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* Origem da nomeclatura

* Aspectos da particula viral

* Genoma viral

* Classificagdo

* Origem evolutiva

* Ciclo de Replicagdo

* Coronaviroses humanas e animais

* Coronavirus de morcegos




» Virus envelopados

» Apresentam aspecto de coroa ao microscépio eletrdnico

Content Providers(s): CDC/Dr. Fred
Murphy - This media comes from the
Centers for Disease Control and

Prevention's Public Health Image
Library (PHIL)

Holmes KV. N Engl J Med
2003; 348:1948-1951



http://en.wikipedia.org/wiki/Centers_for_Disease_Control_and_Prevention
http://phil.cdc.gov/phil/home.asp

rus = CasiEre

» RNA polaridade positiva (atua como RNAm)
» Linear ndo segmentado
> E o maior genoma entre os virus de RNA (~27 a 32 mil bases)

> Proteina Nao estruturais (ORF1ab) +

Group 2: SARS-CoV

RDRP Hel ExoN

Perlman e Netland. Nature Reviews
Microbiology 7, 439-450 (June 2009).

Holmes KV. N Engl J Med
2003; 348:1948-1951




Virus

Host species

-
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Sites of infection

» Associados com doengas respiratérias*, entéricas*, hepaticas e neurolégicas

Clinical disease

Alphacoronaviruses
CCoV

FeCoV
EIP\V

Canine

Felidae
Eplidap

Gl tract
Gl tract, respiratory

Gastroenteritis
(astroenteritis

HCoV-229E
HCoV-NL63

Human
Human

Systomic dispaso
Respiratory
Respiratory

Poritonitis_wasting disease

Upper respiratory tract infection
Upper respiratory tract infection, croup

PEDV
TGEV
BatCoV
Rabbit CoV

Betacoronaviruses
BCoV

Pig
Pig
Bat
Rabbit

Bovine, ruminants

Gl tract
Gl tract, respiratory
Gl tract, respiratory

Heart, Gl tract, respiratory

Gl tract, respiratory

Gastroenteritis
(astroenteritis
Unknown

Enteritis, myocarditis

Enteritis, upper and lower respiratory
tract infection

HCoV-0C43
HCoV-HKU1

Human
Human

Respiratory
Respiratory

Upper respiratory tract infection
Upper and lower respiratory tract infection

VIRV

PHEV
RCoV

IViouse, rat

Pig
Rat

Gl tract, liver, brain, lungs

Respiratory, brain

Respiratory, salivary and lachrymal
glands_urogenital fract

Gasiroenteriis, hepatis, encepnaltls,
chronic demyelination

Vomiting, wasting, encephalomyelitis

Respiratory tract infection, metritis,
sialodacrvoadenitis

SARS-CoV

Human

Respiratory, Gl tract

Pneumonia (SARS)

BatCoV

Gammacoronaviruses

IBV
TuCoV

Bat

Chicken
Turkey

Gl tract, respiratory

Respiratory, kidney
Gl tract

Unknown

Bronchitis, nephritis
(Gastroenteritis

Grupo com grande potencial de transmissdo entre espécies diferentes e rapida adaptacdo (spillover)
v Alta taxa de mutagdo

v Elevada taxa de recombinagdo

v Tamanho do genoma
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+* Ordem: Nidovirales

** Familia: Coronaviridae

. .:—:\

** Genero: - Alphacoronavirus, Betacoronavirus: predominantemente em mamiferos

- Gammacoronavirus, Deltacoronavirus: predominantemente em aves

Virus

Host species

Alphacoronaviruses
CCoV

FeCoV

FIPV

HCoV-229E
HCoV-NL63

PEDV

TGEV

BatCoV

Rabbit CoV

Betacoronaviruses
BCoV

HCoV-0C43
HCoV-HKU1

Canine
Felidae
Felidae
Human
Human
Pig

Pig
Bat
Rabbit

Bovine, ruminants
Human

Human

Mouse, rat

Human, Bats
Bat

Camels, Human, Bats

Miniopterus bat coronavirus 1
Miniopterus bat coronavirus HKU8
Scotophilus bat coronavirus 512
Porcine epidemic diarrhea virus
Human co?onavirus 229E AI ph < COV
Human coronavirus NL63 *

Rhinolophus bat coronavirus HKU2

Alphacoronavirus 1

68 Murine coronavirus
410';"\: Human coronavirus HKU1*
Betacoronavirus 1

43

E SARS-related coronavirus

Rousettus bat coronavirus HKUS
I:Tylonycteris bat coronavirus HKU4
08 Pipistrellus bat coronavirus HKUS

Beluga whale coronavirus SW1

GammaCoV

Avian coronavirus

Munia coronavirus

100 Bulbul coronavirus

DeltaCoV

Thrush coronavirus
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Coronavirus
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Lineage B, C, D Lineage A
Alphacoronavirus Betacoronavirus Gammacoronavirus  Deltacoronavirus




Coroncvirus

Fases da replicagdo viral:

Adsorcdo (Spike /receptor)

Liberagdo genoma viral p/ interior

(+) gRNA Translation of RTC smooth-walled ===
celular / vesicle /// LEp

Traducdo enzimas do complexo ) d°:§,edr:sembm"e

Replicagdo/Transcrigéio (pollab)

~ Y s
Transcrigio RNAm em segmentos ranscription - 4

(-) sgRNAs
de polaridade neg.

Transcricdo RNAm em segmentos
de polaridade + |

| replication
Tradugdo Proteinas | (JeRNA /7

vt

Replicagdo RNA génomico SOOI AT A e

(+) gRNA Cytoplasm //” Nucleh\ .

Composi¢cdo do novo virion
FIGURE 28.6. Overview of coronavirus replication (see text for details).

