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Molecular Techniques Supporting Rabies Prevention & Control



Molecular studies

More rapid response plans for new outbreaks

Real-time surveillance tools to guide rabies elimination initiives
Revolutionized the diagnhosis and surveillance of rabies.

Significant in the AM detection of rabies (sujith etal., 2017

Various RT-PCRs for AM & PM rabies diagnosis.

Most of PCR versions target the N gene , followed by G (Mani and Madhusudhana, 2013).

RABYV evolution measurable on timescales similar to
outbreaks in previously rabies-free areas or shifts to

novel host species
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Changing epidemiology of rabies in animals in South Asia

South Asia

Different species of animals involved other _
Dog - major vector

than dogs

India

Cat, Wolf, Jackal, Lion, Elephant, Nepal EENI L oritanka N .
Horse. Deer. Livestock Jackal, cat Cattle rising cases of rabies in wild animals - Jackals and in areas at

the village-forest interface; Cat, Deer, Livestock




Reverse Transcription-PCR (RT-PCR) / quantitative Real time -PCR (qRT-PCR)

. Purpose: Rapid field confirmation and diagnostic surveillance
. Applications:

- LN34 realtime RT-PCR (field use) — Rapid confirmation of RABV in
animal samples; reduced response time (Demetria et al, 2023, Japan)

4.8 Reverse transcription polymerase chain reaction (RT-PCR)

- Country-specific N-gene RT-qPCR assays (Manalo et al., 2024
Philippines) — Increased national diagnostic sensitivity

Real Time PCR / quantitative PCR (qPCR) Positive control RNA
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4t h SA RA BN ET 2 9 10 . 202 5 Fig. 1 Overview of the PCR1100 assay. A Schematic illustration of the workflow of the real-time RT-PCR procedure used in this study. B Once the
Blokesh Th " 016, . 4. Agr Biotech Foundation. - PCR reaction is complete, the amplification curve and results are displayed on the monitor. The left panel shows a positive result, whereas the right

panel shows a negative result. Blue, green, and red lines indicate FAM, VIC, and Cy5 fluorescence, respectively
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A multi-site evaluation of the LN34 assay in 14
laboratories. A total of 2,978 samples (1,049
DFA positive) from the Americas, Europe, Afric:
and Asia were tested.

RESEARCH ARTICLE

Multi-site evaluation of the LN34 pan-
lyssavirus real-time RT-PCR assay for post-
mortem rabies diagnostics

Crystal M. Gigante', Lisa Dettinger?, James W. Powell®, Melanie Seiders?, Rene Edgar
Condori Condori', Richard Griesser’, Kenneth Okogi®, Maria Carlos*, Kendra Peskao®,
Mike Breckenridge®, Edson Michael M. Simon®, Maria Yna Joyce V. Chu®, April D. Davis’,
ScottJ. Brunt’, Lillian Orciari', Pamela Yager', William C. Carson', Claire Hartloge',
Jeremiah T. Saliki®, Susan Sanchez®, Mojgan Deldari®, Kristina Hsieh®,

Ashutosh Wadhwa', Kimberly Wilkins', Veronica Yung Peredo'®, Patricia Rabideau'',
Nina Gruhn'', Rolain Cadet'?, Shrikrishna Isloor™®, Sujith S. Nath™, Tomy Joseph'*,
Jinxin Gao', Ryan Wallace', Mary Reynolds', Victoria A. Olson’, Yu Li'*

High sensitivity (99.90%), specificity (99.68%)

Detects viral RNA in fresh, frozen, archived,
deteriorated and formalin-fixed brain tissue.

Experiment:LN3425052018 Experiment Resuits Aeport

Table 2. List of the laboratories that participated in the LN34 assay evaluation and the country or region of sam-

ple origin.

