P5ANTIVYLATFNASUIVINTINYAT 41(3): 190-203

Ansanslalasalalsunluunludssmealng

A Survey of Coronaviruses in Birds in Thailand

Wiyt lalsae’ dawa Aadruun’ Asan wuseviuun® algyws gansna’
o/ g a ¥ 2
uazaign1ue Aingiou
Charoenchai Tothaisong!, Pakaphol Sinlapanon®’, Kirana Noradechanon'!

Ananporn Supataragul? and Nattakarn Thippamom?
tdineysnydnivn nsugneuuind &iUn uagiudity ngavme 10900
gudlsngURlmiiundiin Tsmenuiagimansal aniniaalng ngaumms 10330
'Wildlife Conservation Office, Department of National Parks, Wildlife and Plant Conservation, Bangkok, Thailand 10900
Thai Red Cross Emerging Infectious Diseases Clinical Center, King Chulalongkorn Memorial Hospital, Bangkok, Thailand 10330
*Corresponding author: sinlapanon1979@gmail.com

Received: September 11, 2023
Abstract Revised: September 05, 2024
Accepted: September 30, 2024

Coronaviruses (CoVs) are a global threat to public health, animal health, and wildlife health.
They cause emerging infectious diseases and infect multiple hosts. While there have been numerous
studies on mammalian coronaviruses, research on CoVs in birds is limited. To bridge this gap, the
Department of National Parks, Wildlife, and Plant Conservation conducted a survey in Thailand to
investigate CoVs in various bird species. Between October 2020 and September 2022, oral and cloacal
swabs were collected from these birds and analyzed in the laboratory using RT-PCR and sequencing to
detect and identify CoVs. A total of 530 samples were collected from 24 bird species, including
shorebirds, waterfowl, wading birds, passerines and doves. Among these, 265 birds were identified, with
41.51% (110/265) being shorebirds, 21.13% (56/265) waterfowl, 20.38% (54/265) passerines, 10.19%
(27/265) doves, and 6.79% (18/265) wading birds. The positive rate of CoVs was found to be 6.03%
(16/265). These positive samples were classified as gammacoronaviruses, with 6.52% (3/46) detected in
Lesser Whistling-Duck (Dendrocygna javanica) and 2.63% (1/38) in Whiskered Tern (Chlidonias hybrida).
Deltacoronaviruses were identified in 100% (6/6) of Eastern Cattle Egret (Bubulcus coromandus), 33.33%
(2/6) of Indian Cormorant (Phalacrocorax fuscicollis), 28.57% (2/7) of Little Egret (Egretta garzetta), 9.09 %
(1/11) Rock Pigeon (Columba livia), and 6.66% (2/30) of Barn Swallow (Hirundo rustica). It is worth
noting that all positive birds appeared to be healthy. The genetic characteristics of these CoVs were
similar to those found in similar bird species in other regions. Although there were no reports of
abnormal sickness or mortality events among birds in the study areas, the results suggest the circulation

of these viruses in local birds and their potential role in maintaining the viral transmission cycle in the
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region. To gain a better understanding of the epidemiology of CoVs in birds and to monitor the viral

transmission cycle in the region, continuous surveillance of CoVs in migratory birds should be

