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Flow cytometry fiz myamatiusefiluiwiuaninszonimau Aanminiad B3 reticulocytes (Retic)
fia 1ieidaaunisaseufi il nucleus uafl ribonucteic acld (RNA) uemtlsed1%u wWud183% supravital stain,
fetal cells (F-cells) fa LiniRanuadfia fetal hemoglobin (HbF) v199ag Tunudszd ududae3s acid elution
test, malarial infected red cells (M-cells) fia ifinianuasfidada maFe lwnudseir uiudeds Giemsa
stain LUHUASNIRAMIUAZL1Y NsaTalning Ussin Tusts 3 ofiedl Sananindefiolinei ilasanmsldndss
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WiHefin uaziunit A amﬁma:ﬁmm:au'l.umm‘nﬂﬁuLLa:N’Em"qum'zmwﬁu IBRSAINENAILIT flow
eytometry WSsuifinutuhenfivdneinenalsana wasdinsfldlunulssiniu laglddadadasiinmuy
TR UBEUTIR UG TRALET WUz aaly Retic count Aa fix §38 0.05% glutaraldehyde (glu), room
temperature (RT), 10 W1¥; permeabilize (perm) @28 0.05% triton X-100 (TX), RT, 10 wi#i; faudrn 0.2 pg/mL
acridine orange (AQ) %3a 1 pg/mL thiazole orange (TO), RT, 30 w1t 1ufiila &% F-cell count Aa fix §28 0.05%
glu, RT, 10 W perm 618 0.1% TX, RT, 10 w1¥; flaud s monoclonal antibody ¢a HbF (MoAb-HbF) ﬁaﬂamn
fluorescein isothiocyanate (FITC) W3a rhodamine phycoerythrin (RPE), RT, 30 ¥ lufile uaz M-cell count fia
fix 638 0.25% giu, RT, 30 W fi; perm &8 0.25% TX, RT, 5 w1fl; faudaer MoAb @a glycophorin A Afieaan
RPE, RT, 30 Wi lufifla udadinasiosy 0.2 pg/mL AO vida 1 LLg/mL propidium iodide (P1) %3a 10 pg/mL TO
#i RT, 30 wifi lufifia aviaviufesarianoadflikaundeieias flow cytometer 9INL3HN Becton Dickinson
% FACScalibur namTUTsLdRsidtnnanasanauas IRl dluulse it wuihdenaduuiiug
uazAuaABTaaazdT liuans et S 13U M-cells Finsasaadin flow cytometry mmimmnpjﬂmﬁmuﬂna
ganantiuled waslienduinituisiltlumulsedniu lavsgl 3Fn1sasranasiienaafwauduil
dnnnwiaifiny fufithidenanasane uazramasslndidsaiuaEalFlue Tz T Saunsh 435 ms
wazth ey reRwan Ui Lﬁatﬁumwﬂ'u%aﬁalﬁgﬁu Taufl M-cell count zTammmﬁa:ﬁ'mmqmmw
i panaligedu WidEn Taonnsld RNase fasaans RNA toaadtygimsunanann Reticulocytes fiawth
lFlunudsdn i nemsmeiinmamdiSoddng 2547; 38: 81-94.
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Abstract : Development of Reagent Kits for Enumeration of Reticulocytes, Fetal

Cells and Malarial Infected Red Cells by Flow Cytometry

Yuttana Mundee ', Jirawan Kantasuit ', Kantaros Keyoonwong ', Dararat Dankai ', Aungkana Saejengz and

