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Detection of Mycobacterium bovis using in situ hybridization Technique
in Organs of Buffaloes

Luckana Ramrin” Nittaya Srikaewkhew Reka Kanitpun Jadsada Ratthanophart

Abstract

Backgrounds: Mycobacterium bovis (M. bovis) is a causative agent of bovine tuberculosis (bTB) that
can infect livestock, wildlife and human. In Thailand, emergence of bTB has been continuously reported.
The clinical signs of bTB infected hosts are mostly reported in a chronic form characterized by massive lesions
called tubercles often find at lungs and lymph nodes. Bacteriological isolation is the gold standard test for
bovine tuberculosis diagnosis, however; it is a time consuming and dangerous method. Here, we developed
in situ hybridization technique coupled with M. bovis specific DNA probe to detect M. bovis in buffalo organs.

Methods: Twenty-eight samples of lungs and lymph nodes from 14 buffaloes showed positive and
suspicious results by tuberculin skin test and/or gamma-interferon test were collected for detection of
M. bovis. The samples were cultured and confirmed by conventional PCR. For in situ hybridization test,
M. bovis-specific biotinylated DNA probes which specified to /S6110 gene were hybridized on the prepared
tissue slides. Streptavidin peroxidase was added for colorimetric analysis. Light field microscope was used to
detect a color development a positive reaction. Comparison of in situ hybridization test positive samples to
the samples positive to bacteriological isolation test was performed.

Results: The results of in situ hybridization method correspond to the gold standard test results that
53.57% (15/28) and 46.43% (13/28) of the samples were positive and negative respectively. The sensitivity,
specificity and accuracy of the tests were 100% after statistical calculation using a chi-square method. The
percent of M. bovis infection were found in tissues derived from pulmonary alveolar macrophage cell in
lungs and macrophage cell in lymph nodes as 57.14% (8/14) and 50% (7/14) respectively.

Conclusions: The in situ hybridization with M. bovis specific DNA probe developed in this study can
be used to detect M. bovis infection in organs obtained from buffaloes. This method is specific, sensitive and

safe, so it is enabled to use in pathology as confirmation test.

Keywords: Mycobacterium bovis, in situ hybridization technique, oreans, buffaloes
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Mycobacterium bovis (M. bovis) {uwuaiiie
WNTUUIN JUWWY dowfnd acid-fast viliiinlsndalse
Tulauaznszde (bovine tuberculosis) val,éﬂuﬂ@ﬁmi
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szunavilan lakaznszdefidulsadnnunisiielsauuy
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(Cousins, 2001)
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LW’]SLLEJﬂL%E)LﬂufJ%M’lmig’m (gold standard) lumsdugns
Tsn uinsunzusniedanudedifuitRnueafndol
yenaninsizuenidededldinauiuegaios 8
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uag eosin (H&E stain) (@uNAS, 2544) AIATINYID
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feg1e 3nNnszle 14 61 Tul w.a. 2559 Alvinaulnuay
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Bn1svadeuee OIE (2015a) Waz/#3915 gamma-
interferon test (IFN-Y) asi5vasyanaaay BOVIGAM®
Mycobacterium bovis Gamma Interferon Test kit for
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hehegneusvanas 5-10 ndu ldluewnsidsadiewan
nutrient broth 713 0.004% vos phenol red unliiaziden
#eirdes stomacher sanslaudiadionnaznou wdannii
11d7UU99 supernatant 11 3 ladanT AN Hexa
decylpyridinium chloride (HPC) Aa3tudy 0.15%
VS5 3 Nadans seiald 10 Wit ndaantutundud
AM57 1,650xg Lulaan 30 Wil Wduves sediment
FAUAIUVDY supernatant USung 1 laaans nausuiu
Wil sterile cotton swab theasuuevsiasade Herrold
egg yolk medium (HEY) 97u7U 3 %a9n WazeIns
Lowenstein-Jensen medium (LJ) 3143u 2 viaen thlUu
ﬁqmv«gﬁ 37 pernwaldea uueestoy 8 dunmi tlaladl
fiasdeun subculture (Payeur et al., 1993) warmsaadudy
\Fode3d PCR
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msasaadusudedleds PCR

