





NIPAH VIRUS

The Older as Newer Threat
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Viral outbreaks of varying frequencies and severities have caused panic and havoc

across the globe throughout history.

Influenza, small pox, measles, and yellow fever reverberated for centuries, causing

huge burden for economies.

The twenty-first century witnessed the most pathogenic and contagious virus
outbreaks of zoonotic origin including severe acute respiratory syndrome
coronavirus (SARS-CoV), Ebola virus, Middle East respiratory syndrome coronavirus

(MERS-CoV) and Nipah virus.

Nipah is considered one of the world’s deadliest viruses with the heaviest mortality

rates in some instances.



For more than 20 years, Nipah virus (NiV) has emerged as a significant, highly
pathogenic bat-borne paramyxovirus causing severe respiratory disease and

encephalitis in humans, and human-to-human transmission has been demonstrated

in multiple outbreaks.

Although the total number of cases caused by NiV are limited, the virus causes
severe disease, transmits between humans, and can infect a wide range of animals;

thus, NiV is categorized by the WHO as a pathogen with epidemic potential.

Nipah virus is considered a biosafety level-4 pathogen and is listed as a select agent

with high risk for public health and security



The virus was first identified in Nipah village of Malaysia in 1998. since then four
other countries have reported human cases of Nipah virus infection, including

Bangladesh.
The Nipah virus (NiV) is a type of RNA virus in the genus Henipavirus.

There are two distinct strains of NiV-
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Differences in transmission patterns and mortality rates suggest that NiVB may be
more pathogenic than NiVM, so postexposure treatment need to be NiV strain

specific for optimal efficacy.



Fruit bats (Pteropus bats) are the zoonotic host of the virus and

pigs are the likely amplifying host.

They feed on fruits and nectar and are found predominantly in

areas around farms and orchards

The bats are endemic to tropical and subtropical regions of Asia,

East Africa, Australian continents

Being the natural hosts for NiV, bats are symptomless carriers but
they shed the viruses in their

- saliva
- urine

-semen

- excreta
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Known or likely presence of Pteropus bats in the Asia, South Pacific, and Australia region



Virus Transmission

02 mechanisms of virus spillover from flying foxes:
— Transmission via intermediate animal host - Malaysian cutbrealk

— Bat-to-human transmission & human-to-human transmission

{Bangladesh and India)
* Two most common risk factors for human NiV infection was
— drinking contaminated date palm sap/ fermented product
— contact with a patient with nipah encephalitis (Hedge et al, 2018)
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Signs and Symptoms

O Acute onset of
cough with
shortness of
breath

O Severe Headache

O Acute onset of

altered
status

mental

U High Grade Fever
0 Muscle pain

Q Convulsion

O Diarrhoea

Table 1: Clinical characteristics of Nipah cases in Bangladesh

Clinical characteristic Number (%)
Fever 196 (100)
Altered mental status 169 (86)
Sever weakness/lethargy 142 (72)
Headache 131 (67)
Acute respiratory distress syndrome 123 (63)
Cough 108 (55)
Vomiting 105 (54)
Myalgia 81 (41)
Convulsions 59(30)

Nipah virus outbreaks in Bangladesh: a deadly
infectious disease

Mahmudur Rahman?, Apurba Chakraborty?



Parameter Malaysia-Singapore Bangladesh-India

Age and occupation  Mainly adult pig farm workers

Adules, children & healthcare
workers

Spread * Bats-to-pigs.
*Pigs-to-human
* Occasionally:

Human-to-human

* Bats-to-human by contaminated
date palm juice and fruits

* Possibility of bats-to-domestic
animals-to-humans

* Human-to-human spread |

Respiratory
involvement

* | 4-19% Malaysian cases

*2 /1| patients in Singapore
had pneumonia without
encephalitis

Cough (62%), respiratory difficulty
(69%); chest radiographs with
acute respiratory distress
syndrome

Encephalitis

Segmental myoclonus seen in
32-54%

Segmental myoclonus not
reported

Relapsed and late About 5-10% Delayed onset neurological
onset encephalitis abnormalities in 4/22 patients
Persistent About 20% About 30%

neurological deficits

Mortality 32-41% 70 %




Table 2: Risk factors identified through case control studies in
Nipah outbreaks of Bangladesh

