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Bovine Cryptosporidiosis Using Nested Polymerase Chain Reaction
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Abstract

Backgrounds : Cryptosporidium spp. are protozoan parasites that cause a diarrheal disease in
humans and animals, especially Cryptosporidium parvum that is the most frequently reported zoonotic
species. Cryptosporidium oocysts are shed in feces of infected cattles and can be transmitted to
other hosts by fecal-oral route. Microscopic examination on Modified Ziehl Neelsen (MZN) stained
fecal smear, the conventional diagnostic method, has many limitations as it is incapable of discriminating
Cryptosporidium species and skilled personnel is required. Another limitation is that the sensitivity is
potentially low. Additionally, discontinuous sucrose gradient technique has been implemented to
harvest the oocysts, and therefore, increases the opportunity for microscopic oocyst detection. Recently,
molecular technique such as nested polymerase chain reaction (nested PCR), which is highly sensitive
and specific diagnostic method, was established. The objective of this study was to apply discontinuous
sucrose gradient technique and nested PCR on Cryptosporidium spp. diagnosis in bovine fecal samples.

Methods : One-hundred and nine fecal samples of young calves and buffaloes less than 6 months
of age or at any ages with diarrhea, were processed by microscopic examination using MZN stained fecal
smears and discontinuous sucrose gradient techniques. Then, nested PCR targeting Cryptosporidium
small subunit ribosomal RNA, was performed in all the fecal samples and microscopically positive samples
by discontinuous sucrose gradient, after that the amplified fragments were subjected to DNA sequencing
for species identification. Sensitivity and specificity of nested PCR were also determined.

Results : The positive microscopic results were found in MZN stained fecal smears examination
and discontinuous sucrose gradient technique at 1 and 9 samples, respectively. The nested PCR results
were positive for all 9 purified Cryptosporidium oocyst samples and 8 fecal samples, which showed
a significant difference in proportion of positive results compared with conventional staining method
(p < 0.05). The nucleotide sequences were 98-100% identical with C. parvum (N=1), C. bovis (N=6) and
C. ryanae (N=4). For the sensitivity test, the lower detection limit of nested PCR was 50 oocysts/ml.
Furthermore, Specificity tests revealed that no amplified products were observed when testing with
other protozoan parasites DNA.

Conclusions : Nested PCR is considered as an accurate, sensitive and specific tool for detection

of Cryptosporidium spp. which appears to be a suitable alternative diagnostic method.
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fivvasmsfinen: L%EJ Cryptosporidium spp. Ju
delustadilduanmauedsaviosiasluauuasdng
Tnglang Cryptosporidium parvum Fadh species i
Revaszwrnadiiuazeu Ins oocysts Toadaargnides
aaﬂmﬁ’uqamimaﬂﬂLLazﬂﬁzﬁaﬁamﬁ'ﬁa uazAnee
TUdsnuniodniduniunisiu nsnsaaddadeds
fadalasnsmsngransethealaddeud modified
Ziehl-Neelsen (MZN) fidodnfinAe laaunsadwun
species ¥0de Fosenforutiunglunisnsa way
fienaihlunsasias wenanil3s discontinuous
sucrose gradient uwmadafidniswauniieldly
ANSLAULEN 0oCysts maﬁaaaﬂmﬂﬁaas}wqamsz %1
wefislonan13nTIaNy cocysts fendesgansaa]
Tulagtumedianiadslanana wu nested polymerase
chain reaction (nested PCR) \Jumnaiiafifinauls
LAY AR NZINN TSR AN BnTaanunsas U
species ‘UENL‘??EJVLﬁ leldiaufumatin DNA sequencing
msfnuiliTagUsvasdifteiuuisnisnsaidady
L%EJ Cryptosporidium spp. Iué'hasi’mqf\]f\mﬂmaz
nszUe lnemslaimaiia discontinuous sucrose gradient
57UAU nested PCR