aim DNA a’1ﬂiﬂiaﬁﬁmé’amﬁ%mawmﬁﬂ
QIAamp® DNA Mini Kit (QIAGEN, Germany) a5338ugiu
Tores multiplex PCR (Del Portillo et al., 1996) Ing
W lnswesiisidwuiuarsd Iwsiedef 1 (5-CGACGG-
GTCTGACGGCCAAACTCATC-3" g 5’-CTTGCTCGGTG-
GCCGGTTTTTCAGC-3") §§ PCR product wua 999 bp
Iwsiuesail 2 (5'-ACGGTGGGTACTAGGTGTGGGTTTC-3’
uag 5’- TCTGCGATTACTAGCGACTCCGACTTCA-3") 8l PCR
product 3w 543 bp UfASETI duau 25 lulasdns
Usznauseg 10 mM Tris-HCL, 50 mM KCL, 1.5 mM MgCl,
200 uM dNTP, forward Wag reverse primers 98198
1 pM, 0.5U taqg polymerase (Takara, Japan) tag DNA
template 3 Talasans thidia3es My Cycler™ Thermal
cycler (Bio-Rad, USA) aalUswnsusad initial denature
95 peATALTYd 8 U MIUAIY denaturation 94 BIFN
WwalGed 1 U9l annealing 71 9sALwal@yd WU 1.5 Ui
WAz extension 71 72 ssrniaiua W 2 117l $1um 30 5eU
WAz final extension 71 72 ssmealdua W 8 W udih
PCR product unseualvinlu 1.5% agarose 7 100
volt 11U 25 W9l foaLaanae SYBR Safe™ DNA gel stain
(Invitrogen, USA) §1UR81A309 Gel Doc™ XR+ (Bio-Rad,
USA) i@ M. bovis a¢1% PCR product aunn 543 bp ua
999 bp

NSNASDUARLEIS in situ hybridization

nan DNA probe Tasaonuuulnsimesliiaim
§rnziu DNA veaide M. bovis vadlansyle At
156110 Flglnswesaiiladuiuansil INST (5'-CGTGAG-
GGCATCGAGGTGGC-3" thag INS2 (5’-GCGTAGGCGTCG-
GTGACAAA-3") i mMAgeunieic PCR Usuinssiu 25
lulasans lneld nuclease-free water 11 lalAsans, 10x
buffer 2.5 lslasans, 200 UM dNTP, forward Wag reverse
primers 88198 0.8 UM, 0.5U taq polymerase (Takara,
Japan) uag DNA template 5 lulasang duduedes My
Cycler™ Thermal cycler (Bio-Rad, USA) Taglglusunsa
el initial denature 94 ssrnwadEE 2 U e
denaturation 94 asFwaLTEd UIU 30 UIT annealing
60 DIATATEE WU 30 IUIT WAz extension 72 BIAY

ALY WK 1 W7 91U9U 30 5OV WAy final extension
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72 perumaldea w5 Wil @dauaai PCR product
sunszwalniinly 1.5% agarose 71 100 volt w1 25 w1l
g MuseLATes Gel Doc™ XR+ (Bio-Rad, USA) a¢lé PCR
product Yum 245 bp (Phom et al,, 2016) AALIANTI
AU PCR product ﬁﬂmﬁﬂﬁﬁqw%&[mﬂﬁﬁmaﬁm
@333 QIAquick® Gel Extraction Kit (QIAGEN, Germany)
niuinaain DNA futewles] biotin Feldenan3agy
Biotin PCR Labeling Core Kit (Jena Bioscience, Germany)
Tneiinnsvt PCR reaction &< 10x PCR labeling buffer
2 lulpsans, biotin PCR labeling mix 2 lalasans, forward
wa reverse primer 9819a% 0.4 UM, DNA template (PCR
product) 5 lslAsans, 0.5U taq polymerase waz nuclease-
free water 8.5 Tulasans Usumssravaa 20 lalasans
Yrudneses My Cycler™ Thermal cycler (Bio-Rad, USA)
pulULNIULAL Y1519 PCR product Lag probe
Toepnunszualndiilu 19 agarose 71 100 volt Wiy 20 Wil
11 PCR product mv‘fﬂﬁﬁqwé Ingldynainduiogy
QIAquick® Gel Extraction Kit (QIAGEN, Germany) 9
audidiures DNA fheia3es BioSpectrometer (Eppen-
dorf, Germany) w&13311 biotinylated labeling probe
uldlutunousield
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(Trimming) Léﬁ’]giﬂizuauﬂwﬁqfﬁaaﬂa']ﬂL‘T‘J@L?jaLLé”aLmuﬁ
Faemnsily (Tissue processing) Husioifelumisily
(Tissue embedding) Yhudeamnsiiitailedovemnsyte
finde microtorne Wilsalasiiowdetivunamn 2-6 lumseu
Mevualaduivdniiuseguan