Year District Risk factors Odds 959% p
Ratio Confidence
Interval
2001 Meherpur Contact with a sick cow’ 7.9 2.2-27.7 -
Caring or living with a case’ 4.8 1.23 - 18.8 -
2003 MNaogaon Close proximity with pig herds!® 6.1 1.3-27.8 0.007
2004 Rajbari Climbing trees'? 8.2 1.25- o -
Contact with Nipah patient!? 21.4 2.78 - 966.1 -
2004 Faridpur Touching a Nipah patient'* 5.6 1.79 - 17.24 0.003
2005 Tangail Drinking raw date palm juice® 7.9 1.6 - 38 <0.01
2007 Thakurgaon Remaining in the same room with Undefined - <0.001
Nipah patient's
2007 Kushtia Physical contact with a Nipah Undefined - =0.001
patient!®
2008 Manikganj and (Drinking raw date palm juice 18 2.2 -0 <0.005
Rajbari
2010 Faridpur Drinking raw date palm juice - - -
2011 Lalmonirhat Drinking raw date palm juice 17 4 -70 =0.001




Samples to be collected

Blood, throat swabs, urine and Cerebrospinal fluid (C5F) samples
can be collected

At least 5 mbL of whole bleod should be collected in a plain wbe
Throat swabs should be collected and transported in Viral
Transport Medium (VTM) in a sterile, screwcapped polypropylene
tube

About 10-20 ml of urine samples should be collected in to a
sterile, screw-capped, leak-proof and sturdy container.

About 2-3 ml of C5F specimens should be collected by lumbar
puncture into a sterile tube, and The CSF specimen should not be
frozen

Samples for PCR testing should preferably be sent in dry ice. or
at -20°C, using hard-frozen gel packs

Tissue biopsy specimens, if available, should be transported in a
screw-capped, leak-proof container with a small volume ofViral

Transport Medium, preferably in dry ice ar at -20°C.

Collection and transportation of samples

—

Arrange the sample vials with proper labeling Flace vials in leak-proof secondary container

Arrange the packed container in cuter shipment container with case report form & labeled address



Early diagnosis is very critical for NiV infection
Diagnosis is performed in enhanced BSL3 (BSL3+) or BSL4 facilities.
Diagnostic tests for detection of NiV include-
Real-time RT-PCR (most preferred and extremely sensitive)
ELISA (detection of NiV antigens and antibodies in serum)
immunohistochemistry
histopathology
virus isolation

neutralisation



WHY IT'S ANEWER THREAT??

> The ubiquitous nature of the reservoir host,
» Increasing deforestation

» Multiple mode of transmission

» Lack of intensive care facilities

» High case fatality rate

» Lack of effective therapy or vaccines

» As a biological weapon CDC category C bioterrorism agent



e Since 2001, Bangladesh has been reporting seasonal outbreaks of Nipah virus
infection between December and May. Reported cases ranged from zero (in 2002,
2006 and 2016) to 67 (in 2004). A lower number of reported cases was observed
from 2016 following an extensive advocacy campaign against the consumption of

raw date palm sap.

* However, between 4 January to 13 February 2023, a total of 11 (ten confirmed and
one probable) cases of Nipah virus infection including eight deaths (CFR 73%) were
reported from seven districts across two divisions in Bangladesh, which is unusual
compared to the past seven years. This is the highest number of cases since 2015

when 15 cases including 11 deaths were reported.



Nipah Surveillance Sites and Cases in Bangladesh ; Nipah Cases in Bangladesh, 2023
& (2001 - 2023) i (As of 14 February 2023)
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Figure 1. Number of reported Nipah virus cases and deaths by year, 1 January 2001 — 13 February 2023,
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2016

Bangladesh.
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Lessons from the past...

Malaysian Outbreak- 1998






Public health response

The following public health response has been implemented by the government of Bangladesh.

Coordination:

* The Communicable Disease Control unit and the Directorate General of Health Services (CDC-DGHS) held an emergency meeting on
28 January 2023 with all Divisional Directors, Civil Surgeons, Health and Family Planning Officers, and other public health experts to
discuss and strategize the response to the outbreak.

Surveillance:

. (B)utbreak investigation including contact tracing is ongoing by the National Rapid Response Team (NRRT) in collaboration with ICDDR,

+ CDC-DGHS, IEDCR, the Health Education Bureau, ICDDR, B, and WHO, are focusing on strengthening the existing surveillance
system; formulating strategy for immediate interventions; and information, education, and communication (IEC) content for advocacy
and awareness.

Case Management:

+ CDC-DGHS and the Dhaka Medical College Hospital’s senior clinicians are strengthening case management. COVID-19-designated
Intensive Care Unit (ICU) beds in the hospital were repurposed temporarily for Nipah virus infection case management.

* The infectious disease hospital (IDH) in Dhaka has been designated to support the quarantine and isolation of suspected Nipah virus
infected cases.

Infection Prevention and Control:

* Health care workers across all levels are instructed to observe optimal infection, prevention and control including wearing masks and
gloves, investigating, and managing cases locally, and not referring cases to Dhaka for management except when necessary.

» The National Guideline for Management, Prevention, and Control of Nipah Virus Infection is being reviewed and updated, focusing on
safefy measures for healthcare workers and infection, prevention, and control (IPC).

