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Objectives

e Compare basic biological attributes of bats
e Cite selected reports on bat pathogen discovery

e Infer applications from bat lyssavirus introspection
as to perceived relevance for other pathogens

e Discuss perspectives on recent agent emergence,
host changes, potential management & future
concerns




Order Chiroptera
Global Distribution
» 1,100 species
» Echolocation
» Volant

Are Bats Special (or just die Fledermaus’)?

© J. Scott Altenbach




CHIROPTERA ARE AN ANCIENT GROUP

Pratictis tenuis
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If one really loves nature,

one can find beauty everywhete,
Vincent van Gogh
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BAT CONSERVATION /
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BIODIVERSITY Wahlberg's epauletted fruit bat

.
Epomaophorus wahlbergi |
Phota: Merlin D. Tuttie




SOCIALITY

d'Orbigny's round-eared bats / batcon.org
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Tadarida brasiliensis
" Phato: jonathan Ziegler




Adult survival high
Longevity (~5-30+ years)

.» Reproductive success high
5 U litter sizes small (~1-2/yr)
slow to independence
late sexual maturity

cannot respond
quickly to rapid

changesin
population size

© J. Scott Altenbach




Pest Suppressors
& Pollinators
Extraordinaire

Thomas H. Kunz,' Elizabeth Braun de Torrez,! Dana Bauer ? Tatyana Lobova,®
H. Flemi

Economic Importance of Bats
in Agricabture
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A VERITABLE PLETHORA OF PATHOGENS SEEM TO BE ASSOCIATED WITH BATS...
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BAT PHYSIOLOGY- “Flight As Fever”?

eeBats experience morbidity to many extracellular infections.

eeBats may controlintracellular pathogens via cellular pathways to apoptosis/autophagy.

eeThese mitigation pathways could support longevity and tumor avoidance.
eeExtracellular pathogen-associated morbidity may result fromimmunopathology.

*Mitochondrial mechanisms of bat physiology may have evolved to mitigate oxidative
stress incurred during metabolically costly and ‘hot’ activities such as flight.

Brook & Dobson 2015:23, p172-180, Trends Microbiol
O’Shea et al 2014:20, p.741-745, EID




Immunoglobulin combinatorial diversity potential of humans, swine andlittle brown bats

Cu (Ig heavy chain
Human VI V2 V3 V40 DI D24 |l J6 =5760 combinations constant locus)
Swine DI D2 = |4 combinations
Little brown bat VI ~V236 D24+ |I 13+ = 73,632+ combinations
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Schantz et o, Controd of Vieal Infections in Bats and the Emergence of Viruses Highly Pathogenic ta Humans., Front Immunal, 2017 Sep 11:8:1098,
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Potential explanation for high virulence of certain bat-borne virusesin

humans
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Virus infects bat cells and
expresses high levels of accessory
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levels of IFN pathway proteins
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Schontz et al. Control of Viral Infections in Bats and the Emergence of Viruses Highly Pathogenic to Humans. Front Immunol. 2017 Sep 11;8:1098.



SEARCH FOR ZOONOTIC
PATHOGENS ASSOCIATED WITH
BATS AT THE HUMAN, DOMESTIC
ANIMAL & WILDLIFE INTERFACES:
SELECTED CASE STUDIES




Coronaviruses in bats
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Bats are recognized as hosts of coronaviruses (CoV) on different
continents. The biodiversity of CoVs suggests that bats may be the
primary hosts where alpha- and betacoronaviruses evolved,
including at least 3 of the 6 known human CoVs (Drexler et al.,

2014).




Evidence points to the SARS CoV
as originating from Chinese bats
(presumably of the Rhinolophus
genus) where anthropogenic
factors promoted interspecies
transmission to other mammals
and thereafter to humans.

Further studies performed in China
and Hong Kong led to identification
of several novel CoV groupsin
various bat species (Woo et al.,
2006).

