0049279369 3482389418 0.1333333 0.003 02 oowos| oom2sss|  oowd|  1a3m| 0040377
more rounds, population of bovine. Audhra Pradesh* 04| 2533930 0969374083 344471778] 0.1333333 0.003 038  oow06| 0.0725406]  o00s| 35408325] 1171710704
l‘especﬁ\’el}f Arunachal Pradesh 018 291727 0006776377 1.239063245| 0.1333333| 0.0082269 075 0.01006| 0.0725406| 0.004 696264| 0007797977
Assam 018 10087248 0030711708 4652633407| 0.1333333| 1983E-03 075  oow0s| 0.0725006]  0.004| 16159636 0197804544
510 Ffomd Carrier Fomites and Environment. Bihar 0205]  11952388] 0359920783 3.618202124] 0.1333333 0.003 075]  o00w06] 0.0725406]  0.004| 36405801] 2602311993
dlSmfeCthn Chandigarh 0.02 6706 029313957 0341556358 | 0.1333333 0.003 075 0.01006| 0.0725406| 0.004 26753 0.009807054
Chhattisgarh 08 1233273 0364388792 21.70756813| 0.1333333 0.003 073 0.01006| 0.0723406) 0004 10333696 1413931789
i1 A, Recruitment rate of bovine population Delhi 00| 230947 oro704sm21 115300462 0.1333333 0.003 00|  oowos| 0o725e06]  ocos| 275190 0055543016
) . Diu and daman 0.02 30868| 0373364633 113300462 0.1333333 0.003 009  oowos| oom23t0s]  ooos|  sie3] oo0em2ssim
respectively Goa* 08 +#4730] 0201802716 1636944174| 0.1333333 0.003 00t| oowos| oor2se0s]  ooos| 132338 37ms62217
I i Death rate of bovine respectively Gujarat 08 s33644| 0416009632 5325217821 0.1333333] 0.0112015 075|  oowos| 0.0m2st06]  o00s| 22020047 0321148852
Haryana* os|  2meers| 022708190 0381834022] 013333331 nnn1sses 002| oowos| 0.0725008]  o004| ssos264| 1466697500
13 o, Progression rate from Asymptomatic Hinachal Pradesh os| tomsss] odmsisiee Under Purification 075]_oowos] wonasios| oo s8] oseseitoss
bovine to svmptomatic bovine Jammu and Kashmif 002| 108099 0095826772 075|  oowos| oom25406]  ooos| s200005] 0019025105
yn p Jharkhand 0.205 9395332 0341648778 93514074154 0.1333333| 0.0222557 075 0.01006| 0.0725406) 0004 23612694 5.168382837
14 @ Rate of loss of immunity Kamataka* 04| 250633 oon06142 6.820163317| 0.1333333| 0.0036703 075  oowos| 0.0725006]  o.004| 28007520] 0122368571
Kerala 04| wsomss|  oatmasenl $.004002378| 0.1333333| 0.0120187 075|  oowos| 0.0725006]  o00s| 2008006] 5427214304
135 ab \;’accmation rate for bo‘,me Ladakh 0.02 84201 2.88051E-25 1.15399462| 0.1333333 0.003 075 0.01006| 0.0725406) 0.004 90000 7.66386E-26
Lalshadweep 0.02 1024 1036640569 115300462 01333333 0.003 075|  oowos| oor2se06]  ooos|  45697] 0008606083
16 @ Isolated infected bovine Madhya Pradesh 08| eot0m03 042132032 3.21843004] 0.1333333 0.003 075  oowos| 0.0725006]  o004| s016100] 3730888171
Maharashtra 08| 4010253] 0021520604 13.93042382| 0.1333333| 0.0068323 075  oow0s| 00723406]  o.00s| 32630438 0362037451
1721 QY1 Vaccinated fewer rounds. Vaccinated Manipur 0.18 128439 001033637 +.632633407| 0.1333333| 00225788 075  oowos| oom2506]  ooos|  sa0573) 002333757
X'LY2. Y3. Yﬂ-_ more l‘OundS. Infectious bo‘,me Meghalaya 018 426521 0017852838 7204645576| 0.1333333 0.003 075 0.01006| 0.0725406) 0.004 1476140 0082428144
.Xl ) ) l‘eCO\'el‘y rate. ISOlated bovme Mizoram 0.18 44233 0.018022248 4.632633407| 0.1333333 0.003 073 0.01006| 0.0723406) 0.004 333380 0023134548
: S . Nagaland 0.18 82976 0409823529 1503082243 0.1333333 0.003 075|  oowos| 0.0725006]  oo0s|  530608] 2136488755
Reco‘!ery l‘ate.. Vaccination ng Odisha 0.205 4168414 1.89396E-30 4.852043522| 0.1333333| 0.00083% 075 0.01006| 0.0725406| 0004 18170057 5.32646E-30
rate, Resp ECtl‘!EIY Puducherry 0.02 74379 0.629190429 1369711202| 0.1333333 0.003 026 0.01006| 0.0723406) 0.004 132222| 0.137724899
. . Punjab 08| 5917067 01105433 2450397842] 0.1333333| 0.0004026 075|  oo0w006| 0.0725806]  oo004| es42s83] 23150901822
> D, Disease Induced mortality rate Raiajsﬂun 08| 25174143] 0008436942 2631326062 0.1333333| 0.000719 075  oowos| 0.0725006]  0.00s| 363520814] 0097522884
>3 . Fomites pathogen decay rate Sildkin 0.18 138141 0024940995 £.632633407| 0.1333333| 0.0043434 075  oowos| 0.0725406]  ooos| 268096 0132150227
= Tamilnadu 04 1510527 0011501148 4375617606 0.1333333| 0.0001324 075 0.01006| 0.0725406| 0004 24493464 0015301337
24 T]? En‘_'ironnlent patho&en decay rate Telangana® 04 1434543 1.8206E-30 1.384890199| 0.1333333 0.003 073 0.01006| 0.0723406) 0004 11917048 1.49591E-30
: - Tripura 00| 363710 0795700317 1503082249 0.1333333] 0.0021996 075  oowos| o.0725406]  o00s|  6o7336] 1337365101
25 ﬁ.ﬁ Tl‘aIlSIlliSSiOIl rate Of Suscepﬁble Uttar Pradesh* 0s 34773917 0071490681 4928630728 | 0.1333333| 0.0001697 075 0.01006| 0.0725406| 0004| 65256529 1851434976
bo\-'i.rle Uttarakhand 0.02 1531638 0071490681 15.03082249| 0.1333333| 0.0002612 0.06 0.01006| 0.0723406) 0.004 4392686 0.16669031
West Bengal 0205  7669880| 0.731680707 5910376911 0.1333333 0.003 013  oowos| 0.0725006]  o004| 34704476 32890130
26 P Progression rate from Exposed Cattle el 156289372