Jaturaporn Pornsilapatip *

Flow cytometry (FC) is a procedure for enumeration of cells with high number and reliability, Reticulo-
cytes (Retic) are immature erythrocytes without nucleus but contain ribonucleic acid {(RNA). They can be counted
in routine work by supravital stain. Fetal celis (F-cells) are erythrocytes containing fetal hemoglobin (HbF). They
can be counted in routine work by acid elution test. Maiarial infected red cells (M-cells} are erythrocytes
containing malarial parasites. They can be counted in routine work by Giemsa stain on thick or thin blood films.
Due to their microscopic examination, these routine tests arevary in reliability, subjective and depended on
experience and expertise of examiners. Flow cytometry is objective, rapid and more reliable. To determine
optimal conditions, prepare reagent kits for these cell counts and compare with commercial test kits and routine
procedures were objectives. Blood samples with known data of these cell counts were used for setting up and
comparison. The optimal conditions for Retic count were fixed with 0.05% glutaraldehyde (glu}, at room tem-
perature (RT), for 10 minutes (min); permeabilized {(perm) with 0.05% triton X-100 (TX), RT, 10 min; stain with
0.2 pg/ml aeridine orange (AO) or 1 (g/mL thiazole crange (TO), in the dark, RT, 30 min. The conditions for
F-cell count were fixed with 0.05% glu, RT, 10 min; perm with 0.1% TX, RT, 10 min; stained with monoclonal
antibody to HbF (MoAb-HbF) conjugated fluorescein isothiocyanate (FITC) or rhodamine phycoerythrin (RPE),
in the dark, RT, 30 min. The conditions for M-cell count were fixed with 0.25% glu, RT, 30 min; perm with 0.25%
TX, RT, 5 min; stained with MoAb to glycopholin A (GPA) conjugated RPE, in the dark, RT, 30 min: double
stained with either 0.2 lg/mL AO or 1 LLg/mL propidium iodide (P1) or 10 plg/mL TO, in the dark, RT, 30 min.
These were then counted for %positive of each cells by flow cytometer (Becton Dickinson, model FACScalibur).
The comparison results showed goad correlation and the mean % positive were not significantly different among
these procedures. For M-cell count procedure, the results can discriminate between normal subjects and
patients with malarial infection and correlate well with the routine test. In conclusion, these new developed
procedures and reagent kits had high quality equal to the commercial kits and gave similar results as the routine
tests. We recommend to use these developed reagent kits for more reliability. For the M-cell count, its quality
can be improved, by RNAse treatment 1o degrade RNA and reduce noise from reticulocytes, before  implemen-

tation for routine testing. Bull Chiang Mai Assoc Med Sci 2005: 38: 81-94.
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1.1 Flow Cytometry fia inaflan13nsIaiy uaz
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fetal celis WA malarial infected red cells
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RNA s supravital stains @sasvh ¥ RNA anesnaw
Dwiladng Goatwduiuey fafininaaiag
anTaanaiylaaendassansiad Momuiuy
Yous: Fhiliaidy Ao mmgnﬁaauajuﬂﬂﬂmﬁ
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. 4 .
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2.1 Reticulocyte count
212 @atnken
FathaRanfifien reticulocytes ¥
fpyRealnd@ 5 T
drethadengilnlafiaas 5 M
fnthaRenan@nusnasga 5 e
fhatiaaeaie thalassemia 531y
2.1.3 3En13ATI9%U reticulocytes f18 flow
cytometry
Rnswaansitnnzay 1953 Ald
INTIBUVBY Chin-Yee' luduuvy Tagnismn
sy suAariunau dus fixation, permea-
bilization Wax staining ﬁdi{
Fixation
- wanuduTusey glutaraldehyde FimunzEn
Wisuifiey 5 526U A9 0.2, 0.1, 0.05, 0.025 way
0.0125% 1 phosphate buffer saline (PBS)
- WIQWROANT fix Ananzay Wisuifioy 2
1zAU Aa goungiivad (RT) uns 4°C
- WSIUHAAINNT fix AMANEEN WL 5
T2AU A 2.5, 5, 10, 20 uax 40 wf
Permeabilization
- wianuTuturad titon X-100 fwnizan
Wibuifiey 5 sxéu fefl 0.2, 0.1, 0.05, 0.025 was
0.0125% lu PBS
- WIgmnninIs permeabilize fivnunzan
Winuiiaugomni 2 sz s RT us: 4°C
- WITTUZLIATINTT permeabilize ﬁmm:au
wWinufsy 5 s:du feft 2.5, 5, 10, 20 sz 40 1T}
Staining
- wenuntututas § AO uaz TO fumunzau
WiBAsua B TNTUE AO 6 526y 8 2, 0.2, 0.02,
0.002 uax 0.0002 pg/mi Uazr ANAULTNTUE TO 5

]
<

snmz fa f 10, 1, 0.1, 0.01 Uar 0.001 pg/mL
v . = v o
uF I IUSn ey 16304 flow cytometer
P | =
- WamnAANT stain Mwanzas 1WSsuAY 2
=AU fa RT Uaz 4°C

W 38 aifuh 2 nqunny 2548

- WITIDTRAIMNT stain MutrEuUSouTsY
1I87 5 32AU fa 10, 20, 30, 40 Lar 50 w1

- deldamasfimansumismualduda 3avims
Lm%'uu'q@ﬁ']mmw Retic-Count Kit \W3suifiouis
Fwleniuasns3ng sl