conducted.
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\iu1e819untady 530 faegne 99nun 24 %in
$1uan 265 1 unduunmeiau naudatih nguun
\N1ZABY NEULUNILNATIY wanqaunqen Sovay
41.51 (110/265), 21.13 (56/265), 20.38 (54/265), 10.19
(27/265) Uz 6.79 (18/265) MIUAIAU HANITATIIN
HowATRnsuanssnsnauidelisalalsun Souas
6.03 (16/265) \Junguunuunlalsunlisa arndawas
(Dendrocyena javanica) Seuay 6.52 (3/46) wazrun
WIIUIARNAULATIVYY (Chlidonias hybrida) 5 eeaz
2.63 (1/38) wagnguwanlalsuilisaainunesniig
(Bubulcus coromandlus) 3 8@z 100 (6/6) unA1LN
U1n812 (Phalacrocorax fuscicollis) $ 9oy 33.33
(2/6) unele (Eeretta garzetta) Sovay 28.57 (2/7)
UNW 37U (Columba livia) ¥ eeag 9.09 (1/11) uay
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UNUILE WU U (Hirundo rustica) § euag 6.66 (2/30)
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JULL31 (Severe Acute Respiratory Syndrome: SARS)
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Respiratory Syndrome: MERS) (Chamings et al.,
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wonlalsuhdaluauuazdniides anaunuuuee
wamlalsuthaludninguunuasdniidosgnieu
(Mitek and Blicharz-Domanska, 2018) wiilutaqdu
wfl i se il yalalsuludadid segndaouy
uihlugnisaunubifalalsunaneiug idwauun
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NIUNYIULINTR Fitn wazsiugiy iedadon
fufiuazaiounfifidnumzduiussuaudsduns
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wnd sy uniiegsuiudunguuuinlug vioun
onewiiszaznislng antdurinsdnduunlagldis
fvanzaniazUasadodounusazngy Wy nsl4is
viodwny e (Cannon net) dvisunauunyeiauanem 14
a1 (Mist net) tungaudoni unaetih uning
ABY UUNTTIU unviuadiduldasinlilug iy
W 9AANTNTEA UANAN LI oA vl unLAn
A11ULAST B A (BungBoraphet Wildlife Research
Station, 2019) Mniusuvnafusegndaelding
ddvtudargldviad lifarslonundod sWands
lugeeuan (Oral swab) Lazy 041313334 (Cloacal

swab) 534 2 f198199NUNKAaEALa VAR UNAL
5550917 uagiiudramedsadumasniigniuinw
1257d@ (Lysis buffer; Contains 50% guanidine

thiocyanate<2% Triton X-100, <1% EDTA) L0104
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dalunasninen (The Monitoring and Surveillance
Center for Zoonotic Diseases in Wildlife and Exotic

Animals, 2018) wagiihdwissufjuinissely

nsasaavdelaa

afaansiugnIsuvethisa fuwed esadaans
WUgNITUINUNR FasyMag 91630814 Rectal swab
Oral swab U5 11015 400 uL 910t Wi us1uaweans
Wusn35u #2875 NestedPCR Ingld Primer 7 4
AT e o1 ola¥anau Coronaviruses (pan-
CoV_outF 5’- CCAARTTYTAYGGHGGITGG - 3’, pan-
CoV R 5’- TGTTGIGARCARAAYTCATGIGG -3’, pan-
CoV_inF 5’- GGTTGGGAYTAYCCHAARTGTGA-3 ’)
(Xiu, et al., 2020) 1A uFrwuaTHUsnINlALlY
SuperScript™ Il One-Step RT-PCR System (Invitrogen)
kag Platinum™ Tag DNA Polymerase (Thermo
Fisher Scientific, Waltham, MA, USA) wa el d
duNELANg ¢35 RNA 4 L, 2X Reaction Mix 12,5 L,
Primer 0.4 pM (pan-CoV_outF tag pan-CoV_R),
SuperScript™ Il RT/Platinum™ Tag Mix 0.4 pL uag
L@ 3 Nuclease-free water 1iasuUSu s 25 pL
nvuthansazaneldlaluindes Thermal cycler
ald PCR-condition 7 55 OC 1 uian 30 uail
ATV 94 OC2 U Inactivate reverse transcription
waz Amplification 30 cycles Usznau a2y
94 OC 15 3u1% 53.4 OC 30 U191 68 OC 1 w1
waz 68 OC 5 U7 Holding fi 4 0C mmfuﬂ’ﬁ PCR
product ildarnsounsnuviudu Template U84
PCR 50U71 2 U315 1 L wagldansaall 10X Buffer
2.5 uL, 50 mM Magnesium chloride 0.75 pL, dNTP
mix 0.5 pL, Primer (pan-CoV_inF Uag pan-CoV _R)
k8¢ Platinum™ Tag DNA Polymerase @ u

