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Abstract: Bovine theileriosis is caused by Theileria spp. that infect white blood cells (WBCs) and red
blood cells (RBCs). Native cattle infected with Theileria spp. does not show clearly clinical signs that
may be associated with the function of immune cells. CD4* cells are required to activate the function
of CD8" cells that involve the elimination of the infected cells. As a result, the function of immune
response can contribute those abnormal clinical signs. Tregs are responsible for inhibiting the
function of immune cells such as CD4" cells and CD8" cells etc. The function of Tregs in cattle with
Theileriosis has not been clearly explored. This study is to investigate the proportion of CD4* cells,
CD8" cells and Tregs in symptomatic cattle infected with Theileria spp. Crossbred Native and
Brahman cattle with healthy clinical signs were chosen to collect blood for hematology,
biochemistry profiles and the proportion of lymphocytes. The results showed that the cattle infected
with Theileria spp. has the blood test results, hematology, biochemical profiles, within the normal
range. The proportion of CD4" cells and CD8" cells tend to be lower slightly, whereas the proportion
of Tregs is not affected comparing with the proportion of lymphocytes in uninfected cattle from
previous reports. Then, the reduction of CD4" cells and CD8* cells might be affected by other

pathway of immune response that does not involve the function of Tregs.
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aaidonle Weltawnsadienenludsssuulnaioy
Feavedlald Woazidnlusgludiadenviiuay
wnsnszaneseludentvaesinuuassu vaed
Jousanitoglussey Merozoites agsmunluify
5%8% Piroplasm vulfialdenung (Ahmed et al.,
2008)

wdniilafnde Wousanazdinisudan
Winsuaunnty fansaiuduiunsinaunienis
Winsuaurengadadulnledeila T lymphocyte
wae B lymphocyte ’ijuﬁgd Monocyte fifinns
mauauaaﬁiﬁamysaﬁ (Preston et al.) lafiRnide
Theileria spp. fnwusnsiaunfnieslann du la
Tiffiuemns seuthimdesuinla fawdes Gaundice)
Tafinans Uduimsdiuuanas wisgn wazlnoia
Feddnlamnlalasunissnen (Agina et al., 2020)

\wadiinnude Theileria spp. wgnnIzAulnd
MIUAAIBBNYEY MHC class | Falanuddnysionns
MBUANBIYBITEUUNIANAULUY Cell-mediated
immune response lagtanigigaaaulnlanyin
CD8* cells (Ahmed et al., 2008; Torina et al.,

=< V1

2020) Fauedslinsunalnidaaulunisvhane
wadiinnite Theileria Spp. LANTIPITUNITANG
N13v191uYee CD8* cells lunywd uazdninaass
nulwaadindenunaulnledyia CD8* cells vin
Wi fid@d19 Granzyme B daifutoulesifiviandai
waneideusdn uazaruaulildiinsudsdaun
1uld (Yang et al., 2018; Torina et al., 2020)

L%’a Theileria spp. mmsmszéjuszuu
AIANAULUY Adaptive immune response Waz e
ansanTEduNIaILaEndaans Cytokines it
Tun1svirnunsenisnevaussveswasaulnluduila
CD4* cells ouauiauvasioUsan CDA* cells ¥
WU1@319 Interferon gamma (IFN-Y) %Qlﬂﬂizﬁﬂﬁ

19ad macrophage THiin15a519uagnasans Tissue

necrosis factor alpha (TNF-Q) wae Nitric oxide
(NO) lunnsvianeiadfiinte vazfiwad CDs*
cells ¥aneLadfiing o 1uN5EUIUNIS Major
histocompatibility (MHC) restricted mechanism
(Ahmed, 2002; Torina et al., 2020)
Fofuermsiaunivedeiinadeusiniuna
u19nmTnureeadluszvugiiduiuiinig
aSnasndansiailoonuinevausssensinde
Usdn Lazn15vN9UUee Macrophage fdsuulag
U srearuneunthiinuinead Macrophage #ifn
\§8 Theileria annulate 4101500 TEAUNITHAIUN
Youad CDA* cells lifin1suantoanves CD2

