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Usefulness of Circumsporozoite Protein Genotype-Specific PCR (Polymerase
Chain Reaction)-Hybridization Assay for Diagnosis of Vivax Malaria

Chan Ju Lee, M.D., Ki Ho Park, M.D., Dae Won Park, M.D., Jong Sup Lee, M.D.
Kyoung Oh Kim, M.D., Jang Wook Sohn, M.D., Mi Sun Yong®, Chae Seung Lim, M.D."
Seung Chul Park, M.D. and Min Ja Kim, M.D.

Division of Infectious Diseases, Department of Internal Medicine, and
Department of Clinical Pathology’, Korea University Medical Center, Seoul, Korea

Background : Molecular or nucleic acid-based
method has been developed for diagnosis as well as
epidemiological studies of malaria infection recent
years. We developed and evaluated a polymerase chain
reaction (PCR)-hybridization assay for its usefulness in
diagnosis and genotyping of vivax malaria resurged in
South Korea.

Methods : Blood samples were collected from 30
patients diagnosed as vivax malaria and 48 patients
with other diseases. The circumsporozoite protein
(CSP) gene fragment of Plasmodium vivax was am-
plified by PCR and hybridized with genotype (VK210
or VK247)-specific oligonucleotide probes. The perfor-
mance of the assay was evaluated and compared with
that by a commercially available immunochromatogra-
phic test (ICT; AMRAD, Australia).

Results : Twenty-five out of thirty P. vivax-posi-
tive blood samples were positive for the PCR-hybridi-

zation assay. All products amplified were hybridized
only with the VK210-specific probe and showed size
polymorphism with approximately 900~ and 865 bp,
suggesting of genetic variations of CSP gene. Based
on the results of Giemsa-stained blood smear, compa-
rative analysis of test performance demonstrated that
sensitivities of the PCR-hybridization assay and ICT
were 83.3% and 73.3%, respectively and no false posi-
tive results were found. The x test ratio of two tests
yielded results of 0.91 with excellent correlation.

Conclusions : The study suggested that vivax ma-
laria resurged in South Korea has the VK210 geno-
type of CSP with presence of genetic variants, and
that the PCR-hybridization assay is useful for diagno-
sis as well as genotyping of vivax malaria. (Korean J
Infect Dis 33:88~96, 2001)

Key Words : Vivax malaria, Circumsporozoite pro-
tein, PCR, Genotyping
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2) PCR-hybridization assay
O AA4A A7 5
matrix (BIO-RAD, California, USA)E o]-£3}
o Az249) A A DNAZ Z3sigich = 4
g 6 puLE Fstod S 1 mLoll 7hstar A-ellA] 307+
W3 E 12,000 mpmollA] 357 QA Halslolw, AAE
S ok 30 WL WAT AN 2As webc
o HxEo] DNA 2289 200 ﬂL—E—‘ 783t 56 heat
blockel] 3087} wlxsich oS 10&7F 74s}A] vortexstal
100°C heat blockol| thA] 1027} 7)8HA] vortex
¥ % 12,000 rpmeol] 327 YA Ealslo] AAHMS 3l4ms)
3L PCR] template 2 AH-g3}7] A7FA -20Col] Bslich
(2) Primer$} oligonucleotide probe2] A]ZH(Table 1)
Primert= GenBankol] &3 P. vivax 652 CSP $-&%z}
9] o37]A]<(Thai strain, M34697, CH-3, U08977; CH-4,
U08978; CH-5, U08979; PH-46, U08980; PH-79, U08981)S

vl BAste] A7) Fo)E tandem repeated sequences

InstaGene™

gH =
87 Erk

Table 1. Sequences of Primers and Genotype-specific
Oligonucleotide Probes Used in this Study

Primer/Probe Nucleotide sequence (source)

CSP-F 5’-CCA-CGT-GAA-AAT-AAG-CTG-AAA-C-3’
(M34697, bases 259~280; U08977,

bases 186~207)

