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Event/sec from single platform flow cytometry for calculation of

absolute CD4+ T-lymphocyte and total WBC count in HIV/AIDS patients

Suwannee Lirathpong*

Abstract

A single platform flow cytometric analysis using 3 fluorescent-tag monoclonal antibodies
and fluorescent microbeads is a standard protocol for measuring CD4+ T-lymphocytes. whereas dual
platform techniques require both flowcytometry and hematological analyzer. In this study
absolute CD4+ T-lymphocytes and white blood cell (WBC) counts were calculated from event/sec
determined from 193 blood samples from HIV infected individuals or AIDS patients by single platform flow
cytometry without fluorescent microbeads comparing to the standard protocol. The results showed high
correlation of absolute CD4+ T-lymphocytes and WBC counts between two methods with R* = 0.9718,
p = 0.037 and R* = 0.9196, p < 0.01, respectively. This modified protocol was also evaluated for
analytical accuracy (%bias), precision (%CV) and uncertainty of measurements (Uc). Calculation of absolute
CD4+ T-lymphocytes and WBC counts from events/sec is simple, rapid and inexpensive comparing to
dual platform measurement. This modified method can also reduce the cost of single platform analysis

by 18% without decreasing analytical quality.

Keywords: CD4+ T-lymphocyte, Event/sec, Flow cytometry, HIV, AIDS

Immunology section, Department of Medical Technology and Clinical Pathology, Saraburi Hospital, Saraburi,18000

*Corresponding author: (e-mail:suwanneelir@yahoo.co.th)

172 MNIETAdanIsEgLaznenIwUItn x U9 30 atunl 2 x wguAIAL - 9nAN 2561



UNUI
Tsrtondfulseindeiutiymaunmilym
Sududug Adkansenusiuasugianasdsaslng
111UN1 30 Yaarunisallsalendveslszinelng
Tudagtu nudwsaslasigUlesglnivssunu
7,000 AU MnnsaeUszanasuuinideietled
Tngnsumiu Aulsa n3ensansnsasgy Tut w2558
1@d1uu 438,100 AU Lm'iwmu;gﬁam%maﬂa%
Alesunsite el fisiuau 391,484 Au® Fadfed
;E@m%amﬂa%’%ﬂﬂszmm 47,000 A TiTlilaFuNS
AsanarnsdaunsalAndoietletvesay vl
m@‘lamaiumi%'w‘%mmLLa%’ﬂwﬂLLazﬂaqﬁuﬁwm
nutesuazg Viliideietlolilontaunsldsguas
Hpavesifindelnglaidin drinaumdnussfugunm
WIYIALAINYINIUUTEU bR NATUALUTEUY
vimsiindeiotloiuaziieend ilelidniessuy
V3N §sunsamalsudiunsindouas
paszugifuiuiiefusndulianasnaulsiuns
avvRanunansSneegadaiiodudnulvedie
Wegnsgitavendlud 2573"
waa CDA Wudadenunaianlnlyed
(T-lymphocyte) dafunguiadidimunsdiie
waled 1 diluifinsnuidonasvhanowad vinld
$runu CDa Taulledananiefinisiniiuvedlsa

3ng>?

30579 CD4 Aanlnlwddunsneaavatig
ilaneviosUfiR nsiidninanundnyssiugunin
wiiawnd (alav) Wdunueilunisnennsailsa
miﬁm%ﬂﬁ]Lﬁ@L‘%MWﬂW’f’luh%’aLmﬁﬂw VELRE!
Trsniiedesiunsesnulsaarslonia swdenis
AamunazUseidiunanisinu® Tnedausd 2547
Imqmiizﬁwﬁém%’u;:Iﬁms?}jal,aﬂa%azﬁﬂwt,amé
(National Access to Antiretroviral Programs for
Program for people with HIV/AIDS M‘%@ﬁfﬁ]’ﬂﬁu’h
NAPHA) ﬁmum‘lﬁ@@m%aLasula‘il,l,azﬁﬂ’gmamﬁ Suen
fruladadiedl CD4 wadsnin 200 wadselulasans
(5,6

TeglidnsunisaaRaeusesuwas CD4 faulnlys
Uaz 2 A3t uasiiielidnwolavled waziUheiend

=] a 2 [ M Y @ é{
A5 109UsN158191ulaSaend b s ulud
WA, 2553 1asannsa1stanmuuauleuielrenaulsa
Auddiwad CD4 Aaulladiainda 350 wadse
lulasdns Fensumuaulsa NsenTIeasIsaaula
Usgnalildinasiiiiie 1 ganew w.e. 2555 1wt w.a.
2559 NTENTREATTUEY drtinaunanUseiugunn
winAkarAugldelsalend an1n1walng wsgween
UsemianwineljuisnuiinweievledwazgUae