13

danavinliwaa CDA* cells Nas19dulidaiunsa

o

shandluszuugfiduiulfesnsauysal uenainiladi
fAua1unIucelsn Theileriosis InWUI1FDN
drndoaliuanln wad Macrophage waz T
lymphocytes wtsdafisduiuanas (Torina et al,,
2020)

N197191UV9 Phagocytic cells Tun1svinane
L%@ﬁ;ﬁ%WiﬁuﬁxﬂL%anam o1ailUsyaninmanas G
paAnaInmsnszUIunsudinsihauvenead
giiduiu Tnswadivimihilunisdudanisrhay
AienpuaUusIvRLTaalinden lanf199 158091
Regulatory T cells (Tregs) #38 CD4'CD25" FoxP3"
cells Fadmfuwadaulnlodiain Helper T cells
(Velavan and Ojurongbe, 2011; Sajiki et al., 2020)
nsAnwdenuaudives Regulatory T cells lungu
Tafifinde Theileria spp. Feiilaiunidn vale
nsdnuiingusrasdifiodnuinisiudsunlag
194 Tregs s¥ninengulaidofiuiiiosfidniide
Theileria spp. WUUlNLEAIDINT Aswasuuas
dnd1uueq CDA* cells CD8" cells way Tregs 919
Dudoyaiidifysenisinunledifnite Theileria

spp. tusuanle
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dlevusiuiostuladeiususvidudiua 8 &
Tnelalofifiquandiingnssuiumsfnuadsis
o1gsaus 1 Dduduly lusdnmea fgvamudause
lainansoinisiae
NMSINUAQBENLHBALATAISASIDIATIZILREN

Tumaiiugegns Taidegniouideasdsdu
LagYiINIsLANEIAULADANTIATUNUINABALR DA
Jugular vein Usu1ms 20 mL enazgnuuaiulaly
waenfiudeniifiarsdesiunisuiiivesdenyin
EDTA wazuaonifiuidendilaifians EDTA mudidu
hegradendilsazgndduiinseiiiguddugnslse
A7 AMTENILNNYANENS UNIINY1TYAIVAN

'
4 &

ASUNS LiiLATIzRAlainINYT (hematology)

Me

=

A1T3.AT (blood chemistry) wagne1Siiinldan
(blood parasite)
nsnsaAlaininenazA1dalivedien
Usgnaume Andiadenuns Usinadlalnady Ain
\danv13 Annanden Alusiuluiden aAlusiu
9aydu (Albumin) oulesl Aspartate transferase
(AST) WazA1 Blood urea nitrogen (BUN)
nstiuLYadiliatianvila Peripheral blood
mononuclear cells (PBMC)
Frogradenlunasafiudeniidarstlesiu
msudefvendon (Usuns 10 Taddns) gnoauld
Tunasannaosvunn 15 faddnsiidas Ficoll oeflu
waoannasIU3uns 3 Hadans anntutivaen
naaosdumisafinauida 2000 seu/undt (Hu

a v

a1 30 Uil Neaumgiivies vaslumisswas 19

Y

Pasteur pipettes in139aLwad PBMC aanunldly
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YADANAABDIVUIN 50 Nadans ¥n1sduaruwas 2

30UAIBA@15aEaY Phosphate buffered saline

a

(PBS) fin1ui57 2000 sou/unft Wuan 10 undt
gauNNIvies nduiinsifin 20% DMSO Lieifiy
waalilululnsiaunan sen1sdonduasimsiey
dnauveswadsoll
n1sfiaulyad PBMC wazn15%1 Flow cytometry
analysis

\waa PBMC QﬂﬁﬂmazmmmzﬂuéﬁﬁauLL'ﬁﬂ
§28 10% RPMI wazviinisdudieseufiaessnie
FACS buffer finn11157 500 ¢ t8uaan 5 wadt ¥
wadiildldaaslu 96 well plate uazvinisdouwad
AIBLOURUDAMINY) il anti-CD4, anti-CD8, anti-
CD25 lunsdoudnqigaduoufvenusuing 5