/s dedreganseanlanaznszle onglaiifu
6 1w videangii 6 ifouiitusy iAviossas $1uu 109
fegn thinayitdemendewanssmilaeI5dend
gansethedlansied MZN wagds discontinuous
sucrose gradient ﬁ]’lmjuﬁ’l oocysts ﬁLLEJﬂiﬁi]’]ﬂ%%
discontinuous sucrose gradient LLaxﬁ’JEJEJ"NE;%’Iiz
WavsIPLEfn DNA wenyiufjisen nested PCR
Toeld Inswesfisumese small subunit ribosornal
RNA uaesuun species veudoniemailn DNA
sequencing ¥NNSIUIEULTBUIS nadauAill way
AN VRNMALIA nested PCR

K: ATINU oocysts TauteaNgIsEtealan
goud MZN wagds discontinuous sucrose gradient
7i 1 uaz 9 frege muddu Tne purified cocysts
fuenldia 9 degne Wravanlunisiufasen
nested PCR uwaza1u1snllgn species lé’ﬁwm
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Tunaur?l DNA flarimanngaansglngnsemud Bivauan
TIUIU 8 FIDEN LAZEIUITOLYN Species voudeld
WuheIiu TaenudndIureInIsnTIaNUNaUINTDY
8 nested PCR uani1991n3505398315 thedlad
doud MZN aghaledfyneadia (p < 0.05) Toya
Ssuansitugnasuilsmu it undnends (98-100%)
fudle . parvum (N=1), C. bovis (N=6) @z C. ryanae
(N=4) Tnenupaalivesnaiia nested PCR i 50
oocysts/ml hagdirnudumzveanaialaglilvikauin
fudelustadnsu

a3U: Nested PCR (Jumefiafifirnnugniosusiug
finnally wazaus g wgdmsuiiastanld
Fumadenlunsnsaidedode Cryptosporidium
spp. Wwegeiiusednsnm

ArdnAey: AsUlnalesaleda, lanaznsels,

discontinuous sucrose gradient, nested PCR
UNiI

Cryptosporidiosis tJulspRnresewinsdniuas
AuTidndey warneliandeymitlan mmal,ﬁmmm%a
Wslada Cryptosporidium spp. adnagluldy
Apicomplexa neliAneMviosssluauazdnd uaz
Lﬂwﬁﬂul,%aﬂsﬁmwiamaﬁé’]ﬁaﬂuéﬂwﬁﬁmaz
pifuiuunmsas lnsamzdthelsaend (Tes uazeg,
2558) n1shnselsadludniuasauy inannnsiu
pmnsuazihiiinsuitiou oocysts vosde (Ramirez
et al,, 2004) cocysts VoudethuInUsEINAL 4 - 6
fimifmn meludl sporozoite S 4 wad Wogn
Uaesoaniniugannszaviitinegludaunndenlfuiy
(Uin3 wazAw, 2554) L"ﬁya Cryptosporidium spp. i
wilaile nszdofiviavun 4 wiln16un C panum, C bovis,
C. ryanae Wag C. andersoni lag C. parvum Ju
species fifndoseninsdnivazay wavsinneliiie
a1msviestilugnla nszdeangtosndn 6 dUaw us
mniamsinadelulnenesnnn 6 dUaw daraeddes
oocysts aaﬂ:mﬁuqﬁmiﬂé’hEJﬁMWU@’]ﬂWimNﬂéﬁﬂ
(Thomson et al., 2017) ﬁauiu;ﬁﬂwhmamé species
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fisnfisnenunsaanu fie C. hominis war C. parvum
Tudsswdlnefinenuanmmedsailufihelaend
aglutiesening 8.8 - 34.4% (Igbal et al., 2012) lag
fienunsinuewnthilinssawu C panvum 2n
99913¢lA kargasegthelsaend lagldds nested
PCR 311U DNA sequencing (Nuchjangreed et al.,
2008) wonaniiinsdnululeunluwanamie
wumuynvedlsail 7.6% lagnsiawu C. parvum
e C. bovis mﬂqf\lﬁniﬂ@ﬁ% polymerase chain
reaction (PCR) (Inpankaew, 2017) lutaquudslad
griiiusvansamlunissnundeisludnivazay
nmsmuAsareaiulsaefanisdnnisuarauiiuna
oG (Thomson et al., 2017)

