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N1SUENIY Avian coronaviruses luilaasausnluussinalng
ugna niouguna™  donsed nady' vliug) Shuyd’
UNANED
fluvasnsfinen: ielaa Avian coronaviruses (AvCovs) wiausidusinduludedelifanaanausniauiiose

(avian infectious bronchitis virus, IBV) LﬂuL%@iﬁaﬁﬁwaﬂﬁxwwiaiguwmS] WA venanliszindeliiadloud
HagtufsenunsnunsindeludnUnedadug sty msfnuiiingussasdifousnidouasfigatide AvCovs
Tudaiiddumalduaznmamienousswessunalng

33013 vhnisdnwidetadataeianua 271 fedas laeinisdadednlaliin Agaidelasis
immunofluorescent assay (IFA) Uag35 RT-PCR v‘hmiﬁﬂmé’ﬂwmzmqﬁuﬁqmsmaaL%ah%’aiuehumaa full-length
S1 gene waz@nwIn1siia recombination Tudiuues S1 gene wennilgdny virus tropism vualadileie
vaslnuazidalagds virus histochemistry

Ha: a’mwaLL*&JﬂL%aLLasﬁqﬂﬁL%a AvCoVs 1@duu 2 fegns (AvCoV/Du/Thailand/128/2015 uag AvCoV/
Du/Thailand/165/2016) Lﬁaﬁﬂwﬂé’ﬂwmxwwaﬁuqﬂﬁiumanL%@iﬁaﬁgnaaawudwL“fJuL%a AvCoV g QX duaed
senumaanandlulilussmalne laiwunsiia recombination fuidie AvCoV aeugdug wasnuinide AvCov
meriug QX Auenlaludeannsaduiudeyfinvesviasnay shu nszimzudt 1a wazdldidnvedla Jsaenndosiu
msndenussumilulifiaefiseu eglsinunsinmidnuingelhia AvCov anerug Qx ansaduldianiy
fuBeyivesdldidnveadn

a3U: maAnwiifunsnunismude Avcov ludnduafusnlussmalneannnisuenidelnensialadin
LLagﬁq%ﬂL%aiﬂﬂag IFA Lag38 RT-PCR LaganWan1svin sequencing a@lm"ﬂn%a AvCoV Tuenldandaiiiude
hifameiug OX fiasinsnunisiademtoululs dnfuansmhdeldadludnmanusuusmedsaludauas
&n$nduq wenandmsiinisdmamide Avcov ludnedseideufielfifutoyafnunisuninszaevonde
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Isolation of avian coronaviruses in ducks in Thailand: the first report

Naruepol Promkuntod'* Chainarong Kulchim' Khanistar Rattanaburee”

Abstract

Background: Avian coronaviruses (AvCoVs), previously referred to as the well-known avian infectious
bronchitis virus (IBV), mainly affect chicken associated with a wide range of disease conditions. At present,
there is increased evidence that AvCoVs can infect species of birds other than chicken. This study, we aimed
at identifying AvCoVs that might be present in domestic free grazing ducks in the south and the lower north
of Thailand.

Methods: We performed virus isolation and identification by egg inoculation, indirect immunofluorescent
assay (IFA) and RT-PCR from 271 clinical samples. Next, the viruses were subjected to genotype sequencing
of the full-length AvCoVs S1 subunit sequence. We further analyzed the recombination events of the isolates.
The virus histochemistry was also performed to demonstrate the attachment of viruses to epithelial tissues
of chicken and duck.

Results: Two virus isolates were confirmed as AvCoVs, designated AvCoV/Du/Thailand/128/2015 and
AvCoV/Du/Thailand/165/2016. Phylogenetic analysis revealed that both duck isolates are of the QX genotype
that has been previously isolated in chickens. No potential recombination events and recombination breakpoints
of these two QX viruses with other genotypes occurred. Binding of the duck isolate OX type (AvCoV/Du/
Thailand/165/2016) to chicken tissues including trachea, spleen, proventriculus, kidney and small intestine
was consistent with the previously reported pathogenicity in chicken in vivo. Interestingly, the bound QX-type
virus was only observed in duck small intestine.

Conclusions: These findings confirm the first report of AvCoV isolation in ducks by egg inoculation and
virus identification by IFA and RT-PCR. The AvCoV-duck isolates are of chicken origin which was categorized into
the QX genotype by sequencing. The pathogenicity of these QX viruses can be further investigated in duck and
other bird species. In addition, long-term continual surveillance is very much important for identification of AvCoV

infection in ducks in Thailand.
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JagdumAmznIsun1sauaynsuise (World
taxonomy committee) fiufliasudedoh¥avaonay
NLEUARGD (avian infectious bronchitis virus) S?jﬁLﬂuaﬂLﬁQ
nsialsanaenausnaudnseluld (Gallus gallus) ilan
(Jackwood, 2012) Juie Avian coronavirus (AvCoV)
(Ducatez, 2016) 1o AvCoVs inoglu genus
Gammacoronavirus SunveaielhiaUszneudng single-
stranded RNA 7ifllUsfiulassasnadviin wﬁﬂuﬂ?uﬁﬁwﬁ’zy
#® spike (S) glycoprotein Fafdnuanu club-shaped
projections lnusnesniulusiugesdosdiufo S1 uaz
S2 Wsfiudiu S1 vimthiduiudisu (receptor) voslaad
dlusfiudau 52 fimhiinszdunssamiu (fusion) ves
WolhSadfuniawadvosdlead uenaniusiudy S1
fidauusznauves epitopes devinifidu virus
neutralizing antibodies Tun15@374 protective immunity
ety nsdteszilusiudau S1 Fegnuntglunisuen
#181ius (genotype) yaude AvCoVs (Cavanagh and
Gelb, 2008)

oforzimuneusnueade AvCoVs Aeszuumg
umgladiusu (Cavanagh and Gelb, 2008) wsilu
Hagtunuinde AvCoV-IBV maneq anewugreliiie
Yymvesszuunn lulduenwieanszuumadumela
i aneiug nephropathogenic YiliAnseslsnfilauas
filaméunandn (Reddy et al, 2016) Fsaneriug QX
Aduaeiiug nephropathogenic fis18a1unsiinlsn
adsusnlulaloluvszimaiulnenedymisessuy
madumngla lian MsdniauveInIznzu wazneseslsn
fila (Yudong et al, 1998) Tuilagtunuinde AvCov
aeug QX Hinsunsnszangluilan

Hagtudronunmsinido AvCovs luditnduy
(non-galliformes) 1w la@en (guinea fowl) (ito et al,,
1991) uns1u (Jonassen et al., 2005; Qian et al., 2006)
umgumzumﬁmﬁw (Sun et al,, 2007) 1Un mallard uaz
U (Jonassen et al., 2005) @unsiialsalulaiisisau
wundudaluandndeuiiiuanonsvedsauazes
Huunasdalsafiazuns nszaeidola¥aeguuuy
co-circulation lkag recombination 1U§ié’miﬂﬂ§u (Chen
et al,, 2013; Zhuang et al., 2015)
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Tulsziwdlnediseaunsiialsaiasnau sniau
dnnondausnlulnlusenined we. 2496-2497
(Chindavanig, 1962) sau1nun15szuInvslsali
nfimashe) AiRnanitio AvCovs staneaneniug wu anewius
Massachusetts (M41) way Massachusetts-derived
variants @1eWus nephropathogenic wag aefiug QX
wiluneldlarnanansvesusene (Antarasena et al,
2008; Pohuang et al., 2009; Pohuang et al,, 2011;
Promkuntod et al., 2015)

dunmsiialsaludalulsenelnedslsineinng
s19u Tngmeauidvhmsinunisusndouasfigatide
AvCoVsIuLmeﬁL?ﬁymaeﬂumﬂiﬁuazmﬂmﬁamaua"uwm
Ustinalne uonanilSsfnuisdnuaensiugnasuuas
Auduusye e AvCoVs Auenldluisuiisuiuie
AvCoVs Tuenlglulmluressesnanieatu wasdnw

virus tropism 1agA3 virus histochemistry

auUNIalLaEIsNg

1. Usz3Rdnithe uasmsusnideunsigatidiolada

thdhessnndatiavun 271 feens Ademinnis
Fugnslsaigqudideuaziannnsdounmd (mm.) aeld
pauuy wuady 189 deee Tutll 2558 way 61 fapgna
T 2559 wazfirm. mMawmiensuassiuiu 21 fregns
18 2560 nnsuenide AvCovs :ndegnaaieazniely
Tngisanidelulylafinitony 9-11 Jum allantoic sac
LazfudunanisnsraniueuRiaureielfalaeis
indirect immunofluorescent test (IFA) Lag3s RT-PCR
TagldynlnseddmunsiamBudau 3" UTR lvinandn
Mduevun 385 bp Fudunsasiuuusansesdmsu
figatiidlo AvCoVs (Adzhar et al,, 1996) Msfinwiildiny
miﬁmimmﬂﬂmgﬂiiumiﬁnﬁUQLLamSL?ﬁ”ENLLazWé’mi
Wionumainermand an1tuguaiwdniuiend sa
1A39n15 EA-007/61 (R)
2. Indirect immunofluorescence

ynsiiu CAM vaslalafinundsandadiegraly

W& 48 Falua titensramihSausuoueside AvCov lu
CAM #2833 IFA Taedmilooutuds (frozen tissue
section) m1138989 Promkuntod et al. (2015) ﬁﬁ‘ﬁ
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Unalanene nucleoprotein monoclonal antibody (clone
IB95, HyTest, Finland) wdasalanmeansazais PBS
3 ﬂ%ﬁ mﬂﬁy’uﬁualaﬁﬁaa fluorescein isothiocyanate
(FITC)-conjugated rabbit anti-mouse immunoglobulin
G (Dako, Denmark) waansalansmeansayaie PBS an
3ads AN13IuveIkeURUefalISawa ALY CAM M
ndeganssAl Waoeisalwus (Nikon, Tokyo) fogneiiln
HAUINAIETD IFA vin1siiuded e allantoic fluid (AF)
waziusnundigamgil -80°C ethlulduenaneiugues
o AvCoVs siold
3. N15610A RNA Uag reverse transcription polymerase
chain reaction (RT-PCR)