lulasdnsgniduasludiegns 1ntdusinnisvy

a

(Incubation) Tufidiaiduszezinan 30 Wi feamgl
4 pemgaided antuiin1siugnedae Flow
cytometry staining buffer 2 A% L%aémﬁwgﬂ
u1deu Intracellular staining Iﬂm%aéwgﬂfju
819918@15a8a1Y Fix/Perm buffer Lag@nsazany
Perm MIUEFU 9 nTuLRY anti-FOXP3 Uuas 2
lulasansaslusiegnuazyinnisus (Incubation) Tu
fifln 1Wuan 30 Wit fgaumgiivies wadgniuda
A28 Perm buffer 142U 2 saulkalutgaa by
ATILRGLLATD Amnis® ImageStream®X Mk |
imaging flow cytometer (Luminex Corporation,
TX, US; 488 nm, 642 nm, Lag 785 nm lasers) lng
14lUsunsuAnalysis Software (IDEAS®) version 6.2
lunsieszvdagaiuvessas CD4, CD8 way Tregs

(CD4*CD25*FOXP3 ) puaau

NENT1INA&BY

Tunsfinwasell tawleugraundiiongy

daws 1 UTuly fgvn1nudauss Body score
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condition (BSO) agfuseanm 1-2/5 Tagnidsdliiu
astusasng In1suaesudanduszdmniu
Laluansonsthe uwaglidy
Alafininerveslaidenusuanlasunis
PTIIFAOULALLANINAA NI 1 Nalafinine1veq
Taulewusuan (n=8) lfunaanududuronda

oaundkazFlalnaty ArAuTutuiinldaan

uana1nil Ardaiadivendenleidewusuay
(91919 2) leun A1 AST A1 BUN A1lusAu Albumin
wagAlusAuswlunszuaden (Total protein) fifn
g/ lUYNAININTFIY

nan1sasIaneSladontulaiionusnay

a

a < A a
NAN1IATIINGITLUALADA (FUN 1) WUNED

[ A a . . [ A
Wialdenviin Theileria spp. VUAALEDALAIVDILA

9717 wazindnideniiiegluyieruinigiu. douguaumng

m3 1 Aladieinevedaidenusue
LDEERIERT e Alade Andlsauuansgiu  Reference

WBC 10° cells/mm’ 11.39 2.16 4.0-12.0
Seg neutrophils % 29.13 5.82 15-33
Band neutrophils % 0.00 0.00 0-2
Lymphocytes % 59.13 10.36 45-75
Monocytes % 1.50 0.93 0-8
Eosinophils % 10.25 5.65 0-20
Basophils % 0.00 0.00 0-2
RBC 10° cells/mm? 8.26 1.92 5.0-10.0
PCV % 34.25 471 24-46
Hb g/dL 12.46 1.86 8-15
MCV fL 44.29 6.09 40-60
MCH Pg 15.44 2.13 11-17
MCHC g/dL 34.86 0.53 30-36
RDW % 20.33 0.98 -
PLT x10° cells/mm? 338.88 80.96 100-800
Plasma protein g/100mL 7.98 0.85 6.0-8.0

WBC: white blood cells; Seg neutrophils: segmented neutrophils; RBC: red blood cells; PCV: pack

cell volume; Hb: hemoglobin; MCV: mean corpuscular volume; MCHC: mean corpuscular

hemoglobin concentration; MCH: mean corpuscular hemoglobin; RDW: red blood cell distribution

width; PLT: platelet
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M99 2 ANdlavesidenlaliloiugHay

LDEERIEERT e Aiade Andeaauuinasgiu Reference
AST UL 70.63 18.30 60-125
BUN mg/dL 15.89 3.19 10-25
Albumin L 2851 2.86 25-38
Total protein gL 71.56 9.39 60-80

AST: aspartate aminotransferase; BUN; blood urea nitrogen;

dndruveuwad T lymphocyte subpopulation
Tuiﬂvf':aﬁusjwamﬁaﬂﬁ?a Theileria spp. wuuldi
UEAIDINTS

Wwad PBMC fikunszuiunisdoudsie
LouRved lwadgniuniinzidieiaies Flow
cytometer Taalgdlusunsy Analysis Software
IDEAS® druvesiwadanlwledvila CDA* cells
CD8* cells uaz Tregs luananalugud 2 uay
15197 3 19ad PBMC finsznedaduwadiaen gn
Wdendiuniasigiussensgesveusananlnlyn
(subpopulation) 1A CDA* cells CD8* cells waz

s

Tregs $2U91411A1 CDA*/CD8" ratio 3nnlALllaNUG

]

a0 [ 1

nan 8 flandaralull 17.93% 7.05% 0.23% uag

2.50 AIUAIAU

dndruveuwad T lymphocyte subpopulation
Iuimﬁaﬁus:wamﬁam%a Theileria spp. wuuldi
UEAIDINTS