¢ Yo o v v ada &

wAd WRSUEIAUSATUTNRATD WaTRTIRANE
A1 CD4 aulwlosiilasnwseiiios 1 U2 Tnensia
Yay 2 ATaunInsyeu CD4 Nautnledinduuinnia
350 waamelulasans® nsin CD4 Aaulnles Fadl
ANUAAYFIBNITNYINTANNIETAUNIULAZNIS
SnwnsiunanisuseiludseansnavesenaulSanily
warnsUseiumsentasiunsasnuilsaanelania
71494 3 World Health Organization (WHO) a3
avayulilinistu Ca Haulnles [uiiugudmsy
UITI1NSTNWIA UL AA U UNNLNSNE1NTIT A
Talanunsansaa viral load 107 annuleunekagsnun
[y 1 = o Yo YV [ a aa 3
Aana3eiliansuuinigmsin o4 faulnlud
FIUIALYVY N15297U waza FanglunsnsIAsIEn
% a &£ v
JuNUTUNY

591579 CD4 fiadnlwilneiesaanalelnays

v & . = < aa

111500523 bATIUU single platform @aduis
wnsgu® Aty Coa Adulledainnisiiasiei
dyunaunigesisauduaiiuinmaNysalveduu
wad Wisu eunu fluorescent micro beads
a ° a P PRy
INUTUIUNNADY kazKUU dual platform Nlalld
fluorescent micro beads wsldasadlnalalnuns
meAsesazves CD4 aulled dhwweduysal
(absolute CD4 T lymphocyte) IngAuladfiudnuau
< & A v
Waldenanflaannuansia complete blood count
(CBC) lawaSoddiasizviidatdananislaianinen
(hematology analyzer) n13¥indual platform azdan

Rana1nlaannisitiAsee M593As1EY 2 wia™?

o
v v A

a R a £ v A 5
’e)ﬂVNENﬂJﬁﬂ“Uﬁ]’lEJLW?,JstJufmﬂmﬂsUmem’Jﬁ] 2 LAY

J Med Tech Phy Ther x Vol. 30 No. 2 x May - Argust 2018 173



NUATANAY NFUUNATANITUNNERaENETINET
Aatin lssneuiaaseys Waiun1sngia CD4 Naulu
loslagiasoslnalalnunsdsanuisarinla Newuy
single platform wazkuu dual platform ﬁﬂam%
wiloduarythelendunSuuinisnsin CD4 Haulnlys
MsangruraaszysnuIulazussunn 4,200 Ay
a0 v 1 a 'S
HalganeUszunn 500 UIMABNISIASIZYA NSRS
Uar 2 asedmiunsiafnnaun1ssnwIgysueifu
h%a Anduanldane 4.2 duumeel leealdaned
49{ = ¥ o % Va dy
WEWUNINGS 391.5 S1UUM dMFUNIATINEFALTD
wwvleluaziUheiend 91uIu 391,484 AU NHlsI8a
T8 we. 2558 vilvsgaedldsudssanamaelunisil
Wuduaunn Weansulszanamesigdmiuamldane
luduil uadRawetevloiuaziUlsianddindlasy
a 1 a VU o X Y a a a
UINISLYU LAY %I’J"\]EJ"\NI@W]U’]LLﬁzUizLﬂJuﬂigﬁﬂﬁﬂ’]‘W
N13m539 CDA Aiaulnlediuu single platform ualy
fodld fluorescent microbeads (MIutladeniis
Milien9iisA1g9) Tnen1siidn Event/sec il
Y I3 a a °
MM sHuadaneIadnalelnwms uAuIm
Funudfiadosvnuazaduysaives CD4 Aaullud
WiguisunanisArwuiba nuisuinsgrunly
fluorescent microbeads wazlidasldn1sIAsIen
FRE19NTIAMILLATRIIATIZTIA AN laR NN
~ ° =2 A | aa & &
LBWIIUIULUALEDAVNIBYINIS dual platform e
Wardunisaneldarelunisnsia CD4 Aaululyd
lngliianaaninau

EAUAZIINTT

PP UGG E)
P a ¢ o | & o
Tayaiinsizriandieg1udonlunasniil
K EDTA (Tuasiudenudefidansaalunugiiauiu
nauunAdAnNITLANg Lazne15ing1adtinlse
a2 & w ' a A & va A
werwaaseys Jadudregrafoniiiuaingiaie
wyleuarUigondiunsuuinisnsiadilsamenua
= o Qll 1 =l L%
d38us 91uaU 193 918 AiRUN1IRTIaeududy
NAUIN AntiHIV 928350973 3 387 9%ann159579