Specific drivers and mechanisms
of CoV host shifts and switches, as
well as associated evolutionary
changes, are unknown.
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Filoviruses In bats

To date, bats are the only major group, besides apes
and humans, from which filoviruses were isolated, or
viral RNA was detected (Uganda, Democratic
Republic of the Congo Gabon, Kenya, Spain).

Ebolavirus
Marburgvirus
® Lloviu virus

(Imported cases in Europe
and North America are not shown)




EBOV RNA was detected in tree roosting fruit bats in Gabon:
19% Hypsignathus monstrous; 4% Epomops franqueti; 3%
Myonycteris torquata. Seroprevalence 24%, 7% and 7%,
respectively (Leroy et al., 2005).
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An EBOV outbreak in DRC during 2007 was implicated as a result
of direct exposure to migratory fruit bats (Leroy et al., 2009),
however, the migratory fruit bat species such as Eidolon helvum
were never diagnosed positive for EBOV.

In Ghana, EBOV antibodies were detected in sera

Of 10/27 Epomops franqueti, 14/37 Epomophorus
gambianus, 7/16 Hypsignathus monstrosus, and:1/4
Nanonycteris veldkampii fruit bats

(Hayman et al., 2012).




In Uganda, 5.1 % of Rousettus
aegyptiacus fruit bats were
positive for MARV RNA.

From bats with a high RNA load,
MARYV has been isolated (liver).

Seroprevalence of R.
aegyptiacus to MARV was 2.4-
9%.

In addition, MARV RNA detected
In 1/609 (0.2%) insectivorous
bats Hipposideros sp (Towner et
al., 2007; 2009).

In another study, MARY RNA found in 3.0-3.6% of two species
of insectivorous bats (Rhinolophus eloguens and Miniopterus
Inflatus) and in R.aegyptiacus, seroprevalence_up:to 20%

(Swanepoel et al., 2007).




Reservoir hosts

Direct contact

Ingestion of contaminated
food or water

Wild animals

Eating or close contact

with infected animals Human-to-human transmission
\_,/ through blood or other bodily fluids

Allocati, et al. Cell Death Discov. 2016;2:16048.



Bat paramyxoviruses

Henipaviruses

* Hendra virus (HeV) was identified in
Australia in 1994. Fruit bats (Pteropus spp)
are the principal hosts, whereas horses were
the amplifying hosts and source of HeV
Infection (encephalitis with high fatality rate)
for humans (Westbury, 2000).

 Nipah virus (NiV) was identified in Malaysia
In 1999. Fruit bats (Pteropus spp) are the
principal hosts, and pigs were the amplifying
hosts and source of NiV infection for
humans, with >300 cases (Uppal, 2000).




 In Bangladesh during 2001, NiV was
transmitted to humans without apparent
participation of an amplifying host, presumably
directly from pteropid bats via raw date palm
sap (Montgomery et al., 2008). Further, the
virus can be transmitted human to human
(Sazzad et al., 2013).

e Similar NiV outbreaks were documented In
India (Arankalle et al., 2011).

» Antibodies to NIV were detected in Pteropus
spp fruit bats in Bangladesh, Cambodia, India,
Indonesia, Malaysia, and Thailand
(seroprevalence 11-15%). In some of these
cases NIV was isolated (Johara, 2001; Olson
et al 2002; Wacharapluesadee et al 2005;
Epstein et al., 2008; Sendow et al 2009).




