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Abstract
Project Code MRG4680015
Project title Development of flow cytometric antiglobulin test for enumeration of
antibody-associated erythrocytes or thrombocytes and determination of
erythrocyte- or thrombocyte-bindable antibodies in serum or plasma
Investigators Dr.Yuttana Mundee
Department of Clinical Microscopy, Faculty of Associated Medical
Sciences, Chiang Mai University.

E-mail address yuttana@chiangmai.ac.th or myuttana@hotmail.com

Project Period 2 years (from July 1, 2002 to June 30, 2005)

Flow cytometry (FC) is a modern technique for enumeration of free cells or
particles that suspended in fluid and flowing through a beam of laser in a cell by cell
maner. The technique has superior advantages over light and/or fluorescent microscopy
such as higher number of counted cells, shorter time consuming, objective
measurement and more reliability. Antiglobulin test (AGT) is a test of choice for
demonstration of antibodies on cell surface called direct antiglobulin test (DAT) and
antibodies in serum called indirect antiglobulin test (IAT). Both DAT and IAT are highly
benefited on diagnosis and follow up of auto-immune hemolytic anemia (AIHA) and
auto-immune thrombocytopenia purpura (AITP). Both DAT and IAT can be modified for
flow cytometry using erythrocytes or thrombocytes as target particles to be measured.
We developed a simple flow cytometric antiglobulin procedure for determination of auto-
antibodies on erythrocytes and thrombocytes. The optimal conditions for erythrocyte
procedure were as follows. Five percent erythrocyte suspension was incubated with
serum at the ratio of 1:2 at 37°C for 30 min then the cells were washed 3 times with 1%
bovine serum albumin in phosphate buffer saline (1% BSA-PBS). After that, F(ab’)2
anti-human globulin conjugated fluorescein isothiocyanate (AHG-FITC) was added, then
the suspension was mixed and incubated at room temperature (RT) for 30 min in the
dark. Finally 1% formaldehyde in 1% BSA-PBS was added. The suspension was ready
to be enumerated by flow cytometer. The optimal conditions for thrombocyte procedure
were similar to that of the erythrocytes but 5% platelet suspension was used instead of
5% erythrocyte suspension. These optimal conditions gave a satisfied discrimination of
mean fluorescent intensity (MFI) obtaining from patient and from normal healthy control

sera. All 4 parameters of erythrocyte direct antiglobulin test (E-DAT), erythrocyte indirect



VI

antiglobulin test (E-IAT), thrombocyte direct antiglobulin test (T-DAT) and thrombocyte
indirect antiglobulin test (T-IAT) can be obtained from similar procedure using the same
reagents. In addition, these 4 parameters in patients with AIHA (n = 50), AITP (n = 50),
rheumatoid arthritis (RA, n = 50), non-autoimmune diseases (NAD, n = 50) and in
normal healthy blood donor (Normal, n = 50) obtained from Maharaj Nakorn Chiang Mai
Hospital, Faculty of Medicine, Chiang Mai University, between January 2004 to June
2007 were tested using the developed procedure. Beckman-Coulter Epic-XL (USA) flow
cytometer was used with 530 nm fluorescent, side- and forward-scatter detectors. The
mean fluorescent intensity (MFI) of E-DAT & E-IAT of patients with AIHA were
significantly higher than those of AITP, RA, NAD and Normal (p<0.05). While the MFI of
E-DAT & E-IAT of RA, NAD and Normal were not significantly different. The mean
fluorescent intensity (MFI) of T-DAT & T-IAT of patients with AITP were significantly
higher than those of RA, NAD and Normal (p<0.05). While the MFI of T-DAT & T-IAT of
RA, NAD and Normal were not significantly different. The developed flow cytometric
antiglobulin test for enumeration of antibody-associated erythrocytes or thrombocytes
and determination of erythrocyte- or thrombocyte-bindable antibodies in serum or
plasma can be used for diagnosis of AIHA and AITP. Since the MFI of the patients
were higher than those of the other group. Apart from that flow cytometric antiglobulin
procedure describing here can possibly be applied for transfusion reaction, hemolytic
disease of the newborn and blood group determination and pre-transfusion testing

(compatibility test or cross matching).

Keywords Flow cytometry, Antiglobulin test, Auto-immune diseases, Erythrocyte,

Thrombocyte.
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E-DAT
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f13U A NEILD

= percent
= percent coefficient of variation
= plus & minus

= lower than

higher than

antigen-antibody complex

agglutination

anti-human immunoglobulin

F(ab)'2 anti-human immunoglobulin conjugated

fluorescein isothiocyanate

= auto-immune hemolytic anemia

= auto-immune thrombocytopenia

= bovine serum albumin

= 1% bovine serum albumin in phosphate buffer saline

= Complement fraction 3 d

= Coomb’s control cells

direct antiglobulin test

erythrocytes

erythrocyte direct antiglobulin test

= erythrocyte indirect antiglobulin test



F(ab)2

Fc

FC

FITC

FL2

FL3

FL4

GA

HDN

HIV

IAT

LogFL1

LogFSc

LogSSc

MFI

Min

mm

XIII

f13UaNEILD (60)

= fraction of 2 antigen binding sides of immunoglobulin

= constant fraction of immunoglobulin

= flow cytometry

= fluorescein isothiocyanate

= fluorestcent detector 2 (~575 nm)

= fluorestcent detector 3 (~625 nm)

= fluorestcent detector 4 (~675 nm)

= grading of agglutination

hemolytic disease of the new born

human immunodeficiency virus

indirect antiglobulin test

immunoglobulin G

immunoglobulin M

Logarithmic fluorescent detector 1

Logarithmic forward scatter

Logarithmic side scatter

mean fluorescent intensity

minute

milli metre

number
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f13UanNEILD (60)

NAD = non-immune diseases

NAITP = neonatal allo-immune thrombocytopenia
NITP = non-immune thrombocytopenia

nm = nano metre

OC = degree Celcius

P = probability value

PBS = phosphate buffer saline

Plt = platelets

RA = roumatoid arthritis

RBC = red blood cells

RT = room temperature

S.D. = standard diviation

Sec = second

STT = standard tube test

T = thrombocytes

T-DAT = thrombocyte direct antiglobulin test
T-IAT = thrombocyte indirect antiglobulin test

pL = micro litre
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E]E]I(ﬂLLﬂu(ﬂUE](ﬂVLTJ‘Y]']ﬂ'TUﬂﬂﬂﬂizﬂﬂﬂﬂaﬂ TUVDILRDG ABD LUALRDALLGN (erythrocytes [E],

red blood cells; RBC) LAZLNAALAAE (thrombocytes [T], blood platelets, platelets; PIt)
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loun Iﬁﬂiaﬁ@maLﬁaamnmsﬁgﬁqu UADFIWLIALAAALAIVDINWLAY LAz IIALRaAaaN

¥ 1 v 3

Wasnnmilndduniudaduniaiienuainuiod Mus1eU
Lsalaiaanafiasannsfipliduiudaduiiiaifienunzatauad (auto-immune
i i A A a o a af o & A

hemolytic anemia; AIHA) fia lsafilinanmasnsuandvefinininauiiaiionuadvas

aulad dasaziiannIddgfa Ga (pallor), 1nAad (jaundice), BaIWAY Uaziilasdng

a wa

Lﬁam"sﬁlLaaﬂﬂ’]dﬁadﬂgummiﬁﬂﬁ]zwu anemia LT hemoglobin, hematocrit LL8s red
cell count 61 HaNAINNHEILINITATIAINY direct LLag indirect antiglobulin (Coomb’s) test
v iye ﬁ aa o { o o s .
SL‘V\NE\]‘U'Jﬂ (positive) Tx‘]Lﬂ%ﬂ"l‘i@]i'ﬂ'ﬂ?%’%%&lIiﬂ AIHA ﬁﬁ’] Tt AINNIIVBINIIGAIIA direct
. . A oA a a a 04 =1 A [l 3 & 1
antiglobulin test (DAT) naga ﬂ’]‘i@]i’)'ﬂ%"l’)"mLLQ%@IU@@Lﬂ’]Sﬁ@I@ﬂUL&J@Lﬂ@ﬂLL@Gﬂ%LLﬂ’J@NLL@]
\ ] @ a | ad | A o & A @y A o a
aglmwmwaa;&ﬂ’mmah ’Jﬁﬂﬁi(ﬂi’lfﬂiﬂﬂﬂaﬂa %’]L&J@]LGEI@LL@]G“IIENEU’JU‘Y]ﬁdﬁﬂ’l’]ﬂt&]
uLaudnad@auan (primary antibody) tnmzagududdilisimamznga iasanuauduad
wwdusiia immunoglobulin G (IgG) Dedlzwaluanaaniinlyldsunsarmldiians
\MzN{x (agglutination) & undraesinnisseanlinuadissinindeUnd (normal saline
. v Y o aaa o 2/ a a g . . ‘é
solution) wa L% ’lllg]ﬂimm_lmml,l,aumiﬂagﬂu (polyspecific antiglobulin reagent) <3
& Aa Ao A . A v A o Aa A o A
WWwianduaaaInaa (secondary antibody) V]’i]ZL"ll’]le]Lﬂ’]ZG]@m‘ULLE]%@]UE]@]@]’JLL?T]‘U%N’]
~ A a g; é v o Y a 1 v & v v 1 A v v
LUALRDALLAI DN T LLE\]’J‘Y]’]FL‘HLﬂ@]ﬂ’]iLﬂ’]ZﬂQ&ll%L%uvL@@?El@]’]Lﬂﬂ’]%iE]ﬂ’]ElI@mﬂﬂd
ﬁga‘ﬂﬁﬂﬁ do l¥wauin n13a379 indirect antiglobulin test (IAT) fa MIaTarmInlu
g/ A = U a a Aa A .
UILARBDN (serum AT plasma) maﬁﬁdﬂwﬁ]:wuaumuaﬂamz (free 38 unbound antibody)
d' s s 1= A v A 1 ad 1 A o g/ =) Y o
‘Yl’ﬁ"l&l’]iﬂ*’ﬂzvlﬂ"imﬂuLJJ@ILEI@@ILL@GVL@‘HiavLN ’J‘Eﬂ’ﬁi@’lﬂﬂaﬂﬂ mmmaawaoaﬂwmm

[ &

Ujisennuidaifoauaszasaudnd usrasienunisdsesnlinuasioiinieUnd usn
Ihujasendusiheuendlnaydu dilueudvednananinduiuiiiaiiaauadld Aazlw

WAUIN M30373 DAT wag IAT Janudsagannlunmsanaifeasusnliauazfnaiunis

Snslya AIHA uataldonae Jaulidn (ow  sensitivity) msenunaiduuuuiadas



= v ¢ J 1 @ v o Y o ]
21duMIgMILa1 Tiluegniuanu anudwy uwazdzaunmaluesdinnisaaadng
41N (subjective) liunasgunazauninnisaauandanueantlluudaz
Y a wa & o [y o ' W v < & 1A & A
waedfiiams e linsesiaasnanlidlesuenuanlasiasiaanuwndiinfiaas nan

Lﬂ%ﬂﬂi@ﬁ?%ﬁﬁﬂﬁzTﬂ“ﬁﬁ@i aM IR LL&Z@@]@’]&Iﬂ’]‘SgﬂH’ﬂ‘iﬂ AIHA ag9unNeana

s

liaidanaanifiasannilpiiquiudadiuinfaiieasasautad (auto-immune
. A A a o A ak o & A
thrombocytopenia;  AITP) fia lsafiiinainnsaseLeuivadivanviiansiniaiion

(blood platelets; Plt) vaiantad §iheazlionnsdagyae Jyaliansana uiini

[ '

(petechiae), FFaamiantna wazenalifensanluaisrzamalundan wu nszinne

72

%

° Y & o A A A =& A o g
211113 81 1F b waz &uad Ludu tiaaTRanaTNLINNINAALRaA@AININ waNINTET
2UNIIATIINU DAT Uaz IAT 2a9naataaalwNatIn “ann1IATIaNaa1anuN1INIID
DAT uaz IAT 2addatfoauadlulsn AIHA @9na1196n uadadlminiatfaaunuia
A o & ' A o = . . ] o a '
Woauay aanuwdyniaeg lusasanahiduaziduuuy subjective ERHALEREH

I a [ o v [ ] 1 Qs < 6 A & A
LA EIN® HinlinIaTaasnad lulasuanuanlariasranunnginnads naneu

d'd 6 Aaa o a [ 1 =3

mIaanidslamidanisitassnsnlinuazfaauniisnelsa AITP agrdunnienal

Flow cytometry iduinafiansanaiuusziagmauiadinizsasosd Nias
& a A | o & A . &

TnaduundSoadoiiiuduasaises laoi vu1a (size)  waz asndsznaunialu
(granularity)  §1N1INATIVLALALATI ﬁm%‘uqmauﬁ‘ﬁﬁ’an:ﬁu 5 % surface WA
intracellular markers 2:@a4¥iNNN38/aNF fluorescence %38 immunofluorescence MaUIL

M Ia39ld mild flow cytometry fidadinitaniinislindasgansiad fa aanan

ATITANIIWIBNIN LAN18 11813 IAL5 LT 50,000 LTAS MLIRILNES 2-3 WIT IpThe

'
Y Y A ¥

A ¥ v 6 6 3 ¥ = A o
wmﬂmﬂaadgamﬁﬂuuu 1000 Loaa EI']’QJ@I?NI‘EL’JQ’W%’]%EN 10 ¥ N ‘YI’TI%N%UL&J@ENIQ%

U

a1 ldgnsuniawaale (subjective) Tuunizf flow cytometry uutiudIBLATEIN

Y ' ' { ' . . o & Qo a &
Twausiuan viTaiiannnnin (objective) a9k flow cytometry 34 laTuaNNfonanndn



lumsldanaiuoas lasanzlunalafainel wu manvdszmnitesvadilaifes

P177T%a lymphocytes lu;jam%a human immunodeficiency virus (HIV) Waz N13%U
& & & A . & Y
LTRANLIILNALADA (leukemia) LT UAY

Flow cytometric antiglobulin test §1%SUMIaTIRRRBLENlIALAERAAINANT

3n 3@ auto-immune hemolytic anemia (AIHA) 37 flow cytometry gﬂﬁﬂﬂﬁlﬁ@i?%%ﬁ

immunoglobulin G (IgG) W&z subclasses 284 IgG LKA RBC tWam3itaauuunlse

adda

. . o { | o
AIHA 1.8z hemolytic disease of the new born (HDN) Faraiududsnanituasuiazidn
AUNUWITAaLaEN Ngmaimznguzadaiiaauad (hemagglutination) laun1Inageln
1 A % U 6 nql’nd % L%
anulauaz/mialindasaanssad (Lynen 1994) uananias flow cytometry famunanls
lumsananinalnmaifialin AHA laswudnalnaruqupiiduiudusadvagis
13a AIHA RaUnd lasanzlugisnlannmsveslsansy (wase 1995) uazlainns
= =4 ada > ad . . .
1WIguNguAD flow cytometry NUAT hemagglutination lunsasiam antigens Ll
antibodies vadfialiaauad WuiniT flow cytometric antiglobulin  E131IAIATIER
Uz 11n3H 082 ILTAR 10 HULTAR bt 1ununnlussaziianduay inn13asa badne
[N ] et k3 I&/ e v o v ]
ligsendudou nansanaliduegiuanuiiazanudinguesdanaioainien
o Al . oA A o A 1 aad a .
AR anu’h (sensitivity) Lz a0UBLTANS (reliability) @aN31IDAILAN (Fischer 1995)
é L a a { 1 a g; U
TainsBududszEninwianiivedis flow cytometry Bnwanuaisludilie AIHA uaz
auto-immune diseases 5%6] (Wang 2001, Zeiler 2001, Cabiedes 2002, Gutting 2002 &
Shnaider 2002) u@ngdluiin1gin flow cytometric antiglobulin test 3 lFlun1T9523
AhRbuazfiaaumansngile AIHA ludszinalneasn 993999 AMEITINAUIITNNT

AAUATATNE1AT298 5931 §MTUNG direct UAZ indirect antiglobulin test wadLda

A A9 o o £ o . o
\Raauasnls flow cytometry lunisamiasiy Juanlfiasmuludzina uazsanisiag



nans1nUne lansluwuazdrsdszinada’ly awanidunisdsendasuiszanmuasdszine
1 I a v o a v v ‘ij
waranvzRIduFUAeanituaT Y TEnd ladnn1anite
Flow cytometric antiglobulin test &nsunsaTIdItasLunliaLacfiaaunms
Sns1l3a auto-immune thrombocytopenia (AITP) 2D flow cytometry gﬂﬁ’l&l’ﬂ"ﬁ'@l‘i’s’%w}
antiplatelet antibodies WRZWUINEINNTDLTaTI a8 uwenlsa AITP  88n31n non-
immune thrombocytopenia (NITP) laduatne@ (Rosenfeld 1987) Laz3D flow cytometry
v A A P | aaa k . . = A
IiTafnitani135u 9 lunsasam antiplatelet antibodies s unTaLandszaInNT
\ = A o o @ ! A . A o = A & v A
daguadinaaiieals  inlvnsuinnsi auto-antibody  tnz@anuindaiRaatii il
e o 6 o =3 A 1 [l =3 A a 1 = =3 & A
ANMUFURRTNLTWIATBINAALRER BaneauIbidunaaReaszlivwalrgwiadnng
lamafazgniudisuauivadiviniisuniu (Home 1988) WAIIMNUUIT flow cytometry
niwila direct WAz indirect antiglobulin test AgnianlFlunsidadule AITP uaz
NAITP (neonatal allo-immune thrombocytopenia) ﬁuaﬂ"]dﬂ’?’]d“ﬂ’ndﬁdl,muqmﬂ']w
AR (qualitative  measurment) WazUSU1MILATIZH (quantitative  measurement)
(Heim 1988, Christopoulos 1993, Hagenstrapm 2000, Romeo-Guzmain 2000, Tomer
2002 & Fabris 2002) wadnlrnaziduiuise wazdeldledmaiwnldiiunisasaa lu

v A o

Nudsziriuudesnela  wannRgIinIWMUIAT flow  cytometry  §1WILATINL

v

. = o 2 o @
reticulated platelets #3alnaalaaaal8an TIau1Talsduawis

s

TAMIABUABIADNNT
Snwnaaslsn AITP  uazlsndug fiflanns thrombocytopenia 3282 Ididnadned
(Rinder 1993) waing3 bidn133n flow cytometric antiglobulin test 311 Elun13957133 %30
wonlsauaz@aaumsinsdihe ATP ludszinalneednenieds anedidsiswamn

ABMIaTALaieaT9d L33l §WIUNI direct WA indirect antiglobulin test U3

& A Aq o o £ o . o
indaiiaadild flow cytometry lumsasiany Aumnlfiasmuludszine uazganisiiae