NARDUAIYID in situ hybridization laginalan
dede ﬂmﬁqmmﬁ 60 osAgadea 1Wunal 30 Wil
winiluiusumeunsyimmnsiuesn (deparaffinization)
&8 xylene smuau 2 ads adtay 5 Wit uardumounis
Auth (rehydration) @78 100% ethanol §7Wu 3 s
afaay 5 unit audae 95% ethanol $1uau 2 ada Atz
517 wazdnedhetindu w5 Wit deaniugesusiy
\ieilln epitopes vudladdie proteinase K (DAKO™,
Denmark) ﬂuﬁqmwgﬁﬁm unan 20 wndl ndsanniiu
Sreghethndu $1uau 3 ade adsay 5 wndl ﬁqmmﬁﬁm
wenialasuglu 0.3% H O Tu methanol w20 wil
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Yhndu $1uu 3 A% Adsas 5wl ﬁqmwgﬁﬁm lvalan
wis 91nthurhng pre-hybridization e 100 lalasans
biotinylated probe (100 ng/slide) Tu hybridization
buffer (Enzo®, USA) ﬂuﬁqmugﬁ 95 eATALTYE WY
10 Wit lua3es Hybridizer (DAKO™, Denmark) wag
hybridization ﬁqmwgﬁ 42 earwaiua wiu 21l
nthns post-hybridization In&tn coverslip oan
#e tris buffered saline 711 0.05% Tween 20 (TBST)
La1a19A38 2x saline-sodium citrate buffer (SSC), 1x
SSC ﬁqmmﬁ 42 peAwalTd W1l 5 W9 wag 0.5x SSC
ﬁqmwgﬁ 42 pamal@va Wiy 30 Uil Tu water bath
audsy Yualadlu TBST W 5 undl antiuugenTusau
1‘1JL§E)L§‘JIE)51”JEJ 3% normal horse serum T TBST w1u 10
U9l ﬁqmmﬁﬁad N3 detection @lan lnevennie
streptavidin-HRP (DAKO™, Denmark) Usnad 3-4 vign
videlvviuiiodle ﬂuﬁqmwgﬁﬁaq YW 15 U9l aealan
& TBST $1u7u 3 A%a ASeay 5 writ antiumen biotin
Uuuy 15 Wit &1ane TBST 3 ads adsay 5 Wit wen
#e streptavidin-HRP Ivhuifeide Unflgamgiivios um
15 uit drsaladidne TBST 1wy 3 A% adas 5 wril
wanen DAB (3, 3 -diaminobenzidine) Usuie 3-4 wign
ﬂuﬁqmmﬁﬁaa Wy 5 Wit diteliiAnd antudnadne
hndu w1 wit WengauFizen udrdeiethndy
5n 3 A% umunias 1w Litedns DAB san Sewstualas
#26@ hematoxylin w1u 20 3wl &ednetndu udmen
& alycergel Yavtualadiane coverstip antutilunsie
AIENABIYANTIAURUUABIATN Fretefilinauanivad
pulmonary alveolar macrophage Wazlwad macrophage

Tulesnaraauinuisazinduinia

N15AATIERdaYANISEnA

WIBUBUNANM SYARBUYYIS in situ hybridization
ﬁ’ﬁ%mmgmmimwLL&Jm%ya uarmA1Auly A
TN LAZANUQNABY VBIIT in situ hybridization lng
75 chi-square wagldseiuanudotiud 95% (Rodriguez-
Nunez et al., 2012) lnglglusunsy Win Episcope 2.0
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NawazIasel
HANISINZLENITD
InNMszLendeUen uazdennEes Tag
Sutudiades PCR S1uau 28 feghe wulde M. bovis
$1uan 15 o819 9nUen 8 §0g1e uavsouvEes 7
Frog19 warlinuide s 13 feehs (Mseit 1)

A19199 1 wan1sneaeulaeds in situ hybridization wagid
WNELENLTD YBIUnLa ARG DY RRHAUINLALHARNAY
ROEN1MSINILTD tuberculin skin test (TST) wag/1s075

