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Quantitation of Antigen-Antibody Reaction Condition for Development of
Fluorescence Image-based CD4 Rapid Test

Subin Kim and Jung Kyung Kim

Abstract. CD4+ T-cell count determines the effectiveness for antiretroviral therapy (ART) in patients with human
immunodeficiency virus (HIV). Although ART slows the progression of HIV to AIDS, rapid counting of CD4+ T
lymphocytes with a drop of patient’s blood sample is urgently needed to ensure timely ART treatment in rural areas. Recently
point-of-care CD4 testing devices have been developed by using non-flow based imaging cytometer incorporated with a
sample cartridge where CD4+ T cells are reacted with fluorescently tagged specific antibodies. Here we conducted an
experimental study using a conventional fluorescence microscope-based imaging system to quantitate the interaction of CD4
antibodies with CD4+ T cells at different reaction conditions. We demonstrated that a fast and affordable point-of-care CD4
test is feasible with a far less amount of antibodies and a shorter incubation time compared with a conventional sample
preparation protocol for flow cytometry. We also proposed a general method to evaluate and compare the detection limit
across different CD4 counting platforms by using fluorescently labelled microbeads for intensity calibration.

Key Words : CD4+ T lymphocyte(CD4 %4 T % >X), Fluorescence(3 ), Antigen-Antibody Reaction(Z--3HA] WF-$),
Point-of-Care Test(31°373A}), Calibration Bead(X.73 14}, MESF(Molecules of Equivalent Soluble Fluorochrome)

1L A&

20105 2 SAIEA] wp= A AAA 02 34001k
o] AIDS(acquired immunodeficiency syndrome) 2%+
S FEsk= vlo]# 2291 HIV(human immunodeficiency
virus)oll AL o] FollA] 68%= oFLe)7 Alslet
ApEE ol AFstaL o, the)AHAIE ART
(antiretroviral therapy; & E Znlo]#]2 X5 H)ekar
She oFe AlEHo] BHawr] AlEkste] Al 10 &<t
HIV/AIDS $k2ke] AFggEo] AFHs] 7HAsiaitt ART=
HY 755 HHEehs (D P77} wo] ThawA] &t
< o vjojei 7S Folal AIDSE &= RIEE
=], 7S #) Foll A 379t o] AE TR
Qa2 Y HIVAIDSE Fesh= 3 TAP 52
SPR1 CD4 AAPHS FH 1 WL CD4 {9 7l

£ S48 HVE 7] 315 Vo= ART A[5.9]
TS 7okt ARSI R0 Fole- (4 HE
T0] 3557} 500~1200 7L HE 7L AIDS 3¢
= 2007WuLS HA] =T 20001 )% AAIRAT]
= (D4 A A3} 3507l P11 A= S A
#glo]l ARTE AlFates darstal 9l

ART A8 A7|E A3kl A5 Z3E sk b
8= (D AP ARl = a7te] frAl
EE27](flow cytometer)2= T ol o]Esh=t]
HIV 71E°] 2 ol e} Al AP d&ear} 22 4
Hollx= FUAAPIZIA] NS 2FataL whE AR ]
o] ZAFAE st ash Al]y ik Ado] B3]
o, PAX|eA AF S 1A o] 2% ARkS 23t
slo] S oR TN} AE ddsh= ARTo] 24k 24l

* Aol A, sk 2|z s
E-mail: jkkim@kookmin.ac.kr
© gyt 7)) gt



36 Al

o) 27 A7 2087, Aol AFSR= B} ]
Holxl S 2 HEsle] Feke Wiz 9ol Fel
WA} Le7] Al G Eol siE /It
T Bl 1= Aol
fﬂZH 7 oAl (D 2T 55 SR Al
2 (flow cytometry)> ARS AP} Hdslar a17ke)
o) ol ASSm A] et g A
e Z8sl| et RRE AP I e
= Ak A S 2] ERE AESE 2HES E3)] A
gk APl A5 Whe = Al FCP. ol Al
A7 1E 2RI FVE 7Essh 13] ijel] A
= /\]g}: u]_g__ 7(401:—]:7 J,]/\zs]__/] Sgulo g & ZAksk 4=

o= =271

S WA 1717k A3 e, (D4 LS 91 @

A7) Fiol) 7Rsate] 7o) Asia ALg e ]
49 AP} FAARIA T o A8 ARE 4|
S0z R FFsalrhs AHo] itk Ao A8
F1bAdo] B Ao whe T=ag e 4 9]

of ART SEe153e] FAIR) 1182 =17 31412 = )
o, WA O AP 1 ] B )83k £
ET,EL@J]Q_ D]—E] }\]E’iﬂ]ﬂg}_ zﬂ%— oﬂ)\ug /\ﬂ_z__/] oé])g— T,‘:_L