to Infected Cattle

*Values are still under purification




Integrated Disease Surveillance and Sampling Approaches for Early Warning

Types of Surveillance Sampling Method

'CAR-NIVEDI NAD
RECEIVED oA*rRAEs

« Not sample based only opportunistic model ]
> 2R Convenience /

Opportunistic sampling

» Host factors acts as signal/source early detection of 2.““’5//’);,”;
- . i.res.in
outbreaks Purposive sampling DES/

e ~ « Risk other than host such as Ecological, environment, trade - https://nivedi.re

= I I etc by risk based probability sampling method R'_Sl_('baSEd _ f‘t':‘g ”'Era/fOrm—'
Survel alce probability sampling PP

D v
™ ; » systematic or regular recording of cases of a designated Probability sampling = 10
. / £ di i l . 3
SU rve I I I an Ce (rjr:(s;ﬁcs)g or a group of diseases by probability sampling (Random / 2 stage : &3
- Stratified / Systematic)
- coTestesT e EETS https://www.nivedi.res.in/Nadres_v2/
‘ » Non-invasive method of surveillance that involves the . Adoptive probability sampling

collection of environmental samples by advanced Environmental TE T
S u r probability sampling methods A

probability sampling e L

X = Ohscrved Sampling asit

+System of disease monitoring in which data are collected from selected
reporting sites (called sentinel sites) such as specific hospitals, laboratories,

