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Box 1 | Coronavirus virion structure and proteins

Coronaviruses are enveloped RNA viruses that infect and cause disease in a broad array
of animals and humans. Virus particles range from 70 to 120 nm in diameter and are
surrounded by characteristic spike-shaped glycoproteins, as shown in the figure.
Coronaviruses contain the largest single-stranded, positive-sense RNA genomes
currently known, which range from 25.5 to nearly 32 kb in length. Whereas all
coronaviruses encode strain-specific accessory genes in ORFs downstream of ORF1
(the replicase-transcriptase), the order of essential structural genes is remarkably
well-conserved: all coronaviruses encode the replicase-transcriptase (gene 1), spike,
envelope, membrane and nucleocapsid proteins'”**11, The ~180 kDa spike
glycoprotein mediates host cell attachment and entry, utilizing virus- and host-specific
cell receptors. The receptor-binding domain (RBD) of the spike glycoprotein is poorly
conserved among viruses and, as a result, host receptor usage varies between viral
genera and species®’**%2, This variability contributes to the broad host range of
coronaviruses, as the viruses can breach cell type, tissue and host species barriers with
relative ease'*>, Severe acute respiratory syndrome coronavirus (SARS-CoV) and
Middle East respiratory syndrome coronavirus (MERS-CoV) recognize exopeptidases as
receptors for docking and entry, and other human coronaviruses use aminopeptidases
or carbohydrates. Crystal structures of both SARS-CoV and MERS-CoV RBDs
complexed with their
corresponding receptors have
been solved®*1%, Post-entry events
are dependent on one or more
cellular proteases, such as
cathepsins, human airway
trypsin-like protease (HAT) or
transmembrane protease serine 2
(TMPRSS2)*%%13, which cleave the
spike protein and initiate a variety
of conformational changes that are
important for membrane fusion
and entry.

Membrane protein
Nucleocapsid protein

Spike protein

Envelope protein

Graham RL, Donaldgpn EF & Baric RS 2013 Nature Reviews Microbiology

Enveloped

e Spike proteins resemble solar corona
or crown

120-160 nm
Positive-strand RNA (27-32 kb)
Cytoplasmic replication

Budding into ER and Golgi
Notoriously difficult to propagate in culture
High frequency of recombination

Cause colds and severe acute respiratory
syndrome (SARS)

Classification

® Family Coronaviridae
® Genus Coronavirus
e Genus Torovirus
® Replication
® Details are largely unknown because viruses are difficult to grow in
cell culture

® Mouse hepatitis virus is model for coronavirus replication
® \Viral spike proteins mediate attachment

® Aminopeptidase N is a cell receptor target for many coronaviruses

Endocytosis is thought to mediate infection

After uncoating, the viral genome (MRNA) is translated to produce RNA polymerase
Subgenomic RNAs are synthesized for each viral polypeptide

Genomic RNA is cosynthesized with nucleocapsid

® Results in nucleocapsid binding immediately to genomic RNA

Progeny virus buds from ER and Golgi and are packaged into vesicles

Vesicles travel to and fuse with plasma membrane, releasing viral particles from-<ell



strains that infect humans

229E (alpha)
0OC43 (beta)
SARS/2003
NL63

HKU

MERS
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PEDV/CV777/Belgium/1977

1s/HKUB/Chin:

CcV/HKLlZ/HK/S!/CmnleUOG
BtCoV/HKU2/GD/430/:
BtCoV/Trinidad/1 szENzom
HCoV-NL63/Ams496/2003
HCoV-NLB3/Amsterdam1/2003
HCoV-NL63/Rott/1988
HCoV-! NLSJ/Ams()S?éZOM

Feline-CoV/79- 1146/USA/1380
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Coronaviruses Are Bat Viruses

Munia-CoV/HKU13-3514/China/2007
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1851 HCoV-HKU1/B/China/2004
BtCoV/HKUS-1/China/2007
BtCoV/HKUS-2/China/2007
BtCoV/133/China/2005
BICoV/HKUA4-1/China/2007
BtCoV/HKU9-4/China/2007
BCoV/HKUS-1/China/2007
BICoV/HKUS. ina/2007
BICoV/HKUS-3/China/2007
BtCoV/HKU3-1/China/2005
BtCoV/Rm1/China/2004
BtCoV/Rp3/China/2004
SARS-CoV/Urbani/2003

CivCoV/HC/SZ/61/03/China/2005

SARS-CoV/GZ02/China/2004
SARS-CoV/Tor2/C:

SARS-CoV/Frankf1/Germany/2003
Civet-SARS-CoV/SZ16/China/2003
SARS-CoV/CUHK-W1/China/2003

BtCoV/R pea/273/China/2005
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Genome organisation - consistent
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L emvarcomen

Virus

Influenza
Hantaan

Rift Valley Fever
Oropouche
O’nyong-nyong
Sindbis

Yellow Fever
Dengue

Rocio

Kyasanur Forest
Junin

Machupo

Lassa Fever
Ebola

HIV

HTLV
Monkeypox
Hepatitis C virus
Nipah virus
Hendra virus
West Nile virus
SARS
H1N1/2009

Major ‘Emerging’ viruses

Disease
Respiratory
Haemorrhagic
Fever

Fever

Arthritis, rash
Arthritis, rash
Fever, jaundice
Haemorrhagic
Encephalitis
Haemorrhagic
Haemorrhagic
Haemorrhaaic
Haemorrhagic
Haemorrhagic
AIDS

T-cell leukemia

Smallpox-like
vague
Encephalitis

Haemorragic
Fever, encephalitis
SARS

Respiratory

Distribution
Global

Asia, Europe, USA
Africa

Latin America
Africa

Africa, Asia, Australia
Africa, Latin
Tropics, spreading
Brazil

India

South America
South America
West Africa

Africa

Global

Global

Africa

Global

S and SE Asia
Asia, Australia (Africa?)
Tropics, spreading
Global (extinct)
Global

*Most are RNA viruses and have an animal reservoir
*Can be classified into (i) spill-over infections (most), (ii) local outbreaks (few), and (iii)
sustained transmission in a new host (very few)

*New diseases continue to be identified
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Natural Host/Vector
Aaquatic birds
Rodents

Ungulates, mosquito
Midae

Mosquito

Birds, mosquito
Primates, mosquito
Primates, mosquito
Birds, mosquito
Rodents, tick
Rodents

Rodents

Rodents

Rodents

Primates

Primates

Rodents, primates

?

