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Detection and Differentiation of Herpes Simplex Virus 1 and 2, and Varicella-
Zoster Virus in Vesicle Fluid, Joint Fluid and Serum using PCR Method

Hae-Kyung Park, So-Youn Woo, Hyun-Jin Kim and Chung-Hwa Lee*

Department of Microbiology, Division of Molecular Biology, Ewha Medical Center
and College of Medicine, Ewha Womans University, Seoul 158-056, Korea

The viruses of Herpes Simplex Virus 1 (HSV-1), Herpes Simplex Virus 2 (HSV-2) and
Varicella-Zoster virus (VZV) which belong to the alpha herpes subfamily are important human
pathogens. When eruptions were not fully developed from these viral infections, clinical diagnosis
was not always easy and required virological confirmation test. The above viruses were reactivated
in individuals who were compromised in immune competence for one reason or another.
Polymerase chain reaction (PCR) enables rapid and sensitive detection of HSV and VZV DNAs.
Its sensitivity was largely influenced by choice of primers.

Authors conducted a study to detect of those three viruses in human specimens including
vesicle fluid and joint fluid and serum using PCR methods. Primers used for this study were the
general primer pair GPHV-RU which was known to amplify within the genes enjoying the
highest degree of homology between UL1S5 of HSV and UL42 of VZV. PCR with primers
hybridized pair GPHV-RU amplifies a 396 bp with HSV-1 and HSV-2 standard strain DNA and
405 bp with VZV standard strain DNA. Restriction enzyme cleavage with Hpall and Ddel were
used to detect and distinguish DNAs of HSV-1 and HSV-2 and VZV.

The purpose of this study was a rapid and easy detection of VZV and HSV-1 or HSV-2 from
various clinical specimens (vesicle fluid, serum and joint fluid) by PCR method.

Used methods were: HSV PCR with primer 1, 2 and Hpall RE digestion; VZV nested PCR;
HSV PCR with primer A, B and BssHII RE digestion.

1) In 33 cases (33/42, 78.6%) VZV was detected single or mixed infection from 42 clinical
specimens which included vesicle fluid (5), serum form respiratory infected children (10), serum
from immune suppressed adult cancer patients (7) and joint fluid from arthritis patients (20).

2) In 20 cases (20/42, 47.6%) HSV was detected singly or mixed infection and 19 of those
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cases were HSV-2 and 1 case was HSV-1.

3) In 19 cases (19/42, 45.2%) VZV was singly detected which included serum from respiratory
infected children (6 cases), joint fluid from arthritis patients (9 cases), vesicle fluid (2 cases) and
serum form immunosuppressed cancer patients (2 cases).

4) HSV was singly detected in 6 cases (6/42, 14.3%) which included joint fluid from arthritis
patients (5 cases) and serum form respiratory infected children (1 cases).

5) 14 cases of VZV and HSV mixed infection (14/42, 33.3%) were detected. They included
vesicle fluid (3 cases), serum form immunosuppressed cancer patients (4 cases), serum from
respiratory infected children (2 cases) and joint fluid from arthritis patients (5 cases).

6) HSV-1 and HSV-2 detection and typing by HSV PCR with primer A, B and BssHII RE
digestion method was more sensitive and the results were easier to detect than on other method.

Key Words: Herpes simplex virus 1 and 2, Varicella-Zoster virus, PCR, Hpall, Ddel, BssHIl
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Ddel Hpall
CH1 cvz‘ cH1 cvz M

Figure 1. PCR products of standard virus strain
VZV, negative control, HSV-1, HSV-2, and restric-
tion enzyme (RE) digestion patterns on 3.57%
NuSieve agarose. Lane 6, 396 bp was not digested
with Ddel (HSV-1); lane 7, 275 bp, 74 bp, 56 bp
digested with Ddel (VZV); lane 8, 147 bp, 134 bp
digested with Hpall (HSV-1); land 9, 336 bp, 69 bp
digested with Hpall (VZV). M, molecular marker
100 bp ladder.