Wwad PBMC fin1unszuaunisdoudae
LouRved lwadgniunIinsiziisieiaies Flow
cytometer 1aaldlusinsy Analysis Software
IDEAS® druvestwadaulnladuin CDA* cells
CD8" cells uaz Tregs liuansnalugud 2 uaz
#1519 3 1wad PBMC finsznedaduwadifen gn
\dendruniasigiussvinsgesuesgaaanlnled
(subpopulation) laa CDA* cells CD8* cells waz

s

Tregs S2UM91AY CD4'/CD8" ratio a1AlALLDWUS

3

[N

bas 8 fflAndarolul 17.93% 7.05% 0.23% way

2.54 MUAAUY

UM 1 werSidladenviin Theileria spp. oguuiniionunvaslaiieuguay (n=8)

36



Bouma, T. et al. / J. Mahanakorn Vet. Med. 2023. 18(1): 31-40.

Intensity_SCC

1e3
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1e4 1e5

ch4
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Area_BF

Tregs
led -

FOXP3

1e3 -

0 1e3 led
CcD25

1e5

gﬂﬁ 2 NMINATUIANGENBULVBI PBMCs Aae Flow cytometry analysis A. 115 Gating 1@a8 PBMCs B.

13 Gating 1wagd CD4" way CD8* lu PBMCs C. 7177 Gating 1aa Tregs (CD4*CD25*FOXP3* cells)

f1379 3 ANdRaIUUeY T lymphocyte subpopulation

In single cells Mean (%) SD
CD4* cells 17.93 9.64
CD8* cells 7.05 8.25
CD47CD25"FOXP3* cells 0.23 0.28
CD4*/CD8* ratio 2.54

AUTILNANIINAADY

91n51891UN15ISeAeuntn Tafidnite
Theileria spp. Wuil Body condition score (BCS) i
#1370 (Agina et al., 2021; Almazan et al., 2022)
asensilalafu azgmiluairadundsannlu
NITUIUNITLAIYLAULH STINTEUIM TV
wadluszuuniAuiusianie (Ingvartsen and
Moyes, 2013) nslasuanso s lasaniglusiu
ladifieaesoaudenisvessanie azdawarili

o

sruuniauiuinauunnses vagilainsinige

[

Iz a vy v Y] a4 a X P
wanlugiAuiuaeIn snasuiuIuielyly
ATLUIUNNSHUIH AL INUIUNTDATLUIUNITINANEY
X o v o ° Y W a
Weilldndsnenie virlindenuiagldlunseuiums
wsAulpantioeadld (Calder, 2013)

=3 Yo d‘" . . [=3 A

DLUNNULYD Theileria spp UULIALADALAS
999lA LANANITHITIAARAINGATANTIATVDILA
agluyeAUndle Wuheaiun1sseauves Ayadi

[

et al. FaladnwiAdonvoslaiiuion uaslawug

NaNARALe Theileria annulata wuniiadanLsin

BBAYN ANAINUINTUVRITIUINATY ATAINLLUNT
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vpadiadenauns Alusiusiludenuavalusiy
albumin fiAnagludisArunfvedla (Ayadi et al,,
2016)

Tafiuileafiauanunsalunisnumiusienis
oo Theileria annulata 155?1’5’11?16‘118%‘146?‘1?&1
MnesUszme uennilwadlussuugiifuiures
Taftuiilosiinnsnevausdlunsadsansinoldiin
nszvaunssnaulatesnitlaaneiuganslseme
8 (Ayadi et al., 2016)

feuiddn Tregs gn3dnAuluuny Suppressor
cells fivhwihilumsdudimsvhaumadidnden
Y139inneg win1sasuulaes Tregs lulaiifn
\Fa Theileria spp. wuvlduansainisdlaladl
MsAnmdoTeay Sseaflanuisitestunisee
dolulauuulduanienistaefly (Veiga-Parsa,
2016; Agina et al., 2020)