CSP-R 5’-GGA-CTA-ACA-ATA-TGA-CTA-GCC-C-3’
(M34697, bases 1092 ~1069; U08977,
bases 1119 ~1098)
VK210-PB  5’-GGA-CAG-CCA-GCA-GG(A/T)-GA-Dig-3’
(GQPAG)
VK247-PB 5’-CAA-CCA-GGA-GCA-AAT-GG-Dig-3’

(QP G AN)
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Fhslo] Z=E3F 4= 9IE % forward primer (CSP-F)& N-
terminus conserved sequence 2H-E], 1#]il reverse primer
(CSP-R)¥= C-terminus nonrepeat sequence 25-E] &H&-9] pri-
merS 717 ©lAlsigick. Probels PCR ZEAHEe] Sol4)
S Zysa 429 CSP §AHS AFes] stel Gen
Bankoll SE% P vivax? CSP F9 A3 VK210
(S48804, type 1 repeat polymorphism)@} VK247 (S48805,
type 2 repeat polymorphism)el] £o]&t tandem repeated se-
quenceE 7|2 @lo] 2709] oligonucleotide probe (VK210-
PB¥} VK247-PB)E t]z}els}glar digoxigening 3 A| 8%
t}. Tandem repeated sequence?] o}u|:=AlAFL A
VK2102 [-+GDRA(D)GQPAGDRA(D)GQPAGDRA ],
VK247 [--ANGA(G/D)(N/P)QPGANGA (G/D)(N/P)
QPGANGA 124 "WEX FEL probe fa#F$ o]t} Pri-
mers} probee] A4S 5 Oligo A2 e A4S o)jste]
FPAAe

3) PCR

ZH]=] PCR template 20 pLol| 1242] primer (20 M)
242y 2 pl, 2 units®] Taq polymerase (Dynazyme) 1 gL,
2.5 mM dNTP 4,0, 10XPCR buffer 5 Lol 16 Lo =
TETTrE Wol, AAl 50 Lz ubE ¥ 487 94TCellA
denaturation A]7]aL, o]o]A] 18-719] denaturation (94TC), 30
%7F9] annealing (60C), 157+ extension (727C) wHAIE
thermal cycler (BIO-RAD, USA)ol|A] 403] HFE-3F & 72°C
ol|A] 7E-719] primer extension &}o] 2 F3}9ct ZEAES
HEHOZ ol SN 5 4LE 12% agarose gelol] 7
7194E }o] ethidium bromide® <33l ¥ === DNA &
He Flsgiet

(4) Southern hybridization

PCR AHzg agarose geldollA] H7]d5E 3 F gels
denaturation®} neutralizationS- *]2]3F & capillary-transfer
system-g& ©o]-&3}o] positive charged nylon membrane (Nytran
0,45; Schleicher & Schuell)el] A o]A]Zr}. Nylon membrane
< Wl ¥ UV cross-link (Spectronics, USA)E o]-&3&}o]
DNAE- membraneol] I A]Zt}. Nylon membrane-g- hybridi-
zation glass tube (Robbins Scientific)ol] hybridization buffer
[5XSSC (NaCl, 3 M; Na-citrate, 0.3 M; pH 7.0), 1% block-
ing reagent, 0.1% N-laurylsarcosine, 0.02% SDS]E Y3 55
T2l hybridization oven (Hybaid, UK)ol|4] 2417} =<k pre-
hybridization &}¢ic}. Buffer& ®2]x digoxigenin-labelled
probeE W2 A Z-§ hybridization buffer® w3lste] Y&

& t}A] 55Cel4] 16417 59t hybridization &3t} HES-o]

£ & nylon membrane-g 7jo] 2xSSC, 0.1% SDS 8o
| B 5 AZollA 584 23] Al¥star, 0.1xSSC, 0.1%
SDS falol] g 5 SSCAA 1584 23] Alzlslel 271