Laboratory

Laboratory Location

Sample Origin

Maryland Department of Health and Mental Hygiene

United States

United States

Pennsylvania Department of Health

United States

United States

Mew Mexico Department of Health

United States

United States

California Department of Public Health

United States

United States

Wisconsin State Laboratory of Hygiene

United States

United States

Wadsworth Center, New York State Department of Health

United States

United States

University of Georgia

United States

United States

United States Army Public Health Command Europe Giermany Middle East, Europe
Animal Health Centre, British Columbia Canada Canada
Research Institute for Tropical Medicine Philippines Philippines
Ministére de 'Agriculture Haiti Haiti
[nstituto de Salud Piblica de Chile Chile Chile
Karnataka Veterinary, Animal and Fisheries Sciences University India India
Centers for Disease Control and Prevention United States Georgia
Asia
Ethiopia

hitpsdoiorg 10137 1 journal pone 01970741002

(Gigante et al., 2018)
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Sanger Sequencing and Phylogeny

Purpose: Targeted sequencing to assign lineages

Applications:
N/G gene sequencing — Phylogenetic confirmation of dog-mediated
lineages (Isloor et al., 2014, Wolf; Chupin et al., 2023, Russia)

Outbreak tracing in low-resource settings where WGS unavailable
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Conventional / Nested PCR

. Purpose: Gene-targeted amplification for genotyping &
surveillance

. Applications:

- N-gene PCR + Sanger sequencing — Clade identification fo
outbreak tracing (Chupin et., 2023, Russia)

- Pan-lyssavirus nested PCR — Detection of hon-canine
_ reservoir}s in wildlife ansks, 2022)
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@SciMedCentral Journal of Veterinary Medicine and Research

Review Article *Comesponding outhor
Ruppracht CE, Giobal Alkance for Rabies control, Ross

First Case Report of Rabies in e

Submitted: 08 July 2014 72 KPS WOLF PAKETAR

a Wolf (Canis Lupus Pallipes) Acceptec 01 Noverber 14

Published: 06 November 2014

: Copyright
from Indlu © 2014 Rupprecht st al.

Isloor S', Marissen WE, Veeresh BH', NithinPrabhu K', Kuzmin
IV?, Rupprecht CE*** Satyanarayana ML', Deepti B R, Sharada
R', Neelufer MS', Yathiraj S' and Abdul Rahman §'
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Figure 8 Phylogenetic tree based on the analysis of 524 amino aclds in
the complete G gene of wolf rables virus.
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KVAFSU-CVA RDL STUDY ON COMPLETE
N GENE of WILD CARNIVORES RABV

KARNATAKA

MANIPUR, ASSAM and
MAHARASHTRA

ASIAN CLADE (SEAS5 SUBCLADE)

ARCTIC 1a-like Lineage

SRI LANKAN
KERALA AND TAMIL NADU
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INDIAN SUB-CONTINENT lineage
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WhACSZ2Y T Dog Rajstn India

MWW OS 5041 1 Dog Rajistn India
WhACZ2TVO Dog Rajstn India
G-l an WhACZ281 Dog Rajstn India
WA 256 Cattle Guj India
== WRAC 252 Cattle P India
WRAC 1843 Wwaolf 1 Aarmarawats WM Ir‘ndia.
WA 1 869 WWolf 2 Aarmaravati MH Tndia .
P11 892 Cattle HKar India
WRACE Dog Kar India
WRCZ2332 Dog Puduchermry India
WRAC A 95 Dog Kar India
WA 9E Dog Kar India
WhACS Dog Kar India
WhACST A1 Dog BKar India
WhACST19Y Dog Kar India
— Wil 3358 Buffalo Gujarat India
WA S TS Dog Bengaluru Kar India
WA s Cattle Bidar Kar India
WA AT WiWVolf FKar India
= AWV OIS A4995 1 Dog Goa India
53 WhAC1E651 Dog Bengaluru Kar India
WhAC1919 Pig Assarm India
WA A TES Jackal Hawveri KKar Ihdia.
Sl W 1915 Cattle Assarm India
WA 293230 Cattle Assam India
WRACZ 1918 Cattle Assam India
WRACAS95Z2 Dog Udupi Kar India
WA T S19 Cattle Assarm India
o WP E24E8 Dog Manipur India
=I=] W19V Dog Manipur India
\ . 1L wipa 1981 Dog Manipur India
— RO T791998 1 Dog Afghanistan
L IR (S DR L N BN . -
AT 18868 1 Cattle CThina
i i Ty,
DO F49 78 1 Dog India
ANsT1e52 1 Ref strain Pitman moore
MHA450409 1 Reference strain T hailand