Flying foxes

Flying foxes

Birds, mosauito
Bats, exotic animals
Birds, pias

Courtesy: Eddie Holmes




Mechanism: Rates of Evolution in RNA viruses

Organism Dataset (Origin) Locus 7 ° u® 95% CI Method used Reference
(x10%°  (x10%)
HIV-1 Subtype B (UK) partial pol gene 44 25 1.74,3.51 Bayesian MCMC inference Hué et al. (2004)
HIV-1 Subtype B (US) entireenv 66 47 wa Maximum likelihood estimation Robbins et al. (2003)
HIV-1 (international) partial gag-env 24 25 11,40 Maximum likelihood estimation Jenkins et al. (2002)
HIV-1 Group M (international) entireenv 159 24 18,28 Root-to-tip linear regression Korber et al. (2000)
HIV-1 Group M (international) entire gag 66 19 09,27 Root-to-tip linear regression Korber et al. (2000)
HIV-1 Subtype B ( Sweden) partialenv 13 6.7 46,88 Pairwise distance linear regression Leimer & Albert (1999)
HIV-1 Subtype B ( Sweden) partialgag 13 217 22,32 Pairwise distance linear regression  Leitner & Albert (1999)
SARS virus (international)  full length genome 6 19 n/a Least square method Lu et al. (2004)
HIV-2 Subtype A (Guinea-Bissau) partial gag-env 33 13 09,18 Maximum likelthood estimation Lemey et al. (2003)
DENV-4 (international) envelope gene 20 0.6 05,09 Maximum likelihood estimation Twiddy et al. (2003)
DENV-4 Serotype 4 (international) envelope gene 16 0.8 06,1.0 Bayesian MCMC inference Drummond et al.(2003)
HCV Subtype 4 (Egypt) partial EI gene 68 08 07,09 Bayesian MCMC inference Pybus et al. (2003)
HFLUV-A Type A (international) entire H4 gene 5 12 05,21 Root-to-tip linear regression Suzuki & Nei (2002)
HFLUV-A Type A (international) entire NP gene 24 18 n/a Maximum likelihood estimation Jenkins et al. (2002)
Ebola virus (international) ~ partial GP gene 9 36 n/a Root-to-tip linear regression Suzuki Y. et al. (1997)

RNA viruses rate of evolution (HIV-1):

DNA viruses rate of evolution (HSV-1):

Mammalian rate of evolution (nuclear(}genes):

~ 2.5 x 103 subst/site/year
~3.5 x 108 subst/site/year

~1.0 x 109 subst/site/year

Error Threshold

+ The higher the mutation rate, the larger the accumulation of deleterious
mutations

« Error catastrophe: proportion of viable viruses lower than that needed
to sustain infections

« Artificially increasing mutation rates beyond error threshold can result in
the extinction of viral populations: lethal mutagenesis

(e.g. Ribavirin and HCV)
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Ecology 1
group
Domestic, wild animals, i’

pigs & humans -

Vijaykrishna et al. 2008 Journal of Virology

SARS ; Cumulative Number of Reported Probable Cases
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exotic wildlife trade

Severe Acute Respiratory Syndrome

e |nitial outbreak in SE Asia
Hong Kong and Singapore first reported
Disease originated in China
Originally thought to be from wild game markets
e Palm civet cat (which isn't a cat) - Paradoxurus

4 & hermaphroditus

N _,.amup1 bat > exotic animal > human *  Raccoon dog (which isn't a dog) - Nyctereutes procyonoides
...... It is a bat virus

uo\ group 3 HKU 65806 ; y i
oo g5 Urbani e Chinese horseshoe bats (Rhinolophus sinicus)
outry TOR2 ; y p
n...amz,"' k“l HKU 39849 o No virus isolation
ﬂroupz ,,'4 CUHT(KVL\;: oore Human e Amplification of coronavirus RNA from anal swabs
: st’;"” 368 e Serology

<

T : e It is highly-similar, but not identical to SARS-CoV

' GZ01
i 39‘:94@;:2 e Mutations have most likely occurred in transmission
........a.... > sz3 from bats to civets to humans
\“ 100 s 82l Animal e Reverse genetics of SARS-CoV and some bat
gm.,p, 05 1,485 o005 s51sz16 viruses has been done
gmup:“::m 3 Guan et al. 2003 Science e No animal pathogenesis model
a

2c
BtCoV.133.2005 Asian Chinese ferret
BtCoV.HKU4 cluster BtCoVHKUscluster leopard badger
cat
MERS-CoV_England1 2b . —
B by BIARSEn Feb 2005 - Dec 2006 f, .
(genomes 1-3)\ 60, BtCo\//i%?hZOOS
: BtCoV.HKU9.2 BtCoV.273.2005 Apr 0/84 2/87
2d - BtCoVHKU9.L BSARS.RP3 . Nov 2/149 1/206
T * 4420 animals sampled
BCovHKUS3 g e il f i pec 12 o8
rom 16 mammalian 2006
and dogs)
BroVHKU2 4 BtCoV1AAFCD62 spec ies Jan 16/308 0/78
BtCoV.1B.AFCD307 Feb 2/219 0/71
HCoV.HKU1.C.N5 Mar 1/145 2/107
2a BtCoVHKUB.AFCD77
1 Total 35/1,453 (2.4%)  11/934 (1.1%)
R BtCoV.512.2005 g:)b Coag
PHEV.VW572
HCoV.OC43 ATCC.VR.759 e ¢ 51 positives from 8
EEE) HCoV.229E
Z .
e species
= - |BV.Beaud BtCoV.HKU2.HK
FCov TGEV PRV (3 genomes)
3 BtCoVHKU2.GD _ Dong et al. 2007 Journal of Virology
0.1 15 1o Alphacoronaviruses 16




Wild animal CoVs in China

5000 10000 000¢ 25000

Group 3

1BV
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NS 007025
20147bp.

PEDV
NC_003436
28033 bp.

Novel Coronavirus
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Evidence that wild animals are not
natural reservoirs of CoV

» Wildlife traders, animal slaughtered, restaurant
workers had a higher CoV antibody prevalence
than did market and community controls (Xu et al.

Bat CoV in China

e 82 sitesin 15
provinces (19 +ve) &

 Throat and anal swabs ¢

i

* 985 bats from 35
species (6.5% +ve)

Tang et al. 2007 Journal of Virology

* Farm civets (-ve), market civets (+ve) (Tu et al.
18
Family and species of bat Common name Sites Bats Groups
(positive) (positive)
Rhinolophidae
Rhinolophus ferrumequinum Greater horseshoe bat 3/11 4/41 1,4,5
R. sinicus Chinese horseshoe bat 1/17 1/67 4
R. pearsonii Pearson’s horseshoe bat 1/17 1/75 1
R. macrotus Big-eared horseshoe bat 1/14 1/45 4
Hipposideros larvatus Intermediate leaf-nosed bat 1/13 6/82 1
H. pomona Pomona leaf-nosed bat 1/14 5/138 1
Verpertilionidae
Pipistrellus pipistrellus Common pipistrelle 1/4 6/27 5
P. abramus Japanese pipistrelle 3/8(3) 4/41 5
Scotophilus kuhlii Lesser Asiatic vellow-house bat 1/2 5/43 1
Myotis ricketti Rickett’s big-footed bat 5/9 (5) 14/56 1
Tylonycteris pachypus Lesser bamboo bat 1/15 1/99 1
Myotis sp. 1/1 2/14 5
la io Great evening bat 1/3 1/30 1
Miniopterus schreibersi Schreiber’s long-fingered bat 3/15 (3) 17/135 1

20

Tang et al. 2007 Journal of Virology




eg. BtCoVI701/05 (AH, YN, GD)
Myotis ricketti
eg. BtCoV/821/08 (JX, GX)
eg. BICOV/512/05 (HA) I Scotophilus kuhlii
PEDV
Human CoV NL63
-~ ooy | Ibkot i Group 1
Human CoV 229€
eg. BICOVIAT73/05 (FJ)
w Miniopterus schroibersi
eg. BICoV/A911/05 (AH, FJ, GX|
Feline CoV/
10
Tev
Canine CoV'
1BV
w0 [
Group 3
L Tukeycov P
- Human CoV OC43
Bovine CoV/
- RN Group 2
% I— Human CoV HKU1
- eg. BICoV/133/05 (GD) I Tylonycteris pachypus
L] :
g. BICOV/A34/05 (HA) | Pipistrollus pipistrellus Putative
L Group 5
' . | HE, Pipistrellus abramus
og. BCOV/355/05 (AH, HE, SC) | posempomrats i
BICOVIA1018/06 (SD) | Rhinolophus sinicus
BICoV/279/04 (HB) | Rhinolophus macrotis
BCOV/273/04 (HB) | Rninolophus ferrumequinum 2':::::’:
SARS CoV
Tang et al. 2007 Journal of Virology