L

Zol|lA HA=AZ ). Digoxigenin-labelled probe®} Z3txl
DNAE 71%3}7] 9@l DIG DNA detection kit (Boeringer

Mannheim, Germany)E A|Z3)Ae] ZRX|HZ A&
Z buffer 1 (0.1 M maleic acid, 0.15 M NaCl, pH 7.5)¢|
nylon membrane-§ 157+ &3k & buffer 2 (1% blocking
reagent in buffer 1)of] 3027} ©7}5itlr} buffer 100]4] 7}
WA A3t & antibody-conjugate £-<4(8 pL antibody con-
jugate in buffer 1)ol] 3057+ HFS-A|Zt}. Buffer 104 158
7k 23] A¥ste] 23] 952 antibody-conjugate s AlAsk
9331, o}A] buffer 3 (100 mM Tris-HCI, 50 mM MgCl,, pH
9.5)0l] 287 @19t} Color-substrate 2045 pL NBT-
solution, 35 pL X-phosphate solution in buffer 3)ol] H132
o}Alo]] Eo}A] color precipitate7} 37 wizlA] 7)chel F
DNA band7} vyeh}# buffer 4 (10 mM Tris-HCl, 1 mM
EDTA, pH 8.0)0l] 527} & & 7x3h}.

3) Immunochromatographic test (ICT)

Immunochromatographic testy= P. vivax Y& 71337
S8 A% AYE B A AAT 572] AMRAD
A AEES Fete] Az AAHZ ARt ol
A Kite AGAS A = e Ben dozd P
vivax 939 F%38%] histidine rich protein 20l it tl-Z
£ A7t nAselgt & Wee AUS Frols mop
o] FA ghullo] £ gAlEe] Fol U AEHE=ol 7t
H, FA AEQ A Helelol 4l dEol Y= dAlel
A = FAE W HekAle 24w Aol 2338 Al
PAE el ol gstAl ek welelol gelo] Aol =3
g ou AA BA el 34 Aol A7l Ha |4 AE

= €3 e o] Aol A7A ¢l "t

PCR-hybridization] 2] A+dad walglo} ZlwhH o &4]9]
H3AE AFe] A A AAAERE TFeR
s}o] PCR-hybridization assay, 12|35 ICT ZA} Ax}le] Wizt
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1. afdg gaj2|of RS9 HFX|e| BX

LS Foldl 49 Helelolz AskE 3099 &
AA e AAo] 157, dl 61, 35+ 3%, 4 29, FAA4,
o3, 1o, 7 99 AUE Aol 27 1nelgleh. o]
30" 312}59] PCR-hybridization assay, ICT, g =@ 7]
A ZASK= Table 20 kel whsl 72

2. PCR-hybridization assayQ| Zu}

A skate] el ZAxollA] CSP $42 AHS PCRE
TES o, ¥ 78] Ui B4 F orxd =1 A

Zr 3 Al3349 A2x 2001 91

AolA el melelolz AW 30el B F 25
(83.3%)34 Wz £F A4 P ovivax 9Fo] W
A ek izt kA 487 F 4 (8.3%)0llA FAHk-gol
BAg| et o]o]A] CSP &AL VK2103 VK247¢] w3t
4438 Eo] probe-d 27t A-E3slod southern hybridizationS-
Alelel s o), A wetelol #4309 % PCR 4ol
257l Ak Soldel QNS Holeh mebd laF 3
b 4mollA] QY PCR HRbg2 Al 9 &
o A AY Ugew LAsslen, ofF 43 o
3 ATﬂi& xS

= ek

Table 2. Characteristics of 30 Patients with Vivax Malaria and Their Test Results