nInsIItaaelsa Cryptosporidiosis dvaneis
A nsaravidelnenss MsnTIavneduylitady
LaENIRTIAemAllAN1gIliana (OIE, 2016) N3
As9mMAelnenss ¥launnsnsIam oocysts T9ie
NMelUgINIYIILNADIANTIAL U N1INTIIQINTY
thedlandendfide Wy modified Ziehl-Neelsen
(MZN) uagnInT198358wuuindy Wy Toases
S Bnsrmaifdonuudafulaomaniingase
thedlandeud MzN Suiidesitade fealiluns
a5 Fosenderutiunglunisdemsin wazlyl
d1AN3031MUN species vaatefinsranuld iesan
oocysts figUs1s uazunalndiAssiluusias species
(OIE, 2016) lulagtuiinsinmaianisdluana
Tumsasramansiugnssuveatemntdlun1fited
waglinsnsramiudvnefiunndnaiu lunisnsan
Aedodeilugransgladissnuiuaia nested
polymerase chain reaction (nested PCR) lag/la
primer #is1MzAUBY Small subunit ribosomal
RNA (SSUIRNA) if135n1snsa93tadedifiannal was
ANTUNIZUINAITIDNITNTIINT 00Cysts AIBNADY
qavssntl (Bhat et al., 2014) SnvaBulusumsd
vinaiifidduasiugnssufiuandsiulundas
species 3saunsaldFuun species vouTaRe
wiAatia DNA sequencing e (Xiao et al., 1999)
uaﬂﬁlﬂﬂﬁﬁﬁmmﬁﬁ%mi discontinuous sucrose
gradient Fadumeiaifnmsiauiielilunsifusen
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oocysts wuTananI N0t Ts Ined ingUsvase
Wieh oocysts Wldmeaasde wiewlumzidesly
ﬁa\‘iﬂﬁﬁami (Arrowood and Sterling, 1987) Ex
oocysts Auenlasdimaunians danududuiigedu
Fsefslonanisnsianusgndesganssmiusly
n3dlfifl oocysts druautieslugaanss wazyiilwile
purified oocysts fungaslunisinanadnans
ftugnssy Lesnandsudeududlugansziion
awdudanszuiuns PCR I (Schrader et al., 2012)
AN EiT T Usrasd W imensinitedude
Cryptosporidium spp. lufeengaansela uagnsyle
Ingltnatia discontinuous sucrose gradient Wiouen
oocysts 39U nested PCR wialiledSnsiisianu
gnrpswiug dianuly uaganudu naenuilug
Asuen species vaatolamewmaiin DNA sequencing

gunsalLaz3sng

710819993158
939152gnlA kaznszUe 01gliliiu 6 \hou w3e

a

18U 6 LHDUWALUTE IRYID95195UMIEINIINTA

]
) £% a

a32y3 @yisil Yeulnu uaruasTwdndundugns

a

Lsniinguusaeninen dontuaunmdniwimnd uaziiu
dregrsnluiuiilugasssningd we. 2558 - 2559
I 109 feg Livsnwiieggaanselu 2.5%
K Cr 0. lushsndu 1:1 figangl 4 'C (Chen et al.,
2007)

naasAtaduideRaendasgansaa

8n39399915zUedladdaud modified
Ziehl- Neelsen (MZN) lnenisthegansyuualan ne
wagefaud MZN »1135n13vee Ash and Orihel (1987)
MNFUATIIM oocysts FBndoagansarivianag
aafifdevens 400 - 1,000 i

7% discontinuous sucrose gradient Tagns
wiemsazaeinaglasadudy (sucrose stock
solution) fim s e 1.18 (ﬁﬂmasgima 500 ¢
Tuthndu 650 mU) nthusSenasazansylesa A
wazansazangtlasa B lagld stock solution Wiy