Sen’“ nel Surve| I Iance or geographic locations. These sites are chosen purposively to represent a| Santinel site sampling

larger population and provide high-quality, continuous information on trends

model of specific diseases. (Purposive) i =

NADRES V2

||| iJ||||
| 1 A BN B




Sampling Plan tab under NADRES Website

Schematic representation of Two-stage stratified random sampling and formula

ES=Z=S==ZESTTE=TEE National Animal Disease Referral -~ LH-DCP Portal : Cloud-Based Digital Platform for Active Livestock
ESEEEEESE E=E = === Expert System (NADRES v2)

Home

4% Al-Lnabled Redefining Livestock Disease Risk Forewarning

14/03/2025 15:43:04

About Risk Factol Analytics Livestock Diseases  Post Prediction Validation

i
ICAR

Contact

T S TR

NADEN Centre
Logi

Admin Login

Sampling Plan for Strengthening Livestock Disease Surveillance

The early detection of disease epidemics reduces the chances of intreduction into new locales,
minimizes the number of infections, and reduces the financial impact. The effectiveness of disease

Livestock
Disease Risk
Forewarning

Karnataka
State

Disease Surveillance and Control
https://nivedi.res.in/Nadres v2/lhdcp/index

Ith & Di
Programme (LH-DCP)

Control g

A

e Dottt Dot Al Toam  Comtst U

Livestock Health & Disease Control Programme (LH-DCP)

!

control measures often depends on early detection of disease incidence or outbreak and significantly State-Wise - o g »
reduces the cost associated with disease eradication and devastation of livestock. L
State-wise All
Forewaming of Passive surveillance methods are the voluntary reporting of cases by primary care providers and Disease

farmers to the veterinary health system whereas active surveillance of livestock diseases involves
AR PR periodic sampling by veterinary health officials. Active surveillance methods are often more effective District-Wise
ND.KARNATAKA KE for targeted objectives than passive methods. Developing an optimal sampling strategy for e i e vontnend
RALAMANIPURME surveillance of livestock diseases is important for early detection and effective resource utilization.
GHALAYA.ODISHA,
RAJASTHAN, TRIPU » o ,
weer oo () (D (D D D - i
AND Tz ~
LAKSHADWEEP are . . LH-DCP Web 1 . -
predicted for likely FMD Sero-Monitoring Portal \
occurrence of Foot Y |2
and Mouth e [) 1. Round I (2020) i Calcul
Disease in May- ) 2. Round 1 2021 Epi Calculator (s
2008 « [ 2 Round Il (2021) | 3
ANDHRA + [0 3. FMD-Seromonitoring Round il (2022) complete plan with SOP =
PRADESH.ASSAMG . o . Namwa Adagodi Thummalavarapalli .
IARATJHARKHAN Download Statewise Seromonitoring Sampling Plan-2022 (Round-I11) Analytical
D KARNATAKAKER - 8 Animal samples need 8 Animal samples need 8 Animal samples nced I Se ase aS Oa r
ALAMAHARASHTR ashboars to be collected from 6 to be collected from 6 10 be collected from 4
AMANIPURNAGAL sections sections sections

sle . v

AND.ODISHAPUN) Select State Risk-Maps

Data Requirements Specifications (DRS)

DRS of Brucellosis Seromonitoring Phase Il - 2023 Results Brucellosis Seromonitoring Phase IV - 2024 Numb funi Buffal
Sate Cluste [Soat |voor prorecion Cluste | Sensia|[Speciti Noot [ of SampleID | District Name | Block Name | Village Name | Buffaloes Cattle | Cattle-+ Buffalo AT "% | Cattle Proportion| Probability Value ) w
‘d State Prevalence | "* 0 | i [iltages | Animats | PRase! | Phase-l | Phasect | verage " PE Prevatence | "0 SR TSRO e to sample Proportion priarey S5
i 2 ¥ 2 - 1
1 |Andaman & Nicobar 0.048 09 (K] 68 589 8023667 [ 32.004667 032 004 | 0% 09 82 738 achmu(1621- . Muthalamada( G’ 3
2 |Andhra Pradesh 2 0024 | 09 09 138 1794 7325 7151 6452 6976 | 27904 028 00+ | 09 [ 09 82 1066 P { Palakkad Chittur ACEW. (GP) 0 862 862 10 0 10 6.20E07 FMD-Serosurveillance
= - 1630) OCaWardNo.9