HSVeL VZVE fARA AN 713 & x o 54
] (homogeneity)S ehll = A2 HSVE) UL1S
FAAS} VZV ULA2 S AR s 273198 o) &
3lo] B Ao A & Baron 5 (1996)P0] m et
GP HS-Ru primerZ A}83}d £, o]+ HSV UL
15 SR A9} VZV ULA2 44 A7} hybridize © T}
=d 2AE 51 Utk

Sevtetol A A3 Aol HSVE vzve] &
T BA @t AAE2] HSVE] &0 dgk @
T2 8xte] EA-G o} &3 HSVY BA A% 1
Y, Enzyme Immunoassay (EIA)?, immunoblot 5
£ o] &3 A7t ). 53] HSV-1, HSV-2¢]
HARE A PEte] Bag e AASYY =
i Polm, VZve] A Ewjda} g eta A v
%2l EIA, PCRo 9% A7 AAESS] B}
Frdsich olo X9, AHAT HHAE
A HSV-1, HSV-2, VZV9] ZH'H 2 PCRE A =3t
d= I g7l B d7E A =i
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I ] H2 M P3|vZz v3i RH2

VZ VF1
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Figure 2. PCR products by amplification with 7th
polymerase and RE digestion patterns of standard
strain and clinical samples on 3.57% NuSieve aga-
rose. Lane 1, 275 bp, 74 bp, 56 bp digested with
Ddel (VZV); lane 2, vesicle fluid #1 PCR product
digested with Ddel (VZV); lane 7, 405 bp VZV
PCR product; lane 9, 396 bp HSV-2 PCR product.
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HSV-1 (Mclntyre), HSV-2 (strain G), VZV (Ellen,
ATCC VR-588) #5& RPMI 1640 uj x| 7] &
Vero cello] H) Fdta] 0| &L AN ZoE 3
Aot A vesicle fluid (5 7 A)), joint fluid (20
A, serum (17 AA]) 22H-2 Vero cellol] =) oks}
o AXYEE At X, 89, g3
ZHAE Vero cell =& HEp-2 A 29 filter2 o 7}
st} 4 Z 3 T RPMI 16402 4 7151e] wjoksic).
13937k 37T, 5% CO, incubatorol| A ¥ k3} 32
CPEE #9% ¥ A X E F7 3l PBSE 13] A
3 & cell pelletd| A] DNAE 223199}

3. Polymerase chain reaction (PCR)ol| 2|t
HSV-1, HSV-22} vZV ZH&

(D DNA

TENR, HAY, HA o HA S Vero celldl] Hj ok
st CPE &9 & Al 83191, Ao W2 B3
Ho] 8] A& Vero cell == HEp-2 cello} vl okl
PPN EF o2 3lo] DNAE F23+9 ) (Qiagen,
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H2 H2 H2
H2 vz = vz
SH2 P3 J50 C1

Hpall
VZ H2 VZ H2 H2 Vvz vz - - - H2 - H2 H2
J2 J1a Pa J9 C2

P3 Ja4 VF3 J38 J21 VF2 D15 D4 J49

Figure 3. PCR products of 405 bp or 396 bp from clinical samples and digested with Hpall on 3.57%
NuSieve agarose. S, standard HSV-2 strain; P, serum from adult cancer patients; J, joint fluids from arthritis pa-
tients; VF, vesicle fluids from VZV patients; D, serum from respiratory infected children; C, CSF from HSV

meningitis patients.

Hpall Ddel

H=- H-~ VvZ H2 H2 H-vz vz

Hpall

H1 H2 H—= H- H2 H1 H1 VZ H2

Ja Pa g2 M Ja 99 J440{D1 P7{M SH1 SH2 J37 J12 J44 SH1 SH1 SVZ SH2 M c1 DS

Figure 4. PCR products of 405 bp or 396 bp from clinical samples digested with Hpall or Ddel on 3.57%
NuSieve agarose. SH1, standard HSV-1; SH2, standard HSV-2.