NRATInUN e landluiazddszinadald awaziilunisdsengasulszuimuaddscing
1 | a U o a v A ‘ij
waze19cRILIuFUMaannGnaITUstinaladnnianite
LA W@ v L= ‘é [ v
anzidp lddszyndliitinalalnand flow  cytometry)  &9lagudalu
6 a o < aa -
lsswsnaguduazlaaneiwauniineaslasnald anldlunisasaifednlsaua:
faanumIinlin AIHA Laz AITP 69na1? launIsnawidsn1snieenin Ina lalniun
Inuaudlnayduwing (flow cytometric antiglobulin test) tWan13asIaiLIdaRaauaInia
= A Aa a a ' & A & A o o
indaliaanduandvadiiniza: (DAT 2841ial880UAILAIBINAALRAAANNAIGL; E-DAT
a a 4 A P v & A A =
Wa T-DAT) LaZNNTATITALEUALDA ML ARBINFINITALMZAULIALRBALAINIBLNAS
A o & A & A o @ A A o
\Haala (IAT 289 LAALRALAILAZYBINAALREAANENAL; E-IAT uaz T-IAT) S9dnanns
lazdadssalii fa 1wiT DAT n13819 RBC (E) %3a PIt (T) 89a9tey wensvidfizen
o .. . . d' YU A d'n (3 a A (% 1
AU polyspecific  antiglobulin  reagent aziUasw Ul friaNAaaainalofi3adugs aun
F(ab)'2 anti-human immunoglobulin conjugated fluorescein isothiocyanate (AHG-FITC)
(fluorescein isothiocyanate, FITC) %3a 1135 IAT Uffsenszningsinniesny RBC wio
Plt HIAILAN N1TANIHINILAN waziTUwAsIn® A WasuN1 T FITC-conjugated
. . . . & & o o o o A
antiglobulin  Wn# antiglobulin ~ F37U@N MU luvinnsasanualaeIad flow
° = a . o '
cytometer }4$11I% 50,000 LUAR TIITENNTOLAN sensitivity  betduasned waztiu
aa o A & . . o Y AN A o oA A &
Arnsanalafilluiuy objective ¥nldHansaTan ladanuuinsuazyiniTaianndu
1 ad 3; a s 1 a? ai o 1 a A & a A
AATAANAINE1D wannRMIRTIRINTIWTa lULenduadidusiia 1gG, IgM w38
- \ 4 v . , , -
c3d AsuarinlalasiUfsuannnen polyspecific  antiglobulin  reagent luilu
monospecific antiglobulin reagent T LW1zA8 IgG %38 IgM W38 C3d unw Tefaurinlu

ATANIANALININ polyspecific antiglobulin reagent 3W&E7 LaINNANBULEINTVDS

Ta N AANNULALALAAGINTRANS MILAN AW TIUNINIINHIALANAIINHAIL



w1 low sensitivity W&z subjectivity a9 35 DAT uaz IAT 289N9 RBC uag Plt
ad & a o @ T v A 'Y ad Aa
lu’l’ﬁ@dm&l ml%wamimfmvl,ummana ﬁJGﬁ]']Lﬂ%@IaGNﬂ’ﬁW@N%’T]‘E flow cytometry 1Na

high sensitivity Wae objectivity 811714150329 DAT uaz IAT 2899 RBC Uaz Plt

2 '
s A

a a t=l 1 { v t:g/ é 13 1 UV
NAUNUBITAILAN LWBLW&IQ’J’]&J%’]L%Q&BI%QGTG Gli\‘il,lluﬂﬁzitl"ﬁﬁ@lﬂ I}dﬂ’)ﬂ AIHA RS

o o

6 v = o a 6 v 1
AITP, wwndiyinmsinm uazininafiamsunngdgvinnsasia daldluauae
130 AIHA uaz AITP Saaadudgmisdglugihsrnilng mavawisnmieis
LazINE19909na1N T8RN RAss s N lTALAERAAINANITNENYIN L B e d)

1 { J 04 ! ¥ a a g a
ﬂmm‘w LRI TBN0UNT Y DUIZHS Nﬂl%ﬂizﬁﬂﬁﬂﬁwsluﬂqﬁiﬂﬂﬁ LLE‘!$@]MI]']W%'J(§I°IJ 24

] o

o '

R ad A aad £ AN o o v ) =

Ahediuldluewaa e thWawduanlmildgninlulfainindiwang wananii

3’ dl g J n:? ] a a a a 6 ] e 1 a

e wam v iiiaziilamalunisnfaluiBondiad uazgindsitzuia

e lanslunazarsdseine Wunmsdsendasudszanaladnniondis

v 6

anilszdsn

1) WeanawItmauazgathendnigddmitenniudaifoauainluauduedinizdo
adlae AT Inalalniund (E-DAT)

2) WavawAItmIuazgaihimdTapldmitamamuenduadluiiniasnaunin
innzfanuiiaiaauaslalasitina lolnani (E-1AT)

3) LaWawITMIuazgaisduigddmivanatuiniaiiaeniuanivadinzie
adlavATInalalniaum3 (T-DAT)

4) WWeRawITMuazgaisduiagddmitaraniueudvadluiiniasnaunin
innzfanuinaaiden lalasd iwa lolniuns (T-1AT)

5) WaR@mTAEaTATaREINaTIIMEULa (parameters) danan7 lena 4 Bl

{ o a S { o & & % aa o
6) L‘ﬁE]%W’J%ﬂ?i@]ﬁ’)’i]LLRZ@@%WUW@I?’]QﬁWG&I%’]T%ﬁ NWI%@]S’J’%’)%%%UI?@ AIHA LR

AITP Wisuifsunslsadueg Nassadny uaznuaudnd



uNn 2

%

Ja6 aunyol uazdsnie

Aa819La0a
s 1 A U dl' U n; U % %
mamamamdﬂwhﬂ AIHA, AITP uazlsndug vonndthondaniumsinm
Tu T5IWeNUaumI N TRaI By AU WNaeras WnIneauLTaglng 15 B
Tasiedne mﬂ’immqima@% winalaRraInegn mﬂ%’lqmsnmma@ﬁ RUILLADUTNE

a

LALLIMT NuswATRes mhoduamanidunuwingt swliannaniuazTugas

q

150 1Reaaudn@vrean WisIarmILazUINT NUFMIATIEEA RIaNNUNAnEINARa
6 A Aa v A 1 a a a A | %

mauwng MRnUFuaMaziRen lusznivmasewimlafiaingn udu lagmasg

wiwluluBusaw (consent from) Wuanids lunsdngihoangszwing 15-18 U azding

VLﬁ%ﬁJﬂ’]']&lautla&lﬁ]’Wﬂgﬂﬂﬂiﬂd LLﬂtﬁ]ZleM’]ﬂ’ﬁﬁﬂH’ﬂugﬂ’]Elﬁﬂ’]i!(ﬁ’m')'”l 15 1 Fwan

Mol 5 ngu A ngueths AIHA (n = 50) ngwgile AITP (n = 50) njuriae

roumatoid arthritis (RA, n = 50) ﬂﬁj&lé’ﬂ’m non-immune diseases (NAD, n = 50) Lag

50) laguAuideanoazUszanme 3-5 Haaaas L ldwn

ﬂﬁi&lﬂuﬂﬂa (Normal, n

Useansnwlumyifiadousnlsnuasdnminge (parameters) 113 4 e9na1n laslsa

AIHA @373%161 E-DAT uae E-IAT uazlsa AITP @3573%161 T-DAT Uaz T-IAT

160 @13LAd LAZUNENATID
Anti-Hu-C3d-FITC
Anti-Hu-IgG-FITC
Anti-Hu-IgM-FITC

Anti-Hu-Igs (polyspecific)



Anti-Rh(D) serum

Blue tips

BSA powder

Cellpack

Cell clean

Coomb’s control cells
Formaldehyde

Platelet concentrate (group O)
Sheath fluid

Screening O RBC

F(ab)2 goat anti-human Igs (polyspecific) conjugated FITC (AGT-FITC)
Flow plastic tubes
Glutaraldehyde

Glyoxal

Iso-Cont-FITC

PBS tablets

Stromatolyser

White tips

Yellow tips

1A3aINe
Balance, Model AR2130, Ohus, USA.

Blood bank centrifuge, Model Centra-B Plus, Thermo, USA.
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Centrifuge, Model H-103N, Kokusan, Japan.

Computer, Model IT Service Station, Belta, China.

Flow cytometer, Model Epics XL, Beckman Coulter, USA.
Freezer, Model SF C992 NG, Sanyo, Thailand.

Hot Plate Stirrer, Model HTS 1003, LMS Company, Japan.
Light microscope, Model CX31 RBSFA, Olumpus, Japan.
pH meter, Model pH 210, Hanna Instruments, USA.
Refrigerator, Model RT41MA, Samsung, Thailand.

Waterbath, Model BM 403 (30L), Nuve, Turkey.

N1963391%1 Direct Antiglobulin Test (DAT) A28 Standard Tube Test (STT)

\in 50 pL packed RBC 2a95the adlu 950 pL PBS wawldidniud azld 5%
RBC suspension 1w PBS l& 25 L 289 5% RBC suspension adlunaaauiinnasd
2w1a 10x75 mm. §19 RBC eana1n aqe PBS lasduldanaznasn Wi19@ supernatant
79 3 ass ﬂ%q@ﬁw TU PBS aaniﬁmnﬁqﬂﬁwmzmw%'u laiflw RBC button L@
100 UL w83 polyspecific anti-human globulin serum AHG NECI N ARPG LLﬁlﬁudﬁuNa
15 Jw#l Uufinua agglutination (agg) S liwy agg 1@y 50 UL 289 5% Coomb’s
control cells (CCC) adlunanlhidning duduna 15 3ufl s1una agg Wy agg 1w
uilanaidlu negative thliny agg uEasIN AHG LRangnW dasvinnisnasavlng lagld
AHG waalnd Aifsfianng

WINELAGA 811U RBC control 1% RBC group O Rh positive ﬁmumsﬁﬁﬂﬁﬁ%m
Ay anti-Rh(D) serum %1% 30 wif Tu 37 OC i)} positive control RBC wazld normal

RBC 1w negative control RBC
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N1963391%1 Indirect Antiglobulin Test (IAT) @28 Standard Tube Test (STT)

@383 5% RBC suspension lu phosphate buffer saline (PBS) ynlag 819 RBC
group O &8 PBS Taaiuldanaznon U829 supernatant 9 3 a5 Il wash RBC
1@n 50 uL wash RBC adlw 950 pL PBS wawlwitnnud azle 5% RBC suspension L
PBS

3373 indirect antiglobulin test (IAT) @18 standard tube test ¥inlag L& 50
UL tested serum 8dlw glass test tube BWIA 12x75 mm USLAN 25 LL 5% RBC
suspension Tu PBS 41t wanliidnud incubate 5 w1l T room temperature (RT) Lfia
ATULIRLED ﬁuémwa 15 3w duinwua aggregation (agg) %uﬁ 1 (RT) "i]’m‘lfu
incubate 30 w17 1w 37 °C aasuiaudd Tusuna 15 3uf Tuiinue agg TuR 2
(37 °C) annsin §9 RBC ¢he PBS lasilulianaznon u829@ supernatant 9 3 A%
ﬂ%q@ﬁw U PBS aaﬂlﬁmnﬁq@ﬁwmtmwﬁh leiiln RBC button 1&n 100 pL
polyspecific anti-human globulin serum AHG WaalWidAud udrtueuua 15 Suwnfl
Tufinue agg 3uf 3 (AGT) flaiwy agg lidw 50 pL 5% ccc aslunawliidniug u
8IUHA 15 U B81UNA agg NU agg IAuUanaldu negative s liwy agg uaesin
AHG \Fauamw dasviminesavlng lagld AHG 1alnal AdsTanné

PANBLAR MIBTUHATUA 1 TURA 2 uaziui 3 FIWD agg lindunoula liuls
Na31 positive Ltﬁluﬁuq@ﬁm CCC @adNy agg 393eUUANAIN negative 1o &wTu
serum control 1% anti-Rh(D) serum WD positive control serum wazld normal serum 1Ju

negative control serum
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NIINWIIS Flow Cytometric Erythrocyte Direct Antiglobulin Test (E-DAT)
° & o & A ~ = P o
1. NARALURIFTIWIBATIVAINIAILTALRAAUAINANIZRN  LagllSaungun1sang 1, 2
& 3 139 928 0.1% BSA-PBS
2. NAFAURIANUTUTWNLANITRNVBILTALRAALAINRIINNNTAILED TaanlSouLisy
AMALTUTWN 0.125, 0.25, 0.5, 1.0 & 2.0 % RBC 11 0.1% BSA-PBS
3. NARAUMIANNLTNTUNLANNTENVRY antiglobulin reagent N@aaanee FITC lums
ljisenuidaiioauasnarsusy lagldanuidudun dilution 1:10 lu 0.1% BSA-
PBS wWinuifinudianasildn 25, 50, 75, & 100 pL NunulIsuisugunniin 4,
O = =) o aaa t:ll =)
25 & 37 C uaziIuuinpuszaziansvind §Asenn 20, 30, 40, 50 & 60 wf
v o A =< = A A
4. NARAUMIANMUTNTUVRY formaldehyde Minnzadluniass RBC Aulilunsdin
' o o ~ v o = A v o A
ldsunTnasianudioelas flow cytometer lanufi lasSoufisuanuidudud
0.25, 0.5, 1.0 & 2.0 % V84 formaldehyde 1% 0.1% BSA-PBS
5. NARDUAINNAIAIVDI RBC  NHIWATZLIBMSTNIRNALA ﬁLﬁUvL’ﬂszLﬁu

(refrigerator) 1uszoziaNnInzay lasiSoufiouiszeziian 0, 1,3, 5 & 7 3%

NNINMWIID Flow Cytometric Erythrocyte Indirect Antiglobulin Test (E-IAT)
NMILAILY Erythrocyte (RBC) suspsnsion #1130 E-IAT I@m%a screening group O
RBC suspension 1A&ANANTNA Y ¥aLa388 0.5% fix-washed RBC suspension b
0.1% BSA-PBS (5897n&19 RBC ¢e PBS lasilulhanaznasn U899 supernatant 9
¥ 3 039 1eilu wash RBC Wawi 0.05% glutaraldehyde 13 0.1% BSA-PBS waulwidn
e ?Tﬂﬂuqmwgﬁﬁaa (RT) w1 30 W17l §19 RBC @18 0.1% BSA-PBS lagiluld
ANANE% WAIQA supernatant fis ¥ 3 @39 wdUGw 5 uL fix-wash-packed RBC &9l

950 uL 0.1% BSA-PBS 2¢l¢ 0.5% fix-washed RBC suspension 1 0.1% BSA-PBS
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fnsuldidu target erythrocytes iNalw antibody 11 serum an1sanaule Aeunsvin

erythrocyte indirect antiglobulin test da'ly

nagaumsanduiiminzanlumanujiiinewig  05% fixwashed RBC
suspension 14 0.1% BSA-PBS 1331@3 25 L fiu serum gthe U3u1as 50 pL i
dilution: Undilute, 1:10, 1:100 & 1:1000 @2% 0.1% BSA-PBS i’J&lﬁ’:dLﬂ%U‘ULﬁU‘U
qm%gﬁﬁ' 4, 25 (RT) & 37 °C LLaf:Lﬂ'%U‘uLﬁﬂmwzna’m’ﬁﬁ’]ﬂﬁﬁ%mﬁ 20, 30, 40,
50 & 60 w1l

Juaanda bl wilawny E-DAT 98 1 — 5

NNINMWIID Flow Cytometric Thrombocyte Direct Antiglobulin Test (T-DAT)

1

° & o & A ~ = P o
NARDUMITIWIUATIVAINIILNAALRAANIRNERY lastIauisunisans 1, 2 & 3
A39 #28 0.1% BSA-PBS
NARDUMIANNIT NI UL RN TNV ILNAALRDARRINMIA LAY lasSuuiisy
ANNLTNTWN 0.125, 0.25, 0.5, 1.0 & 2.0 % PIt 11t 0.1% BSA-PBS
NAFDU ANV UTUNANZRUVEY antiglobulin reagent NAaaa1nals FITC lunns
dfAsenuinaafaanssusy laaldanudutui diution 1:10 §28 0.1% BSA-
PBS Wisuifisudiunasnleh 25, 50, 75, & 100 pL S?NﬁdLﬂ%UULﬁUUQM%Qﬁﬁ 4,

O = =) o aaa dl =1
25 & 37 C uaztIpuiiyuszuzIaInsinyJiseni 20, 30, 40, 50 & 60 1N
NARDLI AN NTUVDY formaldehyde Tnanzanlunisads Pit viulilunsdinla
o o A v A ~ a v o A
RNINATINLFLLATBY flow cytometer Lanuf lasUSoufisuanuidudud 0.25,
0.5, 1.0 & 2.0 % Va4 formaldehyde 1% 0.1% BSA-PBS
NAROUAMNAIGIVRY Pt AkunsziumInsnaudy Miulilugiiu (refrigerator)

TenduszazinaNvuizsy lagSoufsunszozian 0, 1, 3, 5 & 7 1%
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NNINMWIID Flow Cytometric Thrombocyte Indirect Antiglobulin Test (T-IAT)
NMILAILY Thrombocyte (PIt) suspsnsion U T-IAT lagld group O expired

platelet concentrate PMNFANTIA Y ¥NWAIBN fix-washed Plt suspension 1% 0.1%

BSA-PBS (597n1l% platelet concentrate Tanaznasn LA1Q@ supernatant a9 ¥ 3 A%s

@i wash PIt naufy 0.2% glyoxal 0.4% paraformaldehyde 1% 0.1% BSA-PBS W&l

v
v A a A v

IWidhiud falilugamniivias (RT) win 30 wi#l §14 Pit de 0.1% BSA-PBS Tapdlulst

ANANaW LAIAA supematant 9 1 3 @39 uRHY 5 UL fix-wash-packed PIt 8411 950

UL 0.1% BSA-PBS azl¢ 0.5% fix-washed Plt suspension 1% 0.1% BSA-PBS &niult

1% target thrombocytes Lol antibody 4 serum awnTandule AeunIvi

thrombocyte indirect antiglobulin test Ry

1 negeumdanduianzanlunmahufiosswite 05%  ficwashed  Pit
suspension 11 0.1% BSA-PBS 134103 25 L fiu serum §the U3anas 50 pL fi
dilution: Undilute, 1:10, 1:100 & 1:1000 1% 0.1% BSA-PBS i’JlJ‘Y%L‘IJ%EIULﬁEJU
qmﬁgﬁﬁ' 4, 25 (RT) & 37 °C LLazLﬂ%fﬂ'uLﬁﬂmwznmmiﬁwﬂﬁﬁ%mﬁ 20, 30, 40,
50 & 60 W

2 Tuaaudall twilaunu T-DAT 28 1-5

ag‘ﬂ‘i‘ﬁ'msmn Direct Antiglobulin Test (DAT) A28 Flow Cytometry (FC)

Erythrocyte direct antiglobulin test (E-DAT)

I 5% RBC suspension v835j128 33103 25 UL 619 3 A33d8 0.1% BSA-PBS
nnulasauin 0.5 % washed RBC suspension lagmsidia 250 UL 989 0.1% BSA-
PBS wauldldnnud 19 75 pL vad 0.5 % washed RBC suspension WENNL 75 L Va4