3 srunachal Pradesh 2 043 08 09 5 810 45.52 18.208 0.18 0.02 0% 0% 122 1830 p——— SAMPLING PLAN
3 [Assam 2 0022 | 09 03 150 | 1050 7567 50.76 63215 | 25286 025 005 | 08 | 09 | 110 1210 pamash(1631- Palakkad Mamnarkad Sholayur(GP)OCH B 0 09 10 0 10 S75E07
5 Bihar 2 0.02 0 0s 165 2145 5993 5093 23972 024 0.03 0% 0% 91 1082 |{’40] dlaka Mannarka WardNo.14 - - - :
6 i 2 02 0 0s 16 193 9949 68.68 7254 8023667 | 32.004667 032 0.04 0% 0% 82 656 ﬂmﬂbh{ 1641- Shol:\vur(hl']()(:é " "'“"“"h‘("“”" l" - """ "‘l '}':“’N’.-?v’”‘."‘v"I"“'l‘ ::“'):‘
7 Ci i 2 0.027 0 0s 122 lﬂ? 78.63 69.07 73.85 2054 0.3 0.04 0% 0% 82 738 p Palakkad Mannarkad H N 0 062 942 10 0 10 5.55E07
S |Diu and daman 2 017 | 08 09 13 195 80.76 8076 | 32304 032 004 | 05 | 08 3 656 1650) WardNo.6 —
9 Dethi 2 011 0 0s 29 334 8947 8417 86.82 34728 035 0.05 0% 0% 66 528 8
10 [Goa 2 0.04 08 (K] 83 916 9212 948 0346 37384 037 0.05 08 08 66 462 paplmu(ﬁ) Palakkad* Chittur Mou(l:h_nhmdl[ﬂl’ 5 1061 1115 10 0 10 4.T9E-07 258
1l |Gujarat 2 004 | 09 03 138 1794 80.12 80.12 | 32088 032 004 | 05 | 05 3 656 JOCiWardNo.10
12 |Haryana 2 0.031 09 0% 106 1378 66.84 66 723 68.38 27332 027 0.04 09 09 82 820
13  |Himachal Pradesh 2 0.033 09 0% 99 1081 81.64 66.36 74 296 03 0.04 09 09 82 738 Total 2634 53344 55978 1660 6 1594 0000295694
14 |Jammu and Kashmir 2 0.039 09 0% 84 1092 7331 7331 29324 029 0.04 09 09 82 738
15 |Jharkhand 2 0.028 09 0% 118 1534 7395 4241 38.18 23272 023 0.03 09 09 110 1320
16 |Kamataka 2 0.026 09 0% 127 1651 96.67 7047 53 73.38 29.332 029 0.04 09 09 82 738
17 |Kerala 2 0.036 09 09 2% 1020 68.78 4864 38.71 23484 023 0.03 09 09 110 1320
e R T e H o R T T e R T *Reserved villages to be used for sampling if any selected village in a given districtis not accessible, has logistic problem or any other issues; # The replaced village Sample Numbers are used with the reserved village
20 7 (o007 09 0o | 1 | 1 5082 s082 | 24328 921 | 003 | 05 | 05 | 10 [ sample IDs, i.e., if a village with sample id chngng(1015-1027) is replaced with the reserved village then the sample id is replaced with the reserved village id and the sample numbers are same as of replaced village (
21 |Manipur E) 0026 | 09 05 126 1381 85.66 83.66 | 34.264 038 005 | 09 | 09 66 538 gogoda(1015-1027))
2 |Meghalay: 2 Joos| 09 | 08 | ® o7 [ 4552 018 | 002 | 09 | 09 | 165 275
23 |Mizoram 2 0.033 0.9 09 100 733 89.36 89.36 036 0.03 09 09 66 328
24 |Nagaland 2 0.033 0.9 09 99 693 6838 027 0.04 09 09 82 820
23 |Odisha 2 0.031 0.9 09 103 1217 7091 63.9 90.93 1392 03 0.04 09 09 82 738 & & - =
26 |Puducherry 2 0.043 0.9 09 76 803 8481 034 0.03 09 09 66 394
o s o o5 oo [ [ s o T B pproximatety o,59, Samples are allocated annually across India 10r monitoring an
28 |Rajasthan 2 0.043 0.9 0.9 76 988 6838 027 0.04 09 09 82 820
29 |Sikdkim 2 0.031 0.9 0.9 103 1288 86.74 62.17 3203 66.98 027 0.04 09 09 82 820 - - - - - - -
s e ee e b e et e || surveillance of four prioritized animal diseases (FMD, Brucellosis, PPR, and CSF
31 |Telangana 2 0.024 0.9 0.9 138 1794 70.76 70.71 70.735 028 0.04 09 09 82 820 ] ] ]
32 |Tnpura 2 0.036 0.9 0.9 91 1183 45.52 0.18 0.02 09 09 122 1830
B |u 2 0.031 09 08 105 1191 648 648 026 003 | 09 | 0o 110 L1 A A A A A 2 adsq A
R . 8 B T B 1 ~feme—e e | supporting nationwide disease tracking and control initiatives
33 |West Bengal 2 0.024 09 09 138 1794 86.03 86.03 034 0.05 09 09 66 328 .