ﬁThai NIAH
5

¢ | _eJournal



thndu Tushsdu 1:1 Wldasazaneylesa A 7
AT 1.09 uag 1:3 Wildasaraneglasa B
Afanuraad g 1.045 mudu Hsasazany
alasa B (Arymeding 1.045) 15 ml aslu centrifuge
tube 9Nty uasazaneglasa A 15 mi lnsudes
ansfifuvann ansaras B azuenduiusnegiuuy
YosEnsazane A 1FugannseTinunsnseas iy
0.2% Tween 20 U315 5 mil uéh adlutuuugn thly
Jumiesfianudiseu 1,000 x ¢ a1 30 ut Tng
finlUasa1nion15ued Arrowood and Sterling (1987)
2 nifuge oocyst suspension Aidiutudviinsenans
serisansazaeeiasa A way B antundlu distiled
water (DW) 3 59U PntuinasIam oocysts 178
népsgansIAiulinuasarnafifndaens 400 - 1,000 i

msasavdtiadeidiedaemaiin nested PCR

n158AA DNA 11 Cryptosporidium spp.
oocysts ﬁLLEmVLG’fmﬂ?J%' discontinuous sucrose
gradient wazgasEaMun 109 Fregruutud
(freeze) Tululmsiuvadfigumndl -196°C uu 2
Wil wagvinlviagane (thaw) ﬁqquﬁ 100°C w1 2
Wt 5901 3 50U et oocysts uan 9ntiuadn
DNA 210 oocysts 918 Dneasy® Blood and Tissue
Kit (Qiagen) wazain DNA 31nga915eme QlAamp®
DNA Stool Mini Kit (Qiagen) Im@fmﬂm%umumn
uitmiuanlaelinisuasiegaalu Lysis buffer 7
gamgll 56 C 91uAu (Adamska et al., 2011) i
DNA 7l 3ignumgdl -20°C

wadla nested PCR 1% primer fismziu
81 small subunit ribosomal RNA (SSU rRNA) ¥84
Folnosaudadiunay LAz gUN)IINITN15VRN
Xiao et al. (1999) laglusouusnaiunay 25 pl
Usznaumie 10x PCR buffer, 3 mM MgCl, 200 M
Y99 each dNTP, 5 pmol ¥89 Forward primer (5’-
TTCTAGAGCTAATACATGCG -3’) 1kag Reverse primer
(5’- CCCTAATCCTTCGAAACAGGA-3’), 25U HotStarTaq®
DNA Polymerase (Qiagen) wag DNA 2 ul lngazls
NARS0u PCR fifivwn 1,325 bp luseuiidediunas
25 pl zwmdleulusouusn snriuliild 3 mM MeCL
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wazld 5 pmol ves Forward primer (5’- GGAAGG-
GTTGTATTTATTAGATAAAG -3’) Llag Reverse primer
(5’-AAGGAGTAAGGAACAACCTCCA -3°) wagly
HERSU PCR 91n5aUMsn 1 pl 1w DNA template
Tun19fisnZanm DNA Yaaossou Wanweamnf éeil
95°C 15 Wil Wwag 94'C 45 Jundl, 58°C 45 Funil, 72°C
1 u1# 533 40 58U Uag 72°C 10 Wil twdn i
PCR fildueinunszuaums electrophoresis 1u 1.5%
agarose lneazldndnsael PCR fiflvuinuszana
830 bp

A1531UUN species ‘tla\u%’e) Cryptosporidium spp.
TawTlHnalin DNA sequencing

FALOUNARSMY PCR 80n91n gel UunHIu
nzULNTIHIY DNA Slenman3avissne GenepHlow™
Gel/PCR Cleanup Kit (Geneaid) MnuAnwEU
awv"v’uqmmﬁwm¢wﬁ¢w BicDye Terminator DNA
Cycle Sequencing ﬂﬁaQaﬁﬂﬁumiﬁuqﬂsmﬁlé’m
Anwlaglalusunsu ClustalWw multiple alignment
of BioEdit (Thompson et al., 1994) u&ihauTeuiiieu
ffudieyalu GenBank Wileusd species vaadiolngld
Basic local alignment search tool (BLAST) (Altschul
et al., 1990)