Dry method

- HENREANUT new methylene blue A@T18 I
1:1

- wentdithnu ﬁa‘li’ﬁqmﬁnuﬁﬁ’aa 15 W

- RHARIUY slide UAITT smear U9 1 UHU

- el sty avIMLNasanTal

Wet method

- WENREANUTF new methylene blue 8631 &4
1:1 LklE slide

+

- wrvlWdAua ﬁﬂi’ﬁqquﬁﬁaa 15 Wl

- 19 cover glass Taviu w§reTatiudIBNgD
qansiand
Hemacytometer method
- Hau@Eaanu® new methylene blue SATIEIH
1:1
@ v G o oo W o A v o
- waulwidnaug mvhwqquamao 15 UM
3 . . =Y o -
- 1% red pipette gasiunandls Juaniviia 1.0
> J o . W Qe
UiIgA PBS AuundnautisBe 101 wehliidiu
o = F+1
- WAREARIUN hemacytometer 1RLFNTTS
2 MU
- ﬂiﬂﬂﬁﬂﬁ?unﬁadqaﬂi‘iﬂﬁ
wWisuFigy reproducibility Tannsvin within-
run coefficient of variation {OCV) uas between-run
CV (RCV) atar 10 d1 laa3F nwienue
Winusunwludadaion 20 e
2.2 F-Cell Count
221 @lpdhddae
- e
\Faafidlen F-cell 89 1 7w
(RaaauUNng 4 Ty
2 Gl ot -
Wwaadfidnzlaiesns 4 s
Lﬁamr&'ﬁ’m thalassemia 8 s7g
WRaadnusnasas 4 g
2.2.2 BmIneasy
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Acid Elution Test 143Tn17109 Sanguan
sermsri ® ¢33t

~ Smear (8001149 UNUHY slide 7ie13 Liuws

- wily 75% ethyl alcohol 2 Wit

- wi#elw 0.1% amido black B in 75% ethyl
alcohol pH 1.6 W14 2 w1l wad

- &ahudna il

- a1y dIanda9anIsAtInInu
Juiesas

Alkaline Denaturation ©

- shBaauniiufl 2,000 g 10 W

- g plasma 719879 pack red cell (PRC) 3
a%s dy PBS

- Ry PRC 100 pL fiuvhndu 200 pL

- @ Drabkin solution 1.3 pL (iansu 5 Wit
utialanananareIviaaass 700 L

- ARBAWINLAN NaOH 50 piL (test) wananFa
dadndu 50 pL (reference) lgnlidniu

- fiansy 2 wifiwe@Lfs ammonium sulfate
wdnzgnetaTiadwm 5 wift e liuiudu
@zNa

- Ui 12,000 rpm 10 Wi Taelaild break

A

- @9 supernatant m’i'ﬂﬁi’lm‘ig}@n?mum N
540 nm 19 dilute naaa reference sy Tnaw 1 fia
20
MIRTUI
%HbF = At x 100

Ar x 20
At= fi'm’ﬁgmﬂﬁuum'um test
Ar = Fi'lmiﬂﬂnﬁuu.mmm reference
%HbF/F-cells = MCH x %HbF
%F-cells

MCH = mean cell hemoglobin léanin3assiu
alRaadaluld
%HbF = fagazyas HbF lu total Hb 1da1n alkaline
denaturation test
%F-cells = $apasuad Fcells Tu total RBC 1dan

acid elution WYY dry smear
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Fixation

- ¥ glutaraldehyde finandutu 0.2, 0.1,
0.05, 0.025 Uaz 0.0125% 1u PBS

- ﬁqmﬂqi‘s on ice Wa: RT

- TEpElInn 2.5, 5, 10, 20 uaz 30 W

Permeabilization

- 14 triton X-100 fianadutu 0.2, 0.1, 0.05,
0.025 uaz 0.0125% 1w 0.1% BSA-PBS

- ﬁqmﬂqﬁ on ice \laz RT

- S=uzIE 2.5, 5, 10, 20 waz 30 wil

Stain

- 1% MoAb-HbF fideansludasdm 1:1, 1:2,
1:4, 1:8 uas 1:16

- ﬁiqmﬁ{}ﬁ on ice WAz RT

- 1381 5, 10, 15, 20 uag 30 wfi

Enumeration

- @iy 1% formaldehyde W4 0.1% BSA-PBS
500 mL

- Al reddameias flow cytometer

- deldrnnasfimanzsuiomue ldud $avh
mnm‘%un’g@wf’n 78379 F-cell Count Kit .WSuninu3s
A letituitnstug

wRnuifien reproducibility lnnsvin within-
run coefficient of variation (OCV) waz between-run
CV (RCV) atneaz 10 @1 lasiEnishanaa
wisuiaunuludiagnaiea 20 daetns