11detne AF Tildinauindaeds IFA way RT-PCR
w1aria viral genomic RNA Tngldynarind1i593U RNeasy
(Qiagen, USA) 11 purified viral RNA 191U fA5e0
reverse-transcription el SuperScript Il reverse
transcriptase (Invitrogen, USA) \ieliudewdu cONA
wagldyalnswes full-length S1 M133Fves Pohuang et
al (2011) Fsazlsimandnmidueiivuin 1,593 bp A3ANY
T ¥ndunaenaudniavinneidelduiinanlne
ﬂiuﬂ@é’m’j (GenBank accession number MG272492)
Wunquatuauuan Yjisen RT-PCR Usums 50 ul
Usznauale Platinum Tag DNA Polymerase High
Fidelity 0.2 U (Invitrogen, USA), 10x High Fidelity PCR
buffer U3ums 5 pl, forward way reverse primers 0.2
uM, !\/\gSO4 2mM, dNTP 0.2 mM, wazieiy DEPC-treated
water TilaUsuinssin 50 pl dhdrunaudiaIoi

e

Usinaansiugnssuneldangiviiiten PCR il
%umu pre-denaturation ﬁqquﬁ 94°C uu 2 W
Fumou denaturation ﬁ@quﬁ 94°C uu 30 7 Yumou
annealing Viqmmﬁ 55°C wiu 30 Uil wazduney
extension 71 68°C w2 Wf S 40 OU MUY
%umu final extension ﬁqmmﬁ 68°C WU 7 W1l
dHandn PCR wUSouliiguruinuesuauiiduloves
full-length S1 gene L%IE) AvCoVs Ul 0.8% agarose gel
electrophoresis fifoude ethidium bromide W&9537
ananglauas UV

4. MTIATIREAUAITWUSNTINEIY full-length S1
waZN1SIATIZIINISAA recombination

s purify wandnfldulenls DNA Gel
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extraction Kit (Qiagen, USA) MNTMTIATERE T
miﬁuqﬂsmﬁqa Big Dye Terminator v3.1 cycle
sequencing kit (Applied Biosystem, Foster City, USA)
iag ABI PRISM 310 (Applied Biosystem, Foster City,
USA) ynnsidSeuiiisuanunangaaeiulag Auaunus
yosduinalelnduazdrdunsnesiiluiuidel3a
AvCoVs fnenlalulnlutisssaznaniriusiuay 5
Foguusinfunasnausniaudnseoluiinanlag
nsuladng uasdiolda AvCovs foglugnudoyavos
GenBank 8n 168 foend laglglusinsu BioEdit software
version 7.0.5.3. %Wﬂﬁuﬁ%ﬂmmuqﬁ phylogenetic tree
#2835 MUSCLE Tulusunsu MEGA version 7.0.26 (Kumar
et al., 2016) @513 Bayesian trees Aaelusunsy MrBayes
3.2.6 (http://mrbayes.sourceforge.net) ez Kakusan
version 4.4.0 (Tanabe, 2007) LLa%VT’]ﬂ’ﬁﬁ%’NLLNUQfI
phylogeny Tnen1sinuadifies uun lineage Y9980
AvCoVs fvhnsSsudisude FigTree version 1.4.3
(http://tree.bio.ed.ac.uk/software/figtree)

Anwn1siin recombination laglglusunsuy
Recombination Detection Program (RDP) version 4.95
%n@é’ﬂwmzmﬂﬁm potential recombination Wag
recombination breakpoints lagn1siUTauLis Uiy
parental strains ﬁgﬂﬁﬂﬂumimﬁ% RDP, MaxChi,
BootScan, SiScan and GENECONV lagdian P value <
0.05 (Martin et al., 2015)
5. Virus Histochemistry

W3suisunsiu (bind) veeide AvCoVs Auws
L?jaqﬁwaqﬁmmﬂmmmaﬂdLLaZLfﬂmléfLLd Naenal
fiu §1d lo nsznnzwdt 1ne3 virus histochemistry 84
FauUasnizues Mork et al. (2014) feil Yiifoidound
vaslnwazilneny 6 dUai wseududlas frozen section
Vualaddedeldaildain infected-AF fflidol%a
USua 3x10° fluorescent focus unit (FFU) vaeanngn
Vliduulnerun13NT0998 0.45 UM polyethersulfone
membrane filter ﬂualaﬁﬁqquﬁ 4°C w1 Ay Ty
moisture chamber 9ntudsdladaaeansazany PBS
$19u 3 A%e udavualadeae fae nucleoprotein
antibody flgauvgil 4°C uu 1 $alug dnsaladeiae
ansazany PBS §1uau 3 A% udlualaddesy FITC-
labeled secondary antibody (uLAgIAuds IFA) i
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gaunall 4°C U 1 Hlug %umuqmﬁwé’waiaﬁé’w
@158¥any PBS A9Io9U19AU mm@mﬁumamfﬁyaiﬁauu
L?jaqﬂ:}@ﬁ"aané’awamsﬂﬁﬂgaaﬁawuﬁ GRVLPRERE
mmmﬁaL?ialfiLLazLflmﬁwmiﬂmiaééhamiazma PBS
WIUNSULAE infected-AF WiiaRia1saninnanisnageu

laiAn non-specific staining

NakazIA5al

mnﬁaa&hﬁwmmmmme**?iyauazﬁqaﬂl,%a
AvCoVs 1@ 2 @ae819 (AvCoV/Du/Thailand/128/2015
waz AvCoV/Du/Thailand/165/2016) laeds IFA waz
RT-PCR (Table 1) §nwaizuas CAM finielhdaaznuns
13990a@9U99 nucleoprotein Tudiuveslalanaiay
wdnsAnide 48-72 4l (Figure 1A) Lﬁaﬂma@w‘ia
Mendimsindeun 7 Ju nsaanuseslsaiidudnuae

Table 1. Two AvCoVs isolated from ducks from flocks in different provinces.

FUNILVRINTTAATD AvCoVs aun BuuslaunnauLas

upszun3u (Figure 1B)

Figure 1. Avian coronavirus-QX strain-infected embryos.
A. Cytoplasmic fluorescent staining of CAM epithelia
detected after 48 hours inoculation using a monoclonal
antibody against AvCoV nucleoprotein. B. Curling and
stunting embryos (right) were typically characteristic of
AvCoV infection compared to a normal embryo (left)
after 7 days inoculation.

The chicken isolates and a

vaccine strain were also included for genetic comparison.

Isolate designation® Year of Province Bird Age Clinical  Other birds in the GenBank
isolation type signs*** raising area accession no.
AvCoV/Du/Thailand/128/2015° 2015 Songkhla Meat ** 30 d D,RE Duck breeders MG272487
(Parent stock)

AvCoV/Du/Thailand/165/2016 2016 Krabi Meat 40d D, S Native chickens MG272489
AvCoV/Ch/Thailand/308/2015 2015 N.Sithammarat  Broiler 7d D, R - MG272485
AvCoV/Ch/Thailand/480/2015 2015 Yala Native 60d D - MG272486
AvCoV/Ch/Thailand/724/2017 2017 Uttaradit Native 4m D - MG272490
AvCoV/Ch/Thailand/725/2017 2017 Uttaradit Native 4m D - MG272491
AvCoV/Ch/Thailand/1351/2017 2017 Uthai Thani Broiler 21d - - MG272488
AvCoV/Ch/Thailand/Vaccine/2017 2017 - - - - - MG272492

* according to Recommendations for a Standardized Avian Coronavirus Nomenclature (Ducatez, 2016)

** Muscovy ducks

*** Clinical signs; D: depress E: enteric, R: respiratory, S: sudden death

# co-infection with Muscovy duck parvovirus (MDPV) by egg inoculation and confirmed by IFA test

dlevhnsiseudisunnuedendatuuazaing
Fuitugvesdriduiandlelnduazdrdunsaezilufuide
AvCoVs Buq wuhidshiafiuenldisaessegisdneglu
g OX uandlowisuifieuiudelada Avcov-BY 7
wonldluldlughesseznanfofuiudehiafuenlaly
LﬂﬂWUjWL‘ﬁla AvCoV/Ch/Thailand/480/2015, AvCoV/Ch/
Thailand/724/2017 wag AvCoV/Ch/Thailand/ 725/2017
fnogluaeiug QX wWwideafy dauide AvCov/Ch/
Thailand/308/2015 daegluanesiugiadu Ma1 luvaed

s

o AvCoV/Ch/Thailand/1351/ 2017 aglunguaneiius

q
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Chinese derived M41 (Figure 2) wan1stUSauLiay
WosWusmupdeadaiuYasdIsunsnasllunuINge
I¥anwenlaarndawazaintne 7 fegreldfiniiy

o

U

v § W

Tusiuinguindnlaensuuadnd (% similarity < 0.9)
#N15An®1 recombination veudelaialag

s

finLdian putative parental strains ﬁﬂmdﬂ%lﬂumaﬁuq
furnidnveadelh3ariuenldannsinuadst annnaves
M5LATIZRFEFE RDP analysis WU AvCoVs fiuen
Igandevsaessegndlaifinisiin recombination fuide

Th¥a AvCoV anemiugiu vaiieiudehianiaedinny
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willouffuwehiiaaenug QX Mwenenlaluln 91nkan1s
AnwRsasuleinae AvCovs Tuladuwelsaaneiug
a v o A | = e
wennunuiweastanululn wazns@nwddusieany
NINTIINUED AvCoV aneiiug QX aswusnluidn
3@ virus tropism laeleiae AvCoV/Du/
Thailand/165/2016 Jusnuwnulunis@ny Liasanie
AvCoV/Du/Thailand/128/ 2015 A53aNUININN1SHALTD
W15hh$aludn (MDPV) sausne (Table 1) B9013iinaso
= o W & A a o
nsAn¥INsTuiuvese AvCoVs UuLBaYRIvRIdHN
- & & o v & &
Vnaed NHANSANYinuIgeliTameriug QX 91nida
anansaduivileyraludiuvasnay nssmizud $u e
oy & Vo P o
wazaldanvestn dwludeoidanunisinieduves
wahi¥aamzideyialudwdldian (Figure 3)

European lineages

Widely distributed linages
European and African lineages
South American lineages
African lineages

Middle Eastern lineages

North American lineages
American and Asian lineages
Asian lineages

Australian and New Zealand lineages

Tulagtuiisenunisuenidie AvCovs lalwda
Faanunsanelsalavialudavinazidaides (Cavanagh,
2005; Chu et al,, 2011) Tusreauatuiidusieanunis
wene AvCoVs Turdaidunsausnlulsemalneg We

. A 2 = a &
AvCoV/Du/Thailand/128/2015 Nuenlatuiniinsinie
saufuenishhsalude Tuvusiiie AvCoV/Du/
Thailand/165/2016 wenlaanndafiiessiuiulniuiies
wamﬁmiwxﬁﬁﬂﬁuaﬂiﬁuqﬂiiuwua'wLﬂuL%ala%’a
g QX Fallemupdeiuehdanuentaluliiidamin

a ¢ v o2 1A o A Y < X
grawaransang wandiiuindehifanuenlaaindail
| < & o A ~ X o ea
Uraziluahanunannlnlagnizmninisdesdnivn
NANYYUATINNY %na’mLﬂummmmmﬂﬁmmi Ao
PUUsENINElTd (Promkuntod, 2016) Wuligniuiu
msanedmiululsaldninlugdniln (Teinsin, 2011)

*QX : AvCoV/Du/Thailand/128/2015
AvCoV/Du/Thailand/165/2016
AvCoV/Ch/Thailand/480/2015

AvCoV/Ch/Thailand/724/2017
AvCoV/Ch/Thailand/725/2017

*DLD vaccine : AvCoV/Ch/Thailand/Vaccine/2017 I

*Mass-type : AvCoV/Ch/Thailand/308/2015
AvCoV/Ch/Thailand/1351/2017

Figure 2.