Aol 79k CD4 H],L—L.—ﬁﬂﬂ JRE] a1 9Tl B o
?—7(]_9‘ X 63011-_]-’— OH /\U]_ 7"_131]&}_% X]'Xﬂ HE]—L

G 85 % A Aol s o] 83t AT IE
7dslo] AlsFH W D) Tieet 54 Vs T
dalal FPHE Aee Frsiigf.

B =l Ai= HIVAIDS $AFE oA 21481
el A5 AE AEA0R HUEEE Qe (D4
AP 7H‘?z}§ 3, AR e o o vk
LJ_ q} o) E‘IHL:—_,L—E— 63.14- 47(]0}7] ﬂzs]—
g Jﬁ 1&g o= rRsigivt Bt 3
A HAJALE o] 83le] 7 A1) A= S
%}3034 o] &g A HA 20S EES

i
f%

2.1 7HE} =ZATke] 48k

Yollol] 22t tha WAL 9PS: 2k @ A F R
3} CD4-PE(ab18282, abcam; \,, =488 nm, A,,,= 575
nm)$} CD3-PE/Cy5(ab95510, abcam; A, =496 nm, \,,,
=670 nm)= Fo] NH2] AT CD4 HZ 9 ¢
F A7 B2 e AT o= flsl 2
8 uLoll A AlE%e] 10%20 ZF FAE 1 oLy %2

uL Far AZolA 158 &<t HRSAIZTE F A} 3
A& WA 3, 1 uLE Eefol= 9o "ojrmdd &
25 go] F3gAn]H(1X51, Olympus)olA] 10
v =41 2(0.3NA), PES} Cy5 833 71528 913 43}
HE]ZFH525AF45, S60DRLP, 595AF60 or 695AF55,
Omega Optical) & Y7} CCD 7|2k Sensicam, Cooke)
E &3l FASIQIT) ofu] (D4 HZF-o] g YIS
A2 ZHolM FEslaA) Al HYE 02552 L
Aatar FhlEl EEAI N o) 50, 100, 150 ms= 3
A3sle] CD3-PE/Cy5 ﬂxﬂ@r CD4 PE 347} 5 B
2 o] Qs 98 F A 2 0 (Imagel,

Z o
HJM

http://imagej.nih.gov/ij/)= ©]&3}] =FA|to] CD4
el g Akl M Jae BAs, @

o] @lell A B TAE CD4 FEF(N=4)9] EHlF
Y5 AT F Al 9] BarghS ek wid Bt
27l @HS Aol Azl Hghs 7k 4
o] ot AXAE el Bt ARAR vhe
A% ol 7H2-H](signal-to-noise ratio; SNR)E 7-510] =
SAZol| whE SNRE| Wsks b K gkt

22 A Fo] g3

B e (4 HEE e mE FEske|
a3 PARES ok} A AR de rees &
A FE(CE 1, 2,33, 5, 10, 20%02 H3IAA 2
2ol A} 1584 WREAIZITE Whgo] Eit Al
£ 1 u¥ Sefol= o) Hojrmd - AnS
Yol 4 AE CD4 HETFIN=5)E FFAn e
= WEEGiek Fhle =EARNS 100 ms® g3
Felol A FF QRS g5skar A Argd dajel
whe}l S EAete] A ol nhE SNRe] W)
£ AvRgith

23 B3PS A HgARIS 9%

EEP} gk 39 DA Bt A 2

ol A= FeS ERIsIAL A F 57} 33%F 10%
1 7 Azl disl wke- 171011 2 SNRO| Wsls
AR Follol] S 33% 2 10% s 34
slof Wkg- 87] WellA LAl 41aL 20l A] Ay = 5,