Plowright, et al. Proc Biol Sci. 2015 Jan 7;282(1798):20142124.
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Bats & Many Other Agents...
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METHODOLOGICAL EXAMPLES
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A Bevy of Bats, Agents, Amplifying Hosts, & Human Infections...
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Extant Lyssavirus Phylogeny.
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Rupprecht C, Kuzmin | and Meslin F. Lyssaviruses and rabies: current conundrums, concerns,
contradictions and controversies [version 1]. F1000Research 2017, 6:184 (doi:
10.12688/f1000research.10416.1)



A RATHER
COMPLICATED

PHYLOGENY...
Phylogenetic relationships

RAB SLoivet ABG3X3 between representatives

RABV SLhu AB569299

RABV THhu EU293111 from all classified

ARAV EF614259
BBLV JF311903
KHUV EF614261
EBLV2 Finbt JX129233
EBLVZ UKbt KF155004
IRKVch JX442979
IRKV EF614260
IRKVoz FJ905105

MOKV ZIM Y09762
MOKWV CAM EU293117

MOKV RCA EU293118
LBVd GU170202

LBVa EU293108
LBVb EU293110
LBVc EF547449
WCBV EF614258
IKOV JX19379§

lyssaviruses and novel
Gannoruwa bat lyssavirus
(GBLV) on the basis of
complete genome
sequences. Gunawardena
et al. Emerg Infect Dis.
2016 Aug; 22(8): 1456—

Negri bodies and lyssavirus
antigens in brain tissue from an
Indian flying fox, Sri Lanka




Bats and Rabies in the USA

Between 2001 — 2009, >205,000 bats were submitted for rabies
virus diagnosis.

More than 13,000 (~7%) were found rabid.
Bats represented ~22% of the 63,356 rabid animals diaghosed.

All states, with the exception of Hawalii, were represented, but
the Southwest had the highest proportionate rabies burden.

Samples included > 40 native species, but >85% were

represented by Eptesicus or Myotis taxa.

Bats with the highest % rabid proportion included Tadarida,
Lasiurus, and Parastrellus.

Most bats (~59%) were submitted during summer, but the
majority were found rabid during autumn (Odds Ratio 5.5)

Bat species with less conspicuous roosting habits were
significantly more likely to be found rabid (Odds Ratio 13.2)




Bat Biology Influences Disease Patterns

Rabies Among Bats in the USA: National Surveillance Data
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Rabies virus aerosol infection possible under very unique cave environments.

Has not been documented under routine house-hold conditions with bats.

Mechanisms of likely infection or resultant immunity not well understood.

Frio Cave, Texas
1960 - 1966

Constantine, 1966

UNUSUAL FACETS OF BAT RABIES PATHOBIOLOGY?




Bats and Rabies

In the New World, only one
lyssavirus, rabiesvirus, has
been detected to date.

Among bats, evidence of
many species-specific
variants perpetuatedin
given taxa, but varying levels
of inter-specific spillover
events

Streicker et al. Science 2010




Community Ecology of Bat Pathogens
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Lyssavirus Dynamics: Host Spillover, Switches, & Shifts
ectodomain G; neighbour-joining

Bat lyssaviruses
arose before carnivore
rabies viruses
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Dimensions at the Bat/Carnivore Interface...?




Questions:

Where did the host shift/switch of bat rabies
Virus to carnivores occur?

When did it happen?

Why did it result in sustained transmission?
How frequently may it be going on today?




Recent host shifts of bat rabies

viruses in North America:

AZ, 2001-2009 USA, Mexico: 2008
Outbreaks in striped Outbreak in white-
skunks in Flagstaff nosed coatis in
area (2001; 2004- Cancun, Mexico. The
2005), and in gray same virus variant
foxes (2008-2009), was detected in an
caused by the big immigrant in CA, who
brown bat RABV. was exposed to a coati

or fox in Oaxaca,
Mexico. The virus was
close but not identical
to the Tadarida

brasiliensis variant.

OR, 2009-2010

Two gray foxes and a
goat at the end of
winter, were infected
with the same RABV
variants, associated
with Myotis bats and
with big brown bats.




Human Rabies in the USA

o R PA ) JCINWEIERAT IS (- N e CIAYIWEI Greater susceptibility?
variant was identified, it was the
variant associated with silver-haired  FNIIYAIRIERICERT)
(Lasionycteris noctivagans) and eastern Fe[eE\=RIaRile]ge] s LS
tri-colored (Perimyotis subflavus) bats. [ETgls M=YlIEIRoE] X
(Morimoto et al., 1996)
» The rabies virus associated with
Mexican free-tailed bats (Tadarida
brasiliensis) was identified in ~10
cases.