Liberagdo particula viral




.....

Spike - responsdvel pelo reconhecimento do receptor celular
(Receptor Binding Domain)

Receptor binding
Domain o

re {/- \
* Cada coronavirus apresenta um receptor celular especifico ( 7\ j

* responsdvel pelo tropismo tecidual e determinag¢do do
hospedeiro

\
Fusion domain Bl

! U‘ D
s || et &

* Mutagbes, dele¢cdes e recombinagdes no gene Spike
permitem a adaptag¢do para novos tecidos e Hospedeiros

Virus amiv
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: Virus da Bronquite Infecciosa (IBV) (Aves)
» 1946: Virus da Gastroenterite Transmissivel (TGEV) (Porcos)
» 1949: Virus da Hepatite de Murinos (MHV)

» 1966: Coronavirus Humano 229E e OC43

» 1975: Classificagdo oficial do novo género Coronavirus pelo ICTV Bt 2 l%’:}'f 1225;"1%\','98133“75 R"n‘led with permis-
» 2003: Coronavirus SARS

» 2004: Coronavirus Humano NL63
» 2005: Coronavirus Humano HKU1

> 2012: Coronavirus MERS

» 2013: Porcine Deltacoronavirus (suinos)

» 2017: SADS — Coronavirus da Sindrome Aguda da Diarréia Severa (suinos)

» 2019: New CoV 2019 (nomeclatura tempordria) l -2 N%‘,’}‘f{;i?,"}”,‘jsc,,‘ﬂg’t i g esdon,




HCoV-NL63 HCoV-0C43

The MRCA for HCoV-NL63 and ARCoV.2 HCoV-0C43 emerged roughly

(Appalachi?n Ridge CoV) was predicted 120 years ago from BCoV
to have existed 560 to 820 years ago SARS-CoV

HCoV-229E Estimates of the divergence time
between human/civet SARS-CoV and the

Bat alpha-CoV and HCoV-229E closest SARSr-BatCoV strains range from
diverged 200 years ago 4 to 17 years before the SARS epidemic (2002)

1900 1950 1960 1970 1980 1990 2000 2010
I I l I

HCoV-HKU1 MERS-CoV

The common ancestor of The MRCA for Human/Camel
HCoV-HKU1 extant lineages MERS-CoV and Neoromicia capensis

was traced back to the early 1950s beta-CoV can be traced back to 2006

HCoV NL63: ancestral comum com CoV morcego datado de 560-830 anos (Morcegos)
HCoV-229E: 200 anos (Morcegos)

HCoV-OC43: 120 anos (Bovinos)

HCoV-HKU-1: 50 anos (Roedores)

SARS-CoV: 4 a 17 anos antes da Epidemia (Morcegos)

MERS-CoV: 2006 (Morcegos africanos)
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Coreonavirus hum

Genetically diverse
coronaviruses Natural host Intermediate host Human host

; v—> - HCoV-NL63

. Coronavirus Humanos ndo emergentes,
l v g AR ndo zoondticos.

. Circulagdo anual e mundial.
HCEN-DCH . Responsdveis por episédios de
resfriado comum (0-20% casos de IRA)

HCoV-HKU1

Coronavirus emergentes e zoondticos

SADS-CoV

—- Spillover p hosp. intermedidrio

Infeccoes moderadas
= New CoV 2019

8l Infeccdes severas




Agente etiolégico da Sindrome Respiratéria Aguda Grave (SARS)

* Epidemia iniciada em Nov de 2002 na provincia de Guangdong, China

* Transmissdo por secrecoes respiratérias (droplets)

* Atfingiu 29 diferentes paises em 6 meses

* NO casos: 8096 / N° de mortes: 774

* Taxa de mortalidade de 10% | SHOBLD /0 BE?

* Originado de transmissdo viral entre diferentes espécies =

p—— — SARS 2003: DEADLY VIRUS

X e ' 774 deaths and 8,096 infections reported from November 2002 to July 2003

- £z EC.98 43788781

‘ ‘l (é‘#glgon> R ZS(X:QC(:;:: - \\i? i g';;;:;casos

| | dj ‘ ggg ’- 4 A 43 deaths -f,.: Ve 349 deaths

¥ '!’ e :w ” W e 0 | B e
L ‘ L W - ; 299 deaths

ca&zﬁa o ! 4 T : T . 2 }\_ Taiwan

o

5 deaths

2 deaths - Philippines

14 cases

Malaysiz
e 2 deaths

- 5 cases
[} lnfechons South Africa 2 deaths
only

1case
Infections 1 death SINGAPORE

1] and deaths 238 cases

33 deaths
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SARS=CoV e evidtncids e sua orfigem Zoonenea

Casos humanos ligados a mercados molhados (wet markets)
** Auséncia de anticorpos contra SARS em sorotecas antes da epidemia

** Alta prevaléncia sorolégica de Ac — SARS em comerciantes de animais |
.0

+* Evidéncia sorolégica e genética de virus em animais comercializados nos wet markets

** Paguma larvata — (Himalayan palm civet)

¢ Nyctereutes procyonoides - Racoon dogs
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Apéds a decoberta de SARS foi verificado uma alta prevaléncia de detecgdo de RNA de
CoV similares ao CoV SARS (SARS-like CoV) em morcegos Rhinolophus da China
(horseshoe bats) e outros coronavirus.