Risk Communication and Community Engagement:
* Advocacy, risk communication and community engagement activities (RCCE) are ongoing.

* Two hotline numbers have been activated for Nipah, one at IEDCR and the other at ICDDR, B, with the aim to collect formal and
informal reporting of Nipah cases and also to meet the general queries of the public about Nipah and other infectious diseases.



Treatment measures

Treatment - largely supportive consisting of
— Anticonvulsants

— Treatment of secondary infection

— Mechanical ventilation and rehabilitation

Malaysia outbreak- empiric treatment with ribavirin (broad
spectrum and ability to cross the blood-brain barrier)

In an open-label trial of ribavirin- a reduction in mortality observed
(34% in control vs 32% treatment) (Chong et al, 2001)

Malaysia cutbreak- Mortality rate: ~ 40%

Bangladesh and India- Mortality rate ~ 70%

= Greater involvement of respiratory tract in Bangladesh & India outbreak
» Differences in pathogenicity between 02 viral strains

= | ess advanced healthcare facilities (Intensive Care Units) in Bangladesh



Table 7.1 The efficacy of antiviral treatments tested in Nipah virus animal models

Antiviral Species Efficacy References
@ Human (Malaysia | 36 % reduction in mortality [95]
outbreak)
Syrian hamster No beneficial effect [96, 97]
C-hlnmquine Syrian hamster | No beneficial effect [96]
| Ferret No beneficial effect [104]
Syrian hamster 100 % survival with pretreatment; | [100]
antibodies partial protection with posttreatment

Ferret 100 % survival when treated 24 h after  [82]
imoculation

m102.4 antibody

poly(D)-poly(C,,U) | Syrian hamster 80 % survival when treated 2 h after - [97]

inoculation and 9 additional days

VIKI-PEG4-chol | Syrian hamster 40 % survival when treated 2 days after | [103]
inoculation




Vaccines

Description

Animal model

Reference

Subunit-based
HeV-sG (Equivac® HeV)

Subunit vaccine based on soluble HeV G
glycoprotein. Elicits cross protective im-
mune response against HeV and NiV.
Available for horses in Australia

Ferret

Pallister et al., 2013
[46]

Vector-based
ChAdOx1 NiVB

rVSV-AG-NiVB/F-GFP
rVSV-AG-NiVB/G-GFP
rRABV/NIV (NIPARAB)
rVSV-EBOV-GP-NiV-G

rMV-NiV-G

Recombinant simian adenovirus-based
vaccine encoding NiV-B glycoprotein G
Recombinant vesicular stomatitis vira
V) vaccine expressing NiV-B F o
Recombinant rabies virus vector ex-
pressing NiV G
Recombinant VSV vector expressing
Ebola virus glycoprotein and NiV G
Recombinant measles virus vaccine
(rMV) expressing NiV G

BoHV-4-A-CMV-NiV-GATK Recombinant bovine herpesvirus vac-

BoHV-4-A-CMV-NiV-FATK

cine (BoHV) expressing NiV G or NiV F

Golden Syrian hamster

African green monkey
challenge
C57BL/é mice

African green monkey
challenge
African green monkey
challenge
Pig

Van Doremalen et
al., 2019 [47]
Mire et al., 2019 [48]

Keshwara et al.,
2019 [49]

Prescott et al., 2015
[50]

Yoneda et al., 2013
[51]

Pedrera et al., 2020
[52]

Virus-like particle-based
NiV-VLFP vaccine

Purified Nipah virus-like particles G, F,
and M proteins

Golden Syrian hamster
challenge

Walpita et al,, 2017
[53]

mRNA-based
sHeVG mRNA LNP

mRENA vaccine encoding soluble HeV
lycoprotein (sHeVG) subunit

Syrian hamster

Lo et al., 2020 [54]



Vaccine platform

Species  Vaceine Nipah virus
schedule challenge dose
(route)

Efficacy

VLPs comprised of G, F and M proteins

Venczuelan equine encephalitis virus
expressing G or F proteins
Recombinant vesicular stomalitis virus
(VSV) expressimg G or F proleins
Soluble Hendra G protein

Soluble Nipah or Hendra G protein

DNA vaceination (pCAGGS G or F
proteins)

Recombinant canarypox virus expressing
G or F proteins

Vaccimia virus (VV) expressing G and/or  Syrian

F proteins

Balhle  1"(I15days) 2 NA
fice (29 days) ¥

C3HHe 1'i(5weeks) 2 NA
mice (18 weeks) ¥

Balh/e mgle NA
mice imniuni zatio

Cats I (20 days) 2 §x 10° TCIDy,
{oronasal)

Cats I (2 weeks) 2 5% 10" TCIDg

(2 weeks) ¥ {subcutineous)