Germany).
@ Primer
Baron S (1996)0] 3113} primerE A}-2-3h o}
primer 1 (sense)
5'-TCC TGG CTG CTA TTT CCC TC-3'
primer 2 (antisense)
5'-TGG CCG ATT CCT TCT TGC AGG A-3'
@ DNA amplification
a. Tag DNA polymerase (Takara, Japan)
PCR & 10X PCR buffer, 1.5 mM MgCly,
200 pM dNTP, template DNA, 20 pmol primer 13}
20 pmol primer 2& A7} ¥ Taq polymeraseE A}
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235l 50 pl volume 2 2 3FH e} 94T 30, 60T
18, 72°C 182 35 cycle7t vrE sl o},

b. Tth DNA polymerase (Boehringer Mann-
heim, Germany)

PCR ®'H 2 10X PCR buffer, 200 pM dNTP,
template DNA, 10 pmol®} primer 13} 10 pmol<]
primer 28 H7}3 & 99C 58 X2 & 80¢Cd)
4] 0.5 U Tth DNA polymeraseE A}-&3}<d 50 ul
volume 2. Z 3t{t}. 94T 18, 59¢C 18, 72T 1%
% 35 cycle ¥t & 72Tl 108 A8t D 4T
o] W@} (Fig 2).



Hae-Kyung Park, et al: Detection and Differentiation of HSV 1, 2 and VZV using PCR

svz

D1 Jg D11 J23 p3

D3

VZ
VF3 J12
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Figure 5. Nested PCR products of VZV 447 bp from clinical samples on 3.57% NuSieve agarose. Lane 1,

standard VZ strain; lane 6, negative control.

J12 J2 VF1 J5 J49 M J47 P33 D15 J38 PS5

Figure 6. Nested PCR products of VZV 447 bp
from clinical samples were digested with Hpall and
cleaved to 330 bp, 110 bp on 3.57% Nusieve aga-
rose.

@ Agarose gel electrophoresis

SZ3 20 pl2] PCR A+E2 ethidium bromide7}
¥4 3.57% NuSieve agaroseol| A 4 V/cmo. 2 70
B3 Ar19 B89 or HSV-1, HSV-2%= 396 bp,
VZVE 405 bpE YER AT} (Fig. 1).

4. Dael, Hpall gt & 2 0f 2/t HSV-1, HSV-2
ot VZve| 2ty

PCR 4H& 10 WE Ddel 10 U, Hpall 10 U (Boe-
hringer Mannheim, Germany) 2 ) 2] 8} 37°C oA
16413t 28-A)1 A ). ©) & 3.57% NuSieve agarose
o A7] 4 E38td bandE <&ttt

(D 405 bp VZV PCR A2 2| VZVe| Ddel ®|5t
k=P SI=l

PCR 4t&o] HSV-13} HSV-29] 73 $-& Ddelo|
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& A=A P TR 396 bpS Vel QT
PCR A}HE0] VZVQ 7 -$& Ddelol 2|8} 405
bp7} 275 bp, 74 bp, 56 bpE ) 2] = Lt}

@ 396 bp HSV-1, HSV-29] PCR A2} 405
bp VZV PCR A2 9| Hpall ®|stEA X2

PCR 4HEo] HSV-191 73§ Hpalld] ]3] 147 bp,
134 bp2 A2 E % 1, HSV-2%] 7 $-oll= Hpallol]
9] 3} 170 bp, 110 bpE A 2] 5] L t}. PCR AtZ o]
VZVRQl 73 %= Hpallell 2} &} 405 bp7} 336 bp, 69
bp= A H AT} (Fig. 1, 2, 3, 4).