Pesquisas posteriores indicaram a presenca de CoV Sars like altamente similares ao SARS

e com capacidade de utilizer o mesmo receptor celular da SARS (ACE2)

PLoS Pathog. 2017 Nov; 13(11): e1006698. PMCID: PMC5708621
Published online 2017 Nov 3 i: 10.1371/j vat. 1006698 PMID: 25190287

Discovery of a rich gene pool of bat SARS-related coronaviruses provides
new insights into the origin of SARS coronavirus
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Phylogeny of SARS Query: SARS-CoV SZ3

virus strains = Rs4081

= Rs4255
= Rs4247
= Rs4237
= AsB526
= Rf4092
—— Rs4231
— WIV16
w— Rs4874
Rs7327
Rs9401
= Rs3367
- WIV1
RsSHCO014
= Rs4084
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“* Agente etiolégico da Sindrome Respiratéria do Oriente Médio (MERS)
** Primeiro caso ocorreu no Reino da Ardbia Saudita
** Situagdo epidemiolégica atual: 2494 casos / 858 Mortes (Taxa mortalidade 34%)

** Encontrado em 27 paises

Mackay et al., 2015




P Ay oS
~

MERS-Co

¢ Evidéncias da origem zoonética

1. Alta relagdo filogenética com CoV de morcegos (HKU-4; HKU-5)
2. Detecgdio de RNA viral e obtengdo de virus infectantes de camelos
3. Observagdo da presenca de Anticorpos contra CoV-MERS em amostras de
sangue de camelo obtidas em diferentes paises e datadas de até 20 anos
anterior a descoberta viral
4. Detecgdo de virus de alta similaridade em morcegos
v’ Taphozous perforates do Reino da Ardbia Saudita
v Neoromicia capensis da Africa do Sul (85,6% de identidade nt).

EMC-2012
NRCE-HKU205
NeoCoV

1 HKUS-5

BtCoV/133
1p EriCoV/2012-174

EriCoV/2012-216
HCoV-OC43
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% CoV com alta similaridade genética e capaz de utilizarem o mesmo recetor de
SARS e MERS j& foram encontrados em morcegos

#& SARS-CoV
ﬁ hCoV-EMC (Modified)

Gallagher & Perlman,. 2013




* Até a descoberta do CoV-SARS em 2002 ndo era conhecido a relagcdo entre coronavirus
€ morcegos.

* Apds a epidemia de SARS novos coronavirus humanos foram descobertos, sendo dois
endémicos e ndo zoondticos e 2 zoondticos emergentes (CoV-MERS e New CoV 2019)

* Atualmente 7 CoV sdo capazes de infectar humanos

* Estudos de vigilancia de CoV em morcegos foram realizados em diferentes morcegos do
mundo e atualmente estes sdo reconhecidos como hospedeiros reservatérios de CoV e
certamente comportaram CoV ancestrais de diferentes mamiferos.

NED@ SLO® ROU®
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Alphacoronavirus

0.87— BtCoV/1B/Min pus/CHN/2006/EU420137
BtCoV/1A/Min mag/CHN/2005/EU420138
BtCoV/BR98-55/Min sch/BGR/2008/GU190240
BtCoV/KY27/Min inf/[KEN/2006/HQ728484
BtCoV/BtKY33/Min inflIKEN/2006/HQ 728485
BtCoV/BR98-30/Min sch/BGR/2008/GU190243
BtCoV/HKU7/Min sch/CHN/2005/DQ249226
BtCoV/BR98-53/Min sch/BGR/2008/GU 190248
BtCoV/HKUB/Min pus/CHN/2008/GU190248
BtCoV/BENM98-30/Nyc lei/BGR/2008/GU 190239
BtCoV/VM176/Nyc noc/NED/2007/GQ259961
BtCoV/NMS09-67Pip pip/GER/2008/unpublished
BtCoV/KCR24/Ano geo/CRC/2010/JQ731778
BtCoV/KP256/Art jlam/PAN/2010/JQ731784
BtCoV/HKU10/Hip pom/CHN/2010/JQ989273
BtCoV/HKU10/Rou les/CHN/2010/JQ989270
BtCoV/BBY8-15/Rhi bla/BUL/2008/GU 190232
BtCoV/KY43/Car cor/KEN/2006/HQ728480
BtCoV/HKUB-1/Myo ric/lCHN/2005/DQ249224
BtCoV/N78-5/Myo myo/GER/2008/HM368166
BtCoV/NM$8-62/Myo dau/GER/2008/GU190216
BtCoV/D5.73/Pip nat/GER/2007/EU375869
PEDV/CV777/Sus scr/BEL/1977/AF353511
BtCoV/512/Sco kuh/CHN/2005/DQ648858
BtCoV/1FY2BA/Car per/TRI/2007/EU769557
BtCoV/KP816/Phy dis/PAN/2011/JQ731782
BtCoV/KP524/Art jam/PAN/2010/JQ731785
BtCoV/KY22/Cha sp/KEN/2006/HQ728486
HCoV/229E/Hom sap/UK/1963/AF 304460
BtCoV/GKwam19/Hip spec/GHA/2008/FJ7 10046}
AlpacaCoV/CA08-1/Vic pac/USA/2008/JQ410000
BtCoV/344/Hip sp/GHA/2008/F J710043
BtCoV/GKwam8/Hip sp/GHA/2008/F J710045
HCoV/NL63/Hom sap/NED/1988/AY518894
BtCoV/KY41/Cha pum/KEN/2006/HQ728481
BtCoV/HKU2/GD430/Rhi sin/CHN/2006/EF203064
BtCoV/BR98-19/Rhi eur/BGR/2008/GU190237
TGEV/Purdue/Sus scr/lUSA/1946/DQ811789
097IL PRCV/ISU-1/Sus scr/USA/1980/DQ811787
FCoV/FIPV79-1146/Fel sil/lUSA/1980/DQ010921
CanineCoV/341-05/Can lup/ITA/2005/EU856361
MinkCoV/WD1133/Mus vis/USA/1998/HM245926
FerretCoV/511c/Mus put/NED/2010/unpublished