Adm. date

Z
9

Sex/Age Exposure area

Blood smear Product size

ICT PCR

(parasitemia ) (bp)
1 M/22 Oct, 98 Yon-ch’on-gun 155" + + 865
2 M/23 Aug, 98 " +1 + + 900
3 M/24 Sep, 98 " + + + 900
4 M/41 Sep, 98 Paju-shi 6 - + 900
5 M/22 Sep, 98 Yon-ch’on-gun 6 + + 900
6 M/49 Oct, 98 " 232 + + 900
7 M/22 Aug, 98 Ch’olwon-gun + - -
8 M/28 Aug, 98 Yon-ch’on-gun 4 + + 900
9 M/42 Jul, 98 " 2 + + 865
10 M/23 Aug, 98 Paju-shi 39 + + 900
11 F/21 Jul, 98 Yangp’yong-gun 2 + + 900
12 F/46 Jul, 98 Yon-ch’on-gun 1 — + 900
13 M/59 Aug, 98 " 5 + + 900
14 M/22 Aug, 98 " 28 + + 865
15 F/48 Oct, 98 Kangwon-do 122 + + 900
16 M/23 Aug, 97 Ch’olwon-gun + + + 900
17 M/23 Aug, 97 Koyang-shi + - -
18 M/51 Sep, 97 Munsan-up 62 + + 900
19 M/24 Jun, 98 Ch’olwon-gun + — + 900
20 M/22 Jun, 98 " 29 + + 865
21 M/23 Sep, 97 Yon-ch’on-gun + + + 900
22 M/24 Sep, 97 Ch’olwon-gun + - -
23 F/41 Sep, 97 " + - -
24 M/28 Oct, 98 Yon-ch’on-gun 12 + + 900
25 M/37 Oct, 98 Paju-shi + + + 900
26 M/23 Jul, 98 DMZ' 19 - -
27 F/3 Jul, 98 Yon-ch’on-gun 111 + + 900
28 M/24 Jul, 98 Munsan-up 3 + + 900
29 M/24 Jul, 98 Yon-ch’on-gun 6 + + 900
30 M/24 Aug, 98 " 9 + + 865

"Parasitemia : parasite number/100 WBC, "+ :not counted, "TDMZ : dimilitarized zone
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3. P. vivaxQ| CSPQ| S&d& 4 C}ads A 4. PCR-hybridization assay Z1}o} Sl ST
Qo A
4109) wekelol 94 25%ellA] S%9 CSP $414 4

o] ulz ol okA]l A Z Q= ko
2 southern hybridizationol] A3 VK210 §4% Lo 309 Rx AH ¢ AA T AT T (parasitemia)7}
= oL L= m == =
probesl] B WFSRh winlel, VK247 §48 Sof probeolie o0 A R 20%ew 4T eue A4 1“00
WBCoA] 23 232/100 WBCS] #9]E Ulehilglon,

A% WA ShgoEH BE VK20 fAROR 3l
gJth(Figure 1). 3}, o5 25w ZEx) csp Az & 100 WBCSl 19 Alejgt vz 19904 ZF PCR- hyb
HS ok 900 bps} 865 bpe] TS = E E22 ekt ridization assayol]4] <} . Y2557} 10/100
A =719 Fsize polymomphism)E gl ojn =%  WBC HT Ae 1onﬂo] A1, 20~ 29/100 WBCE 21,
¥ CSP §-4#Fe] Zo}H tandem repeat sequenceol] Hio]7} 30~39/100 WBC= 17, 60~69/100 WBCS= 17, 100 g/
s e Aoz VK20 SAse] Holw 2o 100 WBCE 470]9ith. PCRZ ZAEE H4 9% 55 U
genetic variant7} ZANEHS AAstgch 3, =Zg 100 WBCo|¢JtHTable 2).