Phylogenetic tree of the S1 protein. Full-length S1 sequences of AvCoV accessed from GenBank and 8 deposited

sequences from this study (k) were aligned as indicated in materials and methods. The tree is midpoint-rooted,

nodes are labelled with posterior probability value. Branches and taxon are highlighted with alternative colors

corresponded to the lineages. Arrow and Circles indicated AvCoV genotypes of the field isolates from this study.

lunsfnwianuiusUsmaiugnssulaenisiie
recombination lnglanizie AvCoVs Fudulidavila
RNA filoniaiinnisnatgiuggeninisiinnisiiia

AY
Thai NIAH

(insertion) wsean (deletion) vesdandlelnaluadiuves
Tsiudu S1 Fdldlunisuenaneiugidilonaiadue
Taaneiudlminuunasaiian (Hewson et al,, 2014) Tu
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Usenalynedsigauniswy recombination 989198
AvCoVs TulA (Pohuang et al,, 2011)  @wlun1sdnen
L % - o F oo d
AsIflidnunsAn recombination Yaudahsanwenlaly
& | v & o A v 1w g
Jn enananlidiaehianuenlatifegualunuilagens
a a & | A o ea a oA & &
fimsfawelulnmiednilnulindue saunade

Chicken

Duck

Mock

Trachea -
Proventriculus -
Spleen
Kidney

Intestine

Figure 3. Virus histochemistry. Binding of virus particles to
epithelial cells of selected chicken and duck tissues.
Binding was detected with a monoclonal antibody
against AvCoV nucleoprotein. Mock represented duck
tissues incubated with PBS.

dmsun13Anen virus tropism AN1SANYITILERS
WiduinmsdvrestehSauubouivedaadtuduius
fuAuguLsweINsinel¥dludnitn (Costa et al,
2012; Mork et al., 2014; Wickramasinghe et al., 2011)
= o & v o A a
ARanIsAnElus g ualulaonnasenunAe by
189U ULABLANIZDENENNTVAGDU Virus tropism Ul
T . . <
Welbeln d@unsneaeu virus tropism Tuldansiany
) & o A = a v oy a o
n1sduveadehifaisudeuiitvewisldian enadu
@ ' A a v o y¥Yd o
w33 00d receptors agumdayRivaantialdian o
FIBUNITAUNY protein receptors Voital5alu genus
Alphacoronaviruses \ag Betacoronaviruses (Masters,
2006) @l genus Gammacoronaviruses galaimedl
1 = dy
189U LANNIANYINN sugar receptor VoL AvCoVs
Fanuszneumeluianauinayie alpha (2,3)-linked
sialic acid (Promkuntod et al., 2014; Wickramasinghe
et al,, 2011; Winter et al., 2006) Inglugiuaes mucus-
producing goblet cells Negluiboyiivosdldvesdni
Unaefiuarilailegidudniunn (Wickramasinghe et
al., 2011)
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- & X ] v g & Y
nansanwAssanananteindaoradulnassa
T5AUaalin AvCoVs Wnanalasuitia AvCoVs unanntiuse
lasuidelhifadngszvvedoizaielu antuieliia
a1asaluduiu receptor Neguudeauiialuntisald 3
iwelh¥aanunsagndusenunegannsels wenanil
a | & ) L oA ' =
91adnmsunsnszateehfalugiladug Tiumse
gunassuvRula

ayunauasdalauaiue

51891t UTIBUAISLENRE AvCoVs Tu
Waldiduasiwsndadudaiideseglunialdves
Uszmelng wanslimiuinige AvCoVs tuaunsanulely
o eay Al v o A a | v &
dniUndugaenndesiulimeiisienulusisuseima fatiy
a = A a | &
ASHNNSANAURUDINITHNINTLINBVBAULD AvCoVs
Tudninansindudehfanunanlivioindaitndug
anunsordulaadnusssuvfveatia AvCoVs e laenis
d1909% e AvCoVs atsmatllodludnilndus saui
< = I A e &
Jn wagmsfinwanusunswedsaludaiiednwinga
annsadudniinlseiinainia AvCoVs 1o
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Isolation of avian coronaviruses in ducks in Thailand: the first report

Naruepol Promkuntod'* Chainarong Kulchim' Khanistar Rattanaburee”

Abstract

Background: Avian coronaviruses (AvCoVs), previously referred to as the well-known avian infectious
bronchitis virus (IBV), mainly affect chicken associated with a wide range of disease conditions. At present,
there is increased evidence that AvCoVs can infect species of birds other than chicken. This study, we aimed
at identifying AvCoVs that might be present in domestic free grazing ducks in the south and the lower north
of Thailand.

Methods: We performed virus isolation and identification by egg inoculation, indirect
immunofluorescent assay (IFA) and RT-PCR from 271 clinical samples. Next, the viruses were subjected to
genotype sequencing of the full-length AvCoVs S1 subunit sequence. We further analyzed the recombination
events of the isolates. The virus histochemistry was also performed to demonstrate the attachment of
viruses to epithelial tissues of chicken and duck.

Results: Two virus isolates were confirmed as AvCoVs, designated AvCoV/Du/Thailand/128/2015 and
AvCoV/Du/Thailand/165/2016. Phylogenetic analysis revealed that both duck isolates are of the QX genotype
that has been previously isolated in chickens. No potential recombination events and recombination
breakpoints of these two QX viruses with other genotypes occurred. Binding of the duck isolate QX type
(AvCoV/Du/Thailand/165/2016) to chicken tissues including trachea, spleen, proventriculus, kidney and small
intestine was consistent with the previously reported pathogenicity in chicken in vivo. Interestingly, the bound
QX-type virus was only observed in duck small intestine.

Conclusions: These findings confirm the first report of AvCoV isolation in ducks by egg inoculation and
virus identification by IFA and RT-PCR. The AvCoV-duck isolates are of chicken origin which was categorized
into the QX genotype by sequencing. The pathogenicity of these QX viruses can be further investigated in
duck and other bird species. In addition, long-term continual surveillance is very much important for

identification of AvCoV infection in ducks in Thailand.

Keyword: avian coronavirus, duck, isolation, Thailand
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Introduction

Recently, according to the Recommendations
for a Standardized Avian Coronavirus Nomenclature
(Ducatez, 2016), the name of avian coronavirus (AvCoV)
replaces the previously well-known avian infectious
bronchitis virus (IBV), causing infectious bronchitis (IB) in
chickens, that circulates worldwide (Jackwood, 2012).

AvCoVs are representative of the genus
Gammacoronavirus. AvCoV genome consists of a
single-stranded RNA that encodes four structural
proteins; one of which is spike (S) glycoprotein. The
S protein forms large club-shaped projections and is
formed by two non-covalently bound polypeptides,
S1and S2 subunits. The function of the S1is to attach
to host cell receptors while the S2 subunit mediates
fusion of the virus and the host cell membrane.
Moreover, the S1 consists of epitopes and determinants
for virus neutralizing antibodies that provide protective
immunity. Thus, S1 gene analysis has been widely
used to differentiate AvCoV-IBV genotypes (Cavanagh
and Gelb, 2008).

The primary target organ of AvCoVs is the upper
respiratory tract (Cavanagh and Gelb, 2008). Currently,
there are many AvCoV-IBV genotypes (or strains) that
are associated with a wide range conditions.
For instance, many nephropathogenic strains cause
kidney disease and production problem (Reddy et al.,
2016). The recent genotype, the QX-type virus, is
among the AvCoVs that are pathogenic in layers
particularly diminishing egg production and also
causing respiratory problem, proventriculitis and
severe kidney damage (Yudong et al., 1998).
However, not only chicken but other avian species
have recently been reported to be susceptible for
AvCov-infection such as guinea fowl (Ito et al., 1991),
pigeon (Jonassen et al.,, 2005; Qian et al., 2006),
peafowl and teal (Sun et al., 2007), mallard and geese
(Jonassen et al., 2005). At present, AvCoV identification
has already been reported in both wild and
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domestic ducks in term of either causing disease or

behaving as a carrier for possible co-circulation and
recombination of the viruses in particular sphere (Chen
et al,, 2013; Zhuang et al., 2015).

In Thailand, the occurrence of AvCoV-IBV was
firstly reported in chickens between 1953 and 1954
(Chindavanig, 1962). Later, several studies have been
demonstrated that AvCoV-IBV is present throughout
Thailand mainly caused by a Massachusetts and
its-derived variants, nephropathogenic and QX
genotypes (Antarasena et al., 2008; Pohuang et al,,
2009; Pohuang et al.,, 2011; Promkuntod et al., 2015).
However, the occurrence of AvCoVs in duck in
Thailand has not yet been reported. In this study, we
investigated AvCoV evidence in duck and its situation
in the south and the lower north of Thailand by
isolating and identifying the virus, determining genetic
characterization of the isolates compared to those of
AvCoVs that have been isolated from chickens and

achieving virus tropism on selected tissue sections.