5. Nested S8l &4 AMEHS (nested PCR)oj|
9|5t Varicella Zoster (VZV)e] &

@ #x2to] 3, FH A, 3L Vero cell I
< HEp-2 cello] v} F3ld CPEE YEld o £ 4
3}e] DNAE Qiagen kit2 &3} 1}

@ u3 M%) H-& W 5ol 10X PCR buft-
er, 1.5 mM MgCl,, primer 1, primer 22 A} -838}o]
PCRE A& slh ). sample DNA, dNPT 200 uM,
Taq 1.7 UE A&t}

(® Thermocycleroll A 94T 18, 90C 30%, 62C
18, 72T 3822 35 cycle & 72°C 38 A Aslo
4T A8

@ 1st PCR product 2 plE primer 3, primer 45
AH83ta @9 @7 22 £ 22 nested PCRS
Al 3t o).

(® Ethidium bromide’} 382 2.9% NuSieve
agaroseol] 10 pl PCR AHE-S AH7|dE35to UV
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BssHII

SH1 SH2 [H1 SH2 M H2 b3 D12 D5 c M H1 Jaa D17 J17  P3  Jag

Figure 7. 390 bp PCR products with primer A and B of standard virus strain HSV-1, HSV-2 and BssHII
digestion patterns on 3.57% NuSieve agarose. Lane 1, 390 bp PCR product of HSV-1; lane 2, 390 bp PCR product
of HSV-2; lane 3, 390 bp was digested with BssHII cleaved to 360 bp, 30 bp (HSV-1); lane 4, 6, 390 bp not dig-
ested (HSV-2); lane 7, 9, 13, 15, 16, 17, HSV positive; lane 8, 14, HSV negative; lane 10, HSV negative control.

BssH I
H2 H2 H2 H2 H1 H1 H2 H2 H2 H2 H2 H1 H2 H2 M2 Hz2 H2

DS J38 448 C1 M SH1 J17 VP J4 M D2 ~- p1 D3 SH1 M SsHz 444 44 P3 Ct

Figure 8. 390 bp of HSV-1 and HSV-2 PCR products from vesicle fluids (VF) joint fluids (J) and serum
samples (P, D) and digested with BssHII on 3.57% Nusieve agarose. SH1, standard strain of HSV-1; SH2, stan-
dard strain of HSV-2; P, serum from adult cancer patients; D, serum from respiratory infected children; C, CSF
from HSV meningitis patients. Lane 1, 2, 3, 4, 8, 9, 11, 13, 14, 18, 19, 20, 21, HSV-2; lane 7, HSV-1.

lamp o}go A polarcid filme 2 H o] 447 bpE 5'-GAGTTCATCAAACAGTGTGCTCGTG-3'
o5l ) (Fig. 5). primer 3 (VZV 116052, sense)
primer 1 (VZV, 115953, sense) 5'-TATGGCCACGTAATGATTATGATGG-3'
5-CCGTATATGAGCCTTACTACCATTC-3' primer 4 (VZV 116474, antisense)
primer 2 (VZV 116605, antisense) 5'-CCACGTCTTGAAAGCATGTTGTATG-3'
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6. Hpall M|st& A Xalof 2|8t VZve| & el

Nested VZV PCR 4+E2Q] 447 bpE tHA] Hpall
AFEALZ A 37T 2417H)3k 330 bpst 110
bpE Y}EFH S 3.57% Nusieve agarosed)| ] B&3}
At} (Fig. 6).

7. KS 30, KS 31 primer& A3 T35 4 o
H2hE (PCR)Ol| 26t Herpes simplex virus (HSV)
ods

© #xe] ¥, #dY, A 5L Vero cell
S+ HEp-2 celld] ¥] 3l CPEE Jehd o &
‘A5l DNAZE Qiagen kitZ F 238} o}

(@ Cohen 5 (1994)” ¥l¥l2 Wdlalad 10X
PCR buffer, MgCl,, primer KS 30, primer KS 31&
12.5 pmole, sample DNA, dNTP 200 pM, Taq 2 U
£ 45 Aol EFsIET

Primer A (KS 30, sense) 5-TTC AAG GCC

ACC ATG TAC TAC AAA GAC GT-3'

Primer B (KS 31, antisense) 5-GCC GTA AAA

CGG GGA CAT GTA CAC AAA GT-3'

(@ Thermocyclerol| 4] 96C 2%, 96°C 1%, 57C
18 1522 37 cycle ¥ 72°C 3% 933t 4T
Al A R st

(@ Ethidium bromide7} 3+-8¥ 3.3% NuSieve aga-
roseol] 12 pl PCR 4AHE-& A7) F35to] UV lamp
olefloll A polaroid filme = # o] 390 bpS Q) 3}
A} (Fig. 7).