Bat SARS CoV Rp3

Evolutionary stability of group 4 CoV in different hosts

S BtCoV/HKU3/03
)
—2%%___ BtCoV/Rp3/04
o048
0%
0050 03% _ BCoV/279/05
o {° Bats
0% Leore pycoviRmios
Tots
32.0%  BCoV/273/05
o 0807
BtCoV/Rf1/04
Civet SARS-CoV/SZ3/03
Wild anima
. Civet SARS-CoV/SZ16/03
Spike gene
3,783 nt 22%_ SARS-CoV/HKU39/03
0I%_ SARS-CoV/Tor2/03 Human

1.964
0862

2L7%  SARS-CoV/FRA/03

1.999

Vijaykrishna et al. 2008 Journal of Virology
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Rooting the tree
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CoV

CoV

Dating their divergence

roun s

* New estimates (Wertheim
et al. 2013 J Virol)
indicate that the time of
most recent common
ancestor (TMRCA) for all
coronaviruses is likely
millions of years.

roup

e CoV most likely co-
evolved with their bat

Vijaykrishna et al. 2008 Journal of Virology hosts.
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Outline

My background

« Paramyxovirus virology
— Taxonomy
— Genome organization and virus structure
— Viral replication

« Overview of well known paramyxoviruses

« Bat paramyxoviruses

DUKERB

GRADUATE MEDICAL SCHOOL



My background

« PhD
— Curtin University of Technology, CSIRO Australian Animal Health Lab

* Molecular characterization of 2 unclassified rodent paramyxoviruses

Postdoc
— INRS-Armand Frappier

* Morbillivirus pathogenesis

Research Fellow
— Duke-NUS

« Paramyxovirus/Host interaction
» Development of novel diagnostic platforms for pathogen discovery

Contact: Danielle.Anderson@duke-nus.edu.sg

DUKERB

GRADUATE MEDICAL SCHOOL



Paramyxovirus Virology

DUKEBENUS
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Paramyxovirus Taxonomy

Mononegavirales

SSRNA
Negative-sense
Non-segmented

Filoviridae Paramyxoviridae Rhabdoviridae

Bornaviridae

Filamentous, pleomorphic Pleomorphic Bullet-shaped, bacilliform Nuclear replication
RNA 18-19 kb RNA 15-19.2 kb RNA 11-15 kb RNA <10 kb
Paramyxovirinae Pneumovirinae
|
| | | |
Respirovirus Morbillivirus Rubulavirus Ferlavirus
Henipavirus Avulavirus Aquaparamyxovirus

DUKEBENUS

GRADUATE MEDICAL SCHOOL SINGAPO



Paramyxovirus Taxonomy

o GiTue m\!""\'\r
Morbillivirus ~ _g(\2 are
P N . .
N N\ — Respirovirus
AV '
o Metapneumovirus

Pneumovirus

Rubulavirus

0.2
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Paramyxovirus Structure

3—————-— —————5

P/VIC F H/HN/G

Matrix Protein (M)

Attachment Protein (H)

Lipid Bilayer

Nucleoprotein (N)

Fusion Protein (F)~ .
. Phosphoprotein (P)

Polymerase Complex (L) Antisense ssRNA Genome

DUKEBENUS

GRADUATE MEDICAL SCHOOL SINGAPORE

Supplied by Dr. lan Mackay, Sir Albert Sakzewski Virus Research Centre



Genome Organisation

Teader

\

/

3 N P/V/C M F

HN/H/G L

SN AN AN

Gene End

AN AN

TN

Intergenic Region

Gene Start

DUKERB

GRADUATE MEDICAL SCHOOL

Adapted from: Lamb and Kolakofsky. (2001).
Paramyxoviridae: The Viruses and Their Replication. In Fields Virology.
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Representative Paramyxovirus Genomes

Morbillivirus - Measles virus
N PIC L] F H L

Rubulavirus - Mumps virus

M P M F SH HN L

Avulavirus - Newcastle disease virus

L | " M F H L
Respirovirus - Sendai virus
= NS

N PAIC M F HM L

Henipavirus - Hendra virus
N AVIC M F H L
Ferlavirus - Fer-de-Lance virus

H u P W F HM L
Aquaparamyxovirus - Atlantic salmon paramyxovirus

N PVIC M F HH L

Unclassified - Tupaia paramyxovirus
M PVIC M F H L
Unclassified - J paramyxovirus
=

i |

e e
e e e ittt

N PWIC M F  SHTM kel X L
Unclassified - Beilong virus
g |

| llﬂl' ) ) I'|I1lﬂll ) ) ) I'| IlllI ) ) ) Izlﬂll

GRADUATE MEDICAL SCHOOL SINGAPORE

Anderson and Wang., The Biology of Paramyxoviruses. (2011)



Paramyxovirus Replication

(aenome replication (+)antigenome virus ~O0
— PPN assembly
ltranscription lf replication
(+)mRNAs (-)genome
o™ translation
HN, H
\ M F OI;G
o I . b[o o ]
I —— NS P LLV CsH

DUKEBENUS

GRADUATE MEDICAL SCHOOL SINGAPORE Harrison et el,. Int J Biochem Cell Biol. (2010)




Paramyxovirus Syncytia Formation

MeV MuV RSV



Reverse Genetics

EGFP
KNP M F I o H K L

T7

guelclole

genome

Supportmg plasmids

R

susceptlble cells

B~ =p

recombinant virus




Pathogenesis- Visualized




Human Paramyxoviruses

v
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Measles virus

One of the most communicable of all human diseases
Remains one of the most deadly vaccine-preventable diseases

Infects the epithelial cells of the respiratory tract before moving to
nearby lymph nodes, where secondary viral replication occurs

Immunocompetent individuals generally clear measles virus infection
and develop lifelong immunity to measles during this period

Profound leukopenia increases susceptibility to secondary infections,
such as pneumonia, the most common cause of death in patients with
measles

Neurological disease can occur at disease onset, or up to 20 years after
Infection

DUKE g Reviewed in Buchanan and Bonthius., Semin Pediatr Neurol. (2012)

GRADUATE MEDICAL SCHOOL



Mumps virus

10 genotypes (A-J)
Respiratory infection transmitted through close contact by
Inhalation of infectious droplets and by direct contact

Mumps iliness is generally mild, beginning with non-specific
symptoms including fever, headache, malaise, and myalgia

Up to 20% of infections are asymptomatic.

Mumps virus has a predilection for glandular (parotid glands,
ovaries, testes, and pancreas) and nerve tissue

Ongoing outbreaks

DUKE g Reviewed in MacDonald, et al., Adv Exp Med Biol. (2011)

GRADUATE MEDICAL SCHOOL



Respiratory Syncytial virus

Most important viral agent of lower respiratory tract illness in
iInfants worldwide

RSV readily re-infects throughout life

Severe RSV infection is frequently followed by abnormalities
In pulmonary function that may persist for 10 years or more

Immunity to RSV is commonly thought to be incomplete and
transient

No vaccine, but neutralizing antibody confers substantial
protection from severe RSV disease (expensive treatment)

DUKEBER!