Nuclease-free water T USu1msasy 25 pL

arnduvluldluias o9 Thermal cycler neld
PCR-condition 7 94 OC dui1an 5 undl way 94
OC 15 Ju19 54.5 OC 30 Ju1# 72 OC 1 U1
$1u3u 35 Cycles wag 72 OC 10 w1t Holding 71 4
oC oy mﬂﬂ?umﬁaa'imeﬁmmmmsﬁuqﬂiﬁm DNA
A1875 Gel electrophoresis Ingldnsyualniin 100
Volt wiu 35 undi wazld 2% Agarose gel Lilauan
YUINAN5HUENT5 (PCR product) 3 eiivunm ol
599-602 bp WIHUWHURUTWINETNUTNTTUAULUY
(Marker) 100 bp DNA ladder (Thermo Fisher
Scientific) lBonNAALAU Specific PCR Product 80nan
ﬁaﬂﬂﬁ?ua%aﬂﬁ Agarose gel fﬂ”’wﬁm Purification
a°1L§dﬁ]§J°d NucleoSpin Gel and PCR Cleanup kit®
(MACHEREY-NAGEL, Germany) 4aga1n1 uia3 oy
fa0e9 DNA fildannisviliusanduniionndils
AMULTNTY 50 ng/pl USN1as 20 pl wipunuds
Primers ﬁﬁmmﬁm’mqmﬁw 1 pM ag1sag 10 pl
galuniana utuauesdu RdRp #1875 Direct

Sequencing (Dideoxy Chain Termination)

nsAATIEvidaya
Anngideyalasldadmganssaun laun
S AILE wardndIuveiiegeTinuNaUINGe
dol¥alalsufiossunensnzatenunguvosun
Wudl uazwdnveadefinu Tneldlusunsy MS Excel
Unausluguhuums uugd WHLT aseiteya
saiugnssilduvihmsSsudeudiuiaralolnd
Ple Fugsuil a8 lolne 1098 47§75 nd uly
51Ut 03 a GenBank lngldlusunsu BLAST 210 httpy/
vwwincbintmnihgov/Blast 9rnturihnsiesizsiag
WislaunsoANULANANBsEInUTIna Lo lnAvedu
RdRp tazaine Phylogenetic tree ¢85 Maximum
Likelihood method Taglalusinsu MAGA 11
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31nn1sdrsiabifalalsunluunsssuvia
FYWIUABUAAIAL WA 2563 — RBUT UL A, 2565
andunisanduunyietauludaminaynsanns
wasys n¥s wazana daduiudunndouay
ygngia uniauuazungeun Tud uil Yanta
28N UIITE q51803511 UTTNY ansendl
upsassH Lazdeese lufiuiuvasnivunalne il

US2UINTUNTINOYDE VUL LagnquUNINIzADY

waeng uunIuni s Tud uil Taninassufa
ALLTINTT UI15274 Lae wazuu (Figure 1) 37U7U
265 #1 A nun 24 vila viaund Sulsdunguun
e fevas 4151 (110/265) ngudeni ey 21.13
(56/265) nauunnIzAdu Segay 20.38 (54/265)
NAUUNIUNTTIU Soway 10.19 (27/265) uazngs
unqeun Yesar 6.79 (18/265) (Table 1) was
Funaiiuiiegsunitemunsiua 530 fegn
wU' st usee'19 Oral swab way Cloacal swab

UseLnnay 265 §19819

Table 1 Study areas, capture methods and target bird populations

Habitat type Target group Province Method Number
of birds of birds
Wetland: Shorebird Samut Sakhon, Satun, Trang, Cannon 110
Saltpan, Mudflat Phetchaburi net
Wetland: Waterfowls Chachoengsao, Narathiwat, Mist net 56
Swamp Buri Ram, Chiang Rai, Nakhon Sawan
Wading Birds  Chachoengsao, Surat Thani, 18
Udon Thani
Community area:  Passerines Sa Kaeo, Chachoengsao, Loei, Mist net 54
Roosting site Narathiwat, Nan
Doves Sa Kaeo, Chachoengsao, Loei, 27
Narathiwat
Total 265

wamsmaaﬁmswﬁmmsﬁuqmsmaqL%@
Th5alalsun (Table 2) wusaegnslikauinanun 7
¥iin 1w 17 freghs 9nun 16 i Andusesay
6.03 (16/265) lngunensaey (Bubulcus coromandus)
\durdauninunavanunigadimau 6 d1 aadu

Savay 100 (6/6) s93asuduunniIvIUIne?