0.99

HCoV/SARS/Tor2/Hom sap/CAN/2003/AY274119
SARS-CoV/Civet007/Par her/CHN/2004/AY572034
BtCoV/Rp3/Rhi sinfCHN/2004/DQ071615
BtCoV/HKU3-1/Rhi sin/fCHN/2005/DQ022305
BtCoV/48-31/Rhi bla/BUL/2008/GU190215
BtCoV/Zaria/Hip com/NGR/2008/HQ 166910
BtCoV/GhanaKwam20/Hip sp/GHA/2008/FJ710047
BtCoV/KY06/Rou aeg/KEN/2006/HQ728483
BtCoV/HKUS-2/Rou les/ICHN/2007/EF065514
BtCoV/KY24/Eid hel/KEN/2006/HQ728482
BtCoV/KCR230/Pte par/CRC/2010/JQ731779
BtCoV/KCR260/Car per/lCRC/2012/KC633197
BtCoV/8-724/Pip pyg/ROU/2009/KC243330
BCoV/VM314/Pip pip/NED/2008/GQ259977
HCoV/MERS-CoV/EMC/Hom sap/KSA/2012/JX869059
BtCoV/HKU5-1/Pip abr/CHN/2007/EF065509
BtCoV/HKU4-1/Tyl pac/CHN/2007/EF 065505
BtCoV/KW2E-F93/Nyc spec/GHA/2011/JX889383
GiCoV/OH3/WD1421/Gir cam/USA/2003/EF424623
AnCoV/OH1/WD1418/Hip nig/USA/2003/EF424621

CanineCoV/K37/Can lup/KOR/2008/JX860640
BCoV/Mebus/Bos pri/1972/U00735
ECoV/NC99/Equ fer/USA/1999/EF 446615
PHEV/VW572/Sus scr/BEL/NC_007732
HCoV/OC43/VR759/Hom sap/UK/1967/AY585228
RabCoV/HKU14-1/Ory cun/CHN/2006/JN874559

0.1

RatCoV/Parker/Rat sp/FJ938068
MHV/A59/Mus mus/USA/1949/F 647225

HCoV/HKU1/A/Hom sap/CHN/2004/DQ415914

ICTV coronavirus species

f Miniopterus bat coronavirus 1

A Miniopterus bat coronavirus HKU8

Porcine e/Jidemic diarrhea virus
,{ Scotophilus bat coronavirus 512

Human coronavirus 229E

Human coronavirus NL63
f Rhinolophus HKU2

Alphacoronavirus 1

‘ Severe acute respiratory syndrome
-related coronavirus

,’ Rousettus bat coronavirus HKU9

Middle East respiratory syndrome coronavirus
Pipistrellus bat coronavirus HKU5
Tylonycteris bat coronavirus HKU4

Betacoronavirus 1

Murine coronavirus
Human coronavirus HKU1

CERVECERIA MQOELD, SA. DE
MEXICO DF

LA T




Morcegos apresentam a maior diversidade genética de coronavirus quando comparado

a todos os outros mamiferos e sdo, provavelemente, os reservatérios naturais e
ancestrais de todos coronavirus de mamiferos.

Alguns coronavirus de morcegos evoluem e infectam novas espécies.

Uma grande diversidade de CoV similares ao SARS-CoV circulam em morcegos da
China e Europa e mutagées em seu gene Spike permite a infeccdo de novos hospedeiros

Alguns Coronavirus de morcegos similares ao SARS-CoV utilizam o mesmo receptor
deste (ex: New CoV 2019), o que pode permitir uma transmissdo direta destes virus
para humanos e outros animais.

Morcegos sdo os provdveis reservatérios do CoV-MERS e do novo Coronavirus 2019.

Uma grande diversidade de CoV compotencial zoondtico desconhecido j& foram
detectados em morcegos de difernetes espécies por todo o globo, incluindo no Brasil e
um nUmero maior aguarda ser descoberto.

A transmissdo de coronavirus animais para humanos vai continuar ocorrendo . Estudos de
vigilancia e entendimento de eventos de spillover, assim como estratégias de diagnéstico
rapido e avaliagdo da ocorréncia destes eventos devem ser estimulados, inclusive em
territério nacional.




Zoonoses 1 I
high host plasficity

Ecology of zoonoses: natural and unnatural histories

William B Karesh, Andy Dobson, James O Lloyd-Smith, Juan Lubroth, Matthew A Dixon, Malcolm Bennett, Stephen Aldrich, Todd Harrington,
Pierre Formenty, Elizabeth H Loh, Catherine C Machalaba, Mathew Jason Thomas, David L Heymann

1 Wild animal cases
-3 Domestic animal cases

I Hurnan cases

Domestic animal

Vectors ; amplification

w Q ’m J.';I VJ 5|:+i|.|c:n.'er

Mumber of cases

amplification

Figure: Clinical relevance of disease ecology
(A) Transmission of infection and amplification in people (bright red) occurs after a pathogen
from wild animals (pink)moves into livestock to cause an outbreak (light green) that amplifies

the capacity for pathogen transmission to people.



