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Detection of Herpes Simplex Virus, Varicella-Zoster Virus and Human
Herpes Virus-6 by PCR in Cerebrospinal Fluid from Hospitalized Adult
Patients with Aseptic Meningitis or Encephalitis

Hae-Kyung Park, So-Youn Woo, Hyun-Jin Kim and Young-Hae Chong

Department of Microbiology, College of Medicine, and Division of Molecular Biology,
Medical Reseach Center, Ewha Womans University, 911-1, Mok-6-Dong,
Yangcheon Ku, Seoul 158-056, Korea

Herpes simplex virus, Varicella zoster virus and Human herpes virus-6 caused central nervous
system infections and latent infections but there is no data of the 3 viruses being tested from the
same cerebrospinal fluid samples with aseptic meningitis or encephalitis in adults patients. These
viruses produced similar neurologic symptoms but difficulties existed in differentiating of etiologic
agents and therefore the viruses needed to be detected in the early state.

Herpes simplex virus encephalitis (HSVE) in adults, if not treated promptly was fatal. If
treated with antiviral drugs in the early phase of encephalitis, neurologic sequales decreased by
65%. Recently, a PCR method for detection of HSVE with CSF was developed. VZV primary
and secondary infections caused neurologic symptoms of encephalitis or meningitis. The second
frequency of adult encephalitis that caused VZV were reported. HHV-6 caused CNS latent
infection that was studied with normal adults brains.

But there is no data of HSV, VZV and HHV-6 for aseptic meningitis and encephalitis of
Korean adults through etiologic study.

We cultured CSFs on HEp-2 cells and simultaneously tested for HSV PCR, VZV nested PCR
and HHV-6 PCR with 8 specific primers.

The PCR results of CSF from meningitis Korean adults were 13/19 (68.4%) for HSV, 10/19
(52.6%) for VZV and 12/19 (63.2%) for HHV-6. 7/19 (36.8%) cases were triple infected HSV
PCR, VZV PCR and HHV-6 PCR positive; 3/19 (15.8%) cases were dual infected HSV PCR and
HHV-6 PCR positive; 1/19 (0.5%) cases was VZV PCR positive. Strong viral DNA amplification
of CSF means a causative virus may be present in aseptic meningitis or encephalitis patients and

may cause clinical neurologic symptoms. HSV and HHV-6 viruses detection rate were higher than
VZV by PCR with CSFs.
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97 & H ¥ YA HSV, VZV, HHV-6¢] H&

M B

At A& d oyl 32w antolg 29
(Herpesviridae)ol] &3t @4 ¥ 2 vto]l 3 A~ 13
(Herpes simplex virus type 1, HSV-1), T4 2 2 b}
o]8 2 2% (Herpes simplex virus type 2, HSV-2),
5 A FE R vlolg] A (Varicella-Zoster virus,
VZV), At &) 28 Anlo] 2] A 6 (Human herpes
virus 6, HHV-6)= 334173 A% (central nervous
system, CNS)ol] 49 & ¥o7|9 ol& Hiolgix
E2 =3 78279 (latent infection)S VERA T

o] £ ulo]2j =29 CNS Zdo] o3& vehte
YAFAH = Hlo| gl 2 FH me} FojHoz 3
HER] 7] df §ofl, 9]l ntelP A8 FH 3]
A e MEviF A &H QA7 43 o)
o EF o) E utolg) 29 7 HIE T X
o FAE vebdo] ddE A FAlol A
g3t A9 Fdo] et} nvlolHd A EF
o] W& Eo] X & A< acyclovir, gancyclovir, fos-
carnet 5-2] A& o] A3 8T 7o) o]o] B
A7t g g8t (14).

G ERA o) 2] A WG (herpes simplex virus
encephalitis, HSVE)= A gho] 3 =) o] 1A}
(cerebral necrosis)$} ¥ % (edema) 5°] Y EILR
2, Whitley 9} Gnann (27)-2 acyclovir2 X 3 3}%H
Bape] 6%l AASA Ago] Gehld 2%
o @z g Fefvto] YEdu FA RS
B 13t ¢} & Guffond 5 (13)& HSVEE A8
32} oW 70%2] APE-& Jehdcy s
TRt = A acryclovir 5] Fulolg 2
A 8-S ot o)) e AraTe B
3= oFF glt). Whitley®} Lakeman (28)+= HSVE
o dENEe |54 A% id A5 1007 3
@ 1~4%olgh Hurt Yot olo] Y 3]
el AF BaE A9 Rl Aol