LAZLOURLIUNINY

8n15m523 CD4 Adulnled lae Trichrome
fluorescent stain method

lnggaidonudaziegdldadunasanaasy
Woamaulndalssu 2 viaon viaonay 100 lulasans
Lauﬁwm triCHROME (CD45-FTIC/CD4-RD1/CD3-PC5)
(Beckman Coulter Inc., Florida, USA) aanay 10
lilasdns wandaidlifigaungiiviosuny 12 uniilui
fin udniudeses TQ-Prep Workstation (Beckman
Coulter Inc., Florida, USA) iiievilisinidenuauan
alanarsnuadosnneadifindenyn antunay
fluorescent microbeads (Flow-Count fluorospheres)
100 lalasans aslumasavageunasanis neut
nasnneaasluiasizridaeiniodlnalelniuns
(éu Cytomics FC 500, Beckman Coulter Inc., Florida,
USA)
A1SATUIN event/sec ﬁﬂﬁuuuiaj%aﬁﬁm’m CD4
aulWlesduazdrurudaifonv1aaindaya
NAATIZH

daya event Uag time(sec) U1AUIN
event/sec LAa1UIAT event/sec UIATUIUIIUIY
Windanv17 (absolute white blood cell count, WBC
count) 3NgNT event/sec x 10 1o factor 10 Tuqm
Huaadsvesdnaiusenite WBC count 3as1ee
Tngnsa9In Iz LU event/sec 91n357ANY
afedl Ananudusiugunnnin 95% andutan
WBC count filgunduan AUy IalvesduI CD4
ﬁﬁu‘lw%ﬁﬁu%gamaﬁmmzﬁimaméaﬂﬂzﬂﬂwLam%
mﬂwaamwmaauﬁiﬂﬁlﬁm fluorescent microbeads
U 4 A1 Laln event, time (sec), %lymphocyte
WAz %CD4 T lymphocyte Witeya event uay
time(sec) UNATUIN event/sec LAIUIAT event/sec
1A uIudinEanY1 (absolute white blood
cell count, WBC count) 91ng#s event/sec x 10 970
A1 WBC count Aildunduam ArduyTaives
1 CD4 idulwle (absolute CDA+ T-lymphocyte)
ngns (WBC count x %lymphocyte x %CD4+
T-lymphocyte)/10,000 ﬁﬁagaﬁﬁwmmlﬁm

174 MNIETAdanIsEgLaznenIwUItn x U9 30 atunl 2 x wguAIAL - 9nAN 2561



Wisuieuiumduysalvesiiuiudndenun (WBC
count) wazAFNYIAIVRITIWIU CD4 Ndulnlud
(absolute CD4+ T-lymphocyte) FAaszAlagnss
mﬂwaamwmaauﬁ@m fluorescent microbeads

(/UMW)

nsUszifiugunmnisiaTzilagiazasinaleln
wn3
Tunsnsndsdsnsinangthsazsodinunin

fauddunounnfivasdngda mslesed uaznns
s19uKa HanTIIfigndesazidulszlevidenis
Aadeuarnsnuivae Tunisdnui liusadu
AMNNNNTIATIE IR UsEIUANONGBY (accuracy)
AL (precision) kagadluutueuveInTin
(uncertainty of measurement) lun1sasIaA1 CD4
faulvledlngldiniedlualelniuminasnuaiunm
AuAIMNTI 1a1ed Tasldiadedinalelnium3
\AT0ufeafunaeAnNISANET ATIFABUAMAINANT
AATILNAIWEITATUANAUAIN (Immuno-Trol)
2 széfu 7151 cDa FiauTvllas saruni (Normal level
control) uagAw (Low level control) wagyiinis
nvasuiiedlnlalalniuvilagld Flow-Check way
Flow-Set Faiuansmsiaaeudaya auazvianmen
YDIAINBUNINTNTITIATIEFIRE 19N

n1sUsziliuaaruud g (precision)”
lnes3u swdeyanisatuaunuamatglusieans
AUANAMAIN (Immuno-Trol) FrapnUnfnazasi
Huen 6 ey duiade dudsauunmsgu
WATLERS imprecision MeANUasidus coefficient
of variation (%CV)

nsUszLiiuAdugndas (accuracy)"” Toua
31nNN15E01990lATINTUTEAUANAINNTILATIE
TnusAnsnneuen (External quality assessment,
EQA) 1uAgniamimnldlunisdiuiani %bias
iioUszifiuAuAgNFBdYeINITIlATIEY CD4
Haulnled lneviosufuinislainsaulasinisuseidiv