TOTAL 3528 42369 76.47 63.05 66.24 2485.49 3153 33443



https://nivedi.res.in/Nadres_v2/lhdcp/index

Operational Scale & Response Time Optimization in NADRES V2 via AI/ML Automation

Data Inputs for Monthly Livestock Disease Forecasting Operational Scale
v Total Livestock Population & Animal Species Covered: 540 Iﬁll A % ML-t[_)rlven Wl e € /g RIS e T O el
million animals (Cattle, Buffalo, Sheep, Goat, and Pig) o peration
. . 1 Data Capturing 2,08,380 records(disease data, key risk factors)
v Disease Surveillance Network: Data collected from 35 NADEN ; o (additiomal 23 del -~
(National Animal Disease Epidemiology Network) Centers 2 Data Alignment 761,046 records (additional 23 delta variables)
gEsTRa 3 Disease Modelling Forecasting 15 livestock diseases, over 12 months using 20 models and

13 performance indices across 755 districts and 15 agro climatic zones
in India requires approximately 530 million operations per time

4 Risk Communication 25 lakh SMS alerts to farmers in 1 year; 17 to 18 thousand DLT
SMS alerts to veterinary officials every month

WhatsApp NADEN
Group

Optimized Response Time in NADRES Through AI/ML Automation for Each

v" Number of States & Districts Covered: 36 States& UTs, 755 month
Districts Before After
Process : : Improvement
] ] ) ) Automation Automation P
v" Number of Target Diseases: 15 economically important livestock _ _ _
. Data Collection + Cleaning 10-14 days < 48 hours ~90% time saved
diseases
. . . . i i _ ~QR0
v' Climatic Parameters: 18 key weather and climate variables Forecasting & Modeling 710 days < 10 hours 95% faster
considered Report Preparation 10 — 15 days < 3 days ~90% time saved
v" Remote Sensing Variables: 5 variables derived from satellite and Alert Generation Manual dispatch 'rr‘]Sta”t Im“'“' Real-time
geospatial data channe communication
) _ ) S Total Response Cycle 18-24 days < 6 days faster response time
v Delta Variables: 23 variables capturing changes in climatic trends
over time > Fully automated pipeline powered by Al and ML, Covers the entire workflow from data
acquisition through to district-level risk alerts
v Forecasting Models: 20 predictive models used for analysis > Over 2,346 lines of R code implemented across data capture, processing, and modeling stages to