F(ab)'2 goat anti-human Igs (polyspecific) conjugated FITC (AGT-FITC) ‘ﬁ dilute 1:10 1u
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0.1% BSA-PBS ﬂuﬁqmmgﬁ ¥os win 30 wifl luiida andwdn aniudy 500 pL
289 1% formaldehyde 1% 0.1%BSA-PBS wawliidnnug shlUamasusisiaias flow
cytometer A1 aaLA%aslsitin 50,000 RBC 7 low flow rate v3alidl dasnmylnases RBC
HIUELRS laser LaiLAn 1,000 RBC da second lagld detectors 3 afla lakn log side
scatter, log forward scatter a2 log fluorescent detector 1 (LogFL1, green fluorescence
7 530 nm) ugAINAN13ATILT% mean fluorescent intensity (MF1) 1/3ouifisuny RBC
yasauwnd fAliu normal control

Thrombocyte direct antiglobulin test (T-DAT)

1 5% platelet (Plt) suspension vadfihe 130183 25 pL 819 3 A58 0.1%
BSA-PBS ﬁl’mﬁ?um%wl,ﬂu 0.5 % washed PIt suspension lagm3L@ia 250 UL 183 0.1%
BSA-PBS Waul#ldnnud 14 75 pL 189 0.5 % washed PIt suspension WENAU 75 ML
289 AGT-FITC 11 dilute 1:10 lu 0.1% BSA-PBS tuilgomgivas wi 30 wift luiila
NUW@N 500 L 289 1% formaldehyde T 0.1%BSA-PBS mawlwithiud ihluasie
HudeLaies flow cytometer 71 inliasatiudasLaies flow cytometer 71 aata3aslviiu
50,000 PIt 1 low flow rate w3l dasmslwanas RBC Hing sy laser Miifin 1,000
Plt ¢ia second lag/ld detectors 3 wiia len log side scatter, log forward scatter LLae log
fluorescent detector 1 (LogFL1, green fluorescence ﬁl 530 nm) ugadINan1IaTIaLdn

mean fluorescent intensity (MFI) Wisuisuny Pit vasaudnd Algidu normal control

a@%%‘msmm Indirect Antiglobulin Test (IAT) @28 Flow Cytometry (FC)

Erythrocyte indirect antiglobulin test (E-IAT)

1 5% Screening group O RBC suspension Aldwananmoalng wn

3L glutaraldehyde fix-washed 0.5% RBC suspension 14 0.1% BSA-PBS nau
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W§23¢17 25 UL va9 glutaraldehyde fix-washed 0.5% RBC suspension ¥nifjfizennu 50
ML 284 undiluted serum vadr1l Linlu 37 °C win 30 Wit 1lanTuIAUEY §19 3 A3
@1 0.1% BSA-PBS us?3dWiujAsenny 75 pL w83 AGT-FITC 9 dilute 1:10 lu

0.1% BSA-PBS ﬂwﬁqm%{]ﬁﬁaa Wik 30 Wl lunda 9 nmmdy 500 UL w89 1%

formaldehyde 1% 0.1%BSA-PBS wauliidnnud sinldasiaiusaiadas flow cytometer

[
%

RGRLSY 50,000 RBC 1 detectors 3 Tha laun log side scatter, log forward scatter
wae log FL1 (green fluorescence 71 530 nm) URAINANITATILT% mean fluorescent
intensity (MFI) 1W3suifisuny serum 283audn@ 71404 normal control

Thrombocyte indirect antiglobulin test (T-IAT)

it group O expired platelet concentrate PNNFAMNTN9 e anaIoudn 0.2%
glyoxal 0.4% paraformaldehyde fix-washed 0.5 % PIt suspension 1% 0.1% BSA-PBS
fau uda39ld 25 pL wes Plt suspension 7ilel anviuUfATENAL 50 pL 289 undiluted
serum 289K1)28) valu 37 °C win 30 wift easunaud §19 3 AsdI8 0.1% BSA-
PBS ud3slkvnUFA%eniy 75 pL 289 AGT-FITC 7 dilute 1:10 4 0.1% BSA-PBS 1ia
fgaunniives wm 30 wit ludile ANUWAY 500 pL w89 1% formaldehyde lu
0.1%BSA-PBS wawliidniug silamaiudisedas flow cytometer i @3lieil 50,000
PIt 17 detectors 3 ofia léun log side scatter, log forward scatter L8z log FL1 (green
fluorescence ﬁ 530 nm) UROINANITATITY mean fluorescent intensity (MFI)

=} =4 > a dl Y &
WSyuisuny serum va9audnd NlEiI% normal control
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m‘sﬁmwngﬂti'l 21035729 Flow Cytometric Antiglobulin Test
NnEnEAINEENLE T Lo ﬁmnm’%wqm{ﬁmmn flow  cytometric
antiglobulin test AiguNT0a7196% 4 parameters (E-DAT, E-IAT, T-DAT & T-IAT) lu
ﬁwmﬂgmﬁm %oﬂizﬂauﬁw
1. Diluent l@wA 0.1% bovine serum albumin 11 phosphate buffer saline (0.1%
BSA-PBS)
2. Erythrocyte fixative solution ldur 0.05% glutaraldehyde 1% 0.1%BSA-PBS
3. Thrombocyte fixative solution leun 0.2% glyoxal 0.4% paraformaldehyde Tu
0.1% BSA-PBS
4. Secondary antibody laun F(ab)2 goat anti-human Igs (polyspecific)
conjugated FITC (AGT-FITC)

5.  Fix-to-flow solution laliA 1% formaldehyde 11 0.1%BSA-PBS

N13ENBIANAIAIVBILARIVIAI Flow Cytometric Antiglobulin Test
ﬁﬂmmmmé’waamﬁnmﬁm’%wvlﬁ ﬁLﬁUvLﬂWifLﬁu 4 °c iluszezian 6
\Wen lapminsang E-IAT uaz T-IAT ludadns serum gl AHA uaz AITP
o @ ~ P . = ' (0] v o a .
Aua1au Nuenti aliquats v l3lu freezer 20 C udtaaninazanuiiaz 1 aliquat

P A & A & &
LNDNINITIRNTI LABURTATI JIU 6 LAl I8 6 A3

w3zuifiauan Flow Cytometric E-DAT wag E-IAT lugilaiuanilnd

v Q/ 1

K1l UIﬁﬂIaﬁ@ﬁmLﬁaamﬂmiﬁgﬁﬂuﬂumaéﬁmﬁ@Lﬁammw 296ULY (AIHA, n

q

v

= 50) ﬂﬁqi&l;jﬂ’szf[im]”aETmmJLﬁaoﬁnﬂﬂﬁﬁgﬁﬂuﬂu@ia@T’m@mLad (roumatoid arthritis,

q

v
q

RA, n = 50) nquijihulsndug nldldlsanidunudadiuauas (non-immune diseases,
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NAD, n = 50) ussnguaudn@ (Normal, n = 50) Alew1an ISINeNLIRNRIINTUAT
= ] 6 a o a ] 1 A =1 A
Toalnal ASUANEMENS RINeNasLTedlng Terinafeuunay 2547 H9 Laan

i’]qm &)1 2548

wizuifiguan Flow Cytometric T-DAT uaz T-IAT ludthanuaundn@

¥ 1 v <3

naurihslsaifensaniitasnnmiiniduiudadunaaiioavasauias (AITP, n

¥ ] v

= 50) mjmjﬂaﬂ“[imj”aéTmamﬁaamﬂmsﬁgﬁqu WA UAKLEY  (roumatoid  arthritis,

Ay o '

RA, n = 50) ngugiholindug Aldlslsaniduiudadiuauias (non-immune diseases,
NAD, n = 50) uaznguaudn@ (Normal, n = 50) f1ldanan lsawenuaumNTua
A 1 6 a % a 1 ] A =1 A

Fedlnd amzunnomans wwinenaudodlnd szwinafeuuninay 2547 9 LHaw

Anuon 2548 RipISap)!
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Han1Inaaay

Nan1INMIHIIS Flow Cytometric Erythrocyte Direct Antiglobulin Test (E-DAT)

1. NANINAFALURIINUIUATIVAINITANILNALR D ALAINLANZ Y

= =
TaodSounauniy

819 1, 2 & 3 A3 WUIINNTA 3 A3 bAAN different MFI §980 F9RanlTaaaaniy

NARDY AILRAILY A1T97 1

A15199 1 138U ey Mean Fluorescent Intensity (MFI) YBINITAN Erythrocytes

MFI \  Wash 1 Time 2 Times 3 Times
MFI of AIHA RBC 0.789 1.186 1.680
MFI of Normal RBC 0.670 0.689 0.677
Different MFI 0.119 0.497 1.003

WUIINNTANS 3 A543 beN different MFI 5950 FRanlTaaaanInaaas

2. NAFIURIANUTUTWALANIERNVBILTALRAALAIRRIINNNTAILED TaanlSouLisy

AT 0.125, 0.25, 0.5, 1.0 & 2.0 % RBC 14 0.1% BSA-PBS WuINmTMe

0.5 % RBC suspension lFlawininanzaufign liFmseduiuld uazlsien

different MFI mmmuﬁq@ RNl TARDANIINARDI AILRAIIH 139N 2 — 3




A15191 2 1SBuneuszaziIaINISHUATY 50,000 209 % RBC Suspension

20

% RBC Suspension — 0.125% | 0.25% 0.5% 1.0 % 20%
Time of Flow Cytometry (Sec) |

AIHA RBC > 300 252 157 93 35
Normal RBC > 300 225 142 90 33

wudm3lE 0.5 % RBC suspension lFlaunanzanfiga lisimsatuinld 3

Laaﬂi“ﬁ/@laa@ﬂﬁiﬂﬂﬂad

713199 3 1388y Mean Fluorescent Intensity (MFI) 289 % RBC Suspension

% RBC Suspension —» 0.125 % 0.25 % 0.5% 1.0 % 2.0%
MFI |

MFI of AIHA RBC 1.785 1.762 1.689 1.457 1.261
MFI of Normal RBC 0.699 0.687 0.655 0.658 0.649
Different MFI 1.086 1.075 1.034 0.796 0.612

wudnsld 0.5 % RBC suspension e different MFI iunzauiiga lasd

TLULIRLLRNIERNAIE F9RanlTanaanInasad

3. NARAUMIANNLTNTUNLANTENVR antiglobulin reagent Naaaa Ny FITC lums
o Aaa v & A Ao o o v o A o ~ a
ifisenudaifeauasissusn laglsanududun diution 1:10 wWisuiiisy
=3 { U, { g: =) { O
UTunasiildn 25, 50, 75, & 100 pL Twmalsuiisugnnin 4, 25 & 37 C uaz

WisufipuszazamMvindjisenn 20, 30, 40, 50 & 60 wifl WuIIMTLE AHG-

a

FITC fiY3unas 75 WL dufigaang® 25 °C win 30 widl  different MFI tnanzas 39

U

\HanlEaaaan1Inaaad ALl a13190 4 — 6



M13199 4 1W3BuNey Mean Fluorescent Intensity (MFI) 20913813 Anti-Human
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Globulin Conjugated Fluorescein Isothiocyanate (AHG-FITC) 1 dilute 1:10

Volume of AHG-FITC (uL) - 25 50 75 100
MFI |

MFI of AIHA RBC 1.026 1.239 1.687 1.726
MFI of Normal RBC 0.636 0.678 0.682 0.699
Different MFI 0.390 0.561 1.005 1.027

Wyl AHG-FITC fisanas 75 UL & different MFI

Na\a

@1319% 5 1W38uiiiay Mean Fluorescent Intensity (MFI) zadamsn & lzany Anti-

Human Globulin Conjugated Fluorescein Isothiocyanate

= = v
PANIERY "i]x‘iLE\l?Jﬂl“ﬁ@lﬂﬂ@ﬂ'ﬁ

Incubation Temperature (°C) - 4 25 37
MFI |

MFI of AIHA RBC 1.012 1.682 1.679
MFI of Normal RBC 0.642 0.686 0.690
Different MFI 0.370 0.996 0.989

a

WUIINTLNNY AHG-FITC ﬁaqm‘vm&l

U

BN

(o] A . A o
25 C U different MFI @Ex‘iq@] %Maaﬂlm@lﬂa@ﬂ’ﬁ
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A15197 6 Uiy Mean Fluorescent Intensity (MFI) 2293281210811 IBLNNY

Anti-Human Globulin Conjugated Fluorescein Isothiocyanate

Incubation Time (Min) —» 20 30 40 50 60
MFI |

MFI of AIHA RBC 1.476 1.689 | 1.678 | 1.692 | 1.702
MFI of Normal RBC 0.645 | 0.670 | 0.669 | 0.675 | 0.677
Different MFI 0.831 1.019 | 1.009 | 1.017 | 1.025

WUINTZULIAN I FUNAY AHG-FITC 71 30 Wl § different MFI GRED Ranltasaaniy

Naaa

4. NARAUMIANMNUTNTUVRY formaldehyde Twannzanlun1iads RBC Aulilunydln
1 a £ dl v e A =} = v v dl
ldaansnananudioiaias flow cytometer lonufi lagSaufisuanutudun
0.25, 0.5, 1.0 & 2.0 % %84 formaldehyde 1% 0.1% BSA-PBS WUtk
formaldehyde finnanadntu lufinada different MFI wanzan 30danldn 1%

ARAANIINARDY LThaIANNLATLNIY AILFAI LU N9 7



13197 7 wSautiisy Mean Fluorescent Intensity (MFI) 209@MLANTW (%) Va9
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Formaldehyde
Concentration of Formaldehyde (%) — 0.25 0.5 1.0 20
MFI |
MFI of AIHA RBC 1.676 1.679 1.678 1.681
MFI of Normal RBC 0.666 0.668 0.679 0.687
Different MFI 1.016 1.011 0.999 0.994

WU 3lE formaldehyde fiynanuintu lifinada different MFI twanzay 3aiianldn

1% AREANINANY LHadaniaIsudng

5. NARIUAINNAIAIVDY RBC  NHIWAIZUIUANINIRNALA ﬁLﬁuVLi'LugTLﬁu
(refrigerator) uszazaNrnnzay lasSouisufszoziian 0, 1, 3, 5 & 7 %
' & A [ v & = ' . =< ' (Y
wuIrm AUl ldhn 7 Tn slu@wu laidnasdia Different MFI 3981301308 HNAGY
flow cytometry banelu 7 74 asuaadli a119N 8
> ~ a . <
®13191 8 tU3auinay Mean Fluorescent Intensity (MFI) Y ITEHLLIAIWATLNY

RBC 131ugiéin nawn13¥in Flow Cytometry

Time of Storage (Day) —> 0 1 3 5 7
MFI |

MFI of AIHA RBC 1.686 1.689 1.679 1.685 1.682
MFI of Normal RBC 0.645 | 0.658 | 0.671 | 0.675 | 0.682
Different MFI 1.041 1.031 1.008 1.010 1.000

wudma AU IR 7 % Tughu lailnasia Different MFI 39831308 UNAGIE flow

cytometry lanelu 7 70
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NAaN1INAIWI25 Flow Cytometric Erythrocyte Indirect Antiglobulin Test (E-IAT)

1 negeumdanauiimanzanlumsviUffiieoszwiie 05%  fixwashed RBC
suspension 14 PBS 130103 25 pL fu serum #il U3anas 50 pL i dilution:
Undilute, 1:10, 1:100 & 1:1000 yIurau3ouifisugumniifl 4, 25 (RT) & 37 °C uas
\WEsuifBuszoznam g §A5e07 20, 30, 40, 50 & 60 w1 wuiM3lF undiluted
serum 1U51193 50 UL ¢ia 5% RBC suspension 1/531@3 25 pL Uaifi 37 °C ww 30
09 60 w17 { Different MFI gelduandnenin 3a8anld 30 wal anaaninansd a9
waaali @13797 9 — 11

m'l‘ﬂ\‘l‘ﬁ' 9 11/38uLNay Mean Fluorescent Intensity (MFI) 289 Serum Dilution ﬁi%ﬁ']

1jA381NY 0.5% Erythrocyte Suspension

50 pL of Diluted Serum at (%) — Undilute | 1:10 1:100 | 1:1000
MFI |

MFI of AIHA Serum 1.784 1.432 1.027 0.687
MFI of Normal Serum 0.679 0.675 0.663 0.654
Different MFI 1.105 0.757 0.364 0.033

wui1n13lE undiluted serum fi3anas 50 UL 8 5% RBC suspension U38103 25 UL

1@ different MFI RUEY iRanlTaaaaniInaaas
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M13199 10 tIsuLiay Mean Fluorescent Intensity (MFI) qnmgﬁﬁ #1a Serum Nu

0.5% Red Blood Cell Suspension

Themperature (OC) - 4 25 37
MFI |
MFI of AIHA Serum 1.084 1.532 1.728
MFI of Normal Serum 0.676 0.669 0.673
Different MFI 0.408 0.863 1.055

' o A (o] ' o LY . { @
wmwmﬂmﬁmunﬁu 37 C 1y serum NuU RBC l#an different MFI gaNga Rl

ANDANIINAND

@13191 11 wWSsufisy Mean Fluorescent Intensity (MFI) 209328121981 k13U

Serum NU 0.5% Red Blood Cell Suspension

Time of Incubation (Min) —» 20 30 40 50 60
MFI |

MFI of AIHA Serum 1.488 | 1.679 1.692 | 1.688 1.687
MFI of Normal Serum 0.632 0.645 0.651 0.662 0.677
Different MFI 0.856 | 1.034 1.041 1.026 1.010

WUII202aN lNITUY A9l 30 D9 60 w19 & Different MFI gavlmmn@mﬁu Ranly

30 WM ARAANIINARDI

2 Auaaudall Sauniauny E-DAT 98 1 — 5 3I8IUITDUINANINA80IN TN E-IAT

1o Tag'ludasvinmsanungd
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NAaN1INAIWI25 Flow Cytometric Thrombocyte Direct Antiglobulin Test (T-DAT)

1 NARIURIITWIBATIVAIN IR NLNAALRAANANIZRY laulTauieunisans 1, 2 & 3

A9 WUIINNIAN 3 AN 1ﬁﬂ1 different MFI gIFA %oﬁanl“ﬁmaammsmaao IR

b an579% 12

13191 12 1WSauLfigy Mean Fluorescent Intensity (MFI) 289015819 Thrombocytes

MFI \  Wash 1 Time 2 Times 3 Times
MFI of AITP Platelets 0.889 1.282 1.671
MFI of Normal Platelets 0.682 0.675 0.679
Different MFI 0.207 0.607 0.992

WUIINNT8N9 3 A39 bwen different MFI 5980 FRanlTaaaaniInaaas

2 NAFAUMIANNT VT WL ANIZRUVBILNAALRDARAIINNNTA LA

=} =
TaglSouriay

AT NTuR 0.125. 0.25, 0.5 1.0 & 2.0 % Platelets 1 PBS wuinmsld 0.5 %

platelet suspension lFlimntiuimanzauiiga LismIetuinld uaznsld 05 %

platelet suspension 1#1 different MFI anzaufiga JuRenldaaaaninanas a3

Laaalss TR 13 — 14

A15197 13 WS unausazIaIN1IHhuUAIY 50,000 289 % Platelet Suspension

% Platelet Suspension — 0.125% | 0.25% 0.5% 1.0 % 2.0%
Time of Flow Cytometry (Sec) |