Materials and methods

1. History, virus isolation and identification

Total of 271 clinical carcass samples from
free-grazing meat-type and egg-type ducks submitted
to The Veterinary Research and Development Center
(The Upper Southern [189 samples and 61 samples
in 2015 and 2016, respectively] and The Lower Northemn
[21 samples in 2017] Regions) were tested for
AvCoVs in order to discover whether ducks might
harbor the viruses either as “a natural host” or
“a carrier”. Virus isolation and propagation were
achieved by inoculating pooled and homogenized
suspected tissues into the allantoic cavity of
9-to-11 day-old embryonated chicken eggs (ECE). After
inoculation, the allantoic fluid (AF) and chorioallantoic
membrane (CAM) were harvested. Following three to
five blind passages, indirect immunofluorescence (IFA)

was tested for AvCoVs. Furthermore, a single-step
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RT-PCR was performed using a commercial kit (Qiagen,
USA), according to the manufacturer’s instruction to
amplify a fragment of the AvCoV specific 3’'UTR gene
(Adzhar et al., 1996) harvested from infected AF.
This study was approved by the Committee of the
Care and Use of Laboratory Animals, National Institute
of Animal Health [Project number: EA-007/61 (R)].
2. Indirect immunofluorescence

Antigen detection of AvCoV-IBV by IFA on frozen
infected CAM sections was described according to
Promkuntod et al. (2015). Briefly, the slides were
incubated with a monoclonal antibody directed
against the nucleoprotein (clone IB95, HyTest, Finland).
After three washing steps with Phosphate Buffered
Saline (PBS), the slides were incubated with fluorescein
isothiocyanate (FITC)-conjugated rabbit anti-mouse
immunoglobulin G (Dako, Denmark). Next, the sections
were washed in a similar manner and examined the
antibody binding using fluorescence microscopy
(Nikon, Tokyo). The AF harvested from the inoculated
ECE that were AvCoV-IBV positive, by IFA on
infected-CAMs, were kept at -80°C until use.
3. RNA Extraction and reverse transcription
polymerase chain reaction (RT-PCR)

After AvCoV-IBV infection was verified by both
IFA and RT-PCR, viral genomic RNA was extracted from
the AF using a viral RNA extraction kit (RNeasy, Qiagen,
USA). The purified viral RNA was reverse-transcribed
with SuperScript lll reverse transcriptase (Invitrogen,
USA) into cDNA synthesis. The 2 pl of cDNA was
amplified by PCR using two sets of the specific S1
glycoprotein gene primers. The vaccine strain (accession
number MG272492) was used as the positive control.
These allowed amplifying a 1,593 bp fragment of the
full-length S1 gene (Pohuang et al., 2011). The RT-PCR
protocol was done in 50 pl reaction mixture
containing 0.2 U Platinum Tag DNA Polymerase High
Fidelity (Invitrogen, USA), 5 pl 10x High Fidelity PCR
buffer, 0.2 uM forward and reverse primers, 2mM

MgSO,, 0.2 mM dNTP, and adjusted to final volume
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with DEPC-treated water. The RT-PCR cycling condition
was done into the followings: heating at 94°C for 2
min, 40 repetitions of denaturation at 94°C for 30 s,
annealing at 55°C for 30 s, extension at 68°C for 2 min,
and a final extension at 68°C for 7 min. The RT-PCR
products were initially visualized on 0.8% agarose gel
electrophoresis under UV illumination.

4. Full-length S1-AvCoV sequencing and recombination
analysis

The amplicons were subsequently purified
using DNA Gel extraction Kit (Qiagen, USA). DNA
sequencing was generated using the Big Dye Terminator
v3.1 cycle sequencing kit (Applied Biosystem, Foster
City, USA). The products of the sequencing reaction
were cleaned-up using ethanol precipitation method
and sequenced in an ABI PRISM 310 (Applied Biosystem,
Foster City, USA). Sequence data were assembled and
edited with BioEdit software v7.0.5.3 (www.mbio.ncsu.
edu).

The full-length S1 spike protein gene coding
sequences comprised the sequences of the local Thai
AvCoV-isolates from this study including the duck
isolates, five chicken isolates (selected from areas
during the period when the duck-viruses were isolated)
and a DLD vaccine strain along with other 168
sequences from GenBank. A complete alignment of
the 176 sequences was made using MUSCLE
available in the MEGA version 7.0.26 (Kumar et al,,
2016). Bayesian trees were generated from coding
sequences with MrBayes 3.2.6 (http://mrbayes.source-
forge.net) using parameters selected by Akaike’s
Information Criterion (AIC) with the GTR+G model
selected as the best model by Kakusan version 4.4.0
(Tanabe, 2007). MrBayes was run for 5,000,000 generations
with four simultaneous Metropolis-coupled Monte
Carlo Markov chains (MCMC) sampled every 500
generation. The average standard deviation of split
frequencies dropped to less than 0.01. The first 25%
of the trees were discarded as burn-in with the

remaining samples used to generate the consensus
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tree. The trees were visualized and color-coded with
FigTree version 1.4.3 (http://tree.bio.ed.ac.uk/soft-
ware/figtree). Moreover, all sequences were tested
for recombination using Recombination Detection
Program (RDP) version 4.95. Potential recombination
events and recombination breakpoints were identified
using RDP, MaxChi, BootScan, SiScan and GENECONV
methods to identify putative parental sequences with
significance set at P value < 0.05 (Martin et al., 2015).
5. Virus Histochemistry on tissue sections (ex vivo)

Attachment of the AvCoV-duck isolate to
epithelial tissues of the respiratory and the digestive
tracts of ducks and chickens was visualized by virus
histochemistry modified from previously described
(Mork et al., 2014). To do this, the viruses were
propagated in a same manner described in the IFA
test. The infected-AF containing 3x10° fluorescent
focus unit (FFU) was concentrated via 0.45 uM
polyethersulfone membrane filter and was applied
on acetone-fixed frozen histologically normal tissue
sections: trachea, spleen, proventriculus, kidney and
small intestine of 6-week old chicken and duck
included. Next, the tissue sections were incubated in
a moisture chamber at 4°C overnight. After three
washing steps, the nucleoprotein antibody was
applied on the tissue sections followed by incubating
at 4°C for 1 hr. Attachment of viruses was visualized
by labeling the bound virus particles with FITC-labeled
secondary antibody as described in IFA test, incubating
at 4°C for 1 hr. Then, the sections were washed in a
similar manner and examined the virus binding using
fluorescence microscopy. Mock tissue slides included

both chicken and duck tissues incubated with PBS.

Results and discussion

Of total, AvCoVs have been isolated and
identified from two duck samples by RT-PCR and IFA
(Table 1). AvCoV-infection revealed nucleoprotein
fluorescent cytoplasmic staining in the epithelial cells

of CAMs after inoculating the homogenized tissue
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suspension via allantoic cavity for 48-72 hr (Figure 1A).
The typical stunting and curling embryos were also

recognized at 7 days post inoculation (Figure 1B).

Figure 1. Avian coronavirus-QX strain-infected embryos.
A. Cytoplasmic fluorescent staining of CAM epithelia
detected after 48 hours inoculation using a monoclonal
antibody against AvCoV nucleoprotein. B. Curling and
stunting embryos (right) were typically characteristic of
AvCoV infection compared to a normal embryo (left)
after 7 days inoculation.

Next, we constructed phylogenetic tree using
nucleotide sequences of the complete S1 genes. Our
finding revealed that both duck AvCoV isolates were
categorized into a QX genotype. We also compared
these two viruses to those of five chicken AvCoVs
isolated during the period overlapping when the duck
isolates were identified (Table 1). The chicken isolates
including the AvCoV/Ch/Thailand/480/2015, the Av-
CoV/Ch/Thailand/724/2017 and the AvCoV/Ch/Thai-
land/725/2017 were also classified into the QX strain.
The AvCoV/Ch/Thailand/308/2015 belonged to the
M41 vaccine while the AvCoV/Ch/Thailand/1351/2017
correlated to a Chinese derived M41 (Figure 2). The
percentage of nucleotide and amino acid sequence
identities indicated that neither duck nor chicken
AvoCv-isolates shared high identity to the DLD-vaccine
(% similarity < 0.9).

Next, we carried out the recombination analysis.
The strains of viruses would be considered as
recombinants if any crossover event took place
between two putative parental strains. The RDP
analysis showed that no potential recombination
events and recombination breakpoints were identified.
The QX virus of duck isolates resembled to those

previously reported in chickens. This can be concluded
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Table 1. Two AvCoVs isolated from ducks from flocks in different provinces. The chicken isolates and a

vaccine strain were also included for genetic comparison.

Isolate designation* Year of Province Bird Age Clinical  Other birds in the GenBank
isolation type signs*** raising area accession no.
AvCoV/Du/Thailand/128/2015° 2015 Songkhla Meat ** 30d D, R, E Duck breeders MG272487
(Parent stock)

AvCoV/Du/Thailand/165/2016 2016 Krabi Meat 40d D, S Native chickens MG272489
AvCoV/Ch/Thailand/308/2015 2015 N.Sithammarat  Broiler 7d D, R - MG272485
AvCoV/Ch/Thailand/480/2015 2015 Yala Native 60d D MG272486
AvCoV/Ch/Thailand/724/2017 2017 Uttaradit Native 4m D - MG272490
AvCoV/Ch/Thailand/725/2017 2017 Uttaradit Native 4m D - MG272491
AvCoV/Ch/Thailand/1351/2017 2017 Uthai Thani Broiler 21d - - MG272488
AvCoV/Ch/Thailand/Vaccine/2017 2017 MG272492

* according to Recommendations for a Standardized Avian Coronavirus Nomenclature (Ducatez, 2016)

** Muscovy ducks

*** Clinical signs; D: depress E: enteric, R: respiratory, S: sudden death

* co-infection with Muscovy duck parvovirus (MDPV) by egg inoculation and confirmed by IFA test

that the duck QX isolates are the same viruses
previously found in chicken flocks in Thailand and
this is the first report that QX strain was present in
duck.

We analyzed virus tropism of the duck
isolated-QX strain to chicken and duck organs.
To prevent interference of AvCoV-binding, only the
AvCoV/Du/Thailand/165/2016 was used for virus
histochemistry since there was co-MDPV infection for
the AvCoV/Du/Thailand/128/2015 (Table 1). Binding
of the QX-virus particles to chicken epithelial tissues
was detected in trachea, proventriculus, spleen,
kidney and small intestine. Interestingly, only binding
to small intestinal epithelium of duck was observed
(Figure 3).