(Phalacrocorax fuscicollis) une11td & (Egretta
garzetta) UnWs1U (Columba livia) UNUIULEUTIU
(Hirundo rustica) \0auwas (Dendrocyena javanica)
WAZUNUNUIAKNAULATIVN (Chlidonias hybrid) A
Judewaz 33.33 (2/6), 28.57 (2/7), 9.09 (1/11),
6.67 (2/36), 4.3 (2/46) waz 2.63 (1/38) muasu
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W aTIMuNRaUINATINUSTIANTDIR 208 191U
4.53 (12/265)
1.87 (5/265)

o TMUNATLAD LI TONENHUNAUIN

#79814 Cloacal swab Winauinssvay

waziI9819 Oral swab WinauInseuas

Tunguunuszdrdufesas 1571 (11/70) unawen
Zoway 0.84 (1/119) LazuN {9 d0Id01UAIN
¥ovaz 5.26 (4/76) uaziilosuunmudnuaei ui
wALNUT LA AUILLE s TinauIngeray 7.07
(13/184) wazuniiniAuuuuninavindasas 3.70
(3/81)

Nufinsranuid oladalalsundl 3 Yssiam
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(Figure 1) laun Wununde ludwminaynsains

NUKAUINTBEAL 0.90 (1/110) TuunuIulIannau
LAV N UT LUAIUIFANUKNAUINS DEAE 16.83

(13/74) "i]’]ﬂL‘fJ@LLGN UNNIUIUINGIT UNBIIANY UA

a

grade Tudainy3sug asdans wavgassndl Wy
whaunIERninaYuIUNURaUInToear 3.70 (3/81)
TuunuIawa Ut 1U warunisiu ludminuiulay
ATTUN7

et limussaumanisainsdisuienns
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Figure 1 Geographic distribution of samples area from birds and coronavirus detection Coronavirus Thailand

A = shorebirds, O = waterfowls, O = Passerine, O = Dove, $ = Wading Birds

(filled symbol = coronavirus detected and open symbol = coronavirus non-detected)
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Table 2 Coronavirus detection in cloacal swab (CS) and oral swab (OS) from wild birds in Thailand

Taxonomic classification

Number of birds

Number of samples

Total Positive Oral swab Cloacal swabs Overall
Total Positive Total Positive Total Positive
(%) (%) (%) (%)

Anseriformes 50 2 (4.00) 50 1 (2.00) 50 2 (4.00) 100 3 (3.00)
Lesser Whistling-Duck (Dendrocygna javanica) 46 2 (4.34) a6 1(2.17) 46 2 (4.34) 92 3 (3.26)
Garganey (Spatula querquedula) il 0 a4 0 a4 0 8 0
Columbiformes 27 1(3.70) 27 1 (3.70) 27 0 54 1 (3.70)
Rock Pigeon (Columba livia) 11 1(9.09) 11 1(9.09) 11 0 22 1(4.54)
Eastern Spotted Dove (Spilopelia chinensis) 5 0 5 0 5 0 10 0
Zebra Dove (Geopelia striata) 11 0 11 0 11 0 22 0
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Table 2 (Continued)

Taxonomic classification

Number of birds

Number of samples

Total Positive Oral swab Cloacal swabs Overall
Total Positive Total Positive Total Positive
(%) (%) (%) (%)