AITP Platelets > 300 275 138 89 53
Normal Platelets > 300 253 129 77 48

wudm3lE 0.5 % platelet suspension lFiaunaunzaunga lisimiatuiwld

=3 A U
WRanlTaaaan1Imaaas
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M1519N 14 WSsuigy Mean Fluorescent Intensity (MFI) 289 % Platelet

Suspension
% Platelet Suspension — 0.125 % 0.25% 0.5% 1.0 % 2.0%
MFI |
MFI of AITP Platelets 1.782 1.767 1.683 1.449 1.259
MFI of Normal Platelets 0.687 0.677 0.645 0.643 0.639
Different MFI 1.095 1.090 1.038 0.806 0.620

WUIMSIE 0.5 % platelet suspension %@ different MFI mmzauﬁﬁiﬂﬂ JEHE

TULIRBULRUNZRUAY %aﬁanlﬁmaammimaao

3 neRIUWIANNENTURINZENTad antiglobulin reagent fiaaaanaay FITC luns
vufAseniuiniaiReafidoudy leslfanudutudl diuton 1:10 wWisuifiey
USuasfildd 20, 40, 60, 80 & 100 piL i’JﬂJﬁ’;\‘]Lﬂ%UULﬁﬂuqmﬂﬂuﬁﬁ 4,258 37 °C
wazFoufisszaznamavnufisend 20, 30, 40, 50 & 60 wift wuimsld
AHG-FITC fitianas 75 pL 1nfi 25 °C wiu 30 wfl § different MFI hanzay 39

lRanlTaaaan1Inaany aILaadln a139N 15 — 17



M13199 15 1/38uLfiay Mean Fluorescent Intensity (MFI) 229U331615 Anti-Human
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Globulin Conjugated Fluorescein Isothiocyanate (AHG-FITC) 1 dilute 1:10

Volume of AHG-FITC (uL) - 25 50 75 100
MFI |

MFI of AITP Platelets 1.112 1.223 1.678 1.708
MFI of Normal Platelets 0.628 0.667 0.679 0.686
Different MFI 0.484 0.556 0.999 1.022

wudnsld AHG-FITC Nd3unas 75 pL & different MFI anzay 39LRanldaaaans

Na\a

@191991 16 1W3suiiiuy Mean Fluorescent Intensity (MFI) 2asamnadinlgiia

Anti-Human Globulin Conjugated Fluorescein Isothiocyanate

Incubation Temperature (°C) - 4 25 37
MFI |

MFI of AITP Platelets 1.113 1.796 1.823
MFI of Normal Platelets 0.657 0.673 0.681
Different MFI 0.456 1.123 1.142

a

' . e { (0] . @
WUIINTLNNY AHG-FITC ﬁqnmnu 25 ~C i different MFI 1i3nz&3 3918anlTaaanniy

U

BN
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A15191 17 wWSsuiiisy Mean Fluorescent Intensity (MFI) 2093282108111 lBLNNY

Anti-Human Globulin Conjugated Fluorescein Isothiocyanate

Incubation Time (Min) —» 20 30 40 50 60
MFI |

MFI of AITP Platelets 1.463 1.681 1.673 | 1.683 | 1.694
MFI of Normal Platelets 0.652 0.667 | 0.671 | 0.674 | 0.668
Different MFI 0.811 1.014 | 1.002 | 1.009 | 1.026

WUINTzUzIaA I TLUNAY AHG-FITC 91 30 w1 § different MFI lAu1sa 391Ranltaaan

nIINaaad

4 NARALMIANMNTNTUVRY formaldehyde Timanzanluniseds Pit vAulilunsdinld
o 9 A Yo A — A v o A
RNNTNATIINLMBLATES flow cytometer lanuf lasidSauifsuanududui 0.25,
0.5, 1.0 & 2.0 % 83 formaldehyde 14 PBS Wui1n3ld formaldehyde finnaaw
¥ Y 1 ' . = A oA A
wadu lilnade different MFI thdnzan 398anldn 1% aaaanInaass wiasan

LOIUNIY AILFAI LN @119 18
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131919 18 1WS8uLfiay Mean Fluorescent Intensity (MFI) 2@3@3LANT® (%) Va9

Formaldehyde
Concentration of Formaldehyde (%) — 0.25 0.5 1.0 20
MFI |
MFI of AITP Platelets 1.669 1.672 1.679 1.675
MFI of Normal Platelets 0.654 0.667 0.663 0.681
Different MFI 1.015 1.005 1.016 0.994

WU 3lE formaldehyde fiynanuintu lifinada different MFI twanzay 3aiianldn

1% AREANINANY LHadaniaIsudng

5 MNAROUANNAIGITEY Pt AkmnzuawmInanaauds Minulilugitn (refrigerator)
v & A a A A Y ' <

laiduszoznannanzay laswSeuifisunszeziig 0, 2, 3, 5 & 7 3% WUIMITAY

1laiAin 7 T lugidu lailinada Different MFI 33nanInaunasiy flow cytometry

Tanielu 7 7 asuradls 19190 19
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{ <
A15191 19 1WS8utfiay Mean Fluorescent Intensity (MFI) 289352821281 1n134AL

Platelets 1‘31%@5% 19%N19%11 Flow Cytometry

Time of Storage (Day) —» 0 1 3 5 7
MFI |

MFI of AITP Platelets 1.692 | 1.684 1.677 | 1.683 1.672
MFI of Normal Platelets 0.655 | 0.652 0.669 | 0.673 0.679
Different MFI 1.037 | 1.032 1.008 | 1.010 | 0.993

wudm AU IR 7 Tughu 1ailnasia Different MFI 39831308 UNAGIE flow

cytometry lanelu 7 7u

Nan1IN@MH1I5 Flow Cytometric Thrombocyte Indirect Antiglobulin Test (T-IAT)

1 negeumsanduimnzanlumifitossnie 05%  ficwashed Pt
suspension 1% PBS 133103 12.5 pL fiu serum gthe J3anay 50 pL fi dilution:
Undilute, 1:10, 1:100 & 1:1000 sauﬁv'am%ﬂmﬁﬂuqmﬁgﬁﬁ 4,25 (RT) & 37 °C uaz
Winfisuszazinamaring §%md 20, 30, 40, 50 & 60 w1l wuimsld undiluted
serum 1153107 50 UL 6o 5% platelet suspension USaNas 25 pL iufi 37 °C win
30 f19 60 w1fi 4 Different MFI galajuandrariu 3aianld 30 wifl anaamInasas

AILRAILU @N319N 20 — 22
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M1319% 20 1/38uLfiay Mean Fluorescent Intensity (MFI) 283 Serum Dilution nly

111158111 0.5% Thrombocyte Suspension

50 pL of Diluted Serum at (%) — Undilute | 1:10 | 1:100 | 1:1000
MFI |

MFI of AITP Serum 1783 | 1429 | 1.031 | 0.682
MFI of Normal Serum 0673 | 0666 | 0.654 | 0.648
Different MFI 1110 | 0763 | 0377 | 0.034

WUIM3IT undiluted serum N1U331@3 50 UL 6o 5% platelet suspension 13u1a3 25 pL

%@ different MFI ga7ga Ranltasaanimanad

M13199 21 1WIsuLiay Mean Fluorescent Intensity (MFI) qnmgﬁﬁ #1a Serum Nu

0.5% Platelet Suspension

Themperature (OC) - 4 25 37
MFI |

MFI of AITP Serum 1.073 1.527 1.719
MFI of Normal Serum 0.662 0.671 0.659
Different MFI 0.411 0.856 1.060

' o A (o] ' o L) . i @
wuhmslfgunnil 37 C U serum AU platelets lidn different MFI g9figa 3418anld

ANBDANIINAND
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A15191 22 1WSsuLfisy Mean Fluorescent Intensity (MFI) 2893282101 1133

Serum Nu 0.5% Platelet Suspension

Time of Incubation (Min) —» 20 30 40 50 60
MFI |

MFI of AITP Serum 1.532 | 1.682 1.685 | 1.686 1.681
MFI of Normal Serum 0.641 0.654 0.653 | 0.657 0.674
Different MFI 0.891 1.028 1.032 | 1.029 1.007

WUITzuzIa ln1TUN aaued 30 019 60 w1N & Different MFI ga"lmmﬂ@mﬁ'u 9Ranly

30 w171 ARAANIINARDY

g; 1 & L v o v s
2 Tu@ﬁ]%@ﬂvl,‘]_] Tandawny T-DAT 18 1 — 5 :;]e\‘lﬁ’m’ﬁﬂ%’]Nﬂﬂ’]i‘ﬂ@]ﬂ'ﬂx‘]“’ﬂ‘ﬁﬂl} T-IAT

16 Talaidasrinmsanunan

wawgﬂ%%‘msmn Direct Antiglobulin Test (DAT) A28 Flow Cytometry (FC)

Erythrocyte direct antiglobulin test (E-DAT)

1 5% RBC suspension va9fihe 130195 25 Pl &9 3 A%168 0.1% BSA-PBS
mﬂﬁ?m@ﬁﬂmﬂu 0.5 % washed RBC suspension lagmsidia 250 pL wad 0.1% BSA-
PBS wanlWidnnud 17 75 UL w89 0.5 % washed RBC suspension WaNNL 75 LL U89
F(ab)'2 goat anti-human Igs (polyspecific) conjugated FITC (AGT-FITC) “7% dilute 1:10 T
0.1% BSA-PBS ﬂuﬁqmmgﬁ Fo9 win 30 wifl luiida andw@n andudy 500 pL
289 1% formaldehyde 1% 0.1%BSA-PBS wawliidnrug shlUamasusisiaias flow

cytometer N1 AaLA3891HHL 50,000 RBC I detectors 3 wiia oA log side scatter, log
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forward scatter Laz log FL1 (green fluorescence 1 530 nm) LEAINANIIATITU mean
fluorescent intensity (MF1) 13autisuny RBC vasaudnd Algiiu normal control

Thrombocyte direct antiglobulin test (T-DAT)

1% 5% Pit suspension 284518 U3a1as 25 pL &19 3 A6 0.1% BSA-PBS
ntweasuuili 0.5 % washed Plt suspension lagn1si@ia 250 L 184 0.1% BSA-PBS
wanliannud 15 75 uL 289 0.5 % washed Plt suspension WaNNL 75 UL 189 AGT-
FITC # dilute 1:10 11 0.1% BSA-PBS ynfigwgivias win 30 wifl uiifla AINTE
500 pIL w84 1% formaldehyde 11 0.1%BSA-PBS wanlwidriud wnluamaiudinieias
flow cytometer 7i asliaastiu 50,000 Plt 14 detectors 3 wita leur log side scatter,
log forward scatter Laz log FL1 (green fluorescence ‘ﬁ 530 nm) URAIHANIIATILT W

mean fluorescent intensity (MFI) wW3suiisunu Pit vasaudnd Algidu normal control

Naa‘gﬂﬁigmsm‘s’m Indirect Antiglobulin Test (IAT) A28 Flow Cytometry (FC)

Erythrocyte indirect antiglobulin test (E-IAT)

1% 5% Screening group O RBC suspension filduannanmimanalng vnan
\@38) glutaraldehyde fix-washed 0.5% RBC suspension 14 0.1% BSA-PBS fiat L334
14 25 uL w89 glutaraldehyde fix-washed 0.5% RBC suspension ¥n1fji3snny 50 pL
289 undiluted serum 2894128 valu 37 °C win 30 wift Weasunaud §19 3 aside
0.1% BSA-PBS u3slkvnufisentu 75 uL 289 AGT-FITC 7 dilute 1:10 lu 0.1%
BSA-PBS ﬂuﬁqmﬁgﬁ fos w30 wifl lufifia andw@n 500 pL aes 1%

formaldehyde 14 0.1%BSA-PBS wauliidnnud sinldasiaiusaiadas flow cytometer

[
%

‘ﬁ RIS 50,000 RBC 14 detectors 3 Tha laun log side scatter, log forward scatter
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e log FL1 (green fluorescence 1 530 nm) UWRAINANITAII9LT% mean fluorescent

intensity (MFI) 1W3suifisuny serum 2a3audnd Nl4idu normal control

AN 2 Flow Cytometric Histogram 223 Thrombocyte Antiglobulin Test

Thrombocyte indirect antiglobulin test (T-IAT)

1 group O expired platelet concentrate PNAFANT9 e aneIoudn 0.2%
glyoxal 0.4% paraformaldehyde fix-washed 0.5 % PIt suspension lu 0.1% BSA-PBS
riau uf13alF 25 pL wad Pit suspension 7ilel awUfASNAY 50 pL w84 undiluted
serum 283ty vulu 37 °C wn 30 wift ieasunaudr &9 3 atidae 0.1% BSA-
PBS wiBalrAsenty 75 UL 989 AGT-FITC 7 dilute 1:10 1w 0.1% BSA-PBS 1w

ngmnnivias wiu 30 wiit luddle nuuw@n 500 pL 284 1% formaldehyde lu



36

0.1%BSA-PBS waul#dnnud s ldamiatiualuiaiad flow cytometer 1 @914y 50,000
Pit 1 detectors 3 wHa oA log side scatter, log forward scatter waz log FL1 (green
fluiorescence 1 530 nm) URAINANITOTILT% mean fluorescent intensity (MFI)

~ a o A A9 v =
WSsuAguNy serum vadautnd Nl normal control

Nﬁﬂﬂiﬁ@%ﬁ@ﬂﬁﬁ #1733 Flow Cytometric Antiglobulin Test
NnEnERAINEENLE T Lo mmm‘%ﬂwg@ﬁﬁmm’m flow  cytometric
antiglobulin test ﬁmmmmuﬂﬁﬁv’a 4 parameters (E-DAT, E-IAT, T-DAT & T-IAT) Tu
ﬁwmmﬁm %Gﬂﬁzﬂ@ﬂ@hﬁ
1. Diluent l@wr 0.1% bovine serum albumin b phosphate buffer saline (0.1%
BSA-PBS)
2. Erythrocyte fixative solution l@liA 0.05% glutaraldehyde 1 0.1%BSA-PBS
3. Thrombocyte fixative solution laun 0.2% glyoxal 0.4% paraformaldehyde Tu
0.1% BSA-PBS
4. Secondary antibody laun F(ab)'2 goat anti-human Igs (polyspecific) conjugated
FITC (AGT-FITC)

5. Fix-for-Flow solution 'l@tA 1% formaldehyde 114 0.1%BSA-PBS

wam‘sﬁmsnmwmﬁwamﬂﬁ'\mmm Flow Cytometric Antiglobulin Test
ﬁﬂmm’mmé”maa"g@mmﬁm%wvlﬁ ﬁl,ﬁuvl,i’l,ug:fl,ﬁu 4 °C 1Juwizezioen 6
1@aw laariin1InTiang E-IAT waz T-IAT lu@iatng serum Aty AHA waz AITP
o o A & . = ' (0] ¥ o A .
auaIau Nuentiu aliquats Vol freezer 20 ~C udtheanunazaefiaz 1 aliquat

IWTININT61373 1@auaza Ty 1JwIa1 6 LAaw 393 6 139 WUIN mean + standard diviation
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Lae percent coefficient of variation w843 different MFI Wa3 serum ;jﬂm AIHA 1 718 @8
1.018 + 0.050 uaz 4.945% WEGL uazwed serum gy AITP 1 1y e 1.385 +
0.176 WAz 12.73% aNudey dauaasles 95197 23 — 24

A15799 23 ATNAIAITBIUILNASIA LD LTR5IA E-IAT Tu Serum gilae AIHA

Replicate 1 2 3 4 5 6 Mean | S.D. | %CV

Defferent MFI | 0.988 | 1.023 | 1.034 | 1.117 | 0.962 | 0.985 | 1.018 | 0.050 | 4.945

Defferent MFI = MIF of AIHA serum — MFI of Normal serum

A191991 24 AMNAYARIUILNATIA LD LTRTIA T-IAT lu Serum gilae AITP

Replicate 1 2 3 4 5 6 Mean | S.D. | %CV

Defferent MFI 1.233 | 1.450 | 1.098 | 1.375 | 1.612 | 1.544 | 1.385 | 0.176 | 12.73

Defferent MFI = MIF of AITP serum — MFI of Normal serum

nan19l3aunauan Flow Cytometric Ltaz Standard Tube Test a3 Erythrocyte
Direct Antiglobulin Test (E-DAT) uag Erythrocyte Indirect Antiglobulin Test (E-IAT)
Twdilenuendnd

namstSeufiouen flow cytometry (FC) Gousaonaidlu mean fluorescent
intensity (MFI) URZLEAINALT % grading of agglutination (GA) U84J standard tube test

é U L a Qs 1 A k% 1 U
(STT) @929 E-DAT uaz E-IAT slu;dﬂwﬂmmﬂn@ fatndlfea bldan ﬂﬁ;waﬂwkﬂ

v
q

Taﬁ@maLﬁaamﬂmiﬁgﬁﬂuﬁu@iaﬁwmﬁmﬁammwammaa (AIHA, n = 50) ngugie

v o

Tiﬂ‘*ﬁaé"mauLﬁaamﬂmiﬁgﬁquﬂu@iaﬁwummaa (roumatoid arthritis, RA, n = 50) nga

Aa s

dhalsndug nhilslapliduiudaduauiod (non-immune diseases, NAD, n = 50)

U
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LLazmj&lﬂuﬂﬂa (Normal, n = 50) aduaadadu MFI lu FC was grading of agglutination