A1SNAABUATIULY HaZAIUTINWIZVBILNATA
nested PCR

nagouauhveunalia nested PCR lngld
C. parvum oocysts fiwenldan3s discontinuous
sucrose gradient U1 UIUIU oocysts A
Haemacytometer ML38n15U9 Smith et al. (2003)
Wiomanudiuiues oocysts/ml wdusunnuidudu
Tild 1 x 10° oocysts/ml gt dilute ol
Taauntuues oocyst suspension Tuszausig
Town 1 x 10% 5 x 10°, 1 x 10%, 500, 100, 50, 10, 5
uaz 1 oocyst/ml anduthanadnansiugnas uay
Ao UMEUA3eN nested PCR dmsunisnaaey
AN UNIZVBLNATA nested PCR Tapnisvadauy
nsvhUiATenusIeE1s DNA veadelusiadalumg
Wiuensau q 1éud Giardia spp. saumaustagaly
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W& Apicomplexa laun Babesia bigemina,
Theileria spp., Plasmodium gallinaceum, Toxoplasma
gondiii uag Neospora spp. wazld distilled water Ju

negative control

nsATIEdayanieEin

¥n153ATIeviTayaadfiganssuun uas
AATEMUIIUTIIUAULANANNSEAINTIoN TN
1l McNemar’s Chi-square test (p < 0.05) lay
TlusunsudiSagu SAS version 9.0 (SAS Institute
Inc., Cary, NC, USA.)

NaLkazIasal

NaN1301333%1 Cryptosporidium spp. oocysts
MeNdeRansIAtangINsTantakaznszle 91
oAU 109 Fog3u FFIINY cocysts TBNTaN
gaszihedladdend MZN 1 feea (1/109, 0.92%)
(mwﬁ 1)114‘11@143%%‘ discontinuous sucrose gradient

AW 2 uananisuen C panum oocysts g5 discontinuous
sucrose gradient WU purified oocysts Mkenidutudviagu
ATINaTENINNETaratgInaglaTanun 193N 1.09
(Fua19) wag 1.045 (Auuw) (gneas)

L
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ATITNU 9 G081 (9/109, 8.26%) (Nl 2 uag 3)
Tne purified oocysts Awenldite 9 fegha Iduauan
fian15vnUfNTe1 nested PCR ayainsawen species
vaudolnelfinailn DNA sequencing It 9 faoehs
(9/109, 8.26%) luvazil DNA fiafna1ngaaisy
Tansanuin Tinauandiuiu 8 freee (8/109,
7.309%) warannsouen species vaude ity
(m57197 1) wdnsaust PCR w010 Cryptosporidium
spp. Jvunuszanu 830 bp (il 4) Taenanis
a191Tadelne s nested PCR stanasld DNA larn
910 purified oocysts (N=9) uazn1sld DNA fiarin
ngansElneass (N=8) Hu nuiilinanisasiad
uWANANAUTE MZN (N=1) eesdifeddymieadnd
McNemar’s *= 8.00; p = 0.0078 waz McNemar’s
¥?=7.00; p = 0.0156 MUAINU LANANIIATIVAIY
3 nested PCR sewi19nsld DNA fiardialae 2 35
Fanan wulalunneetuil McNemar’s 3 = 0.20;
p = 1.00

AWl 1 wans C parvum oocyst meldndesganssavviia
waaTenAaveny 1,000 W iledeusmed MZN JU319 oocyst 4
dnwaznay visesidnies wue 4 - 6 pm aeludl sporozoites

v a aa

4 wad Andvunity luvagfinuvdsindden (gnas)