KVAFSU-CVA RDL STUDY ON COMPLETE G GENE of
WILD CARNIVORES RABV

\
Y4

MANIPUR, ASSAM ,

] MAHARASHTRA
:| ARCTIC 1a-like lineage

=

KARNATAKA

i

=]
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------’

REFCVS11

A4 44572 1 Dog MNepal

ABS1 71449 1 Dog Srilanka SRI LANKA

JCEs5092 1 Cattle Srilanka

ABS1 7143 1 Hurman Srilanka

WIS 1299 Dog Kar India

WhACZ20E5 Dog TR India

WRICZ253 Dog Kerala India

WhACZ241 Dog Kerala India

WA 243 Dog Kerala India

W 252 Cattle FKerala India l

o/ U S, NN DN NN VN R,

PMHAS21071 1 Ferret-badger Taiwvwan

MH<421079_ 1 Formosan germ faced civet T aivwfian

FMH4S0402 1 Dog Thailand

MVWOS5060.1 Dog Vietnarm ASIAN CLADE (SEA5 SUBCLADE)

MWW OSSOEE3 1 Dog Wietnarm

MMES2Z229004_ 1 Hurman China

MEFEE24090925 1 Hurman China
RIVWOS 4941 1 Cattle Guatermala

roe MMN9E8391 .1 Bat Mexico
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INDIAN-SUBCONTINENT lineage

KERALA AND TAMILNADU
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18 @ VMC-195-DOG-KARNATAKA-INDIA ] ] - .
o e oo on Phylogenetic analysis of RABV

80[- ® VMC-197-DOG-KARNATAKA-INDIA y y

@ VMC-05-DOG-KARNATAKA-INDIA

@ VMC-141-DOG-KARNATAKA-INDIA C I t G H

EF437215-HUMAN-INDIA 0 m p e e re gl O n

84 199 ' EF437215- HUAMN-INDIA

@ VMC-08-DOG-KARNATAKA-INDIA

DQ103705-DOG-INDIA

@ VMC-233-DOG-PONDICHEERY-INDIA

I * GROUP-I- closely related to viruses

AY956319-INDIA

38195 WG 350 5UPFALO.GUARATHNOIA that have circulated in India
I‘E

72

@ VMC-147-WOLF-KARNATAKA-INDIA
JX944593-NEPAL
JQ685981-HUMAN-UK

8 0 [ HE802675-PAKISTAN

@ KC791852-WOLF-PAKISTAN

o wczzcur A « GROUP-II- closely related to viruses
@ VMC-256-DOG-RAJASTHAN-INDIA GROUP-I . . .

@ VMC-281-DOG-RAJASTHAN-INDIA

8 o 1ooD ASTIAIDA that have circulated in Sri lanka

@ VMC-277-DOG-RAJASTHAN-INDIA

92

100

@ VMC-346-DOG-MANIPUR-INIDA
0 A—E JX944586-DOG-NEPAL
o | [~ ABE99209-B0S TAURUS-BANGLADESH
99 L AB699220-CAPRA HIRCUS-BANGLADESH GENOTYPE-I
100 KC791974-PIG-AFGHANISTAN
KC791998-DOG-AFGHANISTAN Himachal Pradesh
87 HEB01618-EQUUS MULUS-PAKISTAN:ATTOCK Chandigark
100 | - HEB01611-BUBALUS BUBALIS-PAKISTAN:HARICHAND Haryana Aeunachal Pradesh
99 86 - KC791996-DOG-AFGHANISTAN HEW DELHI