2.3 M-Cell Count
231 @aagiden

Positive samples fia dathadandihe a5
a1msliuszananuieananiy #2037 thick blood
film 474734 11 Y

Negative samples 9 ﬁaaﬂﬂqtﬁaﬂgﬂwﬁﬁ
am7ldudaralinudaiai3y 2833 thick blood
film 47U 20 58

Normal samples fia éatslfeavasnuling
AlinsinBeinmGuinnon 1w 1 1o

J =)
232 nITATIIRILTaNIa IS E
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Giemsa Stain®
- Smear (3a089U% slide ¥inilu thick film
U@ 1 em® 1 Weu

- Smear 1RaaaIun slide Y thin film 1

- Fix thin film 78 methanol sabwuy §u
thick film ‘lasia9 fix
- flan® Giemsa 10 w1 d19iw3Ia buffer

Usanlwiis m"mﬁwnﬁmqaﬂﬁﬁﬁ

AMIAsINANEDR

- Afuwwy szdasaialidesndn 100
NADI PUATSIVEIE 1000 LA

- Fduv1e rdesnsaaldtaunit 500
HNRBI VWARNFIVHY 1000 v

233 msanawndonmiSudaeiE Flow

Cytometry™

- iiufea 120 mL lu heparin 20 mL

- Fixation 14 0.25% (v/v) glutaraidehyde 1 mL.
Tu PBS 7 4 °Cc (Juaredrakan 30 uf
gunsafiuldwunansdau

- Permeabilization {ufi 450g 5 wifi a9 su-
pernate 9 18w 0.25% (v/v) triton X-100 1w PBS 0.5
mL. ﬁa‘li’ﬁqmﬁqﬁﬁaamu 5 wifi 1fin PBS 1 mL.
Hudresnas

- Resuspend 14 PBS 5 mL. iud1uiu RBC
#1389 automate blood cell analyzer #UIARY
Winanialwlddiuan 500,000 RBC 1Ay MoAb-
GPA-RPE 1 mL 7yl 30 Wi RT Tudiila

- Staining ffau® 0.2 pg/mL AC w3 1 mg/mL
Pl ¥3a 10 pug/mL TO

- f9Wludidla RT, 30 WAt

- Enumeration seiai384 flow cytometer

- deldsnmsAmunzsmimunldudr evi
msm‘%nuquﬂmmm M-cell Count Kit 1St uifiny

86

T 38 ailudl 2 nquainy 2548
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SR IaRALITMsEug

W3suny reproducibility leanns¥in within-
run coefficient of variation {(OCV) iLas between-run
CV (RCV) atniaz 10 61 lawSsniinavaa
Wisnisuruludatnafan vanvue 42 daatin

3 HanInAaed
3.1 wWanmineaad Retic-Count Kit

311 &nazfmezanluniTesiaty
reticulocytes 7875 flow cytometry fia fix e glut-
araldehyde a1uitudu 0.05% ‘?‘ia:mun“il‘ a9
(Juasn 10 w1 permeabilize ¥y triton X-100
ANUTUTU 0.05% ﬁqquﬁﬁaq tWuiaan 10 wh
stain A0F A0 aTudNdw 0.02 pg/ml wied TO
anadutu 1 pg/mL lufide ﬁqmmqﬁﬁaa ihaamn
30 Wit laannwuh Wanlndidsedusdlaannas
dry method mnﬁq@ wazdl positive U negative popu-
lation wenasnatnnwldatrsdaian ﬁqm flow
cytometric histograms Y84 PBS control (Eﬂﬁ 1) Va9
§ AO (Ul 2) waz & TO (U7 3)

3.1.2 Percent OCV uas %RCV 28In13
@799 reticulocytes $1035619 9 (aNT1991 1)

3.1.3 WANT1IAIIUL reticulocytes Usd
W98 (vl 2)

3.1.4 wisdulssAnTanduiut () uaz
p-value NoUNLUAT dry method (@nﬂdﬁ 3)

ANUDNTH 0.02 mg/mL ¥3ad TO AUyt

1 mg/mL lufiiia ﬁqmﬁqﬁﬁaa Wuan 30 wd
Wasnnwuin Wanlndifeatuanfildends dry

method M nige uazd positive MU negative popula-

tion utinaananriuldadiFaiaunign flow cytometrie

histograms 84 PBS control N 1 129 & AO mwil
2 Uar § TO mwh 3
3.1.2 Percent OCV uaz %RCV
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ﬁPulma Sampe01e:

5

E=1

w’ 10! 10 10° w0t
FL3-Hek
File: PUNI D301A02.018 Sample ID: PBS-7
" Maiker Events % Gasted Mean SO OV Maedian
uiols s /02019 Al 47538 100.00  6.88 B0 7381  8.55
M 18 004 109.20 12051 8499 14788
£
;S‘ File: PUKITS D3M1/02.019 Smrpie ID: PRS-7
Marker Evants % CGated Mean 0 oV Maddian
e . Al 47636 10000 884 7.83 117.85 5.82
1 10° 107 1 X . 1 87 ,
A M1 38 008 18172 1415t T7.87 138.38
a s
jl]'n 1 Flow Cytometric Histogram 284 PBS Control
%91110!3 03/0/02.020 '.§PUI013 GI01/02.020
2 DR
o 8.
oS 2
' 28
Tl és
21 g I ml
B?_ g | "-l Rt ] e
10° 19 " 2 usw“ 10° 10" 1% 10° 10
Fiia: PUIS O30102.020 Sample ID: AQ-7
Marier  Events % Gated  Mean 20 GV Median
Al 47151 10000 5808 14351 24201 2706
Mt 2154 457 48217 38532 B3.37 33378

gllﬁ 2 Flow Cytometric Histegram 1849 Reticulocytes ﬁﬁamﬁ’mﬁ AO

«+_PUIDI3 03/01/02.021 <, PUI013 03/01/02.021 SPUImam:mozt
2y Q e
o 3 =_ 8 ;
o4 21 a
5 % i 28
1 s 3 2o
i i
29 - 21 _ g
02: OE . [l {"“'Ié:"'ﬂs' <
10 10% 180 107 10® ot 1% 10’ 10° 10
Fsc—lwght £SC-Haight FU.H.,@,
File: PUIOTS 04/01/02.021 Sampls 1) TO-7
Marker Evenis % Gated Mean 50 [»] Madian
Al 47253 100.00 28.34 6026 31144 1288
M1 2067 437 338.84 27618 8148 25483

gilﬁ 3 Flow Cytometric Histogram "8 Reticulocytes ﬁﬁ'ﬂmﬁ‘mﬁ TO
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Ui 38 ar

M3 1 f1 % OCV Uax RCV 289m3as33iu Reticulocytes de55614 9 (10 replicates)

ar

bi]

1 2 WiqunInm 2548

353 %OCV %RCV
Dry method 494 5.30
Wet method 4.94 5.25
Hemacytometer method 8.48 8.77
AO Chin-Yee method 5.17 8.23
TO Chin-Yee method 2.83 9.62
TO commercial kit method 2.30 4.63
AQ modified method 1.80 2.28
TO modified method 1.47 205
M3UR2 1 Mean uaz SD 789 %Reticulocytes 31738614 9 (n=20)
353 Mean SD
Dry method 1.89 1.29
Wet method 1.94 1.30
Hemacytometer method 1.89 1.40
AQ Chin-Yee method 1.88 1.27
TO Chin-Yee method 1.63 1.33
TO commercial kit method -1.89 1.34
AO modified method 1.84 1.36
TO modified method 1.85 1.37
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" ] o - J el A ad =l LR =T ]
AN 3 maudeindansunut () 18938614 9 WHauRY3S Dry Method (n=20)

3513 fr A1 p
Wet method 0.986 < 0.001
Hemacytometer method 0.980 < 0.001
AQ Chin-Yee method 0.980 < 0.001
TO Chin-Yee method 0.926 < 0.001
TO commercial kit 0.975 < 0.001
AO maodified method 0.974 < 0.001
TO modified method 0.970 < 0.001

3.2 wammasad F-cell Count Kit

321 anvrimenzauiunisese v
F-cells #2837 flow cytometry fia fix ée glutaralde-
hyde @udindu 0.05% 'ﬁ'qmm‘}ﬁ ¥od (lwe 10
% permeabilize @18 triton X-100 AT INTNTW 0.1%
ﬁqmﬂqﬁﬁaq tfuiaan 10 w9 stain §a8 undiluted
MoAb-HbF-FITC w3a -RPE U3t 5 jL figuwal
was 1w 30 wift assnwuh Wenlndidueriy
ffile 9In73E acid elution test mnﬁqﬂ wazdl posi-

tive NI negative population WBnaananAule Taiau

ﬁqﬂ flow cytometric histograms Va1 F-cells ﬁ'sfl' BuaIn
MoAb-HBF-FITC (3L 4) ua 7iffaudas MoAb-HbF-
RPE (371 5)

3.22 Percent OCV uar %RCV 18In17
WU F-cells #265%674 9 (@1719% 4)

3.23  NaMIATIIUY F-cells 1835699
(AT7 5)

324  fENUTTENEENEUWHE (1) uat p

value LAgUNUIS acid elution test (@319 6)