=

gamma- interferon test (IFN-Y) 3113 28 $79819 3nnsele

o
14 ¢
o 4 o S0 in situ AN
Bl (e BRAN TST IFN-Y o p
Isa  hybridization  wenie
1 Uan S +
IRV ERN
2 Uan + +
FONUNAADS
3 Jon + + - - -
IR ERN - - -
4 Jon + + - - -
IR EEN - - -
5 Jon + + - - -
fONUNAADS - - -
6 Uan + +
fONUNAADS
7 Uan + +
IR ERN
8 Uan S -
ORI EEN
9 Jon + + - - -
foNUNAADS - - -
10 Uan + + - - -
foutuang - - -
11 Uan + +
fouduang
12 Uan + - - - -
foNUNMADS - - -
13 Uan + +
fONUNAADS
14 Joan - + + + +
FONUNAADY - - -
‘ViﬁJ"I'EJWIQZ - = Waau S = Naaﬁﬁﬂ + = Wauln
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35U 135 in situ hybridization A. fegeamuauuIn (x40) B. segniliinauin (x40) C. degenuauau (x40) D. fednilinaau

(x40) E. ﬁ’aa&hqﬂmﬂumnmﬂ% biotinylated labeling probe (x40)

NANSNAGBURLEID in situ hybridization

mnmssrudladifododendesganssmiuuy
d09a719 91UIU 28 Mg wuwaunAnluieuay 53.57
(15/28) wasnaauiosas 46.43 (13/28) dleusndy
sweferr wuiiiveauarsentinndedinauindosaz
57.14 (8/14) uaw 50 (7/14) auddiu (571971 1) feena
Mfnauan wumsAndeunsnszarsluwad pulmonary
alveolar macrophage Tuven uaziwaa macrophage
Tustoutivdes Tnefegremuauuin waviiegeili
wawan wullmsisdtmarisumiselusad pulmonary
alveolar macrophage (Qﬂﬂi%) diuiegamuaNay
fhegailiinaay uazfoensmunsuInitlild biotinylated
labeling probe uansfisguil 1 (AE)

NANNSILATIZHNGEDA

M5ATITD M. bovis 3ninaelen uazsox
Yndewenszde siuay 28 g Tagds in situ
hybridization iSeudieufuismnzuenide wuiilsauan
WEeE $1uau 15 feg wagliinaauronisnsiana
40933 U 13 fegs Tnenuilidisegafilinawnn
Aafuredesds ansadwansnaA1aula A
g Laraugnaes wiriuiesay 100