Zoonoses 1

Animal viruses wit th
high host plasicty

Ecology of zoonoses: natural and unnatural histories

William B Karesh, Andy Dobson, James O Lloyd-Smith, Juan Lubroth, Matthew A Dixon, Malcolm Bennett, Stephen Aldrich, Todd Harrington,
Pierre Formenty, Elizabeth H Loh, Catherine C Machalaba, Mathew Jason Thomas, David L Heymann
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1 Wild animal cases
1 Domestic animal cases
W] Human cases

Control benefits
to animals
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(B) Early detection and control efforts reduce disease incidence in
people (light blue) and animals (dark green).Spillover arrows shows
cross-species transmission.
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ihe Emeltrhce of zoonefics

* Emergence of virus from nature are consequence of relation between:
1. Viral evolution factors (ex: rate of mutation or replication aspects)

2. Increase of contact between humans, livestock and animal reservoirs

Usually related with anthropogenic activities and environment changes
as: . :

* Others factors can increase the risk for emergence of zoonotic EID as local

Wildlife animal consumption behavior

Intensification of agriculture
Urbanization

Deforestation

Habitat alteration

Human encroachment on wildlife habitat

richness of mammals and biodiversity lost

EGETATION PASTUR




Drtivers of fhe Emerg
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Legend ‘

Arc of Deforestation L
Burned Area Pantanal,
B 2002 - 2010 P, .
PROBIO

Agriculture R
- Remnant Vegetation =

Pastures

- Water

Others

)
/

fﬁans\oca(ion}
/.Encrmch mr‘} ﬂuman
N - encroachment
© « Ex situ contact
» opill-over 3 + Ecological
manipulation
/

Domestic

animal EID —

« Global travel
« Urbanization
« Biomedical
manipulation
/

Technology and
industry

Fi

Distinct biomes are under anthropogenic
threatens
1. Intensification of agriculture
2. Intensification of livestock production
3. Deforestation

Brazil is in the map of local global hotspot
for EID

W High risk
Moderate risk
Low risk

S e

ure 1: Global hotspots for emerging infectious diseases that originate in wildlife
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- Bat Diversity in Brazil"

* Brazil host 183 bats species of the world (~15% world diversity)

* 2kl Chiroptera (Bats)
* 68 genera =P T

* 113 of bat species are

found in the area of
Atlantic Forest.

The number of bat species in 500 km? quadrats in different parts of the world (adapted
from Findley, 1993).
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Undisturbed forest remnant area
1. lguagu National Park-PR (185,262.5 ha)
2. Amazon forest

Fragmented forests areas ‘
3. Central of PR state (Farms and sugar cane plantations) !
4. Forest fragments inside Séo Paulo city %

Urban areas
5. Northwest of SP state
6. Urbans areas for Metropolitan area of Sao Paulo




Urban Frag. Continuous Continuous
N of ind. Urban Area Urban Area SE forest-SP /| N Frag Forest-  forest AF/N forest AM. /N
Bat species Analyzed Diet Family N° of Positives Biome NW SP /NPos SP /N Pos Pos PR /N Pos Pos Pos

Ametrida centurio 1 Frugivorous Phyllostomidae 0 AM (o] (o] (o] 0 1
Anoura caudifer Frugivorous Phyllostomidae (o] AM
Artibeus concolor Frugivorous Phyllostomidae 0 AM
Artibeus fimbriatus Frugivorous Phyllostomidae (o] AF

Artibeus lituratus Frugi Phyll id 4(2,7%)
Artibeus obscurus Frugivorous Phyllostomidae 0
Artibeus planirostris Frugivorous Phyllostomidae

O O O © w O O o

(0]
Carollia benkeithi Frugivorous Phyllostomidae (o]
(o]

Carollia brevicauda Frugivorous Phyllostomidae

Carollia perspicillata Frugi Phyll id 5 (4,2%)
Chrotopterus auritus Carnivorous Phyllostomidae 0

Cynomops planirostris Insectivorous Molossidae

Dermanura gnoma Frugivorous Phyllostomidae
Desmodus rotundus Hematophagous Phyllostomidae
Diphyllc: ecaudata Hematophagous Phyllostomidae

Eptesicus furinalis Insectivorous Vespertilionidae

Eumops auripendulus Insectivorous Molossidae 0
Eumops glaucinus Insecti Molossid 1(2,3%)

Eumops laucinus Insectivorous Molossidae 0

Eumops perotis Insectivorous Molossidae (o]

Glossophaga soricina Nectivorous Phyllostomidae 3(5,5%)
Histiotus velatus Nectivorous Phyllostomidae 0
Lasiurus cinereus Insectivorous Verpertilionidae (0]

Lasiurus ega Insectivorous Verpertilionidae (o]
Lonchophylla thomasi Omnivorous Phyllostomidae
Lophostoma silviculum Nectivorous Phyllostomidae

ARKive

Micronycferis hirsuta Insectivorous Phyllostomidae
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Urban
Urban Area Urban Area Frag. Continuous Continuous
NO of ind. NWSP /N SESP /N forest-SP / Frag Forest forest AF/N forest AM.

Bat species Analyzed Diet Family N of Positives Biome Pos Pos NPos -PR /N Pos Pos /N Pos
Mimon crenulatum 20 Insectivorous Phyllostomidae 1 (5%) AM (0] (1] (0] (1] 0] 20/1
Molossops neglectus 1 Insectivorous Molossidae 0 AF 0 0 1 0 0 0
Molossus molossus 115 Insectivorous Molossidae 0 AF 80 35 0 0 0 0
Molossus rufus 63 Insectivorous Molossidae 2 (3,2%) AF 56/2 7 o o ] (]
Mpyotis nigricans 24 Insectivorous Verpertilionidae 1(4,2%) AM / AF 8/1 5 6 0 [} 5
Myotis riparius 1 Insectivorous Verpertilionidae 1 (100%) AF 1 (4} 0 0 (4} (4}
Myotis ruber 3 Insectivorous Verpertilionidae 0 AF 0 0 3 0 0 0