As previous reports, AvCoVs could be isolated
and is able to cause disease in domestic and wild ducks
(reviewed in Cavanagh, 2005; Chu et al., 2011). Here
we reported the first case of AvCoVs isolated from
Muscovy ducks raised in the south of Thailand. AvCoV/
Du/Thailand/128/2015 was isolated from ducks
co-infected with MDPV while AvCoV/Du/Thailand/
165/2016 was isolated from ducks raised within native
chicken community. The genotype sequencing

revealed that they are both of QX virus and they also
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shared similarity of nucleotide and protein structure
to those of the viruses isolated in chickens in the
south (Yala province) and in the lower north (Uttaradit
province) of Thailand. This indicated that the
AvCoV-duck isolates may be of chicken origin
especially in case of ducks infected with AvCoV/Du/
Thailand/ 165/2016 that were raised in the same area
of native chickens. This suggests the possible inter-
avian species transmission (reviewed in Promkuntod,
2016) which is similar to the case of avian influenza
viruses (Tiensin, 2011). The QX-type virus was first
reported in China and mainly caused atrophic oviducts,
which resulted in a decrease in egg production (Yudong
et al,, 1998). In Thailand, the QX viruses have been
reported previously either in southermn and central
parts of Thailand (Antarasena et al., 2008; Pohuang et
al,, 2009; Pohuang et al,, 2011; Promkuntod et al,,
2015).
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European and African lineages
South American lineages
African lineages

Middle Eastern lineages

North American lineages
American and Asian lineages
Asian lineages

Australian and New Zealand lineages

*QX : AvCoV/Du/Thailand/128/2015
AvCoV/Du/Thailand/165/2016
AvCoV/Ch/Thailand/480/2015

AvCoV/Ch/Thailand/724/2017
AvCoV/Ch/Thailand/725/2017

q *DLD vaccine : AvCoV/Ch/Thailand/Vaccine/2017

*Mass-type : AvCoV/Ch/Thailand/308/2015
AvCoV/Ch/Thailand/1351/2017

Figure 2. Phylogenetic tree of the S1 protein. Full-length S1 sequences of AvCoV accessed from GenBank and 8 deposited

sequences from this study (K ) were aligned as indicated in materials and methods. The tree is midpoint-rooted, nodes

are labelled with posterior probability value. Branches and taxon are highlighted with alternative colors corresponded

Chicken

Trachea

Proventriculus

Spleen

Kidney

Intestine

Figure 3. Virus histochemistry. Binding of virus particles to epithelial
cells of selected chicken and duck tissues. Binding was
detected with a monoclonal antibody against AvCoV
nucleoprotein. Mock represented duck tissues incubated
with PBS.
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to the lineages. Arrow and Circles indicate AvCoV
genotypes of the field isolates from this study.

For genetic diversity of the AvCoVs, recombination
among AvCoV-IBV, coupled with point mutation,
insertion, and deletion occurred in the genome
especially in the S1 protein, is thought to contribute
to the emergence of new variants (Hewson et al,,
2014). The recombination events have already been
demonstrated in AvCoV-chicken isolates in Thailand
(Pohuang et al., 2011). This study, we could not find
the recombination of duck isolates with other AvCoV
genotypes. These viruses might already be present in
such area either in chickens or other bird species
including ducks.

For virus histochemistry, it has been reported
that virus attachment to host tissues resembles the

pathogenicity of virus infection in avian species (Costa
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et al,, 2012; Mork et al., 2014; Wickramasinghe et al,,
2011). The binding property in chicken tissues from
our study was also comparable to that of previously
reported pathogenicity in chicken, undoubtedly. But
more interestingly, the QX attachment was found
only to duck small intestinal epithelium. This might
be implied that there are receptors for AvCoVs located
in the intestinal epithelium of ducks. The proposed
protein receptors have well been reported (Masters,
2006). Protein receptor among Gammacoronaviruses
has not yet been recognized but the alpha (2,3)-linked
sialic acid is so far known to be a sugar receptor for
AvCoVs (Promkuntod et al., 2014; Wickramasinghe et
al,, 2011; Winter et al., 2006). Avian intestinal epithelium
contains rich of mucus-producing goblet cells that
have already been shown to accommodate the alpha
(2,3)-linked sialic acid (Wickramasinghe et al., 2011).

Our study suggests that duck might be a carrier
for AvCoVs. In natural circumstance, ducks may get
infection from chickens or even the viruses may enter
to the internal system of ducks. Then the viruses are
capable of attaching to the susceptible epithelia in
the intestine, thereby subsequent spread of the viruses
via feces may occur. Moreover, AvCoV transmission
either to other ducks in the same flock or to other

bird species is also possible.

Conclusions and recommendations

Recently, the contribution of avian species
other than poultry to the transmission of AvCoVs has
been reported worldwide. Here, we report the first
case of AvCoVs in ducks that were raised in the south
of Thailand indicating the evidence of AvCoVs in
avian species other than chickens. Therefore, AvCoV
circulation in those birds needs to be discovered,
whether the circulating viruses are of chicken origins
or they exist naturally in other birds. Ultimately,
continual identification of AvCoVs in duck and other
birds should be considered. As well as, pathogenicity

study in ducks should also be further investigated if

AY
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this bird species might play an important role in AvCoV

transmission.
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Differential diagnosis of avian infectious laryngotracheitis

and diphtheritic form of fowlpox by multiplex PCR

Naruepol Promkuntod™ Khwansanee Suknao® Khanistar Rattanaburee®

Abstract

Background: Infectious laryngotracheitis virus (ILTV) and wet form of fowlpox virus (FPV) cause
diphtheritic lesions in the upper respiratory tract in chickens especially in trachea and buccal cavity. For this
study, we aimed at developing a single-step multiplex PCR diagnosis to differentiate these two causative
viruses.

Methods: The reference and the field isolates, ILTVs and FPVs, were inoculated on chorioallantoic
membrane (CAM) of 9-day-old embryonated chicken eggs for virus isolation. Pock lesions and histopathological
examination of infected CAMs were observed and compared between two virus infections. Thymidine kinase
gene was used as specific gene detection for Gallid herpesvirus-1 ILTV while 4b core protein gene was used
for detection of the FPV envelope glycoprotein G obtained from infected CAMs inoculated with ILTV and FPV
by multiplex-PCR.

Results: Various sizes of pock lesions were detected both from ILTV- and FPV-infected CAMs.
Intranuclear inclusions were observed in epithelial cells of ILTV-infected CAMs while intracytoplasmic
inclusions were found in CAMs infected with FPV. A 395-bp and/or a 647-bp DNA product of ILTV thymidine
kinase gene could be distinguished from a 579-bp DNA product of FPV 4b core protein gene by agarose gel
electrophoresis.

Conclusions: As a result, ILTV and FPV can be separated on agar gel electrophoresis by a multiplex
PCR. It is an easy technique and a useful tool in order to differentiate both viruses within 1-3 days from direct

samples. This can eventually be an alternative test compared to that of histopathological findings.

Keywords: Infectious laryngotracheitis virus, fowlpox virus, chickens, multiplex PCR, differential diagnosis
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Table 1. PCR primers used for molecular diagnosis of ILTV and FPV.

Viruses Target sequences Primers Sequences (5’ -2 3) Product References
size (bp)

GaHV-1  Thymidine kinase gene ILT GaHV-1 FW ACG ATG ACT CCG ACT TTC 395 Magouz, 2015
ILT GaHV-1 RV CGT TGG AGG TAG GTG GTA Pang et al., 2002

GaHV-1  Thymidine kinase gene ILT TK FW ACC TAC CTC CAA CGT ACA T 647 Diallo et al., 2010
ILT TK RV CCC ATA TCA GCA TTC TAG CG

FPV 4b core protein gene Pox 4b FW TCA GCA GGT GCT AAA CAA CA 579 Lee et al,, 1997
Pox 4b RV CGG TAG CTT AAC GCC GAA TA

nsusnileuazigaviida ILTV uas FPV
nsusnilelafadlaladin

wsngunsvaaesiaidelifassl nqud 1 dade
ILTV ndufl 2 Baide FPV nauil 3 daiife ILTV CH/NK328/35
uag FPV CH/NK691/41 nguil 4 (Hunguaiunuay
Anansazaty PBS Whlvlniln ngluusaznguiiinisde
dhegadioliaas 5 wos dndegradiehiadnlvlaing
919 9 ¥u asuL CAM USunas 0.1 ml dewes thidhdiind
gl 37°C uddewnsiaganuinunAvaslylnfinuiu
7 Yu i linudBuiigamnd 4°C umu 4-6 lag
AI5N15U83 World Organisation for Animal Health
(OIE, 2014, 2016) wag Policy for use of avian embryos
(Florida State University, 2005) ns13g308lsa pock
lesion uu CAM (OIE, 2014, 2016; Tripathy, 1998;
Tripathy and Reed, 1998) msfinwiilaniunsiiansan
MnAngnssIMItfuguantndsuaslidnfionuma
Inrmans aonduavnindniuviand sialasanig
EA-008/61 (R)
N13159350815AN199ANEI5INEN

1 infected CAM 9nlslAflnnd @adafinu pock
lesion @3se PBS wanudlu 10% buffered formalin
un 24 9l ednwanmveaiewe vdsnduih
cAM wutluioymuens 70% uu 24 Falus uaziduileide
Tudausisehuauiunseiendedonsganesine uay
wisnludlandouioifedied Hematoxylin & Eosin
(H&E) U1lunsiagseslsaniegane1dingisiendes
qanTsAvLasadng (Tripathy, 1998; Tripathy and Reed,
1998)
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N13M35931A835 PCR waz multiplex PCR

1} infected CAM fiwu pock lesion 1uavindu
10% (w/v) tissue suspension {jué’aaméamgumfﬁm
AAE7 3,000 rpm 91 4°C Wi 5 Wit wenienla
duuY (supernatant) snafinfiduemeeaindusagy
Viral DNA Kit (Omega Bio-Tek, USA) AMs38n15U8 K&
\iensavBudan thymidine kinase gene Faduduaes
DNA polymerase gene 984 Gallid Herpesvirus-1 (GaHV-1)
dmsude ILTV wazasramduvesisiilassedad ab
core protein gene dwSudle FPV (Table 1)

ey master mix Tun15viUAzen PCR Tuusiay
Alwsiues (Table 1) Usu1mssau 20 pllagldyn Platinum
Taqg DNA polymerase (Invitrogen, Germany) Fausznou
8 10x buffer USums 2.0 pl, 10 mM dNTPs Usung
0.4 pl, 50 mM MgClL U315 0.6 i, 0.2 pM forward
primer U11615 0.4 ul, 0.2 UM reverse primer U393
0.4 p, Platinum Taq U116 0.08 pl, DEPC water Usunng
14.12 pl ey DNA template Y3103 2.0 pl

dmsudiunan mater mix Tun1svin multiplex
PCR Tneldlnsiueg 2 ¢ (fousnsewinado ILTV was
FPV) USu1915571 25 pl il 10x buffer Usuns 2.5 ul,
10 mM dNTPs U3uais 0.5 pl, 50 mM MgClL U3unns
0.75 pl @ansadenllnswesdmsuie ILTV laun 0.2
pM ILT GaHV-1 FW wag 0.2 uM ILT GaHV-1 RV v3el4
0.2 UM ILT TK FW wag 0.2 uM ILT TK RV YIumsag 0.5
ul @ulnswesveade FPV 1§ 0.2 uM Pox 4b FW uas
0.2 uM Pox 4b RV U3umsaz 0.5 pl, Platinum Taq
Y3195 0.1 pl, DEPC water U195 16.65 pl wag DNA
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template U3uns 2.5 pLsluﬂiajﬁ‘[.%ﬁqmlwmua%ﬂgqqum
TUSuUSmsuea DEPC water wisliléiuSinnssau 25 pt