Reviewed in Collins and Melero., Virus Research (2011)
GRADUATE MEDICAL SCHOOL



Bat Paramyxoviruses

v

DUKEBENUS

GRADUATE MEDICAL SCHOOL SINGAPORE



Hendra virus

e 1994- Australia (QLD)

Outbreak of acute respiratory disease in horses
— Horse trainer, stable hand, 21 horses were infected

1995- Australia (QLD)

Farmer died from encephalitis

— Had contact with HeV infected horses during
necropsy 14 months earlier (suffered mild meningitis)

* 4 fatal human cases to date
* Ongoing outbreaks in horses

oA } \ \
ey 1 W Y

GRADUATE MEDICAL SCHOOL SINGAPORE




Hendra virus

* Virus identification

— Isolation from uterine fluid, lung, liver tissue from bats.
Spleen, lung, blood from horse. Lung, liver, kidney,
spleen from human.

— Electron microscopy
« Paramyxovirus- Henipavirus

« Serology

— Fruit bats (Pteropus poliocepalus, P. alecto, P.
conspicillatus, P. scapulatus)- positive

« BSL4 agent

DUKERB

GRADUATE MEDICAL SCHOOL



Hendra virus- Transmission

Transmission
and clinical signs of the

Hendra virus

Horses contract Hendra virus by ingesting feed or
water contaminated with flying fox saliva, urine,
F}l]vjng foxes are a natural fam aborted fostuses andlor reproductive fluids

host for the Hendra virus
Australian f|vir‘lg fox Clinical signs of the Hendra virus in horses may include
Hendra virus populations coincide with the

is one of Australia’s most areas of greatest risk for l ke L) o

lethal viruses (4 ) Incraased Body Temperatre ) Head Titing/ Circing

Shifing of Weight Batween Lags ™) Muscle Twiiching
Deprassion (82}  Urnary Incontnance

':_vﬁ i) Increased Respatory Rate

Hendra virus infection in people has been the results
of close contact with respiratory sacretions andlor blood
from an infected horse

Clinical signs of the Hendra virus in humans may inchude

Equivac HeV Hendra virus | vaccine for horses

DUKEB
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Hendra virus- VVaccine

Equivac® HeV
Launched November 2012

Subunit vaccine consisting of a recombinant soluble
and oligomeric form of the G glycoprotein (HeV-sG)

First vaccine licensed and commercially deployed
against a BSL-4 agent

DON’T GAMBLE
WITH YOUR
HORSE’S LIFE -

DUKER

GRADUATE MEDICAL SCHOOL SINGAPORE




N|pah Virus

« 1998- Malaysia

* Initially thought to be Japanese encephalitis
« Encephalitis in pig farmers

« 265 cases, 105 fatal

e Singapore- 11 cases, 1 fatal

* Pig to human transmission

* Over 1 million pigs culled

DUKEM®

MEDICAL SCHOOL
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« 2001- Bangladesh
— Outbreaks almost yearly
— Mortality up to 92%
— Human to human transmission

e 2001- India

— Human to human transmission

« 2000- Cambodia
— 1,303 bats were sampled from restaurants or roosts
— Seroprevalence of 10.9%
— Similar study in Thailand
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Nipah virus- Symptoms

* Humans
— Fever
— Migraine
— Vomiting
— Emphysema
— Encepahlitis (relapse can occur)
— Meningitis
— Disorientation
— Neurologic deficits (may persist after recovery)

— Coma
— Death
* Pigs AMd;?wrg?State
— Coughing (barking cough) Fever
— Open mouth breathing Cough
— Abnormal posture
— Convulsions

DUKEBENUS

GRADUATE MEDICAL SCHOOL SINGAPORE



Nipah virus

* Virus identification
— Isolation CSF from human. Urine from bats.
— Electron microscopy

« Paramyxovirus- Henipavirus

« Serology
— Fruit bats (P. hypomelanus, P. vampyrus,
— Cynopterus brachyotis, Eonycteris spelaea)
— Insectivorous bat (Scotophilus kuhlii)
— Fruit bats in Bangladesh (P. giganteus)
— Flying fox in Cambodia (P. lylei)
« BSL4 agent

DUKERB

GRADUATE MEDICAL SCHOOL



Cedar virus

e 2009- Australia (QLD)
* Ongoing HeV survelllance
« Appears non-pathogenic

Brisbane ¥

DUKEBENUS

GRADUATE MEDICAL SCHOOL SINGAPORE



Cedar virus

Virus identification

— PaKi cells (inoculated from urine)
— Sequencing

— Paramyxovirus specific PCR
Paramyxovirus- Henipavirus

Serology
— 100 Pteropus alecto serum- 23% positive

Experimental infection
— Ferrets, guinea pigs, mice- non pathogenic

DUKERB

GRADUATE MEDICAL SCHOOL



Tioman virus

1999- Malaysia (Tioman Island)
Isolated during the search for the origin of NiV
No reported cases of human or animal disease

Experimental infections

— Lethal in suckling mice

— Not lethal in adult mice

— Can infect and replicate in pigs

DUKERB

GRADUATE MEDICAL SCHOOL



Tioman virus

 Virus identification
— Vero cells (50 pooled urine samples)
— Electron microscopy

« Paramyxovirus- Rubulavirus

« Serology
— 169 human sera- 5 ELISA positive, 3 SNT positive

— 427 bat sera- 2 Pteropus rufus, 1 Rousettus
madascariensis positive

DUKERB

GRADUATE MEDICAL SCHOOL



Menangle virus

DUKE

GRADUATE MEDICAL SCHOOL SINGAPORE

1997- Australia (NSW)
Outbreak of reproductive disease in piggery
Mummified, stillborn, deformed piglets

2 piggery workers ill with flu-like symptoms and
red, spotty rash

Large colony of fruit bats roosting within 150m of
piggery

[IENUS




Menangle virus

 Virus identification
— BHK cells (inoculated from heart, lung, brain tissue)
— Electron microscopy

« Paramyxovirus- Rubulavirus
« Serology

— Cattle, sheep, birds, rodents, cats, dog- all negative
— 250 humans- all negative except 2 piggery workers

— Fruit bats (Pteropus poliocepalus, P. alecto, P.
conspicillatus, P. scapulatus)- positive

DUKERB

GRADUATE MEDICAL SCHOOL



Mapuera virus

* 1979- Brazill
« Asymptomatic fruit bat (Sturnira lilium)
* Virus identification

— Electron microscopy

— ELISA
— Immunofluorescence

« Paramyxovirus- Rubulavirus

DUKERB

GRADUATE MEDICAL SCHOOL



Porcine rubulavirus

e 1980- Mexico (La Piedad)
« QOutbreak of encephalitis in piglets

 CNS manifestations, corneal opacity, stillbirths,
mummification of piglets

« Highly infectious, lethal in young pigs
* Blue-eye disease

AAAAAAAAAAAAAAAAAAAAA



Porcine rubulavirus

 Virus identification
— PK-15, BT cells (inoculated from brain tissue)
— Electron microscopy

« Paramyxovirus- Rubulavirus

« Serology
— 108 serum samples from 13 bat species
— Only 1 sample positive
— Bat origin of PorPV needs to be proven

DUKERB

GRADUATE MEDICAL SCHOOL



Risks, control, prevention

Attempt to limit ‘spillover’
— Keep animals away from fruit trees where bats roost

Vaccinate horses against HeV
— Break horse to human transmission

« Possible monoclonal antibody prophylaxis for
nenipaviruses

« Development of diagnostic assays to detect
novel viruses

DUKERB

GRADUATE MEDICAL SCHOOL
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Objectives: To safely collect biological samples from live and dead wild bats and
rodents. (See separate detailed PREDICT protocols bat population sampling, for wild
animal capture, personal protective equipment, and data collection).
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SECTION 1. SAFETY & PERSONAL PROTECTIVE EQUIPMENT

All personnel are responsible for knowing the safety guidelines and
procedures that are relevant to their tasks. Personnel involved in capturing,
handling, or sampling animals, must understand and be able to apply the
safety guidelines provided in the PREDICT Guides and Protocols.