(GA=- 4+, 3+, 2+, 1+ & 0) lus STT w09 E-DAT uaz E-IAT lu an31991 25 — 26 aud1eu

A1319N 25 Nﬂﬂﬁi@li?ﬁ]ttﬁﬂﬁlﬂ% MFI 289 Flow Cytometry Llaz GA 2a9 Standard

Tube Test 289 Erythrocyte Direct Antiglobulin Test (E-DAT) Tugihanuandné

Sample — | AIHA AIHA | RA RA NAD  NAD | Normal Normal

Numberd | MFI  GA | WMFI GA MFI GA MFI GA
1 2411 | 3 0.564 0 0.166 0 0.111 0
2 1642 | 2 0.354 0 0.236 0 0.234 0
3 3.077 | 2 0.542 0 0.238 0 0.216 0
4 1835 | 1 0.851 0 0.965 0 0.375 0
5 3512 | 1 2.29 1 0.842 0 0.215 0
6 3521 | 2 0.568 0 0.852 0 0.364 0
7 1856 | 3 0.112 0 0.654 0 0.854 0
8 1854 | 2 0.365 0 0.365 0 0.239 0
9 1236 | 2 0.854 0 0.123 0 0.257 0
10 1584 | 2 0.365 0 0.425 0 0.168 0
" 1223 | 1 0.332 0 0.368 0 0.397 0
12 1568 | 2 0.654 0 0.258 0 0.234 0
13 1697 | 2 0.254 0 0.365 0 0.685 0
14 2.541 3 0.256 0 0.345 0 0.369 0
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Sample— | AIHA AIHA | RA RA NAD  NAD | Normal Normal
Numberd | MFI  GA | WMFI GA MFI GA MFI GA
15 2.111 1 0.365 0 0.682 0 0.459 0
16 1546 | 1 0.485 0 0.568 0 0.623 0
17 1368 | 1 0.687 0 0.369 0 0.643 0
18 1987 | 2 0.553 0 0.258 0 0.524 0
19 1654 | 2 1.122 1 0.254 0 0.121 0
20 1235 | 1 0.368 0 0.851 0 0.235 0
21 1364 | 1 0.751 0 0.365 0 0.224 0
22 1258 | 1 0.763 0 0.965 0 0.536 0
23 1669 | 1 0.268 0 0.365 0 0.395 0
24 2345 | 2 0.347 0 0.254 0 0.586 0
25 3412 | 2 0.598 0 0.365 0 0.566 0
26 2365 | 1 0.395 0 0.785 0 0.452 0
27 3812 | 3 0.367 0 0.254 0 0.368 0
28 1368 | 1 1.239 1 0.124 0 0.587 0
29 2134 | 1 0.354 0 0.258 0 0.954 0
30 2456 | 1 0.333 0 0.354 0 0.125 0
31 2.531 2 0.564 0 0.368 0 0.564 0
32 1369 | 2 0.587 0 0.452 0 0.369 0
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Sample > | AIHA AHA | RA RA NAD  NAD | Normal Normal
Numbery | MFI  GA MFI GA MFI GA MFI GA
33 1548 | 2 | 0.654 0 0.254 0 0.387 0
34 1695 | 2 | 0998 1 0.222 0 0.546 0
35 1332 | 1 1.114 1 0.258 0 0.685 0
36 1234 | 1 0.753 0 0.457 0 0.956 0
37 2015 | 1 0.654 0 0.369 0 0.364 0
38 2.114 1 0.822 0 0.465 0 0.532 0
39 1534 | 1 0.854 0 0.335 0 0.669 0
40 1254 | 2 0.753 0 0.254 0 0.584 0
41 1.368 2 0.456 0 0.125 0 0.156. 0
42 1229 | 2 0.365 0 0.346 0 0.365 0
43 1953 | 2 0.558 0 0.652 0 0.665 0
44 1236 | 1 0.653 0 0.218 0 0.352 0
45 1.254 1 0.537 0 0.584 0 0.456 0
46 2.111 3 0.554 0 0.664 0 0.238 0
a7 2004 | 1 0.998 1 0.325 0 0.965 0
48 1546 | 1 0.365 0 0.158 0 0.365 0
49 1.368 1 0.365 0 0.554 0 0.158 0
50 2.011 1 0.235 0 0.842 0 0.853 0
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Sample — | AIHA AIHA | RA RA NAD RA | Normal Normal

Numbery | MFI GA MFI GA MFI GA MFI GA
Mean 1.880 | 1.600 | 0.603 0.120 0.423 0 0.452 0
S.D. 0.650 |0.670 | 0.351 | 0.328 | 0.230 0 0.227 0

A1319N 26 Nﬁﬂ']i@li')ﬁ]tl;ﬂﬂ\‘llﬂ% MFI 289 Flow Cytometry Llae GA 2a9 Standard

Tube Test 224 Erythrocyte Indirect Antiglobulin Test (E-IAT) sl%ﬁﬂ')ﬂﬁﬂﬂ%ﬂﬂﬁ

Sample — AIHA  AIHA RA RA NAD NAD Normal Normal

Numbery | MFI  GA MFI GA MFI GA MFI GA
1 2222 | 2 0.158 0 0.951 0 0.978 0
2 2.411 2 0.225 0 0.368 0 0.685 0
3 43151 | 2 0.235 0 0.587 0 0.977 0
4 1.489 | 1 0.954 0 0.699 0 0.653 0
5 0987 | © 2.311 1 0.648 0 0.578 0
6 0128 | 1 0.587 0 0.851 0 0.546 0
7 0987 | 1 0.987 0 0.672 0 0.368 0
8 1123 | 1 0.368 0 0.528 0 0.547 0
9 1.022 | 1 0.668 0 0.472 0 0.368 0
10 1397 | 1 0.697 0 0.684 0 0.546 0
1 0.876 | 0 0.853 0 0.688 0 0.875 0
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Sample— | AIHA AIHA | RA RA NAD  NAD | Normal Normal
Numberd | MFI  GA | WMFI GA MFI GA MFI GA
12 0985 | 1 0.654 0 0.654 0 0.684 0
13 0.898 | 1 0.874 0 0.568 0 0.569 0
14 1238 | 2 0.886 0 0.91 0 0.964 0
15 2.11 1 0.854 0 0.854 0 0.635 0
16 2345 | 1 0.358 0 0.367 0 0.687 0
17 2124 | 1 0.682 0 0.852 0 0.548 0
18 0988 | 1 0.854 0 0.364 0 0.965 0
19 0973 | 1 1125 1 0.852 0 0.128 0
20 0654 | 0 0.568 0 0.642 0 0.368 0
21 0687 | 0 0.357 0 0.235 0 0.358 0
22 0659 | 1 0.369 0 0.368 0 0.698 0
23 0.964 | 1 0.867 0 0.654 0 0.547 0
24 2114 | 1 0.586 0 0.843 0 0.568 0
25 1.011 0 0.689 0 0.364 0 0.687 0
26 0963 | 0 0.846 0 0.357 0 0.695 0
27 2368 | 2 0.852 0 0.846 0 0.687 0
28 2457 | 1 1.234 1 0.365 0 0.856 0
29 0897 | 0 0.664 0 0.341 0 0.847 0
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Sample— | AIHA AIHA | RA RA NAD  NAD | Normal Normal
Numberd | MFI  GA | WMFI GA MFI GA MFI GA
30 1.006 | © 0.568 0 0.354 0 0.658 0
31 2368 | 1 0.678 0 0.847 0 0.358 0
32 2578 | 1 0.985 0 0.364 0 0.655 0
33 0238 | 0 0.846 0 0.547 0 0.864 0
34 085 | 0 0.367 0 0.368 0 0.984 0
35 3267 | 1 0.642 0 0.648 0 0.869 0
36 1.009 | © 0.234 0 0.386 0 0.854 0
37 2.341 1 0.685 0 0.654 0 0.768 0
38 3412 | 1 0.546 0 0.657 0 0.822 0
39 2126 | 1 0.873 0 0.387 0 0.543 0
40 2856 | 1 0.654 0 0.368 0 0.654 0
41 0698 | 0 0.354 0 0.874 0 0.668 0
42 0.856 | 1 0.568 0 0.654 0 0.587 0
43 0765 | 0 0.354 0 0.654 0 0.659 0
44 0684 | 0 0.475 0 0.398 0 0.587 0
45 1368 | 1 0.753 0 0.845 0 0.694 0
46 1584 | 1 0.563 0 0.697 0 0.856 0
47 1239 | 1 0.998 1 0.777 0 0.664 0
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Sample— | AIHA AIHA | RA RA NAD  NAD | Normal Normal
Numberd | MFI  GA | WMFI GA MFI GA MFI GA
48 0965 | 0 0.367 0 0.658 0 0.584 0
49 0897 | 0 0.568 0 0.367 0 0.657 0
50 1026 | 0 0.489 0 0.549 0 0.689 0
Mean 2241 | 0.760 | 0.678 0.080 0.592 0 0.665 0
S.D. 5952 |0.624 | 0341 | 0274 | 0.197 0 0.183 0

WU31 E-DAT lae3D standard tube test (STT) %GLLamwau‘ju grading of
agglutination (GA:- 4+, 3+, 2+, 1+ & 0) ALaae + mwmﬁmmummgm 28961 GA lu
f18819LR06 ;jﬂw AIHA (n = 50), RA (n = 50), NAD (n = 50) uaznguaulnd (n = 50)
2 1.60 + 0.67, 0.12 + 0.33, 0.00 + 0.00 & 0.00 + 0.00 AWFIAU TIen GA Tugile

°

AIHA g9ni18n 3 ngundaatsiinbidn (p < 0.05) lasd1 GA lugils RA gandidn

%

2 ﬂfoj&lﬁmﬁaamoﬁ i (p < 0.05) Twamizfidn GA lugthe NAD uazluauund 'l
LANEIY (p > 0.05) sauaadlunwd 3 snsu duads + anadonouwinasau va9
1 MFI 1ag3% flow cytometry (FC) fa 1.88 + 0.66, 0.60 + 0.35, 0.42 + 0.23 & 0.45 +
0.23 MWEGL Taen MFI lugfihe AIHA gendidn 3 ﬂﬁjuﬁmﬁaamaﬁﬁfﬂéﬂﬁ'@ (p <

0.05) lase MFI lugthin RA, NAD uazluauund lauandrsin (p > 0.05) dsuaaslu

NN 4
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2
[
1.5 -
m S.D.
1 n
O Mean
0.5
0
AlHA RA NAD Normal

2NN 3 Grading of Agglutination 283 Erythrocyte Direct Antiglobulin Test
AIHA = autoimmune hemolytic anemia (n = 50), RA = rhumatiod arthritis (n = 50), NAD

= non-immune diseases (n = 50) Waz Normal = auin&@ (n = 50) @1 grading of

@ o

agglutination 14 AIHA g4ni1lu RA, NAD uaz Normal atnalvidndny (p < 0.05) uazlu

%

RA g4ni1l% NAD uaz Normal agisfitisdnday (p < 0.05) udilu NAD waz Normal laid

AMUUANG19NY (p > 0.05)

mS.D.
@ Mean

o i
0
NAD

AIHA RA

Normal

M Mean Fluorescent Intensity 2a3 Erythrocyte Direct Antiglobulin Test

AIHA = autoimmune hemolytic anemia (n = 50), RA = rhumatiod arthritis (n = 50), NAD
= non-immune diseases (n = 50) Laz Normal = AuUA@ (n = 50) @1 MFI i AIHA g7
lu RA, NAD uaz Normal ad19lisadamn (p < 0.05) ualu RA, NAD uaz Normal 1adi

AMUUANGE19NH (p > 0.05)
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#%5U E-IAT 1lag3T standard tube test (STT) %auamwmﬂu grading of
agglutination (GA:- 4+, 3+, 2+, 1+ & 0) ALaae + mwmﬁmmummgm 28961 GA lu
Motafan g1y AIHA (n = 50), RA (n = 50), NAD (n = 50) uaznguandn@ (n = 50)
9 0.76 + 0.62, 0.08 + 0.27, 0.00 + 0.00 & 0.00 + 0.00 AWFIAU TIen GA Tugile
AIHA §9ni18n 3 ﬂﬁjwﬁmﬁaasmﬁﬁfﬂéﬁﬁry (p < 0.05) lawdn GA Tugthe RA ganingn
2 ﬂajuﬁmﬁaamaﬁﬁbé’]ﬁm (o < 0.05) lupmueiien GA lugthe NAD uazluauing 'l
LANEIY (p > 0.05) sauaadlunwd 5 dnsu dnads + anadonuuwinasau va9
@1 MFI 10833 flow cytometry (FC) @ia 2.24 + 5.95, 0.68 + 0.34, 0.59 + 0.20 & 0.67 +
0.18 NEAL Tae MFI lugfihe AIHA gendidn 3 ﬂﬁjuﬁmﬁaamaﬁﬁfﬂéﬂﬁ'@ (p <
0.05) lasen MFI lugihis RA, NAD uazluauun@ lauandrein (p > 0.05) asuaaslu

AN 6

1.6
1.4
1.2

17 mS.D.
0.8
0.6 - O Mean
0.4

0.2 1 -
0

AIHA RA NAD Normal

m Grading of Agglutination 284 Erythrocyte Indirect Antiglobulin Test

AIHA = autoimmune hemolytic anemia (n = 50), RA = rhumatiod arthritis (n = 50), NAD
= non-immune diseases (n = 50) Waz Normal = auin&@ (n = 50) @1 grading of
agglutination 1w AIHA g9ninlu RA, NAD uaz Normal atisiitiudndn (p < 0.05) usilu

RA, NAD uaz Normal hianuuandnans (p > 0.05)
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6 1 m S.D.
4 - O Mean

0 — =
AlHA RA NAD Normal

AINN 6 Mean Fluorescent Intensity 284 Erythrocyte Indirect Antiglobulin Test
AIHA = autoimmune hemolytic anemia (n = 50), RA = rhumatiod arthritis (n = 50), NAD

= non-immune diseases (n = 50) Laz Normal = autn@ (n = 50) @1 MFI 1w AIHA g7

™

1 RA, NAD uaz Normal agnsfliedean (p < 0.05) ualu RA, NAD uaz Normal lajil

AMUUANG19INH (p > 0.05)

nan13tl3aunauan Flow Cytometric Thrombocyte Direct Antiglobulin Test (T-
DAT) a2 Thrombocyte Indirect Antiglobulin Test (T-IAT) Tugilhafiuauin@
a a ' A =
NANTLUIBULNBUAT Flow Cytometric (FC) DiL&adWalil mean fluorescent

intensity (MF1) 284 T-DAT uag T-IAT 1u;§ﬂwﬁ'mmﬂﬂa fatnaRaa bean nawugiae

v
q

lsaidanaanitasnnnaiinlduindadruiniaiieazasauias (AITP, n = 50) nguyilas

¥ o
bl

Imﬁaé’manLﬁaamﬂmiﬁgﬁﬂuﬂu@iaﬁmmmaa (roumatoid arthritis , RA, n = 50) Ngu

A v o

dhalsndug nlilslapliduiudaduauiod (non-immune diseases, NAD, n = 50)

U

waznguaudn@ (Normal, n = 50) asuaaddLiu MFI w89 T-DAT uaz T-IAT Tu 19199

27 — 28 AR
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@131911 27 WAN1501339 Flow Cytometric T-DAT lugdianuandnd

Sample of —> AITP RA NAD Normal
Number MFI MFI MFI MFI
1 4.257 0.548 0.878 0.365
2 3.541 0.687 0.854 0.357
3 2.354 0.987 0.685 0.586
4 4.258 0.548 0.654 0.458
5 3.251 4.411 0.365 0.411
6 3.657 0.867 0.842 0.369
/ 2598 0.698 0.808 0.874
8 2.368 0.857 0.567 0.354
9 4.268 0.875 0.706 0.65
10 3.571 0.687 0.835 0.304
1 3.664 0.588 0.604 0.333
12 2.547 0.697 0.658 0.546
13 2.654 0.587 0.591 0.687
14 2.368 0.368 0.635 0.548
15 2.397 0.658 0.752 0.679
16 1.987 0.874 0.843 0.365
17 1.687 0.854 0.874 0.425
18 2.368 0.236 0.854 0.574
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Sample of —> AITP RA NAD Normal
Number MFI MFI MFI MFI
19 1.698 2.354 0.567 0.685
20 2.567 0.698 0.821 0.801
21 2.145 0.875 0.654 0.254
22 2.147 0.864 0.564 0.369
23 2.158 0.687 0.368 0.351
24 2.154 0.723 0.705 0.845
25 2.364 0.684 0.847 0.766
26 1.987 0.666 0.654 0.568
21 2.145 0.587 0.549 0.564
28 2.037 2.357 0.608 0.845
29 2.111 0.357 0.784 0.642
30 1.087 0.854 0.654 0.555
31 1.258 0.687 0.368 0.657
32 1.224 0.699 0.548 0.548
33 1.867 0.875 0.65 0.364
34 2.165 0.658 0.508 0.452
35 2.148 0.468 0.642 0.505
36 2.534 0.942 0.683 0.528
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Sample of — AITP RA NAD Normal
Number ¥ MFI MFI MFI MFI
37 3.124 0.901 0.653 0.602
38 2,547 0.68 0.454 0.365
39 1.985 0.87 0.852 0.59
40 1.875 0.368 0.754 0.542
41 1.899 0.842 0.365 0.763
42
2178 0.877 0.567 0.663
43 1.854 0.685 0.209 0.562
44
1.687 0.654 0.365 0.368
45
0.988 0.854 0.845 0.391
46
1.238 0.238 0.608 0.543
47
1.587 0.987 0.555 0.658
48 1.287 0.811 0.704 0.648
49
2.544 0.754 0.822 0.58
50 1.354 0.655 0.468 0.364
Mean 2.314 0.844 0.648 0.536
S.D. 0.807 0.634 0.162 0.157
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@131911 28 WAN1301399 Flow Cytometric T-IAT Tugilanuaundnd

Sample of —> AITP RA NAD Normal
Number MFI MFI MFI MFI
1 1.234 0.682 0.368 0.238
2 0.687 0.587 0.368 0.357
3 0.368 0.438 0.584 0.687
4 2.354 0.564 0.684 0.597
5 1.365 0.708 0.537 0.368
6 0.687 0.364 0.368 0.698
/ 0.369 0.528 0.548 0.367
8 1.238 0.957 0.657 0.584
9 1.387 0.368 0.554 0.369
10 2.365 0.666 0.605 0.548
1 1.354 0.544 0.365 0.465
12 0.698 0.635 0.547 0.505
13 1.354 0.658 0.523 0.364
14 2.365 0.658 0.349 0.874
15 1.587 0.689 0.605 0.694
16 0.368 0.871 0.867 0.587
17 0.569 0.987 0.695 0.654
18 1.238 0.658 0.654 0.658
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Sample of —> AITP RA NAD Normal
Number MFI MFI MFI MFI
19 2.333 1.234 0.845 0.369
20 2.547 0.654 0.654 0.485
21 2.365 0.608 0.875 0.548
22 1.025 0.587 0.368 0.654
23 0.847 0.641 0.699 0.592
24 0.886 0.58 0.536 0.364
25 0.697 0.368 0.605 0.214
26 1.254 0.754 0.438 0.587
21 1.368 0.608 0.567 0.654
28 1.369 1.605 0.362 0.534
29 0.874 0.705 0.359 0.606
30 0.369 0.635 0.683 0.67
31 1.545 0.365 0.546 0.85
32 0.899 0.658 0.354 0.365
33 1.368 0.658 0.504 0.366
34 2.025 0.874 0.651 0.548
35 2.333 0.654 0.365 0.549
36 1.258 0.987 0.333 0.548
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Sample of —> AITP RA NAD Normal
Number MFI MFI MFI MFI
37 1.038 1.021 0.549 0.697
38 0.654 0.365 0.658 0.777
39 0.957 0.645 0.365 0.63
40 0.857 0.468 0.654 0.363
41 1.354 0.568 0.326 0.505
42 2.365 0.869 0.653 0.548
43 2.534 0.654 0.543 0.487
44 2.368 0.365 0.564 0.765
45 2111 0.808 0.554 0.235
46 0.857 0.658 0.351 0.548
47 0.687 0.961 0.308 0.699
48 2.314 0.659 0.654 0.549
49 2.111 0.368 0.732 0.357
50 0.687 0.659 0.365 0.638
Mean 1.356 0.676 0.537 0.538
S.D. 0.684 0.233 0.151 0.155
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WU T-DAT lu dragnadea ;jﬂfm AITP (n = 50), RA (n = 50), NAD (n = 50)
uwaznguauLnd (n = 50) lag3T flow cytometry (FC) fia 2.31 + 0.81, 0.84 + 0.63, 0.65 +