RVU11752-ARCTIC FOX
100 [ U11758
100 [ AF233275-PV11-INDIA
[ DQ074978-DOG-INDIA
(— AJ871962-PITMAN MOORE
EU126641-CVS-11

gatand
Ranipur

Madhya Pradesh ram

100

100 - EU086156-DOG-SRILANKA Bengal
[ JX944578-DOG-NEPAL
AB817144-DOG-SRILANKA
AB569299-HUMAN-SRILANKA
ABB17107-HUMAN-SRILANKA
JQ685992-BOVIE-SRILANKA
KF154999-DOG-SRI LANKA
ABB17143-HUMAN-SRILANKA
@ VMC-199-DOG-TAMILNADU-INDIA
@ VMC-203-DOG-TAMILNADU-INDIA
@ VMC-253-DOG-KERALA-INDIA
@ VMC-241-DOG-KERALA-INDIA
@ VMC-243-DOG-KERALA-INDIA
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G-L intergenic region based clustering of RABV from dogs and cattle in
India

CHINA
Map of India

GANGA RIVER
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Bill & Milinda Gates sponsored Young Investigator award
during 17" ICID Internatiorial” conference-at Hyderabad, India in 2016



Recently, Sri Lanka has seen rising cases of rabies cases in wild animals such as jackals
and in areas at the village-forest interface areas.

Sri Lanka

VMC 2293
VMC 2289
VMC 2279
VMC 2277
VMC 2282
VMC 2308
VMC 2315
VMC 2311

Samples list No. of

samples

VIMC 2314
Jackal 21 Cc,
VMC 2309
VMC 2297
Cow 10 VMC 2294 e

VMG 2295 ! |
| AB041969 BUFFALO SRILANKA 3
- AY138549 DOG SRILANKA

Gampaha

Dog 4

100

Goat 4 { . T

KX148266 03003INDO "
——————— DQ286762 CVS INDIA ’
Cat 1 100 AB910532 CATTLE BANGLADESH
- 410"':: VCM 147 WOLF BANGALORE KARNATAKA INDIA
a5 VCM 146 DOG BANGALORE KARNATAKA INDIA
KX148218 14016BOT L PCNCNTC  Sampls
Deer 1 EU293114 EUROPEAN BAT LYSSAVIRUS 2 FRANCE
AY333111 MOKOLA VIRUS ETHIOPIA — 605bp
AY333110 LAGOS BAT VIRUS ETHIOPIA
—_
Total no. 41

Indian subcontinent lineage
4th SA RABNET_29.10.2025



Phylogeography & Phylodynamics

Purpose: Trace geographic spread & estimate lineage timing

Applications: Africa 1 a clade
National phylogeography (Philippines) — Movement
corridors identified (pubmed, 2023)

Molecular clock analysis — Timing of introductions & —
mutation rates in Kenya wambugu et al., 2024, Kenya)

Figure 1. Geographic distribution of rabies virus from a study of
genomic sequence alignment of wild and vaccine strains, Kenya.
Red dots on callout maps indicate study sample collection sites in
Siaya County in western and Makueni County in eastem Kenya.
The 2 counties are 540 miles apart and separated by complex
natural barriers, such as the floor of the Great Rift Valley, 6 lakes
along the valley's floor, the Aberdares and Nandi escarpment to
the east, and the Lake Victoria to the west. Red asterisks indicate
major cities or towns.

Africa 1b clade
4th SA RABNET 29.10.2025



Phylogenetic analysis of nucleoprotein gene of Rabies virus in Malaysia from

2015102018 (Leow et al.,
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Source Attribution & Outbreak Investigation

Purpose: Confirm human-animal linkages and
outbreak origin

Applications:

- Human-dog case matching via sequencing (coc, 2023)

- WGS + epidemiological data integration —

Reintroduction vs persistence ciarified ghang et al., 2025, Mol.
Bio. Evol, Phillipines)
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Molecular Epidemiology of Rabies Viruses Circulating in Two Rabies Endemic
Provinces of Laos, 2011-2012: Regional Diversity in Southeast Asia
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(Ahmed et al., 2015)
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Three rabies virus lineages belonging to the Southeast Asian cluster
|‘ EEE'-::“] E LIG43580

are currently circulating in Laos

Closely related to viruses from Thailand, Cambodia and Vietnam.