Balbie 1" {4 wesks) 2 NA
friie

Pigs 1" (2 weeks) 2 2.5 % 10° PFU
{intranasal)
" {4 weeks) 2 1% 10° PFU

hamster

Summary of Nipah virus vaccine strategies

{intraperitoneal}

Neutralizing ab measurable after  [63]
Ind boost

Neutralizing ab measurable after  [15]
prime

Neutralizing ab measurable after  [7]
vaccination (28d)

Complete protection (4/6). Non-  [41]
sterile immunity

Complete protection (4/4). Non-  |44]
sterile immunity

Neutralizing ab measurable after  [64]
hoosl

Reduction in virus and complete  [65]
ishibition of viral shedding

Complete protection in all groups~{24]
{passive ab also protects)

Reference



NIH launches clinical trial of mMRNA Nipah virus vaccine

Dose Escalation, Open-Label Clinical Trial to Evaluate Safety, Tolerability and
Immunogenicity of a Nipah Virus (NiV) mRNA Vaccine, mRNA-1215, in Healthy Adults

Study Overview

Brief Summary:
Background:

Nipah virus (NiV) is transmitted from animals to humans, from humans to humans, and through contaminated food. Infected people may have a
cough and trouble breathing. Some people may develop serious symptoms, such as brain inflammation, that can lead to death. There are no drugs or...

v Show more

Detailed Description:
Design:

This Phase |, dose escalation, open label clinical trial is the first study of mRNA-1215 in healthy adults to evaluate the safety, tolerability, and

immunogenicity of a Nipah virus (NiV) mRNA vaccine. The hypotheses are that the vaccine will be safe, tolerable, and will elicit an immune response ...

v Show more

OFFICIAL TITLE

VRC 322/DMID 21-0016: A Phase |, Dose Escalation, Open-Label Clinical Trial to Evaluate Safety, Tolerability and Immunogenicity of a Nip... Show more

CONDITIONS @

Nipah Virus Infection

INTERVENTION / TREATMENT @
Biological: mRNA -1215

STUDY START (ACTUAL) @
2022-07-11

STUDY TYPE@
Interventional

PHASE®
Phase 1

PRIMARY COMPLETION (ESTIMATED) @
2024-06-24

ENROLLMENT (ESTIMATED) @
50

OTHER STUDY ID NUMBERS @
10000687
000687-I

STUDY COMPLETION (ESTIMATED) @
2024-06-24

Nipah vaccine (mRNA-1215) Phase 1 testing is for pandemic

preparedness

Nipah virus is closely related to some of the
most common human pathogens

i i Henipavirus

+ Aim fo define general solution for vaccine s\ \ § i,» Nipah and Henda
antigen design and fo develop approaches for \ Viruses
platform manufacturing /"‘N .

//

+ Clinical festing can help determine whether ~_ 5
having successful antigen designs for viruses T e »
within a given family might facilitate rapid ! 5 Rtk
development of vaccines against similar viruses \ . L -,

" 7 ,.\\%‘
+ NIH to sponsor Phase 1 study .. /Z N \ 3
Mumps & % i
mflijr:%(}u\ie;;)%j\j7?};53;\2;{:;;?%;5325;’1\pawus |solated from Australian Bats," Plos Pathogens (02 Aug. 2012), modern O



PLoS Pathog. 2022 Jun; 18(6): e1010658. PMCID: PMC9269911
Published online 2022 Jun 27. doi: 10.1371/journal.ppat. 1010658 PMID: 35759511

Recombinant vesicular stomatitis vaccine against Nipah
virus has a favorable safety profile: Model for assessment of
live vaccines with neurotropic potential

Thomas F. Monath [&], Richard Nichols, Lynda Tussey, Kelly Scappaticci, Thaddeus G. Pullano, Mary D, Whiteman,
Mikos Vasilakis, Shannan L. Rossi, Rafael Kroon Campos, Sasha R. Azar, Heidi M. Spratt, Brent L. Seaton, W. Tad Archambault,
[ ... ].Joan Fusco [ view all ]

A novel single-dose vaccine that protects animals against disease and death
caused by NiV

Vaccination results in antibodies to the G protein that block entry of the virus
into cells



How to prevent Nipah virus infection?

fruits contaminated or partly

raw date palm sap ==
eaten by bats

=

W 5
Wash hands x)‘ Qﬂf

With patients
close contact

Cover nose and mouth

Healthcare workers
infection control measures




Why collaboration??
The Six Blind Men and the Elephant




In nutshell: What model we need 177

~ diseases
Surveillance
Units
Laboratory i
& : sharing
Diagnostic | | Bja-informatics| | management &
Services _ ‘rapid action

Multiple expertise needed !






“A ounce of prevention is :
wroth a pound of cure” A

THANK

—Benjamin Franklin

Cure
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