22l Lakeman 5 (152 ¥ BAelA 4
& A3 3te] HSVEZ &30 E 5400 4] t}A] o]
£ AAE 7HA 3L PCR Y & &43to 534
A} HSV DNAE 71 &3} ch PCRY W E = 98%
(53/54)°1Ac}. o] AFE= ¥ AEFAA WHo =
& 4o (Cerebrospinal fluid, CSF) Z 3| & o] &
PCR WHo] 27} £7] 9ol HSVES] A%
ANM FEAQ HAYZ WA PCR HEoE YA
& UdSE F9d FUD 1 F Cingue 5 (7)

=} Mitchell 5 (19)°] HSVE A< 93k PCRY
S o] 83 AT E AL LHAA, @A HSVE I
G =g FA Hdch 2 fEivetelA
€ ok 4 H%4E #AA PCRE HSVEE
3 Hue gl

ST A EZulel g 2y AlgelA AEAE A
< 4odn tE utolg| 24 HHgH v
AE debdtt @). vZvel 22243 A2
173818 23 A8E& dogin. VZV 4
vE = AA A FA = A NE dgqukgo
2% AnZ dojrhe M EF FAE 4y
9] ataxiao| T} EZF A7 ZF o A ule] A F2
< vetdie AF A0 340 43} (reactivation)
A JHME VZVe AgE doFit VZIVE ¥
FE FaA T o] wpelg 2t ARIHZ S
A sensory ganglia2 ¥-8] A3 Hutso] AAA
5o =3t A2 E F3HA 9o ¥ Fo) 2y
o] gl WAAER RN T F4 HY, F44
Hud, #utd e s B Aoz vehdo
T B3 (A7)E Ytk AR EAutoly A~ A9
(VZV encephalitis, VZVE)9] %7] A&-& CSF 7
Aol &) PCR ¥hy © 2 uvloje}x 9] Eo] sequence
9] A Zo] 71553}tk Puchchammer-Stockle 5 (22)
o] eo2 ¥1aech VZVEE HSVESHE o
27 2 d%o] B =Zolv BFgA 4
B QL Abell Al T ale, B e Aolst 3 20)
AAME =Bt BEx Hof gldh. thE viete
A5 A violH A HEd &3 FollA 33%7t
VZVe 9@t B3 Hole RN E) 52
wlo] gj 2o}, S-gvElel = o} o]el tigt Bl
7F e} Cacas 5 (5)2 HEFH o2 P2
X9 k] CSFel A HSVS} VZVel o] % 52
(double amplification)& 7 Z3}oj A} o] 2 ufo]
A AFdoeg s

Al 3| 2 9] 2~u}e] 2] A 6 (Human herpes virus-
6, HHV-6)%= Ao}9) rosellad] Q242 1988
Yamanishi 5 (29)0] A& 22 3§ vlojg A
olt}h. HHV-6= &3 A-FollA Atgho] 1~34)]
o o]2d A7t utolgl 2 FAE BA3HA H
T &3] EA3te vtolg 24 feugtel =
Hed Sajel A ofe] e AT AU I
op7le] o] ZEL HWREE AAH 2 A HHY
rosella E21e] 22 A& vlo]y 27l @4 &
Z+-& o © 7)™ meningoencephalitis, encephalophthy

do ke Asano F (3)9] Exvt ok A

offt rx off et

o we
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M = HHV-67} LA U+=dl Luppi 5 (16)2
AATgH o7 A R HAME ALF B
4 AAE A1&3t9 PCR WY 2.2 HHV-6 DNA
£ HdE3d AERE /Mo dd A1 E
Kot th HHV-69] 7+ & 53] d7] 5]
Astd FAEAME HE 9), HE (10) 5o &
Waty E5ol4 A (1)} Edltts EnER
k. ez B A7 49 Hag 8
ol 4] HHV-6¢]] 2%t CNS ZHd o digk A+& 3
14 3