Prdrunaufinarndaonfinuiuwans
WgnssumeléanneivivuA%en PCR uaz multiplex PCR
ﬁﬁﬁ%umau pre-denaturation ﬁqmwgﬁ 94°C W 1 Wi
Sumeu denaturation ﬁqquﬁ 94°C w1 30 7l Yupou
annealing ﬁqmmﬁ 56°C wIu 45 Uil wazduney
extension 71 72°C w1 1 wndi $1u3u 35 SeU AUdIe
%y’umau final extension ﬁqm‘wqﬁ 72°C W 7 Wil i
nanan PCR 33ouifisurunnveuauiidueveside
T¥andeiinuy 2% agarose gel electrophoresis i
gousie 0.5 ug/ml ethidium bromide WAInsIINE
melaneas UV
NIINAFDUAMUT NN (specificity)

e herpes virus Tungudus léun ohda
1504 (Gallid herpesvirus 2 w38 Marek’s disease virus
1, MDV-1) (Maiya et al., 1998) wazidehyanilsadn
(Anatid herpesvirus 1, duck viral enteritis) (l95umny
BuATIEIINAUSITLaT TR IFRILNdNARY Tuan)
nsnagauaula (sensitivity)

naasuUsunavedhfafduelussduiiannse
n319aeuUlAUL agarose gel electrophoresis Usgnause
M3um3ea DNA template Tnevihnsidennsasadsay 10 wh
Feldusinauiduevede ILTV uay FPV daust 10 pg fis
10° pg Tumsnaaeu YinsifisUTunaanswugnssis
Wenufinan dradiulu 1X PCR buffer Tagld Sheared
Salmon Sperm DNA (SSS DNA) (Invitrogen, Germany)
Fifimnuidudu 2 ng/pl 18w carrier DNA ieannanszny
904 plastic charge wazifioliléen repeatability fifas
finugndeslunsdiivhnsideansiiduleuiinaliosy
SUsinafiBueseines Qubit Fluorometric Quantitation
(Invitrogen, USA) (51’:1&17;61 Qubit dsDNA BR Assay Kit
(Invitrogen, USA)

NaukazIsal

nansueniYe ILTV way FPV Tulylrdin

wiimsaade 1TV d1efug T-20 ATIANUNIT
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Figure 1. Variety of pock formation from CAMs inoculated with

different isolates of ILTV, FPV and co-infected FPV&ILTV

at 5-7 days p.i.

A. ILTV-infected CAMs. A-1. ILTV T-20 strain, A-2.
ILT CH/NK328/35, A-3. ILT CH/NK992/45

B. FPV-infected CAMs. B-1. CH/NK691/41, B-2.
CH/NK805964/59, B-3. CH/NK1282/42

C. FPV and ILTV co-infected CAMs.

D. Uninfected CAM.
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sauduioreniu (Figure 1: B-1, B-2, B-3) Shwauzselsn
493 CAM Finiadau ILTV way FPV wu CAM sindfauas uan
B plaque vwalng) (Figure 1C) dnwaizues CAM #
Unduanalilu Figure 1D
NANT5ATITBLLIANYANYITINGN

aNY1DIMNY1VBY ILTV-infected CAM WUANTHAWN
c?fﬂuehusumlfiauﬁ”’adw allantoic membrane, chorionic

membrane kag mesenchymal layer (Figure 2: A-1) ag
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M32ANU intranuclear inclusions Tu epithelial cells
(Figure 2: A-2)

9aNg19INY1Vee FPV-infected CAM WUATHWN
é'heuaaL?J'aqimmawwﬂudauﬁum chorionic epithelium
nulu epithelial cells 1An ballooning degeneration
ILaEWU eosinophilic intracyto-plasmic inclusion bodies
Fa3unTe97 Bollinger bodies agmelulelananan 1y
T A B e poxvirus (Figure 2: B-1,B-2)

9aNe15IMe1ves CAM fiRndotau ILTV uag FPV
wuidoynuni u1awadiiiin hyperplasia inssanifues

niawastsRsaialu multinucleated cells Lagmsanuy
intranuclear way intracytoplasmic inclusion bodies Tu
epithelial cells uenINASINUMSIAR destruction way
desquamation U84 epithelial cells auAUNITAANT
3na1aves blood capillaries @ CAM fifnidasuoeng
usImsIINUMERLLTaE (necrosis) (Figure 2: C-1,C-2, C-3)

dnwaizves CAM fiundivszneumeldey allantoic

membrane, chorionic membrane ag mesenchymal

layer sauandlu Figure 2D

Figure 2. Photomicrographs of infected-CAMs. H&E staining

A-1. ILTV-infected CAM (X100). A-2. Epithelial proliferation containing inctranuclear inclusion (yellow arrow) (X400).

B-1. FPV-infected CAM (X100). B-2. Hyperplastic cells (ballooning degeneration) containing eosinophilic intracytoplasmic

inclusion bodies (Bollinger inclusions) (arrows) (X400).
C-1. ILTV and FPV co-infected CAM (X100). C-2. Intracytoplasmic inclusions (yellow arrows). C-3. Intracytoplasmic
(yellow arrows) and intranuclear (black arrows) inclusions both observed in the infected cells of hyperplastic CAM

epithelia. Swelling of epithelial cells and cytoplasmic fusion resulting in formation of multinucleated cells (arrow

heads) (X400).

D. Uninfected CAM. CAM consisting of chorionic epithelium (chC), intermediate mesenchymal layer (chM), blood vessels

(v) and allantoic epithelium (chA). (X100)
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1998) N1305393adeLenlsADNIINAUNNIRaNTINe
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wazdesin vaean CAM vedluilnndsdniosalnei
miam%a ILTV 92m333NWV intranuclear inclusion bodies
Tu epithelial cells luszesusnuszanas 1-5 fundsmsinide
wé’qmﬂﬁ?u inclusions ®1amgluau epithelial cells
LﬁﬂmﬁL‘U’SEJuLLUaﬂLLa%gﬂVT’]mEJQuLﬁW necrosis (Guy et
al,, 1992; Purcell, 1971; VanderKop, 1993) &un139353am
inclusion bodies Tu epithelial cells ﬁﬁmiﬁm%ya FPV
#1U190R TN intracytoplasmic inclusions gdeanansa
adeuenlsalaudldnauulaeunfiagnu pock lesions
U CAM vasandaldlnilnUssuned 5-7 Tu
M1 2 3 4 5NfM1 2 3 4 5N

ILTV (GaHV primer)

ILTV (TK primer)

w

ILTVAFPY
(GaHV)
ILTV+FPV
(TK)

v
(GaHY)
' LTV (TK) &

O

Figure 3. Specificity of PCR and multiplex PCR. PCR amplification
of 395bp and 647bp of ILTV TK gene and 579bp of FPV
db core protein gene obtained from infected samples.
A. PCR detection. DNA products of 395bp of ILT GaHV1
primer. 1: ILTV T-20; 2: ILTV CH/NK/328/35; 3: ILTV
CH/NK992/45; 4: Gallid herpesvirus 2; 5: Anatid
herpesvirus 1

B. PCR detection. DNA products of 647bp of ILT TK
primer. 1: ILTV T-20; 2: ILTV CH/NK/328/35; 3: ILTV
CH/NK992/45; 4. Gallid herpesvirus 2; 5: Anatid
herpesvirus 1

C. PCR detection. DNA products of 579bp of Pox 4b
primer. 1: FPV CH/NK691/41; 2: FPV CH/NK805964/59;
3: FPV CH/NK1282/42

D. Multiplex PCR of all genes tested for both ILTV and
FPV. 1: FPV (579bp) + ILTV (395bp of ILT GaHV1
primer); 2: FPV (579bp) + ILTV (647bp of ILT TK primer);
3: ILTV (395bp of ILT GaHV1 primer); 4: ILTV (647bp of
ILT TK primer); 5: FPV (579bp); 6: Gallid herpesvirus
2; 7: Anatid herpesvirus 1

Lane M: 100bp DNA ladder (** = 500bp; * = 1Kb; Lane

N: negative control
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Figure 4. Sensitivity of PCR and multiplex PCR. A. DNA products
of 395bp of ILT GaHV1 primer. B. DNA products of 579bp
of Pox 4b primer. C. DNA products of 395bp of ILT GaHV1
primer and 579bp of Pox 4b primer.

Lane M: 100 bp DNA ladder (** = 500 bp; * = 1Kb); Lane
1: 10 pg of DNA each of 395 bp of ILT GaHV1 primer
and 579 bp of Pox db primer; Lane 2: 1 pg; Lane 3:
0.1 pg; Lane 4: 10-2 pg 10 fg; Lane 5: 10-3 pg; Lane
6: 10-4 pg; Lane 7: 10-5 pg; Lane 8: 10-6 pg
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Antimicrobial Susceptibility of Escherichia coli and Enterococcus spp. and

Resistant Genes in Swine Feces from Conventional and Semi-organic Pig Farms

Gamonsiri Bhumibhamon®, Prapassorn Chaowanasakul',

Prasobporn Thongnoon”  Anyarat Thipthara'

Abstract

Backgrounds: Organic farming, an agricultural system that restricts using antimicrobials and other
chemicals, has shown to slow down antimicrobial resistance problem. Nevertheless, there is also an animal
production type, namely semi-organic, that could not meet all requirements of organic farming but tend to
use less antimicrobials and chemicals than conventional farm. This study aimed to compare the prevalence
of antimicrobial resistances and resistant genes in swine feces between conventional and semi-organic farming.

Methods: 33 and 31 swine fecal samples were collected from conventional and semi-organic pig
farms respectively. Escherichia coli and Enterococcus spp. were cultured and tested for antimicrobial
susceptibility. Fecal DNA was extracted from swine feces and detected for resistance genes by Multiplex PCR.
Then the prevalence of antimicrobial resistances and resistant genes detected from fecal DNA were compared.

Results: In conventional farm, the percentage of E. coli resistance to cefotaxime 9.09%, ciprofloxacin
8.08%, colistin 6.06% and nalidixic acid 47.47%, the percentage of Enterococcus spp. resistance to ampicillin
56.57%, erythromycin 100%, gsentamicin 29.30%, streptomycin 100% and tetracycline 100% and the detection
of sull 100% and Int!/ 1 genes 100% in fecal DNA were higher than semi-organic farm significantly (p<0.05).
Noticeably, no meropenem and teicoplanin resistance found in both type of pig¢ productions.