= @ A N oA
0.16 & 0.54 + 0.16 @481y o301 MFI Iuﬁdﬂjﬂ AITP q@ﬂjqaﬂ 3 ﬂq&]“ﬂnﬁaﬂa{n@u

o

wodAy (p < 0.05) lawen MFI lugihs RA, NAD uazluaudnd laduandrenu (p >

2

0.05) daugaslunni 7

3.5
3 n
2.5 -
2 m S.D.
1.5 4 @ Mean
1 n
U B A s
0 ‘
AITP RA NAD Normal

M Mean Fluorescent Intensity 2@9 Thrombocyte Direct Antiglobulin Test

AITP = autoimmune thrombocytopenia (n = 50), RA = rhumatiod arthritis (n = 50), NAD
= non-immune diseases (n = 50) waz Normal = auUN& (n = 50) @1 MFI 1w AITP g
1 RA, NAD uaz Normal ad9lisedamn (p < 0.05) ualw RA, NAD uaz Normal 1adi

AMUUANGE19INH (p > 0.05)

WU T-IAT wuin lualetnifen H1e AITP (n = 50), RA (n = 50), NAD (n =
50) uaznguauLn@ (n = 50) laedT flow cytometry (FC) fia 1.36 + 0.68, 0.68 + 0.23,
0.54 + 0.15 & 0.54 + 0.16 MNEIAL TIA1 MFI lugfihe AITP gandndn 3 ﬂﬁj&lﬁmﬁa

L™

ataliudATY (p < 0.05) laod1 MFI lugilie RA, NAD uazluauind liwanerafiu (p

> 0.05) asuaaslunni 8
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2.5
2 |
1.5 m S.D.
1 - — O Mean
05 | [ 1»
0
AITP RA NAD Normal

ATNN 8 Mean Fluorescent Intensity 289 Thrombocyte Indirect Antiglobulin Test

AITP = autoimmune thrombocytopenia (n = 50), RA = rhumatiod arthritis (n = 50), NAD

= non-immune diseases (n = 50) W&z Normal = auUn& (n = 50) A1 MFI 1w AITP §INI1

™

1 RA, NAD uaz Normal agnsfliedeany (p < 0.05) udlu RA, NAD uaz Normal laidl

AMUUANG19INH (p > 0.05)




MINAWIIS flow cytometric erythrocyte direct antiglobulin test (E-DAT)
mﬂmsmaaamam'szﬁmmzauiunﬂ‘*ﬂ”'umau wuduaauwfitwanzay de 14 5% RBC
suspension VaIKie 1501@3 25 PL &9 3 336 0.1% BSA-PBS 1nuwasouiilu
0.5 % washed RBC suspension lagn13t@ia 250 UL wad 0.1% BSA-PBS Waulhldnnud
It 75 UL 183 0.5 % washed RBC suspension NEUNL 75 UL 183 F(ab)'2 goat anti-
human Igs (polyspecific) conjugated FITC (AGT-FITC) ‘ﬁ dilute 1:10 11t 0.1% BSA-PBS
Uufigamniivios wm 30 wifi lufida NUWAN 500 UL 189 1% formaldehyde lu
0.1%BSA-PBS wawliidniug shllamariualsiedes flow cytometer 71 aate3aslviiy
50,000 RBC 71 low flow rate w3alwil dasmilwavas RBC wususs laser i
1,000 RBC 6@ second Tagld 14 detectors 3 wiia laun log side scatter, log forward
scatter LLaz log fluorescent detector 1 (FL1, green fluorescence “71' 530 nm) ULRAINANIT
av191Ju mean fluorescent intensity (MFI) WwW3suifiausy RBC vaseulnd flfiiu
normal control

38013l szann ey lddatadeatas §9 RBC 1fing 3 A%3 MUANATIIL
meswasaealasnaly iemda auto-antibodies luw serum #laildiniefiu RBC
sanluldvun  udrsaesuaniln 0.5% washed RBC suspension iag9nis flow
cytometry 19 RBC ludnwiufistounind® standard tube test asngunn easiwnsld ties
0.5% IwiSunasiiss 75 pL Aieawes §mIuUisenny 75 pL 289 Fab)y2 goat
anti-human Igs (polyspecific) conjugated FITC (AGT-FITC) ‘ﬁl dilute 1:10 14 0.1% BSA-

PBS afidasld Faby2 iasaniiu fragment N1l Fo iNanantanInsivatng non-
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specific 189 Fc NURAw89 RBC uazfiiRenldmIasussviia fluorescein isothiocyanate
' Y A A v oA & Aa x> ' '
(FITC) i1 TRR wmMsFasusanidy fimengn uaztfunionlsnuatisunsnany
M3 dilute 1:10 ANaANNUTZREA WALTIVAN non-specific binding tae18 Wazild 0.1%
BSA-PBS 1fu diluent Atwse wildde snenliund uazeatisaa non-specific binding
[y = oA A v A & & a '
leannianite mMydungunninas win 30 Wi AduszsziauazgMnniineIgu Yai
& A a A |aaa a £ LY & o @ ' Aa &
sunsogninll NU{ATeN Ag-Ab mmmmmu"l,@amaaugim frTumyualunias
=3 d‘ 1 % % o ' o U s 2 1 = d'
funaldld fluorescent dye FNHRAUWEIEIN L‘wm:ﬁ]xm‘l%wugﬂﬂiz@;uﬂaumnm‘n
2 di =S o s U dl' o U as A
manzaala Watanaildiadioiaiad flow cytometer a139zv AR IWNNTTaIURS
o A & o A a A o v o \ ' o =
dninnarsaztiula LuaamﬂmiaaLLaovlmgﬂm:@gummmmwﬂﬂnauum AR
§NIWG2E 500 UL 89 1% formaldehyde lu 0.1%BSA-PBS finanainaziiiuny dilute
et WRanududuaad RBC MNNLENAENITHUAHLAIS flow cytometer a2 £9
g fix 1% RBC Han1wasf FWNEITIINgUINTANTTadUEII8Y FITC 14 lewn
a o A = . Aa A . @ v a A
anene Walnulilu refrigerator lunila lasawizille luausaasiadalenud lasann
a 14 A A A o ° [
10384 flow cytometer 1419 wialilyw wianuanainu lagazaunsninanasaia
o A [ A o A o [ . .
lawlansan muluszoziianlaiin 5 4 lasfigsndlidn mean fluorescent intensity
1 dl > Qs = Q v ~ g; dl v
MF1) TdiRsuudasld annseanadalunufinasmsdauada nIasaIasldtiu 50,000
= A o oA oA A o ° = ' o
RBC mwa’l,mmmmmanaga \a9n391niiy RBC $1mauunn Saunnninmigeas
ﬂﬁaaﬁ;amiﬂﬁﬁamawmﬂwh A flow cytometry siTafiaunnnin  fluorescent
. ' oA A v @ ' °
microscopy 884NN MILETN low flow rate %38lHH 8aTIMTIHAVEY RBC HIWSLES
laser 'laitAit 1,000 RBC ¢ia second tialailw RBC na lnanuunniAnly azvinlwiavas
Tisnanvauen’lddn i RBC swalng 1 @2 wiaiiln RBC awailnd 2 aa Nlnalnann

dnAnlyd @9 1,000 RBC ¢ia second Liuadansluaniwanzauuad RBC n1vld

detectors 3 i@ laun log side scatter (LogSSc), log forward scatter (LogFsc) iLas log
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fluorescent detector 1 (LogFL1, green fluorescence 7 530 nm) Auia b LogSSc nu

LogFsc lumifnuadszzinszas RBC launs gating liasauaguianiz RBC cloud lu

v
a A

dot plot cytogram &WIUMIIE logFL1 Anzlunmesssdh InsdandmSasuss Flen
289 FITC 1asd@en 391Ta fluorescent detecter LiNgN@ILAE? NRIWNIDTUFUQINTT
Saduasimaen 530 nm la wiaila LogFL1 ieaddednine lasf FL2, FL3 uas FL4
o o A A ad A o & &

SR SesumsFang  lLilenwdndu  msusasnansasiadu  mean  fluorescent
i . ' o . o A g ,
intensity (MF1) iz laiaansald % positive RBC la titasannnisnaaasuuuft RBC 4
= 1 6 = = s =} v A Qs s v Aa
inmsusnndu RBC MNLwaa Janwinlauni WIDINALALINUNIRNG  luwnTdanRaa
A a 1 Y v a A e [~ a & ¥ v a A
wiahifia WupANNINENTeNAaT  (positive) ARz RBC MInua e bifad
(negative) Nazliifia RBC M9ua aInwnsuaadnatiu MFI INFDILAZIANLENNFR
udagglsiany laasssnTfvad flow cytometry feudazidn negative RBC a3 normal
control NENN LUNILIDILRILUL auto-fluorescent ating ug MFI azvl,ajga TIRNUIDNIN
auto-fluorescent MFI 284 normal control % 1 MEiBwaLilnaN base line NldSauLigL
wwivgihoudazauld 918 MFI gand base line nnwaeiyinly ¥l flow cytometry
W semi-quantitative measurement lasdn MIF gdﬂ’i’] base line ¥1N WA auto-
antibodies tMzagjus RBC 411 o1l MIF g9 base line W@NUaY LEAIINY auto-
antibodies 1Mzagu% RBC WNEILANEEY UEnNA MIF winnuwsalnalAgeny base line

. | A . . \ A Ao \ \ a & =
WRAIIN kN auto-antibodies iMzagun RBC waailing lauand1sanandn@ Fanunons
ﬁdagiu normal range %30 negative test LD
MINAWIID flow cytometric thrombocyte direct antiglobulin test (T-DAT)

mnmsmaaamamazﬁmmzaﬂunﬂ{fu@au NUTTUAAWNLANIZRN  Aa M 5%
platelet (PIt) suspension 38451128 1301@3 25 L 8149 3 @368 0.1% BSA-PBS 11nun

1@3aLdu 0.5 % washed Plt suspension lagnsida 250 pL 2wad 0.1% BSA-PBS Wi
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1#i57ué 14 75 L 289 0.5 % washed Pt suspension H&NAL 75 LIl V83 AGT-FITC i

=

dilute 1:10 11 0.1% BSA-PBS dufigmannivas wiu 30 wifl Tufida 21ndwdn 500 pL
289 1% formaldehyde lu 0.1%BSA-PBS wanlwidniug ihluamatiudoinios flow
cytometer ‘ﬁ ﬁg\‘ilﬁﬁfﬂ 50,000 PIt 1 detectors 3 wha lawn log side scatter, log forward
scatter e log fluorest detector 1 (FL1, green fluorescence ﬁ 530 nm) LEAINANITAII
1\ mean fluorescent intensity (MFI) (W3suineuny Pit vasauln@ #lF18% normal
control

I@Uﬁm@lmLLa:ﬁﬁa%mwaaLL@ia:‘*ﬂgu@lau AmEANAUAT E-DAT finsnieldudn
Aawnsinil (esudld Pt unw RBC winsin Tasfsufinanesmmdiss s gating 1%
AIAUAJULANIE Pit cloud 114 dot plot cytogram 9 Plt clud asiidn LogFSc §n31 RBC
clud tflasan Pit § size 1&nnd1 RBC udazd LogSSc g9ni1 RBC dlagan Pit §
granularity 411171 RBC TR,

MINAWIIS flow cytometric erythrocyte indirect antiglobulin test (E-IAT)
mnmwmaamamazﬁmm:aﬂunﬂ‘*ﬁgu@au WUTuaeumIEy  Ae 1 5%
screening group O RBC suspension flaunannammmalng  shanedoaudn
glutaraldehyde fix-washed 0.5% RBC suspension % 0.1% BSA-PBS faw Wa34M4 25
UL 84 glutaraldehyde fix-washed 0.5% RBC suspension ¥inUffsennu 50 uL va9
undiluted serum w8451l Uulu 37 °C Wi 30 wft Weasunaudr &9 3 aids
0.1% BSA-PBS us3slviuisendely imloununuis E-DAT

mm@ﬁi‘lxﬁ 5% screening group O RBC suspension IINIANNTIA LNe Lﬁa\‘]ﬁ]’m
e lding eal iy Qmmwmﬁ WaZEINANITIIUERY blood group antigen mulunﬂ

[ o A =

blood group system ﬁﬁ%’mty'éﬂ 18 B9azivszlaminnn ddasmIaTiazaum specificity

289 auto-antibodies @379y 1w E-DAT #3a E-IAT Aew duiln E-IAT positive
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fuTald serum dreene s ldasiameunn specificity 189 auto-antibodies lasn1svin
antibody identification AL panel cells 248 NNTI9 e betas uaaiu E-DAT positive
9:¢09vM7 elute 187 auto-antibodies A9URL RBC aananlu eluate naw §1855mMh
LWUNZEN LT heat elution §1%3U auto-antibodies fLlu IgM #38 ether elution &1L
auto-antibodies 1T IgG wa339az1ian eluate Aaanin luvin antibody identification
AU panel cells VaIFRNMIA e Al LLatﬁ’lL%@lNa‘ﬁlﬁ’] 5% screening group O RBC
suspension VAT SR SIMY glutaraldehyde fix-washed 0.5% RBC suspension Tu 0.1%
BSA-PBS riau fiwnzdasmanuliltowlaluszozinauwn Ehw,m;waﬁslfff 25 UL 789
glutaraldehyde fix-washed 0.5% RBC suspension ¥NUfjfisenny 50 pL 289 undiluted
serum 2898 AWTMzANAI MY ATe13znd1e RBC AU serum fa 1:2 U239
valu 37 °C wn 30 wifl Waasunaudr §9 3 adidie 0.1% BSA-PBS ilarnea
unbound auto-antibodies aanlUlvnua ua3slvinmImasasdald wlaununuid E-
DAT

MINAWIIS flow cytometric thrombocyte indirect antiglobulin test (T-IAT)
mnmsmaaamamazﬁlmm:aﬂunﬂ‘*ﬁgu@au wuuaeuitwunzay ae 19 group O
expired platelet concentrate NAEAIMTA Ny haessads 0.2% glyoxal 0.4%
paraformaldehyde fix-washed 0.5 % PIt suspension % 0.1% BSA-PBS fiat Lan34l7 25
UL w84 Plt suspension filef VYU ATENAY 50 UL 289 undiluted serum va9H1a8 1
Tu 37 °C ww 30 wift Waesumudr &9 3 596 0.1% BSA-PBS wdvselivin
Ujnsendalimnilawnuis T-DAT

mm@;ﬁw group O expired platelet concentrate 9 &N MTa Ny tHasandu
yoawaaflilaldauuds wldine ludesde mm@;ﬁﬁ’]mﬁ’uﬂu 0.2% glyoxal 0.4%

paraformaldehyde fix-washed 0.5 % PIt suspension 14 0.1% BSA-PBS nau AWl
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2

MIANIINIABWATNRUEITT AT fix @38 0.2% glyoxal 0.4% paraformaldehyde % T8/l
Pit fianuasi lduu uazlidnansznuda ag-ab reaction SMTUIRGNIVITUADUDU
LT A% Plt 6o serum gannil A MU uazmIa wuAasAwILAD
E-IAT finamnbsliuddaunthit swivtuaeudeldiinleniuids T-DAT Afiwaua
o a 1 = Q @ Aada dl 1 =S U £ 1 v d‘y 1 L
wazeNatune WA InwALIT T-DAT Nnandsliudrneuniind wunu
o ¢ o
MINARITARILIAIIY  flow cytometric antiglobulin test IINFNIIEN
WINEaNUdINlE aneSeugainenaa flow cytometric antiglobulin test M&1N1I0
@379 1614 4 parameters (E-DAT, E-IAT, T-DAT & T-IAT) luihengaidisn S9ulsznavedan
1.) Diluent 1éuA 0.1% bovine serum albumin lu phosphate buffer saline (0.1% BSA-
PBS), 2.) Erythrocyte fixative solution léun 0.05% glutaraldehyde 1% 0.1%BSA-PBS, 3.)
Thrombocyte fixative solution léun 0.2% glyoxal 0.4% paraformaldehyde 14 0.1% BSA-
PBS, 4.) Secondary antibody laun F(ab)2 goat anti-human Igs (polyspecific)
conjugated FITC (AGT-FITC) uaz 5.) Fix-for-Flow solution laun 1% formaldehyde Tu
0.1%BSA-PBS vil#azainannlun1iniiaiani 4 parameters 87a¥NNaTIUNLITA
Ao WisauaiRenld dre819asa wasihnune 3305 wazn1IadAIad flow cytometer
AARNZTN LYY
mwmﬁwaaqﬂﬁﬁmm’m flow cytometric antiglobulin test qﬂﬁ’lmﬁ
a v A= v & o & A o &
wispld nAuliludion 4 °c uszaziig 6 Wheu lasyinnsasiang E-IAT uaz T-IAT
ludatni serum gihy AIHA waz AITP mwday Nusniu aliquats 1Aulilu freezer -
(6] ¥ o a . A o A & & &
20 C umheeninazaiaiaz 1 aliquat INaiIN119929 1@auazadd tHwan 6 Laan
7% 6 A9 WY1 mean + standard diviation (S.D.) ez percent coefficient of variation
(%CV) 983 mean different MFI 283 serum ;&'ﬂ’m AIHA 1 378 i1 E-IAT 6 replicates LU

between-run @8 1.018 + 0.050 WAz 4.945% AN&GU lasnd 6 f1 ludanuLana1Iny
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Y

pgINNURIATY UATVDI serum Hie AITP 1 918 i1 T-IAT 6 replicates WU between-
run LW Aa 1.385 + 0.176 WAz 12.73% AN&IGL lasnd 6 @1 lidanuuand1eans

L™

adINREAATY LLamdm@ﬁ']mﬁm‘%ﬂﬂ@T ﬁtﬁu"l,i’lugjﬁ,ﬁu 4 °c Fenwasad 1w
szoznan lkesnin 6 Laau

mMadIsunaguan flow cytometric Lag standard tube test 229 erythrocyte
direct antiglobulin test (E-DAT) lugilhafiuanin@ daatine RBC léan il AIHA
(n = 50), RA (n = 50), NAD (n = 50) uaznguaudn@ (n = 50) wud ¢ grading of
agglutination (GA) 18437 standard tube test (STT) E-DAT Ao 1.60 + 0.67, 0.12 + 0.33,
0.00 + 0.00 & 0.00 + 0.00 WS TIA1 GA lugfihe AIHA genindn 3 ﬂﬁjuﬁmﬁa
ataliBdATY (p < 0.05) lasen GA lugils RA genindn 2 miwﬁmﬁaasmﬁﬁfﬂﬁw 1)
(0 < 0.05) Tuvusfidn GA Tugfihe NAD uazluaudnd liuanerafiu (p > 0.05) uaasin
7% STT we9 E-DAT snuninlfusngilas AIHA uaz RA aanawnﬁﬂaﬂiiﬂﬁuq URZA
Un@le ueiduiT STT 1ilu subjective dasandbanuiuazanudrumguagauna lums
% GA ldamysuliuinan Sefenusingefiolduinan anugauldean