M4 1 %OCV uaz %RCV U8INTINTIIN F-cells 55619 (10 replicates)

35S %OCV %RCV

Acid elution test 16.5 10.8
Alkaline denaturation 16.5 11.8
Flow cytometry :

Chen method 6.4 6.3
BD Kit method FITC 2.5 5.1
Meodified method FITC 1.6 7.4
Modified method RPE 54 93
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Msmamatinm sunnaiFoalyl

MINFA 5 61 Mean Wez SD 483 %F-cells IMMIIATILITAN 9 (n=20)

41 38 aiiudl 2 wgquniny 2548

35M3 Mean SD
Acid elution test 28.3 38.1
Alkaline denaturation test
{%HbF/F-cell) 202 17.8
Flow cytometry
Chen method 315 35.9
BD Kit method FITC 30.3 37.0
Modified method FITC 313 354
Modified method RPE 314 35.7

= ' . . ' A L a . .
519N 6 1 Correlation coefficient (r) Wazf1 p-values alfSuuiRouny Acid Elution Test (n=20)

By r P
Flow cytometry :
Chen method 0.978 < 0.001
BD Kit method FITC 0.967 < 0.001
Modified methed FITC 0.977 < 0.001
Modified method RPE 0.978 < 0.001

U4 Fiow Cytometric Histogram a4 F-cells fi883#31 MoAb-HbF-FITC
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gﬂﬁ 5 Flow Cytometric Mistogram w83 F-cells f"lil'aa.lﬁ'm MoAb-HbF-RPE

3.3 #aminitnaaas M-cell Count Kit

331 anzfurzanlunisesaniy
M-cells $2837 flow cytometry fia fix ®e glutaralde-
hyde ANTNTW 0.25% ﬁqquﬁ 4°C 1ilwan 30
wifi wie iiulugifiuldwan iau permeabilize sian
triton X-100 aulTudw 0.25% ﬁqm%qﬁﬁaa
1181 5 WA stain 678 undilute MoAb-GPA-RPE
1 mLﬁ'gmﬁQﬁﬁaa \Hwnan 30 wift lufitle awdne
0.2 Mg/mL AQ %38 1 mg/mL Pl 3@ 10 Pg/mL TO
14 PBS U31na3s 500 mL ﬁqmﬁqﬁﬁ’aa 1uia 30

a oA al ' g & =l [
wd luille Wasnnwui Wdlndi@uaduddls

91n75 Giemsa stain U thin blood films mnﬁi::m
uazdl positive U negative population Wanaan N
‘lﬁaﬂ’m'ﬁ’ﬂwuﬁq@ flow cytometric histograms g4
M-cells fifandan AO (31 6) Aidondan PI (31 7)
uaz AfBUTIY TO (31}“?5 8)

332 % OCV Uaz %RCV 223n13%u M-
cells s8N0 (@15197 7)

333  HaMITIIUY M-cells #2875 614
(@159 8) ijauunnejuﬁqau’w (m’mqﬁ 9)
3.3.4 ardudssEnTanduwus () usz p-value

WBUNU3T Giemsa stain (@137149% 10)

< Dar18.12.02.018

~ Dart@.12.02.018

2 Dar18.12.02.018

=4 =4 M- &N
E I
g 3 ] :
X T =3
o g ! 8
& T 9

oo 3 - Do . I.-‘ "“ I'“q o

“10% 107 102 10 104 100 10! 102 10° 104 10° 10 10% 10% 10
FSC-Height FSC-Height FL1-Height

gl]ﬁ & Flow Cytometric Histogram a4 M-cells 'ﬁﬁauﬁ Acridine Orange (A positive sample)

Dar18.12.02.019

2 Dar13 12.02.019

<_Dar16.12,02.018 «
21 ;=
W )
He1 B
% 3 :ENQ_
O 3
=R e
% 3 Qg
i 0
FSC-Height

10% 101 10° 10° 10*
FSC-Height

71117 Flow Cytometric Histogram 184 M-cells Aifaxf Propidium lodide (A positive sample)




a s o =
'J]‘iﬁ'l‘ilﬂﬂ‘rlﬂﬂ'lillﬂ‘l‘lﬁl%fl»l‘l'l‘llj i 38 atiun 2 WHYNIAN 2548

- Dari8.12.02.020 - Dar18.12.02.020 § Dar18,12.02.020
5 5 1 ©
3 o b [~
I I '! 3
; 3 ] $
@ o
= o 3 .
=y 1 ' 4 = 6"“i“"é"":§ 4 ° O st o2 nd a8
107 107 10 107 10 107 10" 10™ 107 10 107 100 107 107 10
FSC-Height FSC-Height FL1-Haight

gﬂﬁ 8 Flow Cytometric Histogram 84 M-cells Ntian& Thiazole Orange (A positive sample)}