Charadriiformes 110 1 (0.90) 110 0 110 1 (0.90) 220 1 (0.45)
Grey Plover (Pluvialis squatarola) 1 0 1 0 1 0 2 0
Kentish Plover (Charadrius alexandrines) 1 0 1 0 1 0 2 0
Lesser Sand Plover (Charadrius mongolus) 26 0 26 0 26 0 52 0
Greater Sand Plover (Charadrius leschenaultia) 8 0 8 0 8 0 16 0
Ruddy Turnstone (Arenaria interpres) 5 0 5 0 5 0 10 0
Broad-billed Sandpiper (Calidris falcinellus) 3 0 3 0 3 0 6 0
Curlew Sandpiper (Calidris ferruginea) 3 0 3 0 3 0 6 0
Red-necked Stint (Calidris ruficollis) 10 0 10 0 10 0 20 0
Terek Sandpiper (Xenus cinereus) 13 0 13 0 13 0 26 0
Little Tern (Sternula albifrons) 1 0 1 0 1 0 2 0
Common Tern (Sterna hirundo) 1 0 1 0 1 0 2 0
Whiskered Tern (Chlidonias hybrid) 38 1(2.63) 38 0 38 1(2.63) 76 1(1.32)

L61
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Table 2 (Continued)
Taxonomic classification Number of birds Number of samples
Total Positive Oral swab Cloacal swabs Overall
Total Positive Total Positive Total Positive
(%) (%) (%) (%)
Suliformes 6 2 (33.33) 6 0 6 2 (33.33) 12 2 (16.67)
Indian Cormorant (Phalacrocorax fuscicollis) 6 2 (33.33) 6 0 6 2 (33.33) 12 2
Pelicaniformes 18 8 (44.44) 18 2(11.11) 18 6 (33.33) 36 8 (22.22)
Chinese Pond Heron (Ardeola bacchus) 5 0 5 0 5 0 10 0
Eastern Cattle Egret (Bubulcus coromandus) 6 6 (100.00) 6 0 6 6 (100.00) 12 6 (50.00)
Little Egret (Egretta garzetta) 7 2 (28.57) 7 2 (28.57) 7 0 14 2 (14.29)
Passeriformes 54 2 (3.70) 54 1 (1.85) 54 1 (1.85) 108 2 (1.85)
Barn Swallow (Hirundo rustica) 30 2 (6.67) 30 1(3.34) 30 1(3.34) 60 2 (3.34)
Great Myna (Acridotheres grandlis) 6 0 6 0 6 0 12 0
Common Myna (Acridotheres tristis) 18 0 18 0 18 0 36 0
Total 265 16 (6.03) 265 5(1.87) 265 12 (4.52) 530 17 (3.21)
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nsmsdieduunanaventelifalalsun
wud Wedtwuludauasuarununswaunauin s
ogluanaunuslalsuhia vaeilaalalsuniingly
UNULEUTIY UNTITIU UNeeAe wnenale uagun
mnem egluanamanilalsunlada (Figure 2)
\onsiaaeumnundieadiuvesdrduiualuans
wugnssuvendelisalalsunfinmanuiuidolfa
Talsunlugiudeya GenBank wuin ielafalalsun
fnvludauasuazunuiawiaunauins1vn danu
ad1eadarvhfalalsundinulunsdunfiussing
Sangu Sovar 97.66 unwanfiufiussinaeeainside

Sovay 96.23 warzununauavaudnuiiUseinea

fady Sovazr 96.04 vauzd ladalalsuriinuluun
wasuty flerundrendstud eladalelsuniinuly
unmausuazunnsshsasinnlugens Usswe
U Sovay 96.06 Lag 85.09 MUAIAU LazAR18AU
olhalelsuninuluansludssmaiuiosay 79.75
ez s ldalalsuniinuluuniisnu fanundends
fud olasalalsund nuluuniisiuludssimasy
Usginadunaun wazUsemaliuaus Sovaz 98.13
98.49 uar 96.62 muAU Welifalalsundinuluun
gaAMELATLUNNILIUINeT Sauadieadetulida
Telswiiinuluunuaanludssmadu Sovay 91.68

100, MG764153.1 Avian coronavirus isclate CoV-9668-2016/11/27-NV/SA
100| MHO90080.1 Gammacoronavirus sp. isolate CoV-9605-2016/11/19-CM/TAS

99| GU396679.1 Black-headed gull coronavirus CIR-66183
MT993597.1 Duck coronavirus 2714 isolate MW11
GU396682.1 Glaucous-winged gull CIR-66002