Nyctinomops laticaudatus 3 Insectivorous Molossidae 0 AF 0 3 3 3 3 3
Nyctinomops macrotis 1 Insectivorous Molossidae 0 AF 0 1 0 0 0 0
Phyllostomus discolor 5 Omnivorous Phyllostomidae 1(20%) AM 0 2/1 0 0 o 3
Phyllostomus elongatus 5 Frugivorous Phyllostomidae 0 AM 0 0 0 0 0 5
Phyllostomus hastatus 2 Omnivorous Phyllostomidae 0 AM 0 0 0 0 0 2
Plathyrinus lineatus 11 Frugivorous Phyllostomidae 0 AF 3 1 7 0 0 0
Platyrrhinus sp. 1 Frugivorous Phyllostomidae 0 AM 0 0 0 0 0 1 anxive
Promops nasutus 1 Insectivorous Molossidae 0 AF 0 1 0 0 0 0
Pteronotus parnellii 36 Insectivorous Mormoopidae 0 AM 0 0 0 0 0 36
Pygoderma bilabiatum 5 Frugivorous Phyllostomidae 0 AF 0 0 5 0 0 0
Rhinophylla fischerae 5 Frugivorous Phyllostomidae 0 AM 0 0 0 0 0 5
Rhinophylla pumillio 12 Frugivorous Phyllostomidae 0 AM 0 0 0 0 0 12
Saccopteryx bilineata 1 Insectivorous Emballonuridae 0 AM 0 0 0 0 0 1
Sturnira lilium 56 Frugivorous Phyllostomidae 7 (12,4%) AF 0 0 24/4 6/1 22/2 4
Sturnira tildae 5 Frugivorous Phyllostomidae 0 AM/AF 0 0 3 0 0 2
Tadarida brasiliensis 9 Insectivorous Molossidae 0 AF 0 9 0 0 0 0
Tonatia saurophila 2 Omnivorous Phyllostomidae 0 AM 0 0 0 0 0 2
Trachops cirrhosus 1 Carnivorous Phyllostomidae 0 AM 0 0 0 0 0 1
Vampyressa pussila 1 Frugivorous Phyllostomidae 0 AF 0 0 0 1 0 0
TOTAL 5 5 26 (3,1%) 2 202/6 1321 119/7 99/5 100/4 188/3

840 samples analyzed (intestine_533, rectal and oral swabs_307)
54 bat species (14 species N samples > 10), 5 distinct diets

5 bat families (Phyllostomidae, Vespertilionidae, Molossidae, Mormoopidae,
Emballonuridae)
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2064 Artibeus lituratus B-CoV “C Phyllostomidae F Continous forest - PR 2011 s 26/840 pos I'I'lve sam pleS (3 7 ] OA))
1816 Artibeus lituratus a-CoV Phyllostomidae F Fragmented forest - PR 2010
2294 Artibeus lituratus a-CoV Phyllostomidae F Continous forest - PR 2012 o o 0
. 10 bat species positive for CoV RNA
157 Artibeus lituratus a-CoV Phyllostomidae M Urban fragmented forest - SP 2013
1514 Carollia perspicillata a-CoV Phyllostomidae M Fragmented forest - PR 2011 % Batc ovs circu I qfe i na I I eco I og i C
1516 Carollia perspicillata a-CoV Phyllostomidae M Fragmented forest - PR 2011
o
radients analyz
1599 Carollia perspicillata a-CoV Phyllostomidae F Fragmented forest - PR 2012 g ad e s ana y ed
2079 Carollia perspicillata a-CoV Phyllostomidae 2 Continous forest-AM 2014 o
. 11 CoV genotypes (3 potential new

2087 Carollia perspicillata a-CoV Phyllostomidae 2 Continous forest-AM 2014

242 Eumops glaucinus B-CoV “C* Molossidae F Urban area — NW SP 2013 Cov )

100 Glossophaga soricina a-CoV Phyllostomidae M Urban area — NW SP 2013

aun

158 Glossophaga soricina a-CoV Phyllostomidae M Urban fragmented forest - SP 2013 ® 24 a-cov / 2 B-COV c

163 Glossophaga soricina a-CoV Phyllostomidae M Urban fragmented forest - SP 2013
2111 Mimon crenulatum a-CoV Phyllostomidae 2 Continous forest-AM 2014

92 Molossus rufus a-CoV Molossidae F Urban area — NW SP 2013

63 Molossus rufus a-CoV Molossidae M Urban area — NW SP 2014

117 Myotis nigricans a-CoV Vespertilionidae M Urban area — NW SP 2013

259 Myotis riparus a-CoV Vespertilionidae F Urban area — NW SP 2013
2442 Phyllostomus discolor a-CoV Phyllostomidae F Urban area — SE SP 2014
1573 Sturnira lilivm a-CoV Phyllostomidae F Fragmented forest - PR 2012
1613 Sturnira lilivm a-CoV Phyllostomidae F Continous forest - PR 2012

1617 Sturnira lilium a-CoV Phyllostomidae F Continous forest - PR 2012

Sturnira lilium a-CoV Phyllostomidae Urban fragmented forest - SP

Sturnira lilium a-CoV Phyllostomidae Urban fragmented forest - SP

Sturnira lilium a-CoV Phyllostomidae Urban fragmented forest - SP

Sturnira lilivm a-CoV Phyllostomidae Urban fragmented forest - SP
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Molossus a-CoV

W BarCoV Phy dis CCZ50 2014 } Phyllostomus a-CoV &

JQ731782 BtCoV KP816 Phy dis PAN 2011
@ BaiCoV M cre 2111 BRA 2014 DF

M BatCoV Glo sor 100 BRA 2014 } Glossophaga a-CoV | &
EU769558 BatCoV/ 1COTBA Glo sor TRI2007