The primary investigator and/or sampling team leader are responsible for
ensuring that the field team members have had the appropriate safety training for
the tasks to be performed.

Each country team should ensure that all activities are in line with relevant
IACUC protocols, and SOP’s; and by doing so will ensure that activities are in
compliance with the PREDICT Environmental Mitigation and Monitoring Report.

All people handling bats or their blood products must be vaccinated for rabies.

Field personnel must report to their supervisor and follow post-exposure
guidelines for any injury from handling bats that may constitute an exposure to
rabies.

Each country team should ensure that appropriate PPE is used. (See Minimum
PPE Required for Handling Live, Dead or Samples of Rodents and Bats.)
Use current biosafety recommendations to decide what level of personal
protection is needed to prevent contamination of the field personnel and
sampling team, taking into account potential pathogens in the animal population
(See PREDICT Safety Guide: Biosafety and PPE Use for details regarding PPE
Use.).

The purpose of Personal Protective Equipment (PPE) is to:

1.

2.

Protect personnel from contamination or exposure to potential infectious agents;
and;

Prevent the contamination of persons at a site thereby preventing the
transmission of potential infectious agents to other sampling locations, animals,
and people.

Preparation for PPE Use in the Field:

PPE is an essential component of any surveillance strategy for zoonotic pathogens.
Personal protective measures and gear are covered in detail in the PREDICT Safety
Guide: Biosafety and PPE Use. Planning and preparing field sampling kits should
includes making careful estimates of the number of sets of PPE that will be required by
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all personnel. Field sampling kits must also include supplies for disinfecting personnel
on site and containing contaminated PPE for disposal.

Minimum PPE Required for Handling Live, Dead or Samples of Rodents and Bats:
For bats and rodents the minimum PPE includes eye protection, an n95, p95 or
p100 respirator, long clothing, and nitrile or latex gloves. (See the PREDICT Safety
Guide: Biosafety and PPE Use for detailed instructions regarding PPE Use).

PPE Removal and Decontamination:

All non-disposable equipment used should be thoroughly cleaned and properly

disinfected immediately after use and field personnel should be mindful that anything in
contact with contaminated equipment or PPE must also be considered contaminated.

Decontamination = cleaning + disinfection

1. Clean--remove organic material, dirt and grease
2. Disinfect—remove microbial contaminants by selecting an appropriate disinfectant for
the potential pathogens

Thorough cleaning and disinfection of equipment are essential to protect personnel from
pathogen exposure and to prevent the spread of pathogens to other wildlife or domestic
animal populations. Used PPE gear must be removed in a manner to avoid
contamination of the user or the environment, and disposed of appropriately and in a
manner to avoid future contamination of other humans, animals, or the environment.

First Aid Preparedness

It is recommended that at least two field staff should have basic first aid and CPR
training and be familiar with recommended first aid procedures for injuries likely to be
encountered in the work tasks in the specific field setting. (Refer to first aid field
manuals).

First Aid Protocol for a Bite, Scratch or Needlestick

1. The injured person must notify other research staff and work must stop.

2. The bite, scratch or needlestick site should be washed well with soap and water
for a full 5 minutes and then betadine (or benzalkonium chloride if available — this
is known to kill rabies virus). It is recommended that benzalkonium be kept
readily available in a first aid for such purposes.

3. If the injury is from a bat, the post-exposure rabies vaccination should be
obtained as soon as possible. It is recommended that the field team carry doses
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of rabies vaccine in a cold box on-site if working in a remote location so that a
booster dose can be administered immediately following exposure. Otherwise,
exposed personnel should report to a medical clinic for administration of the
booster doses according to published WHO recommendations. See WHO
guidance for post-exposure prophylaxis at:

http://www.who.int/rabies/human/postexp/en/
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SECTION 3. SAMPLE DATA COLLECTION

Important considerations for sample data collection:

Follow the latest version of the PREDICT Guide: Surveillance Data
Collection (Available on Basecamp: PREDICT Training: Guides & Protocols)
and complete the PREDICT data sheets as instructed. The PREDICT Rodent
Sampling and Small Bat Data Sheets are available in Excel.

For sampling bat populations, see the PREDICT Protocol for Bat
Populations sampling.

Sample labels must have unique IDs. If a barcode labeling system is used, these
labels should be printed in advance of sampling work.

Data recording sheets should be designed to align with the larger PREDICT
surveillance project. PREDICT required and optional data collection requirements
are listed in the PREDICT Guide: Surveillance Data Collection.

The entire sampling team should share the same understandings and definitions
of terms used in the sheet (e.g. criteria for marking “poor” condition).

The team should share understandings and definitions of how to describe
contextual information about the sample collection, including the level of detail
and common descriptive terms.

Assign one team member the task of data recording.

Successful and consistent data recording is an essential component to disease
surveillance. A data spreadsheet should be created well in advance with all required
data fields included. The required data fields are listed in the PREDICT Guide:
Surveillance Data Collection. The data recording sheet and sample labeling materials
must be present during sampling, and updated after each sample taken (i.e., label each
sample and record the corresponding data immediately after collecting each sample).
As mentioned, it is ideal to assign the task of data recording to one team member to
ensure accountability and that this key activity is completed accurately.

DATA TO COLLECT

See the PREDICT Guide: Surveillance Data Collection for details about data
collection and submission.
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Minimum data: Table 1 lists the minimum set of data (fields) that should be recorded
for all specimens.

Table 1. Data fields required for all specimens at all sites.

Field Name Explanation
Animal Classification Class of the animal, e.g. Captive wild, wild, domestic, feral domestic
Animal ID Unique ID of the Animal sampled

Condition At Sampling The condition of the animal when sampling begins e.g. “apparently healthy”,

“injured” or “died (fresh carcass)”, etc.

Country Country of collection site

Domestic Animals

Present at Site List of all domestic animals present at the site

Identification by Who identified wildlife
Identification certainty Level of certainty of wildlife identification
Laboratory storage

method The storage method used at the laboratory

Most Prominent

Anthropogenic Change at]
Site at the site e.g. “area with ecotourism” or “crop growing”, etc.

The most prominent anthropogenic change that has occurred in the last 6 months

Primary Risk Interface Describes the potential for human or domestic animal contact at the situation in

which animals were handled or sampled.

Reason for collection | Description of reason for collection e.g. “opportunistic”, “active surveillance”, etc.