A w#l 3 uans C. parvum oocysts wentea1nds discontinuous
sucrose gradient ngldndesanssatvinuasainnimasvens

1,000 wh 3U51¢ oocysts Tdnwauwnau vidednties wun 4 - 6 um

neluil sporozoites 4 wad (gneis)
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MTNN 1 UAAIIRE198ITENNTIANY Cryptosporidium spp. 1ne3snsivgantseiealandend MZN, discontinuous

sucrose gradient Wag nested PCR lagn1sainansiugnssuan purified oocysts karainangaanse

nsnsailanedae MsAsIItaduaae ATIATIEARE
, UssSs msuuu néasganssal wialla Nested PCR BLAST
aduil e Yy S T
VAT QAT gavnsgthedlad 35 Discontinuous  Purified  aansy ua DNA %
foud MzN sucrose gradient oocysts Sequencing  Identity

1 <1 1fiou a 2 + + + + C. parvum 100
2 1-5heu Ll 0 - + + + C. bovis 99
3 1-5heu il 0 - + + + C. ryanae 100
il a4 \fiou aid] 0 - + + + C. ryanae 99
5 2 lfiou iy 0 - + + + C. ryanae 99
6 4-6 \eu  Laidl 0 - + + + C. ryanae 99
7 2 liou aid 0 - + + - C. bovis 99
8 19 a 1 - + + - C. bovis 98
9 4-6 \Rou a 2 - + + - C. bovis 99
10 1-5ieu  lafl 0 - - - + C. bovis 100
11 35ieu Ll 0 - - - + C. bovis 99

Wen *: 0 = 99915zUnd Tdnwasziy Wuley, 1 = 999sziamay, 2 = geansvAsutiavan, 3 = gavsuwanduil

amil 4 nandual PCR mamﬁga Cryptosporidium spp. Huu1n
Usgunas 830 bp; lane 1: 100 bp Marker; lane 2 - 7: Positive
sample (2: C. parvum; 3 - 4: C. bovis; 5 - 7: C. ryanae); lane 8:
Negative control (DW)

IINKHANIIATIILNEIRaNTIAY NUI1ID
discontinuous sucrose gradient 533N U oocysts
(N=9) leunninsnsinaingasethealandend
MZN (N=1) ui3135nsdend MZN aziduisdond
fuawildlunsidadede Cryptosporidium spp. 34
Huatfiie sni$) wanzudnisasadanseslunsdl
fifregafisuaunnn uadesenfuautiuiyves
7529 89910 cocysts veadpiiivunEn Lare
Fuauiuidon wazdan %nﬁmﬁ%mgvﬁwﬁmﬁu (Vohra
et al., 2012) 1‘14‘11@145‘1#3% discontinuous sucrose

gradient laununlgiiedieiinleonianisnsianuy
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Al 5 rdninust PCR veade C parvum Tumsvageu sensitivity
test; lane 1: 100 bp Marker; lane 2: C. parvum 1x10%; lane 3:
5x10%; lane 4: 1x10% lane 5: 5x10°; lane 6: 100; lane 7: 50; lane
8: 10; lane 9: 5 g lane 10: 1 oocyst/ml; lane 11: Negative
control (DW)