A BaiCoV Glo sor 163 DEPAVE 2013
93— A BatCoV Glo sor 158 DEPAVE 2013

JQ731787 BtCoV KP534 Artlit PAN 2010

A BatCoV An it 157 DEPAVE 2013 } Artibeus a-CoV | A a

. 2 distintcs a-CoV Artibeus
e L . 24 samples pos for a-CoV

o — @ BatCoV Car per 2079 BRA 2014 DF - p——————
@ BaiCoV Car per 2087 BRA 2014 DF L
A BatCoV Car per 1599 BRA 2012 -
101 BatCoV Car per 1514 BRA 2011 — Carollia a-CoV &
A BaiCoV Car per 1516 BRA 2011

JQ731794 BatCoV 100 Car per BRA 2009
EU769557 BatCoV 1FY2BA Car per TRI 2007
JQ731799 BatCoV 182 Mol ruf BRA 2009

= JQ731800 BatCoV 103 Mol cur BRA 2009
Ml BatCoV Mol ruf 63 BRA 2014 ~ Molossus a-CoV &
® [l BatCoV Mol ruf 092 BRA 2013
w01KC886321 BatCoV 28 Mol ufBRA 2010 — Amplicon: 394 bp (440 less the primers)
NC002645 HCoV 229E . N - n . o
NCO05831 HCoV NL3 The evolutionary history was inferred using the Neighbor-Joining method

HQ184057 BatCoV | Myo myo SPA 2007 - - o o
LR B o4 M panc ALK 008 The percentage of replicate trees in which the associated taxa clustered

. 8 bat genus pos. for CoV

} Glossophaga a-CoV Il

J \

o @ BaiCoV Art it 2294 BRA 2012 together in the bootstrap test (1000 replicates)
_”EJQBWM BtCoV KP256 Artjam PAN 2010 Artibeus a-CoV || &

The evolutionary distances were computed using the Maximum Composite
M BatCovMm ig 117 BRA 2013 . A 0

B ol sk 0 e 2,,,3} Myotis a-CoV _§§ Likelihood method.

KC110771 BatCoV POA127 Mol Tad BRA 2012 Prog ram: Mega 7

NC003436 PEDV )

DQ648858 BatCoV 512 Sco kuh CHN 2005

KF430218 BaiCo\l COPHE1S Myo ke USA 2006 Continuous Forest/Atlantic Forest (PR)

DQ249224 BatCoV Myo ric HKUE CHN

EU375866 BatCoV D7 Myo dau GER 2007 Conti nuous Fo rest/Amazon (AM)

® BaCoV Antlit 1816 BRA 2010

DQ249235 Bat CoV/ HKU2-1
NC010437 BatCoV 1A ]
9Eﬂmmm BatCo\ Minmag HKU7 CHN 2006 Forest Fragme nt/Atlantic Forest (PR)

NC010438 BatCoV Min pus HKU8 CHN 2006

45— AF124987 FPV 1
i e Urban Forest Fragment/ Atlantic Forest (SP)
DQ811787 PRCVISU 1 .
3100811769 TGEV Urban area/Northwest Sao Paulo state (SP)
L————————— NC023760 MinkCoV WD 1127

A BatCoV St [il 150 DEPAVE 2013

@ BaiCoV Sw lil 1613 BRA 2012

1A BatCoV St lil 152 DEPAVE 2013

@ BatCoV Suw il 1617 BRA 2012

A BatCoV S lil 1573 BRA 2012

7| (A BatCoV Stu lil 314 DEPAVE 2014
50| A BatCoV St il 313 DEPAVE 2014

Urban area/Southeast Sao Paulo state (SP)

Sturnira a-CoV &




* New a-CoV related to AlphaCoV 1 virus specie
was detected in bats (representing the BatCoV
with higher sequence homology with a-CoV
lineage 1 described until this moment)

 oa-CoV lineage 1 present a history of
recombination and cross-species transmission
between domestic and livestock animals

Alphacoronav'rus 0.87p= BtCoV/1B/Min pus/CHN/2006/EU420137

0.89L BtCoV/1A/Min mag/CHN/2005/EU420138
BtCoV/BR98-55/Min sch/BGR/2008/GU190240
1 BICoV/KY27/Min inffKEN/2006/HQ728484
BtCoV/BtKY33/Min inf/KEN/2006/HQ728485
BtCoV/BR98-30/Min ech/BGR/2008/GU180243
BtCoV/HKU7/Min sch/CHN/2005/DQ249226
BtCoV/BR98-53/Min sch/BGR/2008/GU190248
BtCaV/HKUAB/Min pus/CHN/2008/G11190248
1— BtCoVV/BNM98-30/Nyc lei/BGR/2008/GU190239
BtCoV/VM176/Nyc noc/NED/2007/GQ25996 1
BtCoV/NMS09-67Pip pip/GER/2009/unpublished
BtCoV/KCR24/Ano gco/CRC/2010/JQ731778
BiCoV/KP256/Art jam/PAN/2010/JQ731784
BtCoV/HKU10/Hip pom/CHN/2010/JQ989273
BtCoV/HKU10/Rou les/CHN/2010/JQ989270
BtCoV/BB98-15/Rhi bla/BUL/2008/GU 190232
BtCoV/KY43/Car cor/KEN/2006/HQ728480
1 BtCoV/HKUB-1/Myo ric/CHN/2005/DQ249224
BtCoV/N78-5/Myo myo/GER/2008/HM368166
BtCoV/NMYB-62/Myo dau/GER/2008/GUT9U216
BtCoV/D5.73/Pip nat/GER/2007/EU375869
PEDV/CV777/Sus scr/BEL/1977/AF353511
BtCoV/512/Sco kuh/CHN/2005/DQ648858
BtCaV/1FY2BA/Car per/TRI2007/ELI769557
BtCoV/KP816/Phy dis/PAN/2011/JQ731782
BtCoV/KP524/Art jam/PAN/2010/JQ731785
BtCaV/KY22/Cha sp/KEN/2006/HQ 728486
1— HCoV/229E/Hom sap/UK/1963/AF304460
il BICoV/GKwam19/Hip spec/GHA/2008/FJ710046
AlpacaCoV/CA08-1/Vic pac/USA/2008/JQ410000
BtCoV/344/Hip sp/GHA/2008/FJ710043
BICuV/GKwam8/Hip sp/GHA/2008/FJ710045
HCoV/NLE3/Hom sap/NED/1988/AY518894
BtCoV/KY41/Cha pum/KEN/2006/HQ728481
BICoV/HKU2/GD430/Rhi sin/CHN/2008/EF 203064
BtCoV/BR98-19/Rhi eur/BGR/2008/GU190237
TGEV/Purdue/Sus scr/lUSA/1946/DQ811789
PRCV/ISU-1/Sus scrIUaA/1990lD0811787
FCoV/FIPV/9-1146/Fel sIl/USA/1980/DQU1
CanineCoV/341-05/Can Iup/ITA/?OOGIFUBES‘im
MinkCoV/WD1133/Mus vis/USA/1998/HM245926
FerretCoV/511c/Mus put/NED/2010/unpublished