Recorder affiliation Organization of person collecting data
Recorder ID (Name or . .
email) Name or email of person collecting data
Site Latitude In Decimal degrees
Site Longitude In Decimal degrees
Site name or ID Unique name of site where data was collected

Species English name | Common English name of animal per Kingdon, Francis (field guides) or IUCN

Specific genus species name based on ITIS; if the complete genus species is
Species scientific name unknown use the next known level of taxonomic classification e.g. genus,

subfamily, family

Specimen ID Unique ID that references a specimen
Specimen Type Type of specimen used. If “tissue”, describe further.
Start date Date the sampling event started
State/Province State or Province of collection site, e.g. "Sabah" or "Kampot"

Storage Location Facility

Name Name of the facility where the specimen are located

St Locati ithi
orage -ocation within Description of where the specimens are located within the facility

Facility
Storage Medium The storage medium used e.g. “10% formalin” or “Viral transport media”, etc.
Taxa Group Taxa group that animal belongs
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Additional (Optimum) Data To Collect:
* Age class*
* Sex
* Whole body photograph
* Body weight
* Forearm/radius length (tip of elbow to wrist)
* Head length (rostrum to occipital crest)
* Body length (occipital crest to sacrum with head bent forward 90° to spine)
* Identifying characteristic photographs
* Additional morphometric measurements
* Reproductive status

*Age classes - For some bat species it will be possible to classify bats into one of
three age classes:

Pre-weaned juvenile -- pup is still clinging to dam and suckling.

Juvenile -- pup is independent from dam, may be adult sized, but sexually
immature. Absence of secondary sexual characteristics such as elongated
teats, being gravid at the time of capture, and for male Pteropodid bats, tiny
barbules present on the glans penis. Incomplete fusion of phalangeal
symphysis (head of phalanx not yet fused with shaft of phalanx as viewed
when wing is backlit — this is more apparent with larger bats)

Adult -- secondary sexual characteristics present, adult size. Complete fusion
of phalangeal symphysis.
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SECTION 3. SAMPLE COLLECTION

The following basic set of samples should be collected from each animal:

* Saliva (oropharyngeal swab)

* Urine (free catch method or urogenital swab)

* Blood (serum; rbc/wbc pellet; thin blood smear (fixed))
* Feces (fresh fecal sample or rectal swab)

Additional samples to be collected if possible without undue harm to the animal:

* Collect two 2 mm wing punches (biopsies) placed in a cryovial in 95% ethanol (1
per tube) if necessary for species identification purposes.
* Collect ectoparasites in 95% ethanol.

Notes regarding sampling materials:

* ‘Cryovials” refers to plastic, internally threaded screw-top vials with a silicon O-
ring to prevent leakage. 1-1.8mL NUNC or Corning brand are recommended to
ensure the tubes fit in a standard 9x9 or 10x10 cryobox.

* Tubes will be labeled with a unique identifier number. Printed labels should be
used. One option is the barcode printers and labels made by Electronic Imaging
Materials (www.eiminc.com).

Details on Sample Collection and Storage Media:

Samples to collect from dead or euthanized animals:

Collect approximately 200 mg (pea-sized) sample of large intestine, small
intestine, liver, lung, kidney, spleen, and brain (if possible). A 200 mg sample
of each tissue should be placed in an empty cryovial and frozen, and a
duplicate sample should be placed in 1.0 ml VTM. A third sample of each
organ tissue, about 1 cm?®, should be placed in a small jar of 10% buffered
formalin and kept at room temperature for histopathology.

Samples to collect from live animals:
* 2 Oropharyngeal swabs- 1 in lysis buffer, 1 in VTM: Using sterile, polyester-

tipped swabs with either an aluminum or plastic shaft, rub the swab tip gently but
thoroughly against the back of the animal’s throat, saturating the swab with saliva
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(recommend Puritan® Small Tapered Polyester-Tipped Swab from VWR,
Catalog No.: 89133-756). Place 1 swab in a cryovial filled with 0.5-1 ml Nuclisens
Lysis Buffer (here on referred to as “lysis buffer”) and use alcohol-wiped (or
ethanol-wiped), flame-sterilized scissors to cut the shaft of the swab above the
tip. [Note: If the plastic shaft can be snapped, then scissors are not necessary
and the risk of cross-contamination is reduced. To snap the swab, lift the swab a
little above the bottom of the vial then snap it. This will ensure the swab will not
block the cap]. Place the other swab into 1 ml of virus transport media (here on
referred to as “VTM,” see Chua et al. 2002) in a cryovial. Store in a liquid
nitrogen dry shipper or dewar & transfer to -80°C freezer when possible.

* Feces- about 200 mg in a cryovial- 1 in VTM and 1 in an empty tube: Place a
200 mg (pea size) piece of fresh feces in a 1.0 ml empty cryovial and another
200 mg piece in 1.0 ml VTM in a cryovial. Freeze in dry shipper or dewar with
liquid nitrogen and transfer to -80°C freezer when possible.

* |If feces are not available, collect 2 rectal swabs-1 swab in VTM, 1 swab in a
tube with lysis buffer: [Note: VTM can be used as a lubricant to decrease the
risk of trauma to the rectum. DO NOT USE LYSIS BUFFER AS A LUBRICANT —
IT IS HIGHLY IRRITATING TO TISSUE]. Dip sterile swab tips briefly into VTM
before inserting gently into the animal’s rectum. Place 1 swab in a cryovial filled
with 1.0 ml of VTM using alcohol-wiped (or ethanol-wiped), flame-sterilized
scissors to cut the shaft of the swab above the tip. Place the other swab into a
cryovial with 1.0 ml of lysis buffer. Store in a dewar or dry shipper with liquid
nitrogen dry shipper and transfer to -80°C freezer when possible.

* Blood- serum divided into two aliquots; blood clot divided and placed in
VTM and lysis buffer; 2 thin smears: For bats > 100 gm: Use a non-
heparinized syringe to collect blood (not to exceed 1% of the total body weight as
specified in PREDICT Animal Sampling IACUC protocols). Place blood into a
serum vacutainer (red-top) tube containing serum-clotting factor. After allowing
the blood to clot, either spin tube in a centrifuge or allow tube to stand vertically
on ice overnight. Use a sterile pipette tip and pipette gun to draw off serum and
place even aliquots into 2 cryovials (minimum 60 pl). The remaining blood clot
should be divided and half placed in a cryovial with 1.0 ml VTM, and the other
half into a cryovial with 0.5 ml lysis buffer. Place tubes into liquid nitrogen in dry
shipper or dewar and transfer to -80°C freezer when possible.

For bats <100 gm: Use the following blood dilution technique (based on Smith et
al. 2010). Insectivorous bats are often <60 gm and this technique can be used for
bats and rodents as small as 12 gm. Bat is restrained in one hand and the wing
is extended. The radial artery or vein is punctured using the tip of a sterile 259
(gauge) needle and a bleb of blood is allowed to form. Using a pipette or pipette
gun draw up 12 ul and place it into 108 pl phosphate buffered saline (PBS) in a
1.2 ml Eppendorf tube. Continue to draw up blood in 12 pl aliquots and place in
the same tube until the maximum amount of blood safely allowed (approx 6 ul
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blood volume per gm of animal mass) is collected. Add an equal number of 108
ul aliquots of PBS to maintain a 1:10 dilution. Blood tubes can be centrifuged to
separate dilute serum from blood cell pellet. Make sure to note the dilution ratio
of blood to PBS on the data sheet. Collect serum and red blood cell pellet as
above.

* Urine -- place urine sample in lysis buffer at an optimal ratio of 1 part urine: 3
parts lysis buffer; and 1 part urine: 2 parts VTM (e.g. ~250 pl bat urine in 750 pl
lysis buffer. Note that for very small volumes of urine, a minimum of 300 pl lysis
buffer is required: [NOTE: LARGER FRUIT BATS TEND TO URINATE AS THEY
ARE REMOVED FROM THE COTTON BAG. URINE MAY BE COLLECTED AT
THIS POINT USING A TUBE OR USE A PIPETTE TO SUCK UP URINE FROM
A SURFACE, THOUGH THIS IS LESS DESIRABLE FOR CULTURING]. Store in
dry shipper or dewar with liquid nitrogen and transfer to -80°C freezer when
possible.