Conclusions: Reducing antimicrobial consumption of semi-organic in this study might contribute to
reduce the emergence of antimicrobial resistance. Future study in larger sample size is needed to get the
information to promote semi-organic farming which could be an alternative way to slow down the resistance

problem and to support the prudent use of antimicrobials in livestock.

Keywords: antimicrobial susceptibility, resistant genes, Escherichia coli, Enterococcus spp., pig farm
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zsdmduLie 2 mﬁmﬁuﬁluaﬂaﬁmié’qﬁL%aﬁﬂﬁi’ﬂmumﬂ
sufaildosnunieiliannsamnzuondeld dniuns
ﬁﬂw’lﬂ%ﬁ?jﬁﬂwuﬁuLauﬁaﬁuﬁamﬁ'ﬁaQiiugaqmimﬂ
ﬁﬂwﬂuat.é‘maﬁaﬁmnﬂ%a‘[mamﬁd (fecal DNA) &aazlé
aLﬁuLamaqL%@LLUﬂﬁﬁaﬁy’wmiuyja Ima%’aaﬂaﬁlﬁ%tﬂu
ANTILVBIE DY NNSANEI9NLUATIS T anun Tl
Tuyadi’ TnemsAnunASsden@nwnBu sull, sul2, teth,
tetO uaw tets Saduduiinesosingu sulfonamides wa
ﬂfjiJ tetracyclines (Byrne-Bailey et al., 2009; Sapunaric
et.al., 2005) GﬁﬁLﬂumﬁwuf\ga%Wﬁﬁmﬂ%&J'NLL‘Wi'VTm&J
warldinluszoznanuuiiolSsuiisuanuuananwes
nsnuBumeen warAnwduditinudenlesiunisaos
fugadnviaeyiln (ntl 1) (Martinez-Freijo et al., 1998)
LﬁaﬂwaﬂﬁqLLuaIﬁMﬂawuquLLﬁmeQﬂzywﬂ
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nstAuAeEn

Andenvinsuansd i 2 vhsuiitivunanndilnd
Aesiulagvdail 1 fdnvarnisideswuuuni (conven-
tional) Huxlug 30 F gnsuu 160 67 Aeedapoms
dufagu Insldoriugadniuiidonuanstelaeend
TaflunsuAe amoxicillin, cephalosporin, enrofloxacin,
gentamicin 4@z tiamulin wuuda W$udi 2 fdnwazns
\Beauuuiedunsd (semi-organic) Tgnsudug 30 M
ansyu 150 6 Townsdisagunaniunadnudes uaz
Tdayulng wu U9 9 avladiienistostunazsnuilse
ﬁaﬁé’ﬁmﬁmﬂ%’mé\"mﬁ;a?ﬁﬂumﬁ%’ﬂmLﬁamﬂ%ayuvlﬁﬁ
Tyileina erildlurgufieo amoxicillin, oxytetracycline
waz sulfamethoxazole wuudn Tnesa 2 vindalaifivuiin
s1wazldeanslden

msiiviiegyagns 1 addlueumwey
2558 Sauvianun 64 FI9E1 Lﬂugaqmmm\lﬁuﬁﬁiwu
MSEBUUUUNG 33 drpeng (@ansyu 16 gnswsiiug 17
feEa) LLaSL‘ﬁw,luaa‘ﬂiﬁl’]ﬂW’lgmﬁﬁigUUﬂ’liLgﬁmLL‘U‘Uﬁd
dun3d 31 fee1e (AnIYU 15 gnsualiiug 16 fiee)
miLﬁmJuaqﬂwTﬂmLﬁuaﬂaiuﬁauﬁiﬂé’uﬁaﬁu an T
fageazUszanm 300 N3 Iziqﬁwaﬂaﬁﬂaaq%u Fahnga
Tuiy uazldludeiifiuinugamgif 4-8°C dagudise
wagdmuInsdEnIunng nalaneuvuniely 1 u
Wiovhnsinzuenidouazainmiiule
MsIzIeNLY uazn1sNAdauANlISUsRENRLYa TN

LWWELLEJﬂL%}E] E. coli way Enterococcus spp. 1ng
3% conventional method wagshnsnageudusudony
3vee Quin et al. (1994) fiuidelu 20% skim milk Tne
WU 3 isolates Aoiderafagne (1 isolate sio 1 viaon)
Aushwl37 -80°C ilesonsveaousialy

ﬁmaaﬂﬁﬂé’f’luﬂgaﬁw (Oxoid, Basingstoke, UK)
10 vfin dmsunaasuauhiutesdugainuenie
E. coli waz 9 vila d@15U Enterococcus spp. 9183 agar
disc diffusion #1u31%19571UYa4 Clinical and Laboratory
Standards Institute (Clinical and Laboratory Standards
Institute, 2016) lnenagaus I 3 isolates deLdose
Fregaiteinlenialunisnsianunisiesveie
(Cavalieri et al., 2005)
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msafaBule waznsnsadunesndae3s
multiplex PCR

anm DNA a ndiegeyaansineldynadn
QlAamp DNA Stool Mini Kit (Qiagen, Hilden, Germany)
LATATITMEUAEENGIEAE multiplex PCR $1uau 2 U
ﬁa‘iqmﬁ' 1 Wenaaaum sull, sul2 way Intl 1 AaAsees
Kerrn et al. (2002) °qm'171' 2 [ilonadaum tetM, tetO way
tetsauizuas Ne et al. (2001) Tneldtindudu negative
control Wag sull, sul2, Intl 1, tetM, tetO wag tetS genes
flaaulu vector pGEM®-T Fasy B4léFumnuoyasizs
MNUIne1dugmsa Ussinannsesuaudilu positive
control YB3LAAZBULAZATIAEOU PCR product ¢eds
gel electrophoresis (2% gel, 100 volt, 90 wilagdou
ALdULDAIY SYBR safe)
nsAAsIzvidaya

L‘U%‘&JULﬁEJ‘Umm**qmjaamiﬁasiamﬁmqa%mm
T E. coli wa Enterococcus spp. LLazgwﬁaaﬂm_gaqm
MnsyuuNsiassUnduasssuuRBuIdlngldananaaou
Fisher’s exact test muwiaumiglusunsy R Avualiaanu
uwanenefifedfan19adng p<0.05 uaziUTeuiisuain
‘wmﬂ‘wawmang‘dLLUUmiﬁammﬁﬂuqa%mawﬁaiu
Wsua 2 szuvlnediuanAfuinunainuany
Simpson’s diversity index lag 95% confidence interval
(95% Cl) ﬂ'ﬁ%ﬁﬁgm’hLLamﬁnm’]wmﬂwm&lﬁmnﬂ’jw

o o

TneAnuuanesitedAgnina 95% CI ldgauriuiy

NakazlIaTal

NANISINNZLENLYBLaTNAdaUAU LIS UYL B BEN
v =)
AUIATN

WISLBNWE £, coli kag Enterococcus spp. e

NYNFIBE1N MInageunUlITuioeIfuTainTes
Forts 2 ¥iladuau 3 isolates siodasiofetilneidy
{0 E. coli way Enterococcus spp. ¥inag 99 isolates
MNTFUUNITABUUUNR uaz 93 isolates INTEUU
nadsauiBurEe U Wans Table 1 uag Table 2
Tnaide £ coli Mnsvuunmsidssuuulniiinsiesesn
(?’T’luﬁga%w ampicillin, tetracycline Wag nalidixic acid g4
Whanudusuwsn (97.98%, 71.71% uay 47.47% Aanau)
Tnglifosiosn meropenem wiladieaitu dudean

WsuLuuAIBunIdinishese ampicilin, tetracycline

Thai NIAH

.‘Pﬂ

wa trimethoprim/sulfamethoxazole ga.tuanususiuusn
(97.85%, 81.72% way 68.82% muanv) laglifesoen
cefotaxime, ciprofloxacin, colistin Wa¥ meropenem Ef
ca o X ¥ ‘ ¥
Wasl@unn1sAeenueadio £ coli 9Mn5EUUNSHEREILUY
UnAiin1siee1n1ugating cefotaxime, ciprofloxacin,
.. e . . ' = a A 1 AW
colistin kaz nalidixic acid gaNIWUUNIDUNIEDYNNLUY
d1fy (p<0.05) pealsimuwuiniinisheewede £ coli
TuszuunisideawuuunAsnnawuundunsdeg19d
Hed1Agn1eadalu trimethoprim/sulfamethoxazole
(p-value<0.05)
\W® Enterococcus spp.annnIshaeavisaadhuull
miﬁa&J’lﬁ’mﬁ]a%wmﬁamiuamé’uﬁuLLiﬂmﬁauﬁuﬁa
erythromycin, streptomycm ey tetracyclme SNLGUBWJ’]
NITUUMSEBUUUNRTINSAReY 3 ey 100%
1 d d d d a a 6fal d
AULRNUNINTTUUNSEEaRUUNIBUNIITNsRee Ty
93.55%, 90.32% WAy 84.95% MIUANNU LAaTNUINID
N13Aen 881R 1UATNNNYIALNLT U teicoplanin
“ a2 ce o X x
YUALAEWNNY IaglUasIURNITABYNUDUTBIINTLUU
x an X - :
ANSAgILUUUNANNTSABD ampicillin, erythromycin,
gentamicin, streptomycin lLag tetracycline gjﬂﬂ’i’]LLUU
= a N6 1 AU o o aa
ANBUNILDYNUULAIAYNIEDR (p<0.05)
nansfnwinunshersegalusususiuves
g ¥ 2 e a oo X
Wlun1SLaeeane 2 syuuApuINLilauiuAanISAene
ampicillin az tetracycline ¥94L%® E. coli Wazn15Aons
erythromycin, streptomycin Wag tetracycline BN
Enterococcus spp. 91atl031131nn15L g8 L aloeng
unsvaneundunaiununaienisissmsasyivlnie
nsdesiukarinuilse nsAanwluasallaealunuin
¥ 2 - ¥ an X
WeNe 2 ¥a1nIEUUNISEgLUUUNATNISAREIAY
~ | X 4 a aAcs & P
@TINgINTsrUUMTAUUABunsE Fadululuiienie
a o o = PR a | &
REINUAUNSANYIUTB U BUTEWINTEUUNSIAEILUY
Unfkagseuudunsd (Bunner et al, 2007) @98194@A9
P & = a A cala A v
Iaansguunsifeawuuiadunsdninisdenldayulns
naununsldeiugatiniionislesiunazinwiline1s
dawalvinishegdnugadnanadla
N1INUNTIADEN trimethoprim/sulfamethoxazole
& . =& a e ' a v
Yoo £. coliluseuunaBunidgandiseuuuni aenndes
fudayaannisaeuaiunisideuasyilng fuatnidl
nslalunisu Fansheeniigendnenaunannisundunid
Tdenailaiidudiulvgdedndudedinsldedugain
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Table 1. Antimicrobial resistance rates of E. coli isolates

from conventional and semi-organic pig farms.