oocysts shendesganssai ilesanduisildlunis
Funenlildiams oocysts veside uenaniflunis
Anvadiluiuneunaniosduresasazansgiasa
lﬁﬂ%ULﬂﬁauﬂaﬂmdaaﬁwwaxmaqawsazawﬁmamﬂ
1.103 fifunaen waz 1.064 Heuuy asIsn1saam
¥84 Arrowood and Sterling (1987) 1ifumanueig
Junzvesansazareylasa 1.09 fifunasn uay
1.045 figuuy muduuziwes Prof. Dr. Edward
Robert Atwill (University of California-Davis) Fans
Taugissnzvesansazaneduuuit 1.045 Tl
AlNALABIAUALENTWWIZVRS Cryptosporidium
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oocysts FaiiAUszan 1.045 - 1.05 (Stott, 2003;
Searcy et al., 2006) Setheiidlonald oocysts LLEN
senunlfinndeiu Suaenadosiundnnisuedisd Ao
Tuanalogniumissfieanuifiseuiimnzay
wtAnnisiadeudiasuiegluuinudinaieidl
m’m@hﬁﬁmeviﬁuﬁ’uimaqaﬁ?uq uAn Uty
(Brakke, 1961) Wsi9991iA989N1905IAAENAD
qanssal e detenfuAnudiuiglunisdensia
wazliau1saduun species ﬁuaw'?iyamﬂguiw
SNWEUDY oocysts LNHIYNLAYT 6 BID1AY
wiatla nested PCR anlglunisduun species lng
nsAnwASaiinudn purified oocysts Augnl@na 9
fogns nauinseUisen nested PCR yniee
fatu deee purified oocysts fuenldain3s
discontinuous sucrose gradient Sumnzauiioy
anldannansiugnssule

nen5199 1 Tusnnusegeiilinauinde
wadla nested PCR 1 lusfheghs DNA fiafinan
purified oocysts 9 feee Tuvaizdi DNA fiafnain
99315t linauIn 8 faeee laenudnd 3 feen9
(Frogavianeas 7, 8 way 9) 7ilinauInain DNA 7
afin9n purified oocysts Aikenbdviniu Fadululy
11971998 ANAINNITATLANYAIVON oocysts N1ely
fhoghsgannsyliasiiawe uenaniwuind 2 feeh
(Freghavineiay 10 waz 11) flvmauanlufegna
DNA flaffnanngaanse uslsiansnsausn oocysts lag
3% discontinuous sucrose gradient 1@ gl
Mnmadadinanivanstunou Jallenafivrgaude
oocysts lusgninanszuaunisle Tunsdifidhedig
9313815 oocysts Suautios (Vohra et al,, 2012)
W30aANINNITT oocysts wAneonLAS DNA
nasvioagn1elufiieg19935e ¥39813LARAN
Medsgansglilaivinulu 2.5% K Cr O Tneviudl
Fsmaifiuinwgensluansfitionsanin oocysts
U 2.5% K CrO Affdamddnlunmstesiulali
oocysts WAN Lazsnw1AuiTInues oocysts 13
(Chen et al., 2007) wazduilunsianiuluana
3adusalula (da Silva and Pieniazek, 2003)

L
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mnmsanuilupdsiinui 38 nested PCR 1
wadafidusyanianlunisasiadifade fesen
WUREILTBINNIATIANUNAUINTTINSI DNA Fiarn
910 purified oocysts (N=9) wazn1sld DNA fiadn
91N9315¢ AN T3 (N=8) UANFANITNTINGINTY
Unealandond MZN (N=1) ogslidpdAgneada
(p<0.05) Primer 51z UBu SSUrRNA 7ildlunis
AnvadsilifuBuiifidng copy number g1 uay
Usznaudesumisitiiausnueyindimioutly
uwiay species warudnadiulsiuduanddluusias
species (Xiao and Ryan, 2008) 33@3n5aNan
PCR fldluinsgimaduamstusnssuiomaie
DNA sequencing Wiosuun species ?JaﬂL%aiﬁ 1NN1T
Anwadsiinuinnududuees oocysts teufiandl
annsansranunauinldlngdal fe 50 cocysts/ml
(§Uf 5) atiimsfinuneuniiillag Adamska et al.
(2011) lenaaeuanuliveunaila nested PCR oy
¥ primer 7ig iz udu SSUrRNA naaeulusiegng
purified oocysts ﬁﬂjmt‘ffwﬁju 1,000, 500, 100, 50
e 10 oocysts/200 vl IneranisAnwasianuanuly
7 50 oocysts/200 ul Fsdrununfianulunnniig
avRngasy thealaddend MZN delinsseny
157 3 x 10° - 10° cocysts/ml ¥9493315¢ (Khurana
et al., 2012) WaraNNANISANINUINNALA nested
PCR diimnusume Tnglinaausede Giardia spp.
FathlusTndrlumaiuenmsiiddey saiausiagy
Tulndu Apicomplexa 8w ) léiur Babesia bigeming,
Theileria spp., Plasmodium gallinaceum, Toxoplasma
gondii ez Neospora spp. ﬁdﬁumﬂﬁﬂ nested PCR
Alumsinunded UGN INTINNFDT Waiueh
finuly wazaudny wngaufiaviiunldly
mMyitadelaegneiiusyavsnm