* Ectoparasites (e.g. bat flies, lice, fleas): Place ectoparasites in approx. 0.5 ml
of 95% ethanol. Store at room temperature.

* One 2 mm wing punch: Carefully use sterile punch biopsy on left wing
membrane close to the body. Avoid blood vessels. Place the biopsy in a cryovial
with 0.5 ml 95% ethanol. Store in cryovial at room temperature.
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SECTION 4 - FIELD SAMPLING STATION SET-UP

Select and arrange the sampling station to help the sampling team

Proper station set up will:

* Reduce time and stress on animals caused by handling.

* Avoid contamination of clean materials by used ones, and contamination and
potential exposure to infectious agents of samples, animals and people.

* Allow sampling discreetly and without interference.

* Facilitate disinfecting the area after sampling with minimal negative impact on the
environment.

A detailed sampling protocol for the taxonomic groups/species must be pre-established,
and a data recording spreadsheet must be pre-prepared (see Section 2). It is beneficial
to assign a duty to each member of the team (such as record keeping or sample tube
labeling), to minimize confusion and avoid repetition or omission of any sampling steps.
One team member should be deemed officially in charge at the sampling station to
ensure smooth processing of the animal(s) and to avoid disagreements on any
decisions that may arise, which would delay processing of the animal(s).

Organization of the Sampling Area:

Sampling materials should be located at a designated sampling station where
investigators agree sampling will take place. A good field sampling station should be:

1. An area that is easy to disinfect:

2. Out of view of the general public and away from interference; and

3. A location where, if disinfection efforts fail, it is not likely that humans or other
animals will be put at risk (e.g., a picnic area).

Materials should be organized in a manner for easy access and swift processing of the
animals (e.g., in chronological use order), to minimize stress on the animals and the
handling time. Sampling materials must also be arranged for easy access by the
individual doing the specific sampling technique (i.e. venipuncture, swabbing), and with
sufficient space to avoid contamination of unused materials (by contaminated materials
or other animals).
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SECTION 5. BAT PROCESSING

Procedure:

1. Live bats should be placed into porous cotton bags (with draw-string mouths) and
kept in a cool dry place until sampling time, not to exceed 6 hours.

2. Bats should be weighed (in grams) in bags using a Pesola hanging scale or a
tabletop scale with or without a container (such as a cup). The container should
be tared and both bat and bag should be weighed. Once the bat is removed from
the bag for sampling, the bag should be re-weighed and subtracted from
previous total.

The bat should be removed from the bag and urine should be collected and then 2 oral
and 2 rectal swabs should be taken with fine aluminum or plastic shafted swabs [Note:
check bag for fresh feces. If feces are available, these may be used as a sample and
then a rectal swab is not necessary. The sampler must be certain that the feces belong
to the bat being sampled. Bags should be either discarded after first use or
washed/disinfected between uses]. Swabs should be cut on the shaft as close as
possible to the end-swab without touching it. Scissors should be wiped with ethanol or
isopropyl alcohol and flame sterilized after cutting each swab. One oral and one rectal
swab should be placed into separate vials of VTM and one oral and one rectal swab
should be placed into separate cryovials filled with 0.5-1 ml lysis buffer. Sealed, labeled
vials with samples should be put into a dry-shipper or a dewar filled with liquid nitrogen
or otherwise stored at -80°C.

1. The following digital photographs* should be taken of each bat:

-_

. Full body in anterior-posterior presentation and wings extended with
identification card displaying unique identifying number

2. Full anterior facial (macro setting)

3. Full lateral facial/head (macro setting)

4. View of parted pelage on ventrum and dorsum (macro setting)

*Proper PPE should be worn at all times while holding animals, including while holding
animals for photos.

5. The following biometrics (in millimeters) should be taken (Menzel et al., 2002)
[NOTE: these measurements add time to the sampling effort]. For micro-bats
these are common measurements and they are valuable for identification. For
fruit bats, generally, only a few measurements are taken such as forearm length,
head length, and body length. For larger fruit bats, it is also useful to evaluate
body condition based on pectoral muscle mass--a quick and subjective
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measurement of nutritional status and robustness, which is a useful when
assessing health in the context of infection. Record pectoral muscle mass as one
of three categories: “Poor” (emaciated, prominent sternum), “Fair” (flat across
pectoral muscles and sternum), “Good” (pectoral muscles are rounded and
extend/bulge past the sternum).

Biometric measurements:

o Forearm/radius length (‘elbow to wrist’)

o Earlength (most distal tip of ear to middle of the base) (Microchiroptera or
microchiropeterans only)

o Tragus length (top of tragus to base of ear) (Microchiroptera only)

o Body length (measured with the bat in ventral recumbancy from the tip of
nose to the base of tail) (note: we separate out head length from body
length on Pteropodid bats that is easier to do if the bat is awake).

o Hind foot length (‘ankle to toe’) (Microchiroptera only)

o Tail length (from base to tip) (Microchiroptera)

o Tibia length (‘knee to ankle’) (Microchiroptera)

6. Based on morphometrics and unique characteristics, identify bats to genus, and
species (where possible), age class, and sex. For female bats, also determine
pregnancy status by gently palpating the abdomen and determine lactation status
by gently attempting to express milk from the teats.

7. Manually restrain bats during blood collection. For larger bats, two or preferably
three people are required for these manipulations: one person to safely restrain
the bat, one to take samples, and a third to manage the tubes (e.g. unscrew the
lids, hold them up to the sample taker, make sure the lids are replaced tightly and
kept in order) and record samples. Smaller insectivorous bats may be restrained
and sampled by the same person. Anyone sampling bats should have had
previous training in bat venipuncture to avoid injury to the animal. In addition:

* Itis recommended that large fruit bats (Pteropus, Aceradon, and other
large species) be anesthetized using either injectable medetomidine (50
ug/kg) + ketamine (5 mg/kg) or gas anesthesia (isoflurane 4-5% induction,
2% maintenance). Note: Pregnant women should avoid or minimize
exposure to isoflurane.

* The person restraining the bat is responsible for monitoring respiration
and communicating the status appropriately.

* Live bats must be bled with caution to maintain a ratio no greater than 10
ul of blood to 1 gm of bat body weight (equivalent to 1% bodyweight).
[NOTE: for bats <100g we use the maximum amount of 6 yl per gram of
body weight)

* Bats must be fully recovered from anesthesia before releasing to prevent
injury.
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* For deceased or euthanized bats, collect as much blood as possible.
Cardiac puncture is recommended.

8. Apply pressure to site of bleeding using a cotton ball until bleeding ceases
(approximately 1 minute). Do not recap needle — this increases risk of
needlestick injury. Needles should be discarded into a sharps container.

9. Place collected blood into serum vacutainer tubes (if >1 ml blood collected) or 1.5
ml conical Eppendorf tubes. Place blood in a labeled vacutainer (or Eppendorf
tube) in rack on ice for up to 2 hours prior to centrifuging. Centrifuge the blood
samples. (If a centrifuge is not available, red-top tubes with blood can be left
standing on ice overnight to allow serum to separate.) Use a pipette to draw off
serum, and store serum in 1.0 ml cryovials in a dry shipper or dewar. As soon as
possible, remove samples and place in cryoboxes and store in a -80 °C freezer.