MINAT7 1 %OCV uaz %RCV 189N INTIANL M-cells TFd19 (10 replicates)

My %0CV %RCV
Giemsa Stain (thin blood films) 8.1 9.3
Flow Cytometry (with AO stain) 6.5 6.1
Flow Cytometry (with PI stain) 5.6 24.0
Flow Cytometry (with TO stain) 10.0 231

M990 8 Fi1 Mean uaz SD 189 %M-cells fitdanmsaTaiuiBen g (n=42)

753 Mean SD
Giemsa Stain (thin blood fiims) 0.20 0.68
Flow Cytometry (with AQ stain) 0.62 0.70
Flow Cytometry (with PI stain) 0.31 0.21
Flow Cytometry (with TO stain) 0.55 0.56
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M319H 9 A1 Mean waz SD 183 %M-cells 1INNTI@TIARLTT 9 usnanungudatie

F5ms auUn@ Hiln Negative Wil Positive
(n=11) (n=20) {n=11)
Giemsa Stain {thin blood films) 0.00+0.00 0.00+0.00 0.75+1.21
Flow Cytometry {with AQ stain) 0.24+0.12 0.66+0.76 0.91+0.80
Flow Cytometry (with PI stain) 0.15+0.06 0.30+0.18 0.48+0.23
Flow Cytometry {with TO stain) 0.19+0.10 0.50+0.41 1.00+0.78

Wil negative = gihofiil
Hihe positve = dhehil

. 1 A’ =3 L% Ll - -
AINSLARNTID thick film ‘lajwumammmmamﬁ Giemsa stain
J = L Sl . -
BNTILATHTIV thick film WULTALNALSON T Giemsa stain

4 : N . , A o . .
#11579% 10 61 Correlation coefficient (r) uazm P values LWBWMHUNY Giemsa Stain (n = 42)

3Bmy r p
Flow Cytometry (with AO stain) 0.558 <0.01
Flow Cytometry (with Pl stain) 0.311 <0.05
Flow Cytometry (with TO stain) 0.803 <0.05

4. Jnseazagluominaaos
4.1 AaToilazaynanisnanes Retic Count
#3UNaN130339 20 dred1s nnn3E
danuduwusiuetlvsddy fa rdlnd 1 uay
p<0.001 fiadszesuds:itliuandraiuansfiin
fdn uniudsden® TO Ald :nTrueuvas Chine

11

Yee " INHITAUHIN NildLaiud N3 T au

atINNBEIATY (p<0.05) R LA ENATIAND reticu-

YR g a2 a 9y | [

locytes 1 leWanndunniiadon e mfaaled

Anirede JanusuRuINuAaReuUISN LA

Tuaudszdiu FuInaTIasediantdinuiu
& a w3 { o

nlusseE A& u,a:ﬁ@}mmwml,ﬁ BUNUINETAT

Wraneslszing

42 3‘D’IERILLE:E?‘{‘1JNNI’ISTIWEEJ F-cell Count

agﬂmammsw 20 @19879 mnqn"ﬁ‘ﬁ'

ausuRusuaditoimdy fo rdqlnd 1 uas

. o L adW | o . R
p<0.01 ﬂ']lﬂaUmﬂﬂuﬁﬂ:?ﬁl&luﬂnﬂqﬂﬂuaU'Nl.lu'r'_l

3

0 A

gy (p>0.05) uastienfivamnaud IWnansasa
IndiAneivdEnlflueulsdiin fmnmwriafing
fufidhedhenaalssma ﬁmwmﬁaﬁagq
IHiha oy Uszniia uae szanlumsamaiuntaa:
FIUIWIMN
43 F9sciuszasUnanaaas M-cell Count
15321137 flow cytometry u1@3333%0
Welionunsfid DNA 2autaanaiowia M-cells
NAUNUMITATINGUA LT Giemsa stain AL gluam
Uszdrfuluiegduazdasinnsdnsuasiaun
aoumwsialy 1gu m3ld RNAse lunstianaans RNA
Lﬁaaﬂé’:yry'amsumumn reticulocytes ugiagnsls
AN flow cytometry Sa uazaIn iasanseau
naflufayazrasiwudaRoauasfiaades faiu
a7 mﬁaﬁag\‘l uszEanIoas I Iana e e
Wu3zdsia g @ni13% Giemsa stain ﬁ'l’ﬁ’luﬂaqﬁ’u