§mIuda @ MFI 1ag3T flow cytometry (FC) E-DAT wudn lugthin AIHA geni
an 3 ﬂq'wﬁmﬁaazmﬁ fdAYy (p < 0.05) lanen MFI lugfilho RA, NAD uazluauind
lauandneanm (p > 0.05) ugaIiN3% FC vad E-DAT mmm‘lﬁwﬂgﬂw AIHA 8an3an
;jﬂwim%ius] fivde wazeutndld Tunsdaiud? objective Aisnunadiiaias e
base line AITULHEN VL;JLLﬂaﬁu"Lﬂmummj vﬁamﬂwﬁﬂmmﬂaogﬁﬁwmimaﬁﬁ'@ %
NUIULTAR bFNN ﬂ's'mni'n,%aﬁa?iagmdw

msdIsunaguan flow cytometric LLaz standard tube test 289 erythrocyte

indirect antiglobulin test (E-IAT) lugihanuanind lasldaadie serum angihe

wazaAnlnG qﬂLﬁﬂaﬁuﬁu E-DAT WU @1 GA Iuﬁﬂ’m AIHA gi((iﬂ’j’]aﬂ 3 ﬂﬁj&lﬁmﬁa
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ataliBdATY (p < 0.05) lansn GA 28935 STT lugils RA ganingn 2 n@:wﬁmﬁa
bdnda (p < 0.05) Twamizfidn GA Tugfthe NAD uazluaudnd lauandraiu (p
> 0.05) LWANATWALINUALAT STT 289 E-DAT uandanuies uwnnsamam auto-
antibodies T4 serum Aigu13a U normal RBC ¢ triniutas

§miudn A1 MFI 1ag3T flow cytometry (FC) E-IAT wud Tugthe AHA ganh
an 3 ﬂq'wﬁmﬁaamaﬁ fudAy (p < 0.05) lanen MFI lugfils RA, NAD uazluauind
lauandariu (p > 0.05) nguAITWALINTUAL 3T FC 289 E-DAT uandanwiios idu
AN3ATI9W auto-antibodies 11 serum AW15ASUAY normal RBC 'l trinsinas

nsIsunaua flow cytometric thrombocyte direct antiglobulin test (T-

DAT) ludihanuanind drat19 platelets ldan gilw AITP (n = 50), RA (n = 50),

=)

NAD (n = 50) uaznguaudn@ (n = 50) wuiien MFI M;jﬂm AITP gaﬂ'j’]'ﬁﬂ 3 Naul
=} ] a o o Qo U U a 1 1
wiaadnsdiiadAy (p < 0.05) lasdr MFI Tugthe RA, NAD uazluaudnd lauandns
% (p > 0.05) uFAIINAT FC ve9 T-DAT mwnmalduongihe AITP aanmnﬁﬂmkﬂ

A = al o & o & aa . . A o A A .
219 Mnda uazandndle unidaiuid objective NeunasBLAIas e base line
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APPENDECES
Abstract 1:

FLOW CYTOMETRIC ANTIGLOBULIN TEST FOR DETECTION OF AUTO-ANTIBODIES ON
ERYTHROCYTES AND THROMBOCYTES
Yuttana Mundeea*, Ratchaneewan Srihirunrata, Pimlak Charoenkwanb, Ladda
Fongsatitkulc, Kovit Pattanapanyasatd.
’Department of Clinical Microscopy, Faculty of Associated Medical Sciences, Chiang Mai

University 50200, Thailand.
bDepartment of Pediatrics, Faculty of Medicine, Chiang Mai University 50200, Thailand.
°Blood Bank Section, Faculty of Medicine, Chiang Mai University 50200, Thailand.

‘Office of Research and Development, Faculty of Medicine Siriraj Hospital, Mahidol

University, Bangkok 10700, Thailand.

Abstract—Flow cytometry (FC) is a modern technique for enumeration of free cells or
particles suspended in fluid and flowing through a beam of laser singularly. Some
properties of the cells such as size and granularity can be measured directly on
unstained cells. While the others such as surface and cytoplasmic markers must be
stained with fluorescence or immuno-fluorescence. Due to the advancement of
fluorescent technology, there are varieties of dyes available in the market, both for
direct staining and conjugated to polyclonal and monoclonal antibody for immuno-
staining. The technique has advanced advantages over light and fluorescent microscopy
such as higher number of cell counted, shorter time used, objective measurement and

therefore more reliability. Antiglobulin test (AGT) is a test of choice for demonstration of
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antibodies on erythrocyte surface and in the plasma or serum. The tests both direct and
indirect (DAT & IAT) are highly benefit in diagnosis and follow up of auto-immune
hemolytic anemia (AIHA), transfusion reaction, hemolytic disease of the newborn and
evaluation of minor blood group and pre-transfusion testing (compatibility test or cross
matching). Apart from erythrocyte, thrombocyte auto-immune disorder such as auto-
immune thrombocytopenic purpura (AITP) is of interest whether DAT and IAT can be
applied. Because of the small size, thrombocyte DAT and IAT accompany with
agglutination test are not easy. However FC has no objection on the size of both cells.
We describe here is a simple flow cytometric antiglobulin procedure for detection of
auto-antibodies on erythrocytes and thrombocytes. The procedure covers erythrocyte
and thrombocyte for both DAT and IAT. Seeking for optimal conditions for these
procedures are the objectives. Clotted and anti-coagulated blood samples from patients
with AIHA and AITP and normal healthy control blood donor were obtained from
Maharaj Nakorn Chiang Mai Hospital, Faculty of Medicine, Chiang Mai University. For
erythrocyte indirect and direct antiglobulin tests (E-IAT & E-DAT), the optimal conditions
seeking for were incubation 1 between 5% red cell suspension and serum at the ratio of
1:2 at 37, 25 & 4 oC for 20, 40 & 60 min; volume of anti-human-globulin conjugated
fluorescein isothiocyanate (FITC) used at 8, 4, 2, 1 & 0.5 pL and incubation 2 between
0.5% sensitized red cell suspension and FITC conjugate at 37, 25 & 4 oC for 15, 30 &
45 min. The optimal conditions were at 37°C for 15 min of incubation 1; 4 pL of
conjugate used and 25°C for 20 min of incubation 2. For thrombocyte indirect and direct
antiglobulin tests (T-IAT & T-DAT), the seeking conditions were as same as the

erythrocyte procedure but 106 platelets per reaction were used instead of 5% red cell
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suspension. The optimal conditions were both 4 and 37°C for incubation 1 and the rest
were as same as the erythrocyte procedure. These optimal conditions gave a satisfied
discrimination between patient and control samples. In addition, the 4 parameters can
be drawn from a single reagent kit. Since all 4 procedures require the same reagents.
The clinical application of these 4 parameters is in progress for patients with AIHA,
AITP, rheumatoid arthritis, anemia and normal healthy control blood donors.
Keywords—Flow cytometry, Antiglobulin test, Auto-antibody, Erythrocyte, Thrombocyte.
* Corresponding author. Tel.: 66-53-945078 ext. 22; fax: 66-53-946042;

e-mail: yuttana@chiangmai.ac.th




72

Abstract 2:

DIAGNOSIS OF AUTO-IMMUNE HEMOLYTIC ANEMIA BY FLOW CYTOMETRIC ANTIGLOBULIN TEST
Yuttana Mundeea*, Ratchaneewan Srihirunrata, Pimlak Charoenkwanb, Ladda
Fongsatitkulc, Kovit Pattanapanyasatd.

’Department of Clinical Microscopy, Faculty of Associated Medical Sciences, Chiang Mai

University 50200, Thailand.
bDepartment of Pediatrics, Faculty of Medicine, Chiang Mai University 50200, Thailand.
°Blood Bank Section, Faculty of Medicine, Chiang Mai University 50200, Thailand.

‘Office of Research and Development, Faculty of Medicine Siriraj Hospital, Mahidol

University, Bangkok 10700, Thailand.

Abstract—Auto-immune hemolytic anemia (AIHA) and auto-immune thrombocytopenic
purpura (AITP) are organ specific autoimmune diseases. Defect of immune system that
can not recognize self-antigens are the etiology. Patients with AIHA and AITP produce
auto-antibodies against their own erythrocytes and thrombocytes respectively. Classical
diagnostic test for AIHA is anti-globulin or Coomb’s test (AT or CT). The test can be
done by standard agglutination test in the test tube, which is not sensitive, less specific
and limited reliable. While the test for AITP is just platelet count, which has a similar
problem. However AT is a test of choice to demonstrate antibodies on cell surface
(direct AT) and in the plasma or serum (indirect AT). Either erythrocytes or
thrombocytes can be tested for both DAT and IAT. In case of erythrocyte, the tests can
be called erythrocyte-DAT and erythrocyte-IAT (E-DAT & E-IAT respectively). While the

tests for thrombocytes can be called thrombocyte-DAT and thrombocyte-IAT (T-DAT &
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T-IAT). These tests can be examined easily by flow cytometry (FC), which is a modern
technique for enumeration of free cells or particles suspended in fluid and flowing
through a beam of laser singularly. These tests are very highly benefited in diagnoses
and follow up of AIHA and AITP. We used a simple flow cytometric antiglobulin
procedure to detect auto-antibodies on erythrocytes and thrombocytes for both direct
and indirect procedures (E-DAT, E-IAT, T-DAT & T-IAT respectively). Clotted or anti-
coagulated blood samples from patients with AIHA (n = 50), rheumatoid arthritis (RA, n
= 43), non-autoimmune diseases (NAD, n = 50) and from normal blood donor (Normal,
n = 50) were obtained from Maharaj Nakorn Chiang Mai Hospital, Faculty of Medicine,
Chiang Mai University, between January 2004 to June 2005. Unfortunately we could not
obtain any AITP blood sample. Procedure for E-IAT was as follows. One hundred pL of
0.5% RBC suspension was incubated with 200 pL of serum or plasma at 37°C for 30
min, and then washed 3 times. Five pL of anti-human globulin conjugated fluorescein
isothiocyanate (FITC) was added and then incubated at room temperature (RT) for 30
min and then washed 3 times. Procedure for E-DAT was as follows. The RBC was
washed 3 times and then followed by the second incubation as in E-IAT onward.
Procedures for T-IAT and T-DAT were similar to those of erythrocytes but using platelet
suspension instead of RBC suspension. The entire pellet was resuspended with 0.5 mL
of 1% formaldehyde in PBS before flow cytometry. Beckman-Coulter Epic-XL (USA)
flow cytometer was used with 530 nm, side- and forward-scatter detectors. The mean
fluorescent intensity (MFI) of E-DAT & E-IAT of patients with AIHA were significantly
higher than those of RA, NAD and Normal (p<0.05). While the MFI of T-DAT & T-IAT of

RA, NAD and Normal were not significantly different. These results shows that flow
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cytometric antiglobulin test can be applied for the diagnosis of AIHA because the MFI of

the patients were higher than those of the other group. Apart from that flow cytometric

antiglobulin procedure describing here can possibly be applied for transfusion reaction,

hemolytic disease of the newborn and blood group determination and pre-transfusion

testing (compatibility test or cross matching).

Keywords— AIHA, AITP, Flow cytometry, Antiglobulin test, Auto-antibody.

* Corresponding author. Tel.: 66-53-945078 ext. 22; fax: 66-53-946042;

e-mail: yuttana@chiangmai.ac.th
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FLOW CYTOMETRIC ANTIGLOBULIN TEST FOR DETECTION OF AUTO-
ANTIBODIES ON ERYTHROCYTES AND IN SERUM FOR DIAGNOSIS OF
AUTOIMMUNE HEMOLYTIC ANEMIA
Yuttana Mundeea*, Ratchaneewan Srihirunrata, Pimlak Charoenkwanb,
Ladda Fongsatitkulc, Kovit Pattanapanyasatd.
aDepartment of Clinical Microscopy, Faculty of Associated Medical Sciences, Chiang

Mai University 50200, Thailand.
bDepartment of Pediatrics, Faculty of Medicine, Chiang Mai University 50200, Thailand.
“Blood Bank Section, Faculty of Medicine, Chiang Mai University 50200, Thailand.

dOffice of Research and Development, Faculty of Medicine Siriraj Hospital, Mahidol

University, Bangkok 10700, Thailand.

Abstract

Flow cytometry (FC) is a modern technique for enumeration of free cells or
particles that suspended in fluid during flowing through a beam of laser in a cell by cell
maner. The technique has superior advantages over fluorescent microscopy such as
higher number of counted cells, shorter time consuming, objective measurement and
more reliability. Antiglobulin test (AGT) is a test of choice for demonstration of
antibodies on erythrocyte surface called erythrocyte direct antiglobulin test (E-DAT) and
antibodies in serum called erythrocyte indirect antiglobulin test (E-IAT). Both E-DAT and
E-IAT are highly benefited on diagnosis and follow up of auto-immune hemolytic anemia

(AIHA). Both DAT and IAT can be modified to be measured by flow cytometry using
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erythrocytes as target particles. We developed a simple flow cytometric antiglobulin
procedure for determination of auto-antibodies on erythrocytes and in the serum. The
optimal conditions were as follows. Five percent erythrocyte suspension was incubated
with serum at the ratio of 1:2 at 37°C for 30 min then the cells were washed 3 times
with 1% bovine serum albumin in phosphate buffer saline (1% BSA-PBS). After that,
F(ab’)2 anti-human globulin conjugated fluorescein isothiocyanate (AHG-FITC) was
added. The suspension was then mixed and incubated at room temperature (RT) for 30
min in the dark. Finally 500 pL of 1% formaldehyde in 1% BSA-PBS was added. The
suspension was ready to be measured by flow cytometer. These optimal conditions
gave a satisfied discrimination between mean fluorescent intensity (MFI) obtaining from
patients and from normal healthy control sera. Flow cytometry of E-DAT and E-IAT were
tested on blood samples from patients with AIHA (n = 50), rheumatoid arthritis (RA, n =
50), non-autoimmune diseases (NAD, n = 50) and normal healthy blood donor (Normal,
n = 50). The mean fluorescent intensity (MFI) of E-DAT was 1.88 + 0.66, 0.60 + 0.35,
0.42 + 0.23 & 0.45 + 0.23 and of E-IAT were 2.24 + 5.95, 0.68 + 0.34, 0.59 + 0.20 &
0.67 + 0.18 respectively. The MFI of E-DAT & E-IAT in patients with AIHA were
significantly higher than those of RA, NAD and Normal (p<0.05). While the MFI of E-
DAT & E-IAT of RA, NAD and Normal were not significantly different. The developed
flow cytometric antiglobulin for detection of auto-antibodies on erythrocytes and in
serum can be used for diagnosis of AIHA. Since the MFI of AIHA patients were higher
than those of the other group.

Keywords Flow cytometry, Antiglobulin test, Auto-immune hemolytic anemia,

Erythrocyte.
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Introduction

Autoimmune hemolytic anemia (AIHA) is a type of hemolytic anemia where the
body's immune system attacks its own red blood cells (RBCs), leading to their
destruction (hemolysis).[1][2][3] AIHA can also be induced by several drugs including
methyldopa and fludarabine. Types of AIHA include Warm autoimmune hemolytic
anemia, Cold agglutinin disease, and Paroxysmal cold hemoglobinuria. Antibodies and
associated complement system components become fixed onto the RBC surface. These
antibodies can be detected with the direct antiglobulin test, also known as the direct
Coombs test. The two Coombs tests are the direct Coombs test (also known as direct
antiglobulin test or DAT), and the indirect Coombs test (also known as indirect
antiglobulin test or IAT). In certain diseases or conditions an individual's blood may
contain IgG antibodies that can specifically bind to antigens on the red blood cell (RBC)
surface membrane, and their circulating red blood cells (RBCs) can become coated with
IgG alloantibodies and/or IgG autoantibodies. Complement proteins may subsequently
bind to the bound antibodies. The direct Coombs test is used to detect these antibodies
or complement proteins that are bound to the surface of red blood cells; a blood sample
is taken and the RBCs are washed (removing the patient's own plasma) and then
incubated with antihuman globulin (also known as "Coombs reagent"). If this produces
agglutination of RBCs, the direct Coombs test is positive, a visual indication that
antibodies (and/or complement proteins) are bound to the surface of red blood cells.
The indirect Coombs test is used to detect antibodies against RBCs that are present

unbound in the patient's serum. In this case, serum is extracted from the blood, and the
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serum is incubated with RBCs of known antigenicity. If agglutination occurs, the indirect
Coombs test is positive.[4]

Flow cytometry is a technique for counting and examining individual properties
of microscopic particles or cells. The cells is suspended in fluid and pressing them to be
a stream to pass through a laser beam then scattered light and fluorescence can be
detected on electronic apparatus. It allows simultaneous multiparametric analysis of the
physical and/or chemical characteristics of up to thousands of particles per second.
Flow cytometry is routinely used in the diagnosis of health disorders, especially blood
diseases.[5]

Reading of agglutination of antiglobulin test using standard tube test are
subjective and unstable reliability. Flow cytometry can be applied for both DAT and IAT.
Antihuman globulin conjugated fluorescent dye is used instead of antihuman globulin
alone. Flow cytometric antiglobulin test is more reliable due to its objectives, higher
number of counted cells. We propose here a procedure of flow cytometric antiglobulin

test for detection of autoantibodies on erythrocytes and in serum for diagnosis of AIHA.

Materials and methods
Blood samples

Clotted blood samples from patients with AIHA (n = 50), rheumatoid arthritis
(RA, n = 43), non-autoimmune diseases (NAD, n = 50) and from normal blood donor
(Normal, n = 50) were obtained from Maharaj Nakorn Chiang Mai Hospital, Faculty of

Medicine, Chiang Mai University. Serum was separated and kept at -20 OC until
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analysis. Erythrocytes were separated and then analysis within the 2 days after

collection. All subjects were signed concent for participation in this research.

Standard tube test of antiglobulin test (STT)

Direct antiglobulin test (DAT): Fifty uL packed RBC was diluted with 950 pL
PBS to be 5% RBC suspension in PBS. Twenty five uL of 5% RBC suspension was
washed 3 times with PBS. The supernatant was drained with absorbed paper. One
hundred 100 pL of polyspecific anti-human globulin serum (AHG) was added. These
were then centrifuge for 15 sec. Agglutination was readed and recorded. In case of
negative, 50 uL of 5% Coomb’s control cells (CCC) was added. These were then
centrifuge for 15 sec. Agglutination was readed and recorded.