CSP 4AAF Aol =)o) we} A% BEZ =439S 5. ICT ZAL Za}

ofl, 865 bp AW W3l 5w 257 F SHelL o] &9
ARAL QA an, A9 19e] BES Bk 900 bp
o] ARG Kol ASLE n% owog oA 114, I 3
W, A9 Bael 247 2%, 9, 2 slo) AKIA|del 7
7 19e x5 Holvh vk AAFoE 900 bpel A
| $AkA Vb ot 865 bp A3z 900 bp Aol wh
£ Ao o] BE| Aol Z o 4 gledek

E

F 7899 W B F Rxe) w Al AU

Helelolz SA1E 309 3AF F 227(73.3%)0lA F4
& How, thad Sl 487 EFelA SA ks

=
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29t 99 PCR-hybridization assayol]4] kA 1SS M
Addd wdeEkelol gt 257 F 3% ICTol| 94 Hbke<

Holrh

o S o

[~
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Figure 1. PCR amplification and southern hybridization of CSP gene fragment of P. vivax
from patients’ blood samples. (A) 1.5% agarose gel showing the PCR product, (B) south-
ern blot showing hybridization PCR products with VK210 oligo-probe. Note that PCR pro-
ducts showed size polymorphism ranging from approximately 865- to 900 bp.



Table 3. Evaluation of Test Performance by PCR-hy-
bridization Assay and ICT, Based on the Re-
sults by Blood Smear

PCR-hybridization ICT

Sensitivity 83.3% 73.3%
Specificity 100.0% 100.0%
False positive rate 0.0% 0.0%
False negative rate 16.7% 26.7%
Positive predictive value 100.0% 100.0%
Negative predictive value 90.6% 85.7%

Table 4. Comparison of Results by the PCR-hybridiza-
tion Assay and ICT in 78 Blood Samples, and
the Kappa Test Ratio

PCR-hybridization

ICT Total
Positive Negative

Positive 22 0 22

Negative 3 53 56

Total 25 53 78

k test ratio=0.91 (excellent)

6. PCR-hybridization assayQ| ZEITHS ZAIZAQ|
SRR

i

AA 18] AE dFeE dN = A4 AIE V)
F2 2 @lo] PCR-hybridization assay$} ICT 7Zz}e] wIZt%,
Sol, A E, Ae8ES At vladezs PCR-
hybridization assay®] ZIebd ZAAZ A9 eldAlS Hbsld
t}. PCR-hybridization assay®} ICTS| "7t %=+ 7}7} 83.3%
9} 733%, Eol=r ZHzZF 100%L}F 100%, $]oFA
0%} 0%, A& 242 167%9} 26.7%, ¥4 dAE&2
Z+ZF 100%9}F 100%, 24 odl&52 2+ 90.6%2) 85.7%0°]
9tk(Table 3). o]¢} 72 Z3}ol|A] PCR-hybridization assay
© A dekelote] AdkerA] 7]Ee] ICTS H]Gs
Aut Hop v Ao r ke Qdel. Al 78964
A A1 PCR-hybridization assay?] Zz}ol] thall ICT Zx}o
UX T 5 H7| $Jslo] kappa test ratios -8}9icHTable 4).
KappaX|&= 91% % + ZAA Azt Aolo] dx|go| wis =&
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hybridization assayS AAJslo], oA A3l A=
A debelol gAke] AghEwRt ozl 191 P vivax?]
T2 CSP FAds 24T & dae It
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9

el 9
F Q& 5ol Aol glork, Anlge] whEA] Peeln
o 9% UF FEelE Aggel Ym, A gel &
e wx g9 slo] )9 mAERel g A% A
& Wk ST ofn o] AVAES HelE
ofg 21

S
2 whiEe] Al Agsn gliu, WelEn
ZAA9] acridine orange 93" "3} buffy coat®] ¥
] (quantitative buffy coat technique, QBC)Vo] 9lom, e}
glo} &9 749l Immunochromatographic test (ICT) 9}
ParaSightTM-F dipstick test® So| AL=3 Q). E3] 2
J i Zol by AN Ho)& Plasmodium species
o) ¥ @rIA el EAE T e PCR AEHS 2t
glo} 939] CcSP™ ', merozoite surface protein-117, Duffy
binding protein'® £9] $AAES o] Lsln 9w Ak
A e okt obAl WA §AAe AEE F3 op)
WAl WAoo} Bl: E9o od4-e} Plasmodium species®|
oA, AzdE, et AR 2 s =3