- ¢ ot I
Nimimatansurms ety

5. Pmanssundszoin

mﬁé“nf’f‘l@‘i’%’mqqutgumﬁ'«ﬁ'ﬂmn'[mamu
aamwnITudniudnansiganes (1IPUS)
thogagwnssu (cdhy 5) ddnaunaamumivayu
Y3 (807.) Use$ T w.e. 2545

1ONA1T01984

1. Inin Wanniyandad. Inalalawns, nyamm :
USHN 19023% 3117w, 2539; 137-224.

2. gNTWT WA Flow cytometry in hematology.
LNFITHIRDUNTEUIUITY 501301, n1adt
anIAumEaiadin amznafanisuwnd
unTInsnaudeeing, 2544,

3. 33z nAONE. Flow cytometry. Lan&dnRan
NITUIUIT 506302, ma"‘imqﬁej’uﬁuﬁﬂ gnatn

(=Y L = e = »
Ameadansuwng anInenduBealng, 2544,

4. wawssas 1FInd. memahiarsiideiaaund
@18au reticulocytes aapLATaadiaTziGae
87 uil® Technicon H3. mﬂﬁ-n'u.wmﬁm"’ﬁ'ug@rs

3 L = a
ATUWNENRAAT PRINITRUMIINGIRD, 2536.
a & [ o - o g

5. Usrdnd wurind, oy lefarded, dgu
Ugusuwad, wann lraornsol, a1as wilseedy,
pyndad sawuta, uazame. dleUfjiimslatia
Inen. Bealny: wau. anSwdnisRuw, 2543
142-307.

6. giwrl dngry, dwud nimwa, g oNINTINTUGRS
malaadnen. nyanw: IssRuWmsenaun, 2529;
101-105.

£ [ o '

7. ot yaezTang. malulsdlmilunisase
Jeshisadiiafoauas: lafiainouiiaidan
ued. nginw: Weumuiie Aulwuuisds,
2535: 309-316.

8. Sanguansermsri T. Resistance of hemoglobin
Bart's o acid elution. J Med Assoc Thailand 1978;
61: 62.

' " s o e [ v~ o .

9. ngunutugas guduauion 2 fmiageslna
niumuqﬂiﬂﬁﬂeia NIENTIMBVIUFD. Tugas
Tduranso Tsauindag. sudnaEen 2 Yamia
WBealny, 2539,

]
ol

Ui 38 atiuil 2 nguninu 2548

10.3un31 MA101T wez w3ty waenidgarm,
Ty, amsnrmaaflueieu uriingndy
uiaa, 2540: 70-82.

11.Chin-Yee |, et al. Flow cytometric reticulocyte
analysis using thiazole orange; ¢linical experience
and technical limitations. Clin Lab Haematol 1991;
13: 177-188.

12.Wallach J. Reticulocyte count. In : Interpretation
of Diagnostic Test. 7"ed. New York : A Wolters
Kluwer Company, 1998: 343-344.

13.Lesesve JF, Lacombe F, Marit G, High fluores-
cence reticulocytes are an indicator of bone
matrrow recovery after chemoterapy. Eur J
Haematol 1995; 54: 61-63.

14.Chen JC, Bigelow N, Davis BH. Proposed flow
cytometric reference method for the determina-
tion of erytriod F-cell counts. Cytometry 2000; 42:
239-2486.

15.Mundee Y, Bigelow NC, Davis BH, Porter JB.
Simpiified flow cytometric method for fetal
hemoglobin containing red blood celis. Cytometry
2000; 42: 389-393.

16.Barkan D, Ginsburg H, Golenser J. Optimisation
of flow cytometry measurement of parasitaemia
in plasmodiuminfected mice. Int J Parasitol 2000;
30: 649-653.

17.Janse CJ, Van Vianen PH, Tanke HJ, et al.
Flasmodium species: flow cytornetry and micro-
fluorometry assessments of DNA content and
synthesis. Exp Parasitol 1987; 64: 88-94.

18.Van Vianen PH, Thaithong S, Reinders PP, et al.
Automated fiow cytometric analysis of drug
susceptibility of malaria parasites. Am J Med Hyg
1990; 43: 602-607.

19.www.dpd.cdc.gov/.../MR/Malariatbody_Malaria_
page1.htm

20.www.Google.com.“Flowcytometer”http: kumec.
edu/.../medicine/pathology/edich_4fc_aflow.gif.

21.www.Google.com.“Flowcytometerhttp kumc.

edu/.../medicine/pathologyfed/ch_4/c_4flow.gif