8. HSVe| BsdHlloj| 2|5t type ZHH

HSV PCR 4}F& 20 plE BssHII (Takara) 0.5 pul
2 Aeldto 50 5412 F-2 A A 3.57% Nu-
Sieve agaroseo]] 719 %3} bandE #Q15}53 ).

@ 390 bp2] PCR AFE-o] HSV-12] 7 9= Bss-
HIIo) o)A A 2= x| ggte}.

(® HSV-2¢1 7% 390 bp7} BssHIIo| <]&} A 360
bps} 30 bp= A 2 H Qv (Fig. 8).

2
1) 3572 PCR &g 0|88 47Ix|2 at
HASO|A VZV, HSV-1, HSV-22| ctEAHE

O
FX A 50 2 20] (2/5, 40%)N A VZVI} GE
A=A

@ HAYME Exlo @A

A 74 F 24 (2/7, 28.6%) X VZVI} g =
AE HUL VZVS HSV7 A8 s ge
747} 1o 015}

@ EE7|&# 20t8X}e HA

3 109 Z 6] (6/10, 60%)N A VZVI} G=
AZE HUY HSV-27F @5 33 E 3971 14
o] 1, VZVS} HSV-1 = HSV-27} vhA 57
B2 77} 14 o]}

@ BHEH B} 2| 2 Y

#4209 F 949 (9/20, 45%)N A VZVIL &
=4 %F HA HSVZE 958329 o & 59 (5/
20, 25%) ©] Q3L ©] 3 HSV-27} 4d], HSV-10] 14
o|Ath. VZVe} HSV7L 2382 & 297} 14
o] 21t} (Table 1).

2) 3572 WY E o|B8 471X aHH Sl
M VZVe} HSV-1 (e = HSVe| SA| &

O +=o

F XN 5dolA VZV7) nested PCRZE 73 Z 5
I, PCR Y22 HSV7F A9 A9 o7} 3
o (3/5, 60%) ]}

@ HY A AEXlo HHY

A 7d ZoA 64l VZVI} nested PCRZ
A2=HA3, HSV7F BA|o) PCR MH o2 AZ
A ol & 4d 4/7,57.1%) °)P o 2= HSV-27}
AZ=HYr

® 25712 2ot HH

2 104d] £ 8 oA VZV7} nested PCRZ 7
Z5 A1 HSV7L BAl0 A28 & 24 (210,
20%) ©|Q 1, BF HSV-27F A & Q).

@ AHAER}e 2E

T+ of 200 o)l A] VZV7} nested PCR ¥y T} pri-
mer A, BE A1-8 %+ HSV PCR#} A|3) & BssHII A
S84 A WPz 59 (520, 25%)| A HSV-
27} BA &= A} (Table 1).

3) Ao A VZVR} HSV-1, HSV-22| &
gl 2} typingof thE PCR o] |1

@© Primer 1, 22 A}£3t HSV PCR A3 &
Hpall®] A HEAZ A2)std VZV, HSV-1, HSV-
238 P VZVY] F$-ol| A3t Fol o]
2 BEo] golstgich 281} HSV-13} HSV-2¢)
ZAE L2 ol sl

@ B AASAA VZV A Z0) Qo] nested
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Table 1. Detection results of VZV, HSV-1 and HSV-2 detection from vesicle fluids, serum and joint fluids by
nested PCR method and two PCR methods combined with restriction enzyme digestion