No. resistance isolates (%)

Antimicrobial agent

Conventional  Semi-organic

(n=99) (n=93)
Ampicillin (AMP) 97 (97.98) 91 (97.85)
Cefotaxime (CTX) 9 (9.09) 0(0)*
Chloramphenicol (CHL) 41 (41.41) 38 (40.86)
Ciprofloxacin (CIP) 8 (8.08) 0(0) *
Colistin (COL) 6 (6.06) 0(0) *
Gentamicin (GEN) 16 (16.16) 21 (22.58)
Meropenem (ME) 0 (0) 0(0)
Nalidixic acid (NA) 47 (47.47) 10 (10.75) *
Tetracycline (TET) 71 (71.71) 76 (81.72)
Trimethoprim/ 43 (43.43) 64 (68.82) *

sulfamethoxazole (SXT)

*Significant differences between the two operation types (p<0.05) by

Fisher’s exact test

Table 2. Antimicrobial resistance rates of Enterococcus
spp. isolates from conventional and semi-

organic pig farm.

No. resistance isolates (%)

Antimicrobial agent

Conventional ~ Semi-organic

(n=99) (n=93)
Ampicillin (AMP) 56 (56.57) 28 (30.11) *
Chloramphenicol (CHL) 12 (12.12) 11(11.83)
Erythromycin (E) 99 (100) 87 (93.55) *
Gentamicin (GEN) 29 (29.30) 15(16.13) *
Streptomycin (STR) 99 (100) 84 (90.32) *
Teicoplanin (TEI) 0(0) 0(0)
Tetracycline (TET) 99 (100) 79 (84.95) *
Tigecycline (TIG) 14 (14.14) 10 (10.75)
Vancomycin (V) 9(9.09) 7 (7.53)

*Significant differences between the two operation types (p<0.05) by

Fisher’s exact test

Ur 12 auun 3

Tunsainnsldayulnglalana Tuvueinsundssuy
X aa o A A =~ P
nsiagaLuUUnAfiendugainfivainaiedaianudiu
5NN ReNIN AIN1SANYIYaY Docic and Bilkei
(2003) uaw Akwar et al. (2008) AinunslderuaTn
yilahuusygazmtenililinnishonosistaiu il
ldnunisheerdugadniinenswmdiianudAgyuas

dy 1 Ya ¥ U
Lﬁ’lﬁ%’]ﬁﬂ’li@@ﬂ’]@ﬂ'Niﬂa“liﬂiﬂLLﬂ Meropenem &g

Teicoplanin INNITEBINT 2 F2UU

A . P d .. . .
sURUUNINNREIATUYATN (antimicrobial resistance
pattern)

X v = & .
JULUUNSARABEIANURATNUDTB E. coli uae
Enterococcus spp. Adlanslu Table 3 waz Table 4 1ng
" , X -
WUITe E coli Tuszuunisiaeaiuuinflag seuy
& = a oA o &
NSEILUUNBUYRENTIUI JULUUMSAIBeN 17 way 13
WUUANAU dwSUe Enterococcus spp. HsULUU
& o w A o I v oA
MM5ARY1 13 lag 17 WUUANAIAU WA uIMAIRY AL
aNVaNeYesFULUUNTeNYedie (Simpson’s diversity
index) kA 95% CI wuilifiauuana1euesguiuy
& ~ i v o ' < |
M3AeLERRINAT 95% Cl Fousiuiu pgalsimunun
x  d x an X
BANNITUANIAINTTUUANTEREUUVUUNRTNSADR D
FIUIUNFUEIUFATNGINTNTRNNINTTUUABUNTE
Inenie £. coli kag Enterococcus spp. MNTEUUNIILEEN
aa & ' o o PN
wuuUnAiin1sheengedn 8 uaz 7 nauauawiuluaen
W8 E. coli k@ Enterococcus spp. 31N5EUUNITHEEUU

=% a N el & i o w
maumaumimamqqqm 58y 6 ﬂqm’ma’mu
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Table 3. Resistance patterns of E. coli isolates from  Table 4. Resistance pattemns of Enterococcus spp isolates

conventional and semi-organic pig farm. from conventional and semi-organic pig farm.
No. No. resistance isolates (%) No. No. resistance isolates (%)
Resistance patterns ABO  Conventional  Semi-organic Resistance pattern ABO  Conventional Semi-organic
class (n=99) (n=93) class (n=99) (n=93)
pan susceptible 0 2(2.02) 2(2.15) pan susceptible 0 0(0) 3(3.23)
AMP 1 22(22.22) 4 (4.30) E 1 0(0) 3(3.23)
AMP, GEN 2 2(2.02) 2(2.15) STR 1 0(0) 3(3.23)
AMP, SXT 2 0(0) 3(3.23) E, STR 2 0(0) 2(2.15)
AMP, TET 2 12(12.12) 19 (20.43) AMP, E, STR 3 0(0) 3(3.23)
AMP, CHL, SXT 3 2(2.02) 6 (6.45) E, STR, TET 3 19 (19.20) 36 (38.71)
AMP, NAL, TET 3 11 (11.11) 2(2.15) AMP, E, STR, TET 4 32(32.32) 17 (18.28)
AMP, SXT, TET 3 2(2.02) 14 (15.05) CHL, E, STR, TET 4 5 (5.05) 5(5.37)
AMP, CHL, SXT, TET 4 10 (10.10) 16 (17.20) E, STR, TET, TIG 4 2(2.02) 2(2.15)
AMP, CTX, NAL, TET 4 2(2.02) 0(0) GEN, E, STR, TET 4 11 (11.11) 2(2.15)
AMP, GEN, SXT, TET 4 0(0) 7(7.53) GEN, E, TET, V 4 0(0) 3(3.23)
AMP, NAL, SXT, TET 4 5 (5.05) 0(0) AMP, E, STR, TET, TIG 5 3(3.03) 0(0)
AMP, CHL, GEN, SXT, TET 5 0(0) 10 (10.75) AMP, E, STR, TET, V 5 7(7.07) 1(1.08)
AMP, CHL, NAL, SXT, TET 5 12 (12.12) 6 (6.45) AMP, GEN, E, STR, TET 5 6 (6.06) 2(2.15)
AMP, GEN, NAL, SXT, TET 5 0(0) 2(2.15) CHL, E, STR, TET, TIG 5 2(2.02) 0(0)
AMP, CHL, CIP, GEN, NAL, TET 6 2(2.02) 0(0) CHL, GEN, E, STR, TET 5 0(0) 3(3.23)
AMP, CHL, CIP, NAL, SXT, TET 6 3(3.03) 0(0) GEN, E, STR, TET, TIG 5 4(4.04) 0(0)
AMP, CHL, GEN, NAL, 6 2(2.02) 0(0) AMP, CHL, GEN, E, STR, 6 3(3.03) 0(0)
SXT, TET TET
AMP, CHL, CIP, COL, GEN, 7 3(3.03) 0(0) AMP, E, STR, TET, TIG, V 6 0(0) 3(3.23)
NAL, TET AMP, GEN, E, STR, TET, TIG 6 3(3.03) 2(2.15)
Qx\i’ SC;(TCE:L GEN. ! 4(4.09) 0© CHL, GEN, E, STR, TET, TIG 6 0(0) 3(3.23)
AMP, CTX, CHL, COL, 8 3(3.03) 0(0) _?EATP’VCHL’ OFNL £ TR, ! 2202 0o
GEN, NAL, SXT, TET ’
No. resistance profile 17 13 No. resistance profile 13 17
Simpson’s diversity 0.89 (0.87, 0.88 Simpson’s diversity 0.83 0.80
index (95% ClI) 0.92) (0.86,0.91) index (95% Cl) (0.79,0.88) (0.75,0.88)
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Table 5. Resistant genes detected from conventional

and semi-organic pig farm.

No. sample (%)*

Genes
Conventional (n=33) Semi-organic (n=31)

sull 33 (100) 12 (38.71) *
sul2 33 (100) 31 (100)

Intl 1 33 (100) 22 (70.97) *
tetM 31(93.94) 31 (100)

tetO 33 (100) 31 (100)

tetS 1(3.03) 2(6.45)

*Significant differences between the two operation types (p<0.05) by

Fisher’s exact test

HANSASINTURDEN (resistant genes)

nsAsIINUBUReEN91n fecal DNA fiafnain
yavesansnauansly Table 5 lngwudu sul2, intl 1, tetM
uay tetO qﬂumﬂ?ﬁymﬁga 2 SEUU UIUBNENNITNTEY
Fvostumpeniluia 2 izwmn?iyaﬁfaLﬂu%’asﬂaaﬁuagu
Thasiinismseinfenisldoduqadnlunadesdng
ag19gndouasiiuizay laglanizniswudu int/ I
Fufeateefunisiinnisaeemasviavesiouas
Sutufiannsasenenlududessulériiumis horizontal
gene transfer Svaerilfmsnosiinsnszangegrenng
shuduAnnsaenennisaestulifuideinelsa
(Djordjevic et al., 2013) Lﬁam%mﬁﬂuamuﬁqﬂmmﬂﬁ
wuBuusazalelumsiasais 2 wuuwuidy sull wey Intl 1
FLmﬂaqﬂimmwumﬂ?:mLLUUUﬂaqumzwmiLgm
wuuiedunideyeideddgyvieadd (p<0.05)
Feornduldldnmsiasednlussuuidunddiinasinly
Sumoenanasld

ayUnauazdaiauauuz

miwummsqﬂsuaqms?ﬁya@iaméhua;a%wmau%a
E. coli way Enterococcus spp. Wagn1swudu sull uag
Intl 1 fitfeninegafitedndyluszuunmaidesgnauuy
Adunadidlen3suiouiunmsideuuunilunisane
ﬂ%gaﬁu'ju‘z]"a;gaﬁ'%Lﬁummmwﬁﬂﬁaﬂ@mmsl,ﬁm
ﬂ’]iﬁyaEJ’]‘U@\'1L‘?}IE]LLaSﬁWI‘UZjmﬂﬁﬂﬁui’mﬁ@lumﬂ%m
FuqatwegegniesuasinyauveunuaInagidesdn
§m7?ﬂLﬂu%;&aLﬁaaéfuﬁLLamdmw@?wﬁmiwmsw
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