15, 30, 603 WFEAIZ] AEE 1w &efo|= floll ¥
o] § AEEE Yol genpd o= sl
SFat ofUe} Sk 31 UlellAle] EhhikgS
A E 512} 22 202 FHlg AR 10 uLE Eol7}
0.1 mmQ! Eek=E Al FH(C-Chip, INCYTO)ol| )




93 A g = %St 37

24 ARG Al HRSAITEY] &

Shkaap| A o) wkgAzte] doll) &) At
of M= S ERISkAF Pl A AlEde] 33%
2 10% w50l slFehs AAE Yo E5avE v
Z700A vl A B30l 10 LS Fake] Al-20)A
My = 5, 15, 30, 60, 90, 120%- 52t BF-S-A1A &3 34
H 4 HEZFN=5)E Fgdn| g oz st

b

2.5 HAYAE o83k 3 A= B

B Q| AxAE FF s WHEkr7]7] flste]
MESF(Molecules of Equivalent Soluble Fluorochrome)#k
< ofn] <t gl 3 5 BAUA} A B (Quantum
MESF Kits, Bangs Laboratories)& AF&-3}3th Al 55
Slol=e} ARl 212t FdetaL in el &
53 Qo] AxAE SaIIE BAYARE B A
0] 7.65 umO|iL 1HYE 4744 49HA|9] &3 7=
(1988, 16694, 67310, 291866 MESF)= 74|+ &3] 4}
WAt O 2 FdEo] itk ZF dAle] AlRE 1
o= flof] "Holrmyd 3 AMITRAE Yol AEsISIt Al
Sl 27} 3 AJoRS 1 pL F9leke] s
53T oA Boizl BAYPA G A5k
SNRS 73}l & ¥A%E (D4 HZHN=5)2] SNR}
EIEks S

3. Ay 2 B9

3.1, 7HlEl =EAITke] G

Fig 1@°l YERA 7hile} =2A11el e 34 oS
HHA A RKlo] Aofdar s 3 7t o e 2
oko 2z 3] 753t Fg 1b)ollA] 2 5= 2520), A
=50, 100, 150 ms¥d | Z}7} SNR = 2.76, 3.28, 3.41=
A} 2 Aty =150 msd ) Aol E3HE BE
(D4 HEZF0] A2} FH iRl 2552 SA=IUTE Ay
=100 s w) (4 {0 FF =7t ) AlxAE
WA o= 1Y dlel] lom = &g s ARl
7Fd Ak e} wE2AReo R Bel) ulEb &) &
= B REAR] (D HEETR] &3 e P o
S A R 94 AT Ay = 100 ms 2 A3}
Atk

@

5_
4
—*¢

m 3— i/
=
n 5]

1

O T T T

50 100 150
Exposure time (ms)

(b)
Fig. 1. (a) Fluorescence images of CD4+ lymphocytes

labeled with anti-CD4 antibody phycoerythrin
(PE) (WV=4) and (b) SNR values at different
exposure times (Afex, =50, 100 and 150 ms) in
slideglass-coverslip. (p <0.05)
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Fig. 2. (a) Fluorescence images of CD4+ lymphocytes
labeled with anti-CD4 antibody phycoerythrin
(PE) (N =5) and (b) SNR values at different
antibody concentrations (Cap = 1, 2, 3.3, 5, 10

and 20%) in slideglass-coverslip. (p < 0.05) 31
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Fig. 4. Fluorescence images of CD4+ lymphocytes
labeled with (a) Ca, = 3.3% (p < 0.05) and (b)
Cax = 10% anti-CD4 antibody phycoerythrin
(PE) V=5, p < 0.05) and (c) SNR values at
different incubation times (A#,. = 5, 10, 15, 30
and 60 min) in plastic microchamber with
diffusion effect.
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Fig. 5. Fluorescence images of CD4+ lymphocytes
labeled with (a) Cax, = 3.3% (p < 0.05) and (b)
Cap = 10% anti-CD4 antibody phycoerythrin
(PE) (N =5, p < 0.05) and (c) SNR values at
different incubation times (Afy,. = 5, 10, 15, 30
and 60 min) in plastic microchamber with
mixing effect.
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Fig. 6. Fluorescence images of intensity-calibration beads
(V=15) contained in (a) slideglass-coverslip (p <
0.05) and in (b) plastic microchamber. (p <0.05)
(c) SNR values for calibration beads in slideglass-
coverslip and plastic microchamber.
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