Indirect antiglobulin test (IAT): Fivty uL of test serum was reacted with 25 LIL of
5% RBC suspension and was incubated for 5 min at room temperature (RT). These
were then centrifuge for 15 sec. Agglutination was readed and recorded. After that the
cells and serum were incubated for 30 min at 37 oC. These were then centrifuge for 15
sec. Agglutination was readed and recorded. The cells were washed 3 times with PBS.
The supernatant was drained with absorbed paper. One hundred 100 uL of polyspecific
anti-human globulin serum (AHG) was added. These were then centrifuge for 15 sec.
Agglutination was readed and recorded. In case of negative, 50 pL of 5% Coomb’s
control cells (CCC) was added. These were then centrifuge for 15 sec. Agglutination
was readed and recorded

Flow cytometry of antiglobulin test

Erythrocyte direct antiglobulin test (E-DAT): Twenty five UL of 5% RBC

suspension was washed 3 times with 0.1% BSA-PBS. The supernatant was drained
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with absorbed paper. Two hundred and fifty L of 0.1% BSA-PBS was added to be 0.5
% washed RBC suspension. Seventy five LL of 0.5 % washed RBC suspension was
reacted with 75 L of 1:10 diluted F(ab)’'2 goat anti-human Igs (polyspecific) conjugated
FITC (AGT-FITC) for 30 min in the dark at RT. After that 500 UL of 1% formaldehyde in
0.1%BSA-PBS was added. The cells were then ready to be analyzed with flow
cytometry. The machine was set to stop at 50,000 cells with log side scatter, log
forward scatter and log fluorescent detector 1 (LogFL1, green fluorescence at 530 nm)
opening. Mean fluorescent intensity (MFI) was recorded and compared with normal
control.

Erythrocyte indirect antiglobulin test (E-IAT): Twenty five UL of glutaraldehyde
fix-washed 0.5% RBC suspension obtaining from the Thai Red Cross Society was
reacted with 50 UL of undiluted test serum. These were incubated at 37 °C for 30 min.
After that the cells were washed 3 times with 0.1% BSA-PBS. The supernatant was
drained with absorbed paper. These were then reacted with 75 UL of 1:10 diluted AGT-
FITC in the dark at RT for 30 min. After that 500 UL of 1% formaldehyde in 0.1%BSA-
PBS was added. The cells were then ready to be analyzed with flow cytometry. The
machine was set to stop at 50,000 cells with log side scatter, log forward scatter and
log fluorescent detector 1 (LogFL1, green fluorescence at 530 nm) opening. Mean
fluorescent intensity (MFI) was recorded and compared with normal control.

Representative flow cytometric histograms of both direct and indirect antiglobulin

test were shown in figure 1.
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Results

The mean + S.D. of grading of agglutination (GA:- 4+, 3+, 2+, 1+ & 0) of E-DAT
using standard tube test (STT) in AIHA (n = 50), RA (n = 50), NAD (n = 50) and normal
control subjects (n = 50) were 1.60 + 0.67, 0.12 + 0.33, 0.00 + 0.00 & 0.00 + 0.00,
respectively. Grading of agglutination in AIHA was significantly higher than the rest 3
groups (p < 0.05). Grading of agglutination in RA was also significantly higher than the
rest 2 groups (p < 0.05). These were shown of figure 2.

The mean + S.D. of mean fluorescent intensity (MFI) of E-DAT using flow
cytometry (FC) in AIHA (n = 50), RA (n = 50), NAD (n = 50) and normal control subjects
(n = 50) were 1.88 + 0.66, 0.60 + 0.35, 0.42 + 0.23 & 0.45 + 0.23, respectively. Mean
fluorescent intensity in AIHA was significantly higher than the rest 3 groups (p < 0.05).
These were shown of figure 3.

The mean + S.D. of GA of E-IAT using standard tube test (STT) in AIHA (n =
50), RA (n = 50), NAD (n = 50) and normal control subjects (n = 50) were 0.76 + 0.62,
0.08 + 0.27, 0.00 + 0.00 & 0.00 + 0.00, respectively. Grading of agglutination in AIHA
was significantly higher than the rest 3 groups (p < 0.05). Grading of agglutination in RA
was also significantly higher than the rest 2 groups (p < 0.05). These were shown of
figure 4.

The mean + S.D. of MFI of E-IAT using flow cytometry (FC) in AIHA (n = 50),
RA (n = 50), NAD (n = 50) and normal control subjects (n = 50) were 2.24 + 5.95, 0.68
+ 0.34, 0.59 + 0.20 & 0.67 + 0.18, respectively. Mean fluorescent intensity in AIHA was

significantly higher than the rest 3 groups (p < 0.05). These were shown of figure 5.
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Discussion

The developed flow cytometric antiglobulin for detection of auto-antibodies on
erythrocytes and in serum can be used for diagnosis of AIHA. Since the MFI of AIHA
patients were higher than those of the other group. Apart from that flow cytometric
antiglobulin procedure describing here can possibly be applied for transfusion reaction,
hemolytic disease of the newborn and blood group determination and pre-transfusion

testing (compatibility test or cross matching).
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Figure 1 Flow Cytometric Histogram of Erythrocyte Antiglobulin Test
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Figure 2 Grading of Agglutination of Erythrocyte Direct Antiglobulin Test

AIHA = autoimmune hemolytic anemia (n = 50), RA = rhumatiod arthritis (n = 50), NAD

= non-immune diseases (n = 50) and Normal = normal control subjects (n = 50)

Grading of agglutination in AIHA was significantly higher than RA, NAD & Normal (p <

0.05) and GA in RA was significantly higher than NAD & Normal (p < 0.05).



85

2.5
2 |
mS.D.
1.5 -
O Mean
1 n
0.5 | H H H
0 ‘
NAD

AIHA RA

Normal

Figure 3 Mean Fluorescent Intensity of Erythrocyte Direct Antiglobulin Test
AIHA = autoimmune hemolytic anemia (n = 50), RA = rhumatiod arthritis (n = 50), NAD
= non-immune diseases (n = 50) and Normal = normal control subjects (n = 50)
Mean fluorescent intensity in AIHA was significantly higher than the rest 3 groups (p <

0.05).
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Figure 4 Grading of Agglutination of Erythrocyte Indirect Antiglobulin Test

AIHA = autoimmune hemolytic anemia (n = 50), RA = rhumatiod arthritis (n = 50), NAD
= non-immune diseases (n = 50) and Normal = normal control subjects (n = 50)
Grading of agglutination in AIHA was significantly higher than RA, NAD & Normal (p <

0.05) and GA in RA was significantly higher than NAD & Normal (p < 0.05).
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Figure 5 Mean Fluorescent Intensity of Erythrocyte Indirect Antiglobulin Test

AIHA = autoimmune hemolytic anemia (n = 50), RA = rhumatiod arthritis (n = 50), NAD
= non-immune diseases (n = 50) and Normal = normal control subjects (n = 50)

Mean fluorescent intensity in AIHA was significantly higher than the rest 3 groups (p <

0.05).
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Abstract

Flow cytometry (FC) is a modern technique for enumeration of free cells or
particles that suspended in fluid during flowing through a beam of laser in a cell by cell
maner. The technique has superior advantages over fluorescent microscopy such as
higher number of counted cells, shorter time consuming, objective measurement and
more reliability. Antiglobulin test (AGT) has a potentian to be used for demonstration of
antibodies on thrombocyte surface called thrombocyte direct antiglobulin test (T-DAT)
and antibodies in serum called thrombocyte indirect antiglobulin test (T-IAT). Both T-
DAT and T-IAT are highly benefited on diagnosis and follow up of auto-immune

thrombocytopenia purpura (AITP). Both DAT and IAT can be modified to be measured
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by flow cytometry using thrombocytes as target particles. We developed a simple flow
cytometric antiglobulin procedure for determination of auto-antibodies on thrombocytes
and in the serum. The optimal conditions were as follows. Five percent thrombocyte
suspension was incubated with serum at the ratio of 1:2 at 37°C for 30 min then the
cells were washed 3 times with 1% bovine serum albumin in phosphate buffer saline
(1% BSA-PBS). After that, F(ab’)2 anti-human globulin conjugated fluorescein
isothiocyanate (AHG-FITC) was added. The suspension was then mixed and incubated
at room temperature (RT) for 30 min in the dark. Finally 500 pL of 1% formaldehyde in
1% BSA-PBS was added. The suspension was ready to be measured by flow
cytometer. These optimal conditions gave a satisfied discrimination between mean
fluorescent intensity (MFI) obtaining from patients and from normal healthy control sera.
Flow cytometry of T-DAT and T-IAT were tested on blood samples from patients with
AITP (n = 50), rheumatoid arthritis (RA, n = 50), non-autoimmune diseases (NAD, n =
50) and normal healthy blood donor (Normal, n = 50). The mean fluorescent intensity
(MFI1) of T-DAT was 2.31 + 0.81, 0.84 + 0.63, 0.65 + 0.16 & 0.54 + 0.16 and of T-IAT
were 1.36 + 0.68, 0.68 + 0.23, 0.54 + 0.15 & 0.54 + 0.16 respectively. The MFI of T-
DAT & T-IAT in patients with AITP were significantly higher than those of RA, NAD and
Normal (p<0.05). While the MFI of T-DAT & T-IAT of RA, NAD and Normal were not
significantly different. The developed flow cytometric antiglobulin for detection of auto-
antibodies on erythrocytes and in serum can be used for diagnosis of AITP. Since the
MFI of AITP patients were higher than those of the other group.

Keywords Flow cytometry, Antiglobulin test, Auto-immune thrombocytopenia

purpura, Thrombocyte.
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Introduction

Idiopathic thrombocytopenic purpura (ITP) is the condition of having a low
platelet count (thrombocytopenia) of no known cause (idiopathic).[1] As most causes
appear to be related to antibodies against platelets. ITP is also known as autoimmune
thrombocytopenic purpura (AITP) or immune-mediated thrombocytopenic purpura. ITP is
usually asymptomatic. However a very low platelet count can lead to visible symptoms,
such as purpura (bruises), or more seriously, bleeding diathesis. In many cases, ITP's
cause is not idiopathic but autoimmune,[2] with antibodies against platelets being
detected in approximately 60 percent of patients. Most often these antibodies are
against platelet membrane glycoproteins llb-llla or Ib-IX, and are of the IgG type. The
coating of platelets with IgG renders them susceptible to opsonization and phagocytosis
by splenic macrophages. These antibodies can be detected with the direct antiglobulin
test, also known as the direct Coombs test. The two Coombs tests are the direct
Coombs test (also known as direct antiglobulin test or DAT), and the indirect Coombs
test (also known as indirect antiglobulin test or IAT). In ITP the patient blood may
contain IgG autoantibodies that can specifically bind to antigens on the platelet (PIt) or
thrombocyte membrane. Complement proteins may subsequently bind to the bound
antibodies. The direct Coombs test is used to detect these antibodies or complement
proteins that are bound to the surface of thrombocytes; a blood sample is taken and the
thrombocytes are washed (removing the patient's own plasma) and then incubated with
antihuman globulin (also known as "Coombs reagent"). If this produces agglutination of
thrombocytes, the direct Coombs test is positive, a visual indication that antibodies

(and/or complement proteins) are bound to the surface of thrombocytes. The indirect
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Coombs test is used to detect antibodies against thrombocytes that are present

unbound in the patient's serum. In this case, serum is extracted from the blood, and the

serum is incubated with thrombocytes of known antigenicity. If agglutination occurs, the

indirect Coombs test is positive.[3]

Flow cytometry is a technique for counting and examining individual properties

of microscopic particles or cells. The cells is suspended in fluid and pressing them to be

a stream to pass through a laser beam then scattered light and fluorescence can be

detected on electronic apparatus. It allows simultaneous multiparametric analysis of the

physical and/or chemical characteristics of up to thousands of particles per second.

Flow cytometry is routinely used in the diagnosis of health disorders, especially blood

diseases.[4]

Reading of agglutination of antiglobulin test using standard tube test are

subjective and unstable reliability. Flow cytometry can be applied for both DAT and IAT.

Antihuman globulin conjugated fluorescent dye is used instead of antihuman globulin

alone. Flow cytometric antiglobulin test is more reliable due to its objectives, higher

number of counted cells. We propose here a procedure of flow cytometric antiglobulin

test for detection of autoantibodies on thrombocytes and in serum for diagnosis of AITP.

Materials and methods

Blood samples

Clotted blood samples from patients with AITP (n = 50), rheumatoid arthritis

(RA, n = 43), non-autoimmune diseases (NAD, n = 50) and from normal blood donor

(Normal, n = 50) were obtained from Maharaj Nakorn Chiang Mai Hospital, Faculty of
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Medicine, Chiang Mai University. Serum was separated and kept at -20 OC until
analysis. Thrombocytes were separated and then analysis within the 2 days after
collection. All subjects were signed concent for participation in this research.

Flow cytometry of antiglobulin test

Thrombocyte direct antiglobulin test (T-DAT): Twenty five UL of 5% Pt
suspension was washed 3 times with 0.1% BSA-PBS. The supernatant was drained
with absorbed paper. Two hundred and fifty pL of 0.1% BSA-PBS was added to be 0.5
% washed PIt suspension. Seventy five UL of 0.5 % washed PIt suspension was
reacted with 75 LIL of 1:10 diluted F(ab)'2 goat anti-human Igs (polyspecific) conjugated
FITC (AGT-FITC) for 30 min in the dark at RT. After that 500 LL of 1% formaldehyde in
0.1%BSA-PBS was added. The thrombocytes were then ready to be analyzed with flow
cytometry. The machine was set to stop at 50,000 cells with log side scatter, log
forward scatter and log fluorescent detector 1 (LogFL1, green fluorescence at 530 nm)
opening. Mean fluorescent intensity (MFI) was recorded and compared with normal
control.

Thrombocyte indirect antiglobulin test (T-IAT): Twenty five puL of 0.2% glyoxal
0.4% paraformaldehyde fix-washed 0.5% PIt suspension obtaining from the Thai Red
Cross Society was reacted with 50 UL of undiluted test serum. These were incubated at
37 OC for 30 min. After that the thrombocytes were washed 3 times with 0.1% BSA-
PBS. The supernatant was drained with absorbed paper. These were then reacted with
75 UL of 1:10 diluted AGT-FITC in the dark at RT for 30 min. After that 500 UL of 1%
formaldehyde in 0.1%BSA-PBS was added. The cells were then ready to be analyzed

with flow cytometry. The machine was set to stop at 50,000 cells with log side scatter,
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log forward scatter and log fluorescent detector 1 (LogFL1, green fluorescence at 530
nm) opening. Mean fluorescent intensity (MFI) was recorded and compared with normal
control.

Representative flow cytometric histograms of both direct and indirect antiglobulin

test were shown in figure 1.

Results

The mean + S.D. of mean fluorescent intensity (MFI) of T-DAT using flow
cytometry (FC) in AITP (n = 50), RA (n = 50), NAD (n = 50) and normal control subjects
(n = 50) were 2.31 + 0.81, 0.84 + 0.63, 0.65 + 0.16 & 0.54 + 0.16, respectively. Mean
fluorescent intensity in AITP was significantly higher than the rest 3 groups (p < 0.05).
These were shown of figure 2.

The mean + S.D. of MFI of E-IAT using flow cytometry (FC) in AITP (n = 50),
RA (n = 50), NAD (n = 50) and normal control subjects (n = 50) were 1.36 + 0.68, 0.68
+ 0.23, 0.54 + 0.15 & 0.54 + 0.16, respectively. Mean fluorescent intensity in AITP was

significantly higher than the rest 3 groups (p < 0.05). These were shown of figure 3.

Discussion

The developed flow cytometric antiglobulin for detection of auto-antibodies on
thrombocytes and in serum can be used for diagnosis of AITP. Since the MFI of AITP
patients were higher than those of the other group. Apart from that flow cytometric

antiglobulin procedure describing here can possibly be applied for transfusion reaction,
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hemolytic disease of the newborn and blood group determination and pre-transfusion

testing (compatibility test or cross matching).
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Figure 1 Flow Cytometric Histogram of Thrombocyte Antiglobulin Test
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Figure 2 Mean Fluorescent Intensity of Thrombocyte Direct Antiglobulin Test

AITP = autoimmune hemolytic anemia (n = 50), RA = rhumatiod arthritis (n = 50), NAD
= non-immune diseases (n = 50) and Normal = normal control subjects (n = 50)

Mean fluorescent intensity in AITP was significantly higher than the rest 3 groups (p <

0.05).
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Figure 3 Mean Fluorescent Intensity of Thrombocyte Indirect Antiglobulin Test
AITP = autoimmune hemolytic anemia (n = 50), RA = rhumatiod arthritis (n = 50), NAD
= non-immune diseases (n = 50) and Normal = normal control subjects (n = 50)

Mean fluorescent intensity in AITP was significantly higher than the rest 3 groups (p <

0.05).
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INTRODUCTION

MATERIALS AND METHODS

Auto-immune hemolytic anemia (AIHA) and Auto-
immune thrombocytopenic purpura (AITP) are particularly
common auto-immune diseases among Thais. Apart from
health history interview and physical examination,
hematological tests are very helpful for establishing the
definite diagnosis. Complete blood count (CBC) is routinely
employed for the first sight into the differential
diagnosis. Anemia with erythrocyte agglutination is pointing
out to AIHA. While thrombocytopenia with thrombocyte
agglutination is most likely to be AITP. However CBC is not
specific to diagnose these diseases. Anti-globulin tests,
both direct and indirect, are more specific to such
disorders. Direct anti-globulin test (DAT) is used to
detect antibodies already bound to cellular components
such as erythrocytes and thrombocytes. On the other
hand, indirect anti-globulin test (IAT) is used for
detection of cellular bindable antibodies in the plasma or
serum. Taking these 2 types of target cells (red blood
cells, RBC & platelet, Plt) together, the tests are divided
intfo 4 categories as RBC-DAT, RBC-IAT, PIt-DAT & Plt-
IAT. Standard tube tests for these procedures are not
sensitive and difficult especially for the platelet testing.
Flow cytometry is easy, quick, reliable and objective. It is
also applicable to these tests. Therefore flow cytometric
antiglobulin tests both direct and indirect on both
targeting cells (RBC & Plt) were developed and employed.
They were compared with standard tube test for over all
performance. The tests were further used in AIHA,
AITP, other-auto-immune disease, non-auto-immune
disease and healthy subjects for comparison of differential
diagnostic potency.

Standard tube tests

Indirect anti-globulin test (IAT): Patients’ plasma
or serum was incubated with either screening O RBC
(from National Thai Red Cross) or fixed inactivated
pooled O platelets (from Blood Bank), at 37°C for 30
minutes, then washed for 3 times, then anti-globulin
serum was added, agglutination was examined, graded
and recorded.

Direct anti-globulin test (DAT): Patients’ RBC or
platelets were washed for 3 times, then anti-globulin
serum was added, agglutination was examined, graded
and recorded.

These were done separately between RBC and
platelets.

Flow cytometric tests

The samples (RBC & PIt) from standard tube tests
were reacted with FITC conjugated anti-globulin serum
instead of ordinary anti-globulin serum. The samples
were then flow cytometric analysis. Fluorescent shift
was determine and recorded. The higher mean
fluorescent intensity is the stronger positivity.

RESULTS

CONCLUSION

Procedures for flow cytometric RBC-IAT, RBC-DAT,
PIt-TAT & PIt-DAT were successfully developed. They
were simple, quick, reliable and objective. They also gave
a higher sensitivity than standard tube tests in particular
the platelet testing.
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Figure 2 Flow cytometric histograms of thrombocytes
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