) o o ) ) ) automate the NADRES V2 pipeline. ( https://nivedi.res.in/Nadres_v2/ )
v"Indices: 13 indices to support decision-making and interpretation >  Nearly 250 CPU hours per month devoted to continuous model execution and risk forecasting.



https://nivedi.res.in/Nadres_v2/

NADRES V2: Future Scalability & Strategic Collaborations for Precision Livestock Disease Forecasting

Scalability Opportunities

v Integrated Mathematical and Surveillance Modeling: Develop mathematical and surveillance models and integrate them with data-driven
frameworks for priority livestock diseases such as FMD, PPR, and ASF, enhancing precision and early detection capabilities.

v" Micro-Level Forecasting: Expansion from district to block and village levels, enabling hyper-localized risk predictions tailored to specific livestock
practices and microclimates.

v" Model and Disease Expansion: The number of forecasted livestock diseases is projected to increase to 20-30, with a parallel rise in machine learning
models to approximately 25-30, improving prediction specificity and robustness.

v Offline Accessibility: Deployment of AlI/ML models on mobile devices with offline capabilities for remote areas with poor internet.

v" Multi-Language & Voice Support: Integration of Al-driven voice alerts, SMS, IVR, and community radio in regional languages for inclusive
communication.

Strategic Collaborations

v" NICRA (ICAR): Leveraging agro-climatic data to enhance prediction accuracy under climate variability (floods, droughts).

v" IMD Integration: Real-time meteorological data and farmer details across India are integrated to enhance the prediction of climate-sensitive and
vector-borne diseases and to enable timely dissemination of alerts to farmers

v' Government Platforms: Seamless integration with NDLM, BSNL, and Digital India initiatives for unified data exchange and delivery.

Al & ML Adaptability: Dynamic model recalibration using real-time feedback and new climate-disease relationships.

Community-Centric Risk Communication

v" Global Inter Engaging village cooperatives and extension workers as grassroots communication hubs.

v Dissemination through SMS, IVR, local radio, and mobile-based tools to reach digitally underserved areas.

v" We will also expand SMS alerts to farmers in their local or vernacular languages, ensuring better understanding and adoption.

Global Interest
v" FAO experts organized a workshop on community-based early disease detection and reporting systems, and invited the NADRES V2 team to explore
expanding its implementation at the community level.




Officials were oriented on the NADRES V2 workflow durlng thelr visit to the SEL Lab

Web Audit
Certificate

The website is currently under evaluation by the
Standards and Quality Compliance Lab
(STQCL) for adherence to GIGW guidelines

ICAR-
a Parameter | NADRES v2 Website |NIVEDI
, : - Website
4 g —- 0 (No critical
R : & Errors accessibility errors) ¢
L= 2 Contrast Errors| 0 (No contrast issues) 0
; Features 32(Agce55|b|hty features 55
implemented)
L3 P n 86
T— WAVE Tool Accessibility
atul chaturvedi I ARIA 78 46
( ‘_\ ICAR-NIVEDI is doing great job in area of Summary Report Attributes

disease forecasting through Artificial
Intelligence tools

|
V

Dept of Animal Husbandry & D...

Secretary AHD @atullchaturvedi
visited to ICAR-NIVEDI, Interacted
with the Scientist Involved in
veterinary disease epidemiology.
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NADRES V2 has been conferred with the National Award for e-Governance 2024—25 (Gold) under the category ‘Innovation
by Use of AI and Other New Age Technologies for Providing Citizen Centric Services’.
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Government of India

Department of Administrative Reforms and Public Grievances
is pleased to present

National Award for e-Governance 2025
(Gold)
to

National Animal Disease Referral Expert System- Integrating Data Driven
Disease Surveillance and Predictive Analytics for Livestock Diseases (NADRES V2)
of
ICAR- National Institute of Veterinary Epidemiology and
Disease Informatics (NIVEDI), Bengaluru
in category
Innovation by Use of Al and Other New Age Technologies for Providing
Citizen Centric Services

Al

. $fifam / V. Srinivas

wifer / Secretary




Hesaraghatta Farmer Dairy Farm, Yelahanka, Bengaluru
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