AMNIN Center of Excellence for Flow Cytometry

AMTLNNEANERNS AST1ANeUNa Lavtnauseidiugn

AUIUNIAT %bias 9MNgAST %bias = (lab assay

value — group mean) x 100 / group mean
nsmAAulliuLUeaUYeIn1TIn (uncer-

1219 gqaylainiuau

tainty of measurement, uc)(

(Y] < [} & A oA 2 [
29N FIA U denilanine VoI UNEN1TM5I MUY
Beswimaies UAns glduinisanunsaveliivies
UUAn1suansn1nuliktueueInIsinuenis
a & d‘ o 14 a & gj U
Azt luusenaunistdnaliasizitule
TunsAnwfl MuAA kUL UYRINTIAWUY
top down approach LUSgULBUAUITATNAGDUT
@ ad A [ = [ :’1 = ) 1
WJuasmeaiu (alelmund) aeuleeiuinaining
iﬁLLﬂuauﬁuaaﬂﬂii’maﬁﬂqmi (u)=(v) LAYUIAN u
Aunilaaviunnuiyu coverage factor &dlan
WU 2 Liawanarnmnu il Uuauean1sin Aseau
AMUTDLU 95%

n1silIeuiisunadiasigAduy sl
v93CD4 Tiaullad wazArduysalvasduiudia
= adda o v ac
L AEAVI2IABATNAT WIMAIN event/sec NUAT
1MUY

a9
1 [y 'S aa 6

HAN13ATIaAENYTlves CD4 Aaulnles
wagAduysalresitwudindensnilaeisnmuwin
9110 event/sec WUIBUBUAUITUINTFIUNANTIDNY
o d‘ =] .
PNuaalngnTsnATesialelnunsuu single
platform sauriun1sld fluorescent microbeads wans
AUFURUS VB IITNANYIAUITUINTFIUA IR
correlation coefficient of determination (R?) way

UsgiliutlpdAgneanane t-test 1 p < 0.05

NAN1SANE

n15UsEliuANINAITIATIZE CD4 Naulnlad

1ne Trichrome fluorescent stain method
n1sUsiiuAINLaiUg (precision) laenis

A Uasifud coefficient of variation (%CV)

nuadeszilesidug Co4 Haulnladvosianeau

@mqmmwﬁgqmﬂﬂa (normal level control) LazAN

(low level control) TunuauAuamnmneluves

J Med Tech Phy Ther x Vol. 30 No. 2 x May - Argust 2018 175



% a wa 3 & = (Y]
wesUfURNalunian 6 ey JanseunguianAIuay
AMNINTINIU 4 lots LaAade druleuuunnsgiu
waziUasi@ud coefficient of variation fauansly
Table 1
a ¥

n13UsEiuANgNARY (accuracy) lagnis
nsuAIAu lduduauYeInIsin(uncertainty of
measurement, u) Han1sAUINAIAN ldLLLEU
Y9N3 TAV0ITANAIUANAMAINATG LA CDA+
T-lymphocyte = 7.54% WagIanAIUANAMATN
AUNAlA  CDA+ T-lymphocyte + 4.86% #3g6u
ALY 95 %

nsiSeuiieunaineienduysalues CD4
aa 6 1 U '3 o = =
aulvllesd wazerduysalvesdruiudaifonus
IngITNAIUIUIIN event/sec AMUITUIMIFIUNLAY

fluorescent microbeads

HANSAUINAEIYTHveY CD4 fiawlnled
(absolute CD4+ Td-lymphocyte) wavA1duyseal
Y0931UULIALEBAYIAIN event/sec VBIFIBEN
Wamua 193 518 wanspuduuslussiunansiula
Wmsgu Wnedlen R” = 0.7506 (p < 0.01) wag A1 R’
= 0.5257 A1UUA1 % bias Lﬁaﬂﬁzl,ﬁummgﬂéfm
YaansATIvsilesidudcoa Aaulaledannnng
115930lATINSUSEAUAMAINNITIAT BN BIANS
ABUBNINIY 6 trials lanasns Table 2
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Table 1 Precision evaluation from IQC data of %CD4+ T-lymphocyte analyzed by flow cytometry

%CD4+ T-lymphocyte of low level control

%CD4+ T-lymphocyte of normal level control

Lot N Mean SD %CV
1 20 17.53 0.830 4.73
2 17 19.18 0.527 2.75
3 10 24.76 0.543 2.19
a4 13 16.36 0.785 4.70

AVERAGE %CV 3.77

Lot N Mean SD %CV
1 22 49.48 1.075 2.18
2 17 46.34 0.935 3.50
3 18 43.56 0.830 1.90
a4 20 48.99 0.843 1.72

AVERAGE %CV 2.43

Table 2 Accuracy evaluation from EQA data of %CD4+ T-lymphocyte analyzed by flow cytometry

%Bias of low level samples

%Bias of normal level samples

Sample Group Lab
trial mean report %Bias
1 22.12 19.7 -10.94
2 8.92 8.47 -5.04
3 16.54 17.5 5.80
AVERAGE %BIAS 7.26

Sample Group Lab
trial mean report %Bias
a4 35.61 36.6 2.78
5 39.44 35.4 -10.24
6 31.68 33.53 5.84
AVERAGE %BIAS 6.29
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