* The viruses associated with big
brown bat (Eptesicus fuscus) and
Myotis spp bats caused human rabies
in at least one case each.




REPERCUSSIONS OF MIS-DIAGNOSIS: HUMAN TO HUMAN TRANSMISSION

Burton et al.

Arch Neurol. 2005 Jun;62(6):873-82.

Rabies encephalomyelitis: clinical,
neuroradiological, and pathological findings in
4 transplant recipients.




BAT RABIES MANAGEMENT WITH POTENTIAL APPLICABILITY TO OTHER PATHOGENS?
Focused studies to understand transmission, perpetuation, and exacerbation
Public education concerning health risks and defining exposures
Outreach focusing upon ecological benefits, and detriments from population reduction
Training, PPE, and pre-exposure immunization for those at risk of exposure
Euthanasia of suspect animals and prophylaxis of exposed humans and other mammals
Community planning to mitigate impacts from inappropriate development

Exclusion of bats from human dwellings using appropriate methods

Syndrome-specific techniques to enhance local surveillance /control

D. Constantine 2006
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Rabies: Infection and Immunity Fall Along a Continuum ...

Exposures
Contacts

-~ Virakingress

Viral Egress

- Viral Replication
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Deaths
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Anthropogenic Stress & Limitations To Ecological Resilience?
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EIDs Impact Bat Populations

0 Factors which compromise metabolism, and
Increase mortality, may exacerbate the effects of
climate change on temperate bat populations, such

as WNS

Brevia

David S. Blel n C. Hicks* issa Behr,*t Carol U. Meteyer.! Brenda M. Berlowski-Zier," Elizabeth L. Buckles.*
Jeremy T. H. Coleman® Scott R. Darling ® £ ea Gargas.” Robyn Niver.” Joseph C. Okoniewski.” Robert J. Rudd.® Ward B.

Stone?

http://whitenosesyndrome.org/resources/map




Area >10°C January Minimum

ALTERED DISTRIBUTION OF VAMPIRE BATS?




BENEFITS & TRADEOFFS OF GREGARIOUS LIFE STYLES!
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CONCLUSIONS?

-Several newly appreciated emerging infectious diseases are associated with
bats, due in part to their distribution, abundance, diversity and vagility.

-Bats are ‘special’ biologically, in their capacity to orchestrate various disease
ensembles, compared to other mammals, such as rodents.

- Given their comparatively low reproductive potential, various ‘stressors’ on
extant bat communities may result in unpredictable ecological repercussions,
due to their critical role in arthropod suppression, pollination, seed dispersal,
and forest regeneration with unexpected consequences.

- Rabies is the oldest known bat zoonosis and multiple public health,
agricultural, and wildlife biology ‘lessons learned’ historically from this
disease may be applicable directly to other emerging bat pathogens.

- A modern holistic One Health strategy integrating epidemiologically
relevant best practices of disease prevention and control with the essential
elements of conservation biology for wildlife management in general and for
bats specifically often seems as elusive as “the undiscovered country”.




ACKNOWLEDGEMENTS
BAT CONSERVATION INTERNATIONAL
BCI SAC, ESPECIALLY G. McCRACKEN, J.D. WALDIEN, J. WALSTON
USGC, ESPECIALLY P.CRYAN, T. O’'SHEA
UTMB, ESPECIALLY I. KUZMIN
UNIVERSITY OF GLASGOW, ESPECIALLY D. STREICKER
USDA, WS, ESPECIALLY A. GILBERT

CDC, OIE & WHO, MANY COLLEAGUES

S
W

NN

' =




QUESTIONS?

charleserupprechtii@gmail.com
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Honduran white bat
Ectophylia albo

Phaoto: Jose Martinez