=
g, wetelol AF2 AsthAll vt o7 74 W
chll SIS fRAEe] s e AT Al &
Yo Z = circumsporozoite protein (CSP)T} sporozoite surface
protein 2 (SSP2) Bl liver stage-specific antigen (LSA-1) %
o] 9lt}. o] 3 circumsporozoite proteine sporozoite7} *|-&
AAell HYA] ZHAIES] g2 ZHdsbm, w73k W
IS FEehe Aoz dEiA Yob’. LT clellA
+ merozoite surface protein-1, merozoite surface protein-2,
erythrocyte binding antigen, ring infected erythrocyte surface
antigen, apical membrane antigen-1 So| 1.2m o] mero-
zoite surface protein-1 geneo| W}glo} 7hedo] ¥ 7S =

g ol sl A azug delelols] fa4
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ofoll we} ole} 7 WelgUe FAow st AnAo}
HHA

o
Olﬂ 1=
flo rx

PCRE o|gslo] AFefel= 4L welelo}e]
merozoite surface protein®] FAALY] t}EAln ¢I7]A]d9]
ABRAL olo] T Wejelole] elebd Zwg wael
gom”, 2 S AU detelol A%e] CSPE genotype
& wafelol gk oh Yok,

Plasmodium species®] CSP §AA= fLzAo g Folr
ol] species-specific tandem repeat sequence’} U3, N-ter-
minus®} C-terminus §-$Jol] conserved sequenceE Zk=t}.
Central repeat region< immunodominant $YHQJZA %
¢k vaccine JHFe] FHEAR Ao} gtout, HT oY
Aedozne] Belel swainl ek CSPE] kiAol el
ol wel WAl Atolt 2ek Aok Aol glolA ool tha:
Fo7t aE 3 Yo, P vivaxe] 7S CSPE HiEHQ
Z7}4) genotype (VK2103} VK247)0] 9lLo] okz] glo
o, o] 52 AHo g HF Ho|Z Holt}?. VK2108
I} VK247 9] EA Al central repeat sequencer ZH7Z¢
GDRAD/AGQPAS} ANGAGNQPGS| wlEolm|i-Al Tz
HolAut, TUst CSP -+ Hol| A = repeat sequence?] HE
5Ee v ZElF Aolol] o thEw sequence varia-
tiono] FEAslo| A|A|E|Q 2, Qari 5 Brazil¥} Papua New
Guinesol|#] He|3t 39 isolatesol]A] 22702] CSP2] genetic
variant 58 A,

B odFto]|4] PCR-hybridization assayS %&}o] CSP -§-4
Ak AEAQE FoelA AgAshs Aol elelol 3
A} 25%oflA] CSP 43> BEF VK2103& Holom, o
o] W Qs goldt A%E Uehielsh 3, A
59 d7ollAe VK210 3133 VK247 Aol Al
o e Hel A9} 9027%2 Tl FoA §Awol
B EAs, o]l whgl VK2103F VK247 §-43ol| R
o} g wAe Aol Bede AN, olg
o] % Aol £ Aol sl ol H Sol 4
£31 probeS VK210 GQPAG, VK247-2 ANGAG9]| z+z+
ks edr1A9e A8siglinl, B3 detelobs] CP
SAAF U ol AT ze] A% S GNGAGGQ
PAcl #iehis ed7lAleel el FobA probert BF @
ez 7 Aol FAll EAlsle Aow s
95 7H5Alo] 9l om(personal communication), £ o17-o]| 4]
+ VK2108 9] 739 GQPA, VK2478-& QPGANd]| 27+ &)
Fohe A71419E probe AL, Adhe T 5olH
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