= Lact Lacs-DOG 2011
,.,.;Ewm EUZo31Z1
LacZ Leos-DOG 2011
100 — MNV-RAB-H EF437215
1m| E Germany-india AYSS5319
BODRS BANGLADESH-GOAT 2010
= RORV-Maxico-HMS0Z85
1 100 BR-Pfcl AB3G24E3
00 EI_—:BH—PMS-*IM
BRdgIIS-ABS1TES Europe-America

1088-ABG4584T
-.EEE-I?FR:P. EUZO3115
100 ABGV- 234411
H-08-1320 ABSSO200 i
—l H-1413-00 ABSISITS | STl
R ON-99-2 ELE11738
SHERV-18 AYT0S3T3

100 TS ELZOE118
BR-AL1-ABS1DE41

[
China Il

| Southweast Aska

Archcl Acrctic lilos

Bat crigin

g

/
Lineages diverged from common ancestors
as recently as 44.2 years and as much as —
55.3 years ago-periodic virus invasions ‘o4 e 20102020




Molecular Epidemiology of Rabies in the Philippines, 2023. A research project between CVRI,
China and ADDRL, Philippines
Key activity: 1. Understanding genetic diversity, distribution and transmission dynamics of RABV in
Philippines
2. Establishing an animal rabies information system

Whole Genome Sequence
based approach
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Phylogenetic analysis of RABVs
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Comparative Immunology, Microbiology and Infectious Diseases 116 (2025) 102287

AT Contents lists available at ScicnceDireet T
ot Comparative Immunology, Microbiology and
&

Infectious Diseases | '1:'“
lalr

ELSEVIER journal homepage: weow.elsevier.com/locate/simid

) Break genome into large
fragments and clone

[ Break individual clone
into small fragments

E) Generate thousands of
sequence reads

Full length article

Integrating one health strategies for rabies control: Insights from
Jackal-mediated human rabies in Northeast India

Reference Genome
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Jyoti B. Dutta ', MA Ashwini "', Ditul Barman‘, Pranab Das ", Raktim Tamuli“, K. Dhanya",
CN Varun ", Shubhangi Chandel”, P. Soundarya ", Shrikrishna Isloor ', Reeta S. Mani ™ feence ger
J.B. Dutta et al Comparative Immunology, Microbiology and Infectious Diseases 116 (2025) 102287
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Fig. 1. Legend: Phylogenetic tree indicates relatedness between the jackal and human rabies virus sequences from the study (in red color).
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o Metagenomics

Emerging Techniques )
Metagenomic NGS - improves sensitivity ' ‘“‘- (D — DNAsequm"H:s:;z?::I
Study of all the genetic material found in a mixed community of J R |
. : . : Liu et al., 2023, China: CSF, Saliva) .,
mlcrObeS dlrectly from thelr enVI ron ment, ( v e a Ina a Iva) i Tools,‘SLoftwares, Analysis «—— Assembled genome sequence
Wildlife metagenomics — Discovered divergent lyssaviruses (Lin et al., 2025, China) Gy, bR ek e
oy e eyl
SNP-Based Typing & Lineage Tools Rapid lineage typing (kumaret al., 2024) : "".5;7 '%’
§ X, ,.’,.‘;':,9 g '
p— v ™
—— - 5
Longitude

RABV-GLUE @ Genes Linked by Underlying Evolution- A Bioinformatics platform

CRISPR-based Detection (SHERLOCK / DETECTR)

Machine Learming (ML) | Al that allows computers to learn from experience or data
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Summary
Technique | Coedpplication | Keympact | Refernce

RT-PCR (KVAFSU-CVARDL) Field confirmation Rapid case detection BioMed Central, 2023

Outbreak genomics Source tracking PubMed, 2024

Metagenomics Novel virus detection Early waming Frontiers, 2023

Phylogeography (KVAFSU-CVA RDL)

Spread mapping Targeted vaccination PubMed, 2023

Emerging Dx Field readiness RSC, 2024

Key Takeaways

Enables faster diagnosis, lineage tracing, and targeted interventions.
Genomic epidemiology now central to One Health rabies elimination strategies.
Emerging CRISPR and ML methods promise next-generation surveillance.
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WOAH RL can support SAARC countries in enhancing their molecular
diagnostic capacity and setting up Lab.

* Molecular epidemiology, if brain samples submitted
* Virtual training programme on Molecular Techniques
* Hands on experience on Molecular Techniques

* Need based visit to support setting up lab.
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