Tunsanwadel shegreilinauananmaie
nested PCR Lﬁaﬁwmﬁﬂmmsﬁagaﬁﬂﬁu @19
fiugnssuildsemaila DNA sequencing uay
\Wisueuiiuteyalu GenBank wunilauadends
(98-100%) ﬁ’UL%EJ C. parvum, C. bovis uae C. ryanae
$U 1, 6 waz 4 FegInudIRu (5199 1) Ty

ﬁThai NIAH
5

¢ | _eJournal



C. parvum 1 f1e819tu RT1AMUAINFI0E1999975¢
vaneias 1 ildangnlaengtiosnin 1 deu fiflenns
Y9929 gansedidnuazivan uoniumuidu C bovis
uae C. ryanae insaanululaiifotgunnnd 1 5o
Fuluaude 1 9 dslawmanildulna/liifivsy Savessas
LargITEHdNvEUNR NULiE9fI8E1993915Y
VINOIaY 8 Wag 9 FmsIany C bovis Mdnwal
99szAMMIUR e Laviise Tvieasassiue
Fanansinwiilldaenndestunmsinunountiili
s1897u3 €. parvum Ju species findndignaeld
iAnemsviessn Tnstanzlugnlauaznszdefiony
toundn 6 dUnmidenuindurisegiihdenisde
C. parvum (Thomson et al., 2017) Tuadzdi C. bovis
anusanulalulaynyieeny waznelviinens
VioaTaslauie iy LLéQﬂIﬂﬁam C. parvum WUl
Tomamsiinnngiissasldnnningrladia C bovis
(Silverls, 2010) @ C. ryanae Wag C. andersoni
fuliinelhiinernismandin uasinnululaeng
1NN 6 dUaniluian (Thomson et al., 2017) N3
Anvlundiiinunaaenndesseinedadeduenguay
91M37Te3339 MU species voudefiny Snviemnladl
91N15¥104539 113099587 wilulalienguinndn
6 dailuudy Flimsasiasfivsnsiaitedode
Tusladhuiintitne uenantimsitadeusnssrheis 4
species finsranulula nsedeldfaiusslonilunns
wenszwine C panum Badh species finelsm uazfnse
sywhedn wazaueanan species liirelsaldnmsnsan
WUL%EJ Cryptosporidium spp. iﬁfmﬁgﬁ C parvum Tusheens
ganselalunsfinuni endelviAnmsuninszane
youtle TuTeaRnmstevendoseinedaiuay
au Fafunsiilsisnsmuauuasdesiunisiaide
Tudniazau uaznsdansguAviafufiasad

AN

séAgy
d3Una uazdalauanue

wAlA nested PCR AWRIUNIUIINNISANY
Tuasefl s7unun1slg3s discontinuous sucrose
gradient Tunsusnlile purified oocysts Mfimaa

~y
Thai NIAH
H.ﬂ

U3avs wazvnzauiaziinanata DNA aansntian
Tns193teduide Cryptosporidium spp.finulula
nsxdeladdluseau cenus Snvieansnsauen species
deldsufumadin DNA sequencing Tnglsinanas
nagoufigndosiugy dawly uazaudumg
wnzdvsufiavihuliduisnsmadenlunmsnsa
Jaddelse Cryptosporidiosis lapensiusz@nsnnmse
T¥fudunannnsnsiadediaui
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