10.Do not recap needle. Place needle in sharps container and syringe in biohazard
bag. All biohazard materials should be delivered to a disposal site or should be
burned and buried in the field. Deliver medical waste to an incinerator or other
secure medical waste disposal where possible.

11.1f necessary for species identification, one 2 mm wing biopsy punches should be
taken from the left wing of each bat and placed in 0.5 ml ethanol in a 1.0 ml vial.

12. Release bats as close to their site of capture as possible and follow all other
guidelines for release as stated in the PREDICT IACUC protocol.

13.If Avisoft or other sonic-detection device is available, record the bat’s calls upon
release (optional).
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SECTION 6. RODENT PROCESSING

Procedure:

1) Remove animals from traps by placing a handling bag over the back door and
coaxing animal out by running an instrument along outside of trap. DO NOT BLOW
INTO THE TRAPS.

2) Weigh the animal (grams) using the proper spring scale while the animal is in the
handling bag and prior to inserting the anesthetic ball into the bag (see below). After
the animal is anesthetized and removed, weigh the empty bag and subtract the bag
weight from the total.

3) Anesthetize rodents with isoflurane using an anesthetic ball:

Apply 0.4 ml of isoflurane to cotton ball and put the cotton ball into a metal tea
ball (0.4 ml is the appropriate dose for a mouse, adjust the dose as needed for
larger rodents). Note: Pregnant women should avoid or minimize exposure to
isoflurane.

Carefully place the metal ball into the bag with the rodent.

Watch animal closely until anesthetized--Breathing will become quick then slow
as the animal progresses further under anesthesia.

Toe pinch (to measure withdrawal reflex) will indicate proper depth of anesthesia.
When withdrawal reflex is suppressed, remove rodent from bag for processing.
Scruffing (pinching) the skin where the rodent’s spine meets the head between
the handler’s forefinger and thumb is the best way to control the animal when the
anesthetic wears off.

4) Collect blood samples immediately after the rodent is anesthetized.

USAID PREDICT Protocol for Bat and Rodent Sampling Methods 16



SECTION 7. RODENT BLEEDING TECHNIQUES

Use any one of the procedures below to collect the appropriate amount of blood from
each rodent. If you combine these methods, make sure the total blood collected from
the animal does not exceed safety guidelines. Do not attempt venipuncture without at
least one field person present with prior experience, especially with the jugular and
retro-orbital approach.

See procedure videos at:
https://www.aalaslearninglibrary.org/demo/course2.asp?strkKeylD=6AC02BD5-1714-
4633-A71D-3CF95BF52C35-
O&Library=10&Track=8&Series=1243&Course=2451&Lesson=26652

Retro-Orbital Bleeding (See illustration and photo on next page):

1) Anesthetized animal is placed on its side (whichever side you feel comfortable with).

2) Place forefinger and thumb above and below the eye.

3) Push skin down towards the work surface and in the posterior direction being careful
not to crush the esophagus of the animal. This will cause the eye to protrude to the
point that you have access to the retro-orbital sinus.

4) Gently insert a standard non-heparinized micro-hematocrit capillary tube under the
eyeball and into the eye socket being careful not to nick or damage the eyeball or
surrounding tissue.

5) Gently push capillary tube in until it stops (capillary bed) and twist the tube. Blood
should flow into the capillary tube. Fill 1-3 capillary tubes per animal depending upon
animal size and age (Note: A standard micro-hematocrit capillary tube can hold
about 75 ul of blood which equals the maximum blood draw for a 15 gm animal. See
http://oacu.od.nih.gov/ARAC/documents/Rodent Bleeding.pdf). Take minimal
amounts from juveniles and pregnant females.

6) Place the full capillary tube into a labeled 1.2 ml Eppendorf (recorder will do step 8
will the sample collector is doing step 7).

7) Close eye with a cotton ball and apply gentle pressure to stop bleeding.

8) Attach the rubber black bulb pipettor to expel the blood from the capillary tube into

labeled 1.2 ml Eppendorf as soon as possible after collection to limit coagulation that

will prohibit evacuation from capillary tube. Spin in a microcentrifuge or allowed to
settle overnight on ice to let the serum separate. Then, the serum can be transferred
to a cryovial and frozen. Depending on its size, the red cell clot should be divided
and half placed in 0.5 ml lysis buffer and half placed in 0.5 ml VTM.

9) Store blood in cooler immediately for short-term storage.
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Retro-orbital bleeding:
1. Place micro-hematocrit tube in medial canthus
of eye and direct it under the globe.
2. Twist slowly as you advance it.

Retro Orbital Sinus
Medial Canthu:

/rodent_laboratory/

blood_collection.html
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Alternative Techniques For Bleeding Mice and Other Small Rodents

Lateral Tail Vein Bleed

1. Use a tourniquet. The veins are located on either side of the tail and are quite
superficial.

2. Use a needle with the appropriate gauge (usually 27ga or 25ga), entering the
skin at a shallow angle about one third down the length of the tail. Be careful
not to collapse the vein.

3. Consider using a small syringe or hematocrit tubes to collect the blood.

Tail clip (for mice and other small rodents)
1. Carefully clip off the very tip of the tail.
2. Apply hematocrit tubes to the end of the tail and collect blood.

Cardiac puncture — Use only when the rodent has been euthanized or on large
anesthetized rodents if sampler has experience with this technique. Note: A
maximum of 2 attempts should be made to collect blood via cardiac puncture in
order to reduce the risk on internal organ laceration.
For mice and small rodents:
* The use of a 1 ml (cc) syringe with a 25G needle is recommended.
* Find the xiphoid process as a reference point.
* Insert the needle at a 35-40 degree angle just under and to the left of the xiphoid
process.
* As the needle is inserted into the chest, gently aspirate until blood begins to flow.
Overzealous withdrawal may collapse the heart.
* If you do not get blood flow on the first try, withdraw the needle and repeat entire
process. Probing for the heart is not recommended.

For rats and large rodents: The procedure is the same as for mice, except it is
recommended that a 6 ml or 12 ml syringe with a 20-22 G needle be used.

Alternative Techniques for Bleeding Rats and Larger Rodents

Jugular — The jugular vein is recommended for larger rodents, particularly for guinea
pigs, chinchillas etc. Apply pressure to the jugular vein on one side. Direct the
needle into the vein and collect the sample.

Ventral Tail Vein - Use a tourniquet, as above. The vein is located both centerally
and ventrally In the tail. The vein is deeper than the vein used in mice and it is not
readily visualized. As with the mice, start 1/3 of the way down the tail.

* Always ensure adequate hemostasis by applying pressure to site of bleeding using a
cotton ball or gauze until bleeding ceases (approximately 1 minute).

USAID PREDICT Protocol for Bat and Rodent Sampling Methods 19



SECTION 9. COLLECTING FECAL SAMPLES

1. Empty trap contents onto trap carrier lid or other flat surface uncontaminated by
other fecal samples.

2. DO NOT PUT YOUR FACE NEAR THE FECES OR ANY OTHER TRAP
CONTENTS!

3. Collect fecal pellets from trap contents into labeled centrifuge tube with forceps.
Collect as much fecal matter as possible while avoiding collecting non-fecal
material to the extent possible.

4. Remove all trap contents from collection surface, spray collection surface with
alcohol and allow the trap surfaces to dry before collecting the next sample.

5. Return the rodent to trap after the trap contents have been removed.
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