A DA20023.RSL Coronavirus Whiskered Tern

MG764155.1 Avian coronavirus isolate CoV-9696-2016/11/28-BP/SA

29 MG764111.1 Avian coronavirus isolate CoV-9711-2016/12/21-LC/VIC
98 IMT909538.1 Avian corenavirus strain A/environment-air/Kunshan/NIOSH-BL56/2018
MK617483.1 Avian coronavirus isolate GammaCoV/AvCoV/Mute swan/Poland/P019pool1/2016
4. DA20108.0SL Coronavirus Lesser Whistling Duck
100 L & DA20105.RSL Coronavirus Lesser Whistiing Duck
100 4 DA20108.RSL Coronavirus Lesser Whistling Duck
100‘ MG764117.1 Avian coronavirus isolate CoV-9518-2016/4/30-HD/NT
56| MG764118.1 Avian coronavirus isolate CoV-9521-2016/5/1-HD/NT
100 | 4 DA20132.0SL Coronavirus Little Egret
ico A DA20131.0SL Coronavirus Little Egret
M MK617514.1 Avian coronavirus isolate DeltaCoV//AvCoV/Cormorant/Poland/MW332/2009
99 | MW436465.1 Anser fabalis coronavirus NCN2
MW588092.1 Mute swan feces associated gammacoronavirus strain Abbotsbury/A/2016
NC 046965.1 Canada goose coronavirus strain Cambridge Bay 2017
MK204411.1 Avian coronavirus
NC 048214.1 Duck coronavirus isolate DK/GD/27/2014
- LC216915.1 Coronavirus HKU15 strain S582N
100 LC260042. 1 Porcine deltacoronavirus strain MYZ/JPN/2014 2
100 83 MH532440.1 Quail deltacoronavirus strain G032/2015
JQO065047.1 Night-heron coronavirus HKU19 strain HKU19-6918
LC260042.1 Porcine deltacoronavirus strain MY Z2/JPN/2014
LC216915.1 Coronavirus HKU15 strain S582N
61| KT381613.1 Porcine coronavirus HKU15 strain OH11846
KR265865.1 Porcine deltacoronavirus strain USA/lowa459/2014
9 KU981062.1 Porcine deltacoronavirus strain NH isolate passage 10
KJB01779.1 Deltacoronavirus PDCoV/USA/lllinois 136/2014
MN781985.1 Porcine deltacoronavirus isolate CHzmd2019
g4 | 97| | MZ802955.1 Porcine deltacoronavirus isolate CH-HLJ-20
> KY363868.1 Porcine deltacoronavirus isolate CHN-GD16-05
1 MG812378.1 Sparrow deltacoronavirus strain 1SU73347
o 1 MG812376.1 Sparrow deltacoronavirus strain ISU690-7
100 ' MG812375.1 Sparrow deltacoronavirus strain ISU690-4
MT138107.1 Deltacoronavirus sp. isolate Irf178cor1
4. DA20046.0SL Coronavirus Rock Pigeon
A DA20061.RSL Coronavirus Eastern Cattle Egret
A DA20080.RSL Coronavirus Eastern Cattle Egret
A DA20064.RSL Coronavirus Indian Cormorant
72 4. DA20063.RSL Coronavirus Indian Cormorant
74 A DA20056.RSL Coronavirus Eastern Cattle Egret
A DA20059.RSL Coronavirus Eastern Cattle Egret
72| A DA20058 RSL Coronavirus Eastern Cattle Egret
A DA20057.RSL Coronavirus Eastern Cattle Egret
FJ376622.1 Munia coronavirus HKU13-3514
77 NC 016993.1 Magpie-robin coronavirus HKU18
100 [{ A DAZ20145 OSL Coronavirus Barn Swallow
100 | 4 DA20144.RSL Coronavirus Barn Swallow
NC 045512 .2 Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1
—_—

0.50

Figure 2 Phylogenetic tree of RdRp gene of Coronaviruses from migratory birds in Thailand. The tree

was generated using MEGA 11 applying the Maximum Likelihood method in IQ-TREE2 with

TN+f+G4 model and 1000 ultrafast bootstrap replicates
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