»f Miniopterus bat coronavirus 1

‘ Miniopterus bat coronavirus HKU8

0.98]

Porcine epidemic diarrhea virus
‘ Scotophilus bat coronavirus 512

Human corvnavirus 229

0.92]

Human coronavirus NL63
'l Rhinvilophus HKU2

| Common ancestor | (ECat

— ¥

FCoV-I

A BatCoV Stu lil 1573 BRA 2012
@ BatCoV Stu lil 1617 BRA 2012
@ BatCoV Stu lil 1613 BRA 2012
NC023760 MinkCoV WD1127
AF 124987 FIPV
AF124986 Canine CoV
DQ811787 PRCV ISU 1
DQ811783 TGEV

Sieite)

Cat

W

Sturnira-CoV

Alphacoronavirus 1

( Unknown reservoir
—t——

Unknown
T ) \__ I corronavirus

Cat

e ] * .

This result indicate a possible origin of
AlphaCoV 1 lineage from bats ancestor
CoV




. 2 bat genus positive for B-CoV
. Both B-CoV clade “C”, similar to CoV-MERS

AY597011 HCoV HKU1 A

99 KC881005 BatCoV SARSIike RsSHC01
EF065513 BatCoV Rou lec HKU9 CHN

oo — AF220295 BCoV Quebec
I NC005147 HCoV OC43 pB-CoV “A”

NC004718 SARS CoV
| ' 4} l}_COV 66B 2

KC886322 BatCoV 49 Pte dav MEX 201
¥r— @ BaiCoV Ant lit 2064 BRA 2011
L KC633197 BatCoV KCR260 Car per CR 2012
KC545386 CoV Erinaceus VMC DEU 2012
DQ249214 BatCoV Tyl pac HKU4 CHN
DQ249217 BatCoV Pip abr HKU5 CHN
HQ184059 BatCoV Hyp savJ ESP 2007

| | BatCoV Eum _gla 242 BRA 2013

—KG869678 BatCoV PMLPHE Neo capR3A 2011 . I

3_|:KJ473821 BatCoV/ Ves sup SC2013 CHN 2013

KC243390 BatCo\/ 8724 Pip pyg ROU 2009
— HQ184062 BatCoV' M Eptisa ESP 2007

39l KF312399 BatCoV/ Ept ser 384 ITA 2012

: 99 JX869059 CoVMERS EMC 2c 2012
% | |KJ477102 CoVMERS Cam drom NRCEHKU205 EGY 2013

—

KF500950 BatCoV 33037515 Pip kuh [TA 2012&
I

l}_C OV GGD 29

- B_COV ‘CC”

|- phytiostomus avcov
. Glossophaga a-CoV' |
s } Glossophaga a-CoV Il

[ Artibeus a-CoV 1

Carollla a-CoV
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* First detection of B-CoV
lineage C in South America

* Bat positive was found after
predated by domestic cat
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List of bat species positives for B-CoV C lineage

Bat specie
Pipistrellus pipistrellus
Pipistrellus pigmaeus
Pipistrellus pigmaeus
Pipistrellus nathusii
Eptesicus serotinus
Hypsugo savii
Nyctalus noctula
Pipistrellus khuii
Hypsugo savii
Nyctalus noctula
Eptesicus isabellinus
Vespertilio superans
Tylonycteris pachypus
Neoromicia capensis
Neoromicia cf. zuluensis
Nycteris cf. gambiensis
Nyctinomops lacticaudatus
Tylonycteris pachypus

Pipistrellus abramus

Taphozous perforatus

Pteronotus davyi
Carollia perspicillata
Artibeus lituratus

Eumops glaucinus

Family
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae
Vespertilionidae

Nycteridae
Molossidae
Vespertilionidae
Vespertilionidae
Emballonuridae
Mormoopidae
Phyllostomidae
Phyllostomidae

Molossidae

Local
Netherlands
Romania
Romania
Ukraine
Italy
Italy
Italy
Italy
Spain
Italy
Spain
China
China
South Africa
South Africa
Gana
Mexico
China
China
KSA
Mexico
Costa Rica
Brazil

Brazil

i




Infect Genet Evol. 20116 Oct 44-510-513. doi: 10,1016/ meegid 201607 .034. Epub 2016 Jul 26.

Genetic diversity of bats coronaviruses in the Atlantic Forest hotspot biome, Brazil.

Goes LGB", Campos ACA®, Carvalho C*, Ambar G*, Queiroz LH®, Cruz-Meto AP®, Munir M’ Durigon EL®.
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