Tunsfnendadiuaes CDA* cells Lay CD8*
cells Guaaiﬂu‘faﬁui Korean native (Hanwoo) L

a

e wazlauuiug Holstein twadle wudnlatiled

[ |

dndau CDA* cells uay CD8" cells pEjil 18.71%
WAy 12.96% A1ud1dU vuzilauuiidndiuves
CD4* cells wag CD8* cells og#l 27.49% uaz
13.20% mud1U (Kim et al,, 2016) uona1nili
nsAnedndiures CDA* cells waz CD8' cells Tu
anlafifigunmiuarlifinsindensBidadenuin
Babesia bigemina #an15@nwInuUINAdndI1UV0 4
\wadeyil 8.5% wag 15.1% nwasy og1alsfnu

Weanlalin1s@nLde Babesia bigcemina WU71

Y

[ 1

dndauaee CDAT cells hay CD8" cells dA1anas
Wae 1.37% way 1.6% a1ua1au (Rauf et al.,
2020)
faugndeliisnenunisesisdevdnaiuves
CD4* cells way CD8* cells Tuidenlafifnidoned

Windenviln Theileria spp. #1838 Flow cytometry

38

LANNISIIEUFAdIUVDY CDAT cells way CD8*
cells luidanlannniananSiindonviin Theileria
spp. 1875 Immunohistochemistry &A1 18.69%

a1

LaE 20.36% mud1du dsflardiniinguladilidn
o deiid10g7l 30.87% uay 18.38% (Aziz et al.,
2019)

MnmsAEnwdaina1amuin msfnidelule

| o

danavinlidndiuves CDAT cells way CD8* cells &
dnduiianadld Ssaenndasiunsanuiluadsi Ta
finsinide Theileria spp. Sidnauves CDA* cells
(18.52%) way CD8" cells (7.05%) Aisninses
CD4* cells way CD8* cells voalaidaunmaualsl
Aadonufina1nundnedy

Yzl CDA*/CD8" ratio voslaanyWug
Hanwoo wazaneug Holstein A1 1.47 uay 2.08
AIUEIFY (Kim et al, 2016) n3oladilaifnde

Theileria spp d CD4"/CD8" ratio as‘j‘ﬁ' 1.72 3afien

& A

gsninguladifnigedeilan 0.93 (Aziz et al,, 2019)

[V 7
= v A ! 1

LAITANISANYIASITNUINAT CDAT/CD8* ratio

' ¥
1 1 £y 1 a a =)

(2.63) Sadldrgeagifleiiisuiunguitiniodiiag
FIEUNIAD U

57U HIves CDA* cells uay CD8* cells
Ldiiudundeanniinisinde enadunauiain
nsvUIumsiudwes Suppressor cells agglsinu
s26iU Trees Tula7idu Bovine Theileriosis §lalladl
sreulineuntni lunisanwiadidsydu Tregs
(CD4"CD25"FOXP3* cells) Tuidonlniiinide
Theileria spp. f5efufilndidssfusedu Tregs
(CDA*CD25*FOXP3* cells) fildanlafilsifinide
(Sajiki et al., 2020) Feflmnuasnndaaunisane
393 Abbott et al. wuinlafianide Anaplasma
maginale §U3u1a CD4* cells Aadifndu v
Aenfunanisiuasuutasuiunm CD4*CD25" cells
AlawAsuudanguiu (Abbott et al,, 2005)
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GRLY

Taiuiflosiusuauiifaiedsdn Theileria
sop. wulalilanansenisvae wasdsdinanis
Tafininen uazduadieglutiaund Uiunaves
CD4* cells waz CD8" cells HUTUIIANAILNY
dntios vauzfivsunn Tregs Lidsuutas ety
n1sanawes CDA* cells Layg CD8* cells o1atduna
11a1NIneUaUeIvetwadluszuu i AuAudlsl

AEITDINUNITNNIUVBS Tregs

AnRNIsUUsZNA

Vo o

NuITedlasunisaduayudiuniain

fa o [ a aa
AugIdeanuludenalulag@iaminuasuas
NINYINTTIINYIA SeUeN 3 AUENTNGINTTITUYIR

UMINYNNUAIVAUATUNS
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