Specimen Sex Age (year) Nested VZV PCR anizmll’l iquR Prin};.;s}?l,l I?M:)CR
VF1 NVZ + vz HSV-2
VEF2 NVZ + vz H -
VE3 NVZ + VZ HSV-2
VF4 NVZ + NT HSV-2
VF5 NVZ + VZ H -
P1 F 75 NVZ + vZ HSV-2
P2 . . NVZ + vz HSV-2
P3 M 51 NVZ + VZ HSV-2
P4 M 67 NVZ ~ - H -
P5 F NVZ + vz H =
pP6 M 29 NVZ + VZ H -
P7 M 68 NVZ + VZ HSV-2
D3 F NVZ + VZ HSV-2
D11 F 6/12 NVZ + VZ HSV-2
D17 M 6/12 NVZ + NT H-
D18 F 3/12 NVZ + VZ H -
D15 F NVZ + VZ H -
D12 M 2 NVZ - - H -
D5 M 3/12 NVZ — H HSV-2
D6 M 3/12 NVZ + VZ H -
D1 . - NVZ + VZ H -
D4 M 1 NVZ + vVZ H -
124 M 43 NVZ - H HSV-2
J4 M 40 NVZ - H HSV-2
117 M 39 NVZ - H HSV-1
42 M 44 NVZ - - H -
J47 F 48 NVZ + NT H -

v 123 M 27 NVZ + H HSV-2

v 19 F 37 NVZ + HSV-2 HSV-2

v J46 M 25 NVZ + VZ H -
J21 F 42 NVZ - HSV-2 HSV-2

Vv J48 M 11 NVZ + VZ HSV-2

v 138 F 43 NVZ + HSV-2 HSV-2
IS F NVZ + VZ H -

v 116 M 28 NVZ + VZ H -
12 M 44 NVZ + H H -
J40 M 25 NVZ + VZ H -

v 137 F 31 NVZ + VZ H -

v 114 M 22 NVZ + - HSV-2

Vv 144 M 42 NVZ - HSV-2 HSV-2
Ja9 M NVZ + - H -

v 12 M 23 NVZ + VZ H -

+ PCR positive. — PCR negative. - unknown. NT not tested. VF vesicle fluids from VZV adults. J joint fluids.
P serum from adult cancer patients. D serum from repiratory infected children.
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PCR e obF dua Wyoz, $4E
FX A (55, 100%), BE A FA9] BH (6/7
85.7%), Z&F71 A% 20t A (8/10, 80%), &
AE TR BHY (14120, 70%) 1 A

(® HSV-17} HSV-2E& A4 A A M A&l
typing 3t d] ol & primer A, BE A}-83 BssHII
AFEAZ A ste Pyl ©o WHEY o
W3t #Eo] o]} (Table 1).

I

]

i

HSVe] W& HE&3 A4 typingS %‘*&7&
Ag AE7L Eode 4714 o] dA-A
A Zef Fg st Hiolgl 2 -1%?4 AV, HEE
FA & et ed of BhEEL FF3ta «R
stopal geiA ok Lin & (1989)15)01] 95ha A
Frjore] AL z_}chg_J dlol g A A= 8
th-J_ 3190 31, Pouletty 5 (198722 ©Z E 84

7 A2 HSV 3 & HEats W2 5 Azt

°M1°ﬂ g 5 dem BgAde vtelgx YA e
F 38tA] gvha kit

FH T PCR WY& Ae] vtoleg] X~ DNA A ZE
o o] o] gl 7}319} ze odd A ML
B REE S GollM e T2
2 334 z,v,; AW A 5 HSVE] ko] 7}
58tk Nahass S (1995)%0) B aosigen 1
9l = HSVS VZVE] 249 A G A gt
primerE ©] &% PCRo| 98 B A7} P
%2 ola] gt PCR ¥ © 2 HSVS) VZVE &%
o o} oo} Foj == thF3t primer sete] FE A
o} AR o2 Hiolg 2 A e FAHQA
tgFAe] Ao S e 8T 8ULR
224 gl

VZVe] ko] A PCR W& o] 88t Ozaki 5
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