NHANIATITNAE M. bovis §aewmnaila in situ
hybridization wuilnauandesas 53.57 lnenuide
fivendovar 57.14 uasfineutnidosdosay 50
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#0AARBITUNITANYIVDIQAN UazANY (2553) INd17in
wwnusetlsauadlivauaniivasannitan Sausdanlng)
falsaluszuumaiumels msfinwadsiithshedieen
wazdentmassldlunismeass esaniidumia
Fananduusnadiinnuseslsn uaznsIaNULEe (OIE,
2015a) MnHaNsadeUNUIIUen uavsdeutmaeil
seulsn @wnsanTIaNUlededs in situ hybridization
uazitnzuenidonnietns udunisBuduinseslsn
ftududnuuedumuos iaainde M. bovis o3
in situ hybridization anU3suiiieuiuismizuenide
38 TST wagd IFN-y WUl in situ hybridization lvina
nManedeURsIiUIRmTRENReInNnIEnaeE Tngax
winldnszdomd 8 finsadeds IFN-y inaau wazis
TST Winaasde uinsaanuide M. bovis fensmzuen
Feuazds in situ hybridization dseradunauiain
MIinkaauTia (false negative) v0933 IFN-y Wiasa1n
finsnevaussvesndduiuiidililiannsonsiany
interferon fia$1s3uld (CFSPH, 2009) daunszdosi 14
WUNIAHAAUMETS TST Walinaunaels IFN-y diuis
in situ hybridization uaz3smnzuenidelinauiniiden
wilsaauiiseuthimdes orailesanannda TsT ldenansa
asranulsalusrezusnuesnisinide (early infection)
WsesveziIess (chronic stage) Tnethluidledaueumian
Wly dndagldinatyssanm 3-6 dUa1ii Tunsadne
Qifufy wieadululdfesinsnevausstn il
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laausansianula (OIE, 2015a) LagaINNISANTIAINY
& 4 m o A - & ~
Wefiven waldwuiideuiunies o191flon1a1nnIg
o : 9 o o
Anwediulugvedlsninlsalulanaznsziaingin
msmelathavesudordly JseTvrzfdnnunshiniie
= 1 9(; = 1Y o 6 dy U o 2V
Ao Yonuagsawtimies uiindiieglussesisesionavinli
laanansanunishnliieNiseuuass (Dungworth, 1985)
= Y Y am o o DA
YIEAAARINUNMINTIINYTD TST NiNaay Lanslniiumn
| & a X o o oA
nszledn 14 \Wulsavieglussusisass diudieg19du 1
NNauINEes TST wazdd IFN-y LAlANaaUuseds in situ
hybridization Lazidinzueniaie 813LHewIINNTLAN
HaUINWIA (false positive) 91nUf R34 (cross reaction)
fluwie Mycobacterium angviugaudlainelsaiioglu
Andou LazaunsnTuiy epitope VBB M. bovis
17 (Gormley et al., 2013; OIE, 2015a)
o ad |, . - . o o =
ANIWIUIIEG in Situ hybridization @1%3UNIIANEN
Tupssilldlnswesiduwiziu DNA voatiefisunusdu
156110 Inglaniiiuns nucleotide blast search a7ng1u
Joyalu Gene bank linuinBudnaniifesas similarity
waz identity Auleuuariiennulunszlouazvinlmin
) a A A o o ~ &
anvadzIinsimlouiulsainlsalulawaznsyle usnanil
wadla in situ hybridization aglvinan1snageufignaes
I o & a aa 1Y) @
wiug nsidenviiavesarsnanaainiu probe ALy
Uadeddgy Fan1sAnwlld biotin Tunisfinaainiu DNA
probe ln8a1N50A 51908 9N IANAUINATIUATNAAUTI
v aa & 2 @ aa o ' v
asaiuTBmzLende Jaludtuinsgiunndiedns Tie
Al Lazmanuduwziosas 100 uaznuUNNIANAIN
A8 biotin A8 1UNALAIIEAIENITANITANAZNOUYDE
= vy v e | ' A A
Feanusagualasiendesganssadwuudesainaniildly
WoslfUiAnsmly wansnsiunisldansisesuasiinaain
fiu probe iaespIUMENGDRaNs ST tnTgoalsaYuA
Tmen1sAne1wee Tantiwetrueangdet et al. (2007) 1a
= a .. L. . Aa 1% i3
ANy IvALA in situ hybridization ViARRaNMENaDBLIALTUA
S ) i PN o a )
nilleiteteilsaglunisiy wuhdniidymludunau
nstiudyanamgessawudiiosaniindeadouiuway
edeonaFesuatlamenules vinlinuudugianas
NAIANYIUATIL WUINTB in situ hybridization
aunsansaansegsiuglunesinau vinliannisdua
fudeunaranaudeslunisinevesl i Ida
Tumsiesgiuszanad 4 Yu waganunsafiunIsung

nszeUAlBluwad pulmonary alveolar macrophage
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uaziwaa macrophage lulaalazsouunmans Tuvuzn
FWnzuwenelvednnavateuszns wagluianuiu fetu
- o A . o
aunsadunaila ildlunistugasisadalsalulauay
nszUale og19lsiniu 33 in situ hybridization 1Jumaila
v 1% a ¢ & ' ] V& =
aedldnulumsiamziiiudnlvg fustunoun1snie

¢ & A ' =& Y va 1
dladiileids MIvndeU uALNTEUNA BeNdIAs el
AMUEIUEY PIRdNaRan Inageuld waznsAnwATell
08 1maaauAsuYNtes 1HpIRINNSLAUAIDE19TY
Y 2559 fsuunselaninialiunn wazn1sazinsyle
VLUr;hﬁi'J’uqmemrl ABIAIUNITHTINNALTD hATUAIuAS
unIazdladnaunsanlusiunisle wavsedlmdu
YokveNas msenselelinmasutiaing Jedninsnnsal

=~ A < P A Y
ylatinsnnitunsylovesnensns Welkansnsialssnu
IPHAVIN LNEATATILIUVVI8NTEUDNY UITuATIN
Wuns@nwidasuiiaiaunisn1sngia adsiiudiogns
nagauliunnInil eliiulinaruainsalunsdugns
Isamaly

ayunauasdaiauauue

38 in situ hybridization ANAUINITHERN DNA
probe @naainey biotin NTUN1ZAU DNA UL

. ) | A 1% s a = o Y
M. bovis :nsegnsiisnan nmewesunay Janulauiu
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