FEivete] vtolg A HoE B HgY F
AE Ve o] gk A SxtolA <l wtel
H2E R A ATFE A9 A
B AT s 4RldA HHd Hgd & do
7] DNA vlo] {2 F RAYI=rE Adn 9=
oA o] Hug d&EFERulo]g A (4,5,7,28),
FF WG ED b2 2 (S AL 3 29 2uto]
H2 6 (3T Ao, HUNY e HFY FAE
A3 Aol ghxle] CSFoll A o] 37}A] ufolaf A
ol HAYN =& AFetaz 5k & AT &
Zutgke] JRlalA vrolf~y (i HE &
9] © 7]%= HSV, VZV, HHV-6 & &3} nlolg] ~9]
FH FA Sxe] AR AEE EA 5
utolgj & A go] Ay} A8tA shx)7) Adin
AAHAG vtold 244 HHEH HE FH=E
dd3 A B8] CSFE 714 a1 FANE S
Z1d ¥ Q1 polymerase chain reaction (PCR)S. &
HSV, VZV, HHV-6 DNAE 7 &3}<] ©| % (double)
TE AF (riple) 3] =g FH3tnA T
o} o] "9 Z7] & primerE AF-§-3to] B A
37FA] dleleiA A& & 9§ ol8Fd AT = A
fod, £ 4 FA oA Q) ulo]z] 2o 2
T AT H oA HHV-6&5 A ZE3tnA &
a AFE S i

SER-UUT
1. 44 8

oslelAditm o) dhet 2EuY AR
o 19999 1928 109 Afold] 74 Weted
3 ¥den Auen Q4 4 B2
goe A BAe HAsg vEHos
AF, 28aa 20T 2B F AP A&
At

. =X £=oHhojA{ monoclonal &x|E o|2Ft

2
BAHASHEOR 371X HlO|BHA HE US

1) &40 ZHAoljA Herpes simplex virus
2y 4z

Q98 49 Hud T= HF B9 BH%
o2 1:500 Z carbonate buffer= 2] A3} EIA ¥
Wl coating 319t} 4T A 16217 WX 3 T
PBS-tween 298 0 & 33) A& 59 }. Herpes sim-
plex virus monoclonal 33| 1:5000 (Chemicon MAB
821, USA)2 & 37 ColA 2A] 7t ¥Hx] 3 & PBS-
tween &< © 2 33] A 33}t Goat antimouse
IgG peroxidase conjugate 1:1000& FH 7}t 37T
2217 vbx] & A A 3] o} Substrate 2 orthopheny-
lene diamine (OPD)E o] 2-& X3 Al 2 30
B2 A8 T 2N oS0 FojA] 28 & 2}
&} 31 490 nm spectrophotometerol] A % 3}
negative mean OD+3SDE OD 0.2 o] g o
2 #5349t

2) LX< A oA Varicella-Zoster virus
BHdE

1)e} uhH 3 U3l VZV monoclonal &4 1:
200 (Chemicon MABS614, USA)Z A}-&-815 T}

3) & ol Axo| M Human herpes-6 virus
el dE

1)) ¥ 3 F Y 3ls HHV-6 monoclonal 3]
1:150 (Chemicon MAB8532, USAYE AM-&3}5t}.

Ll

3. &2 Z4 |2 HEp-2 cello] vyt

CSF 7§ 2 HEp-2 A X9 filter2 o} 75} A
F3 F 37CA 1A WA F CSFE W21
PBSE A ¥ 3} 11 RPMI1640-2 3 7}sled o] oFal s
t}. 1397} 5% CO, incubatorofl A ®j %F3ta] CPE
2 39 T H TS A% PBSE 13| A F &
cell pelleto] 5| DNAE F &3t} A 4
o] B#@£9l HSV, VZV, HHV-6& & 7o g
Bl %¥3}e] immunogluorescent stain© 2 &9 ¥ <F

Ao z2 A8

4. |55 ZRolM BetEs AHeHS (PCR)
off 2|3t Herpes simplex virus (HSV)2] A&

gkx}e] CSFE HEp-2 cellol] ¥ ¢35t CPEE
bl o 443l DNAE Qiagen kit (Germany)=
F%3tth Cohen 5 (8) W& W s 10X
PCR buffer, MgCl,, primer KS 30, primer KS 31&
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HE 73 5 HF{FAoA HSV, VZV, HHV-69] A&

Z}2} 12.5 pmole, sample DNA, dNTP 200 puM, Tag
2 uE g3 AdA E&eFA o} Thermocyclerdl] A
96T 2%, 96T 1%, 55T 1¥ 1522 37 cycle &
72C 3% AAst 4Cd A8+t Ethidium
bromide7} &3} 3.3% NuSieve agard]] 12 ule]
PCR AHE-& H 7] 538t UV lamp o} ol A po-
laroid filme. 2 Ao 390 bpe] PCR 4HE-& &9l
3t o}

5. L Xl AHo|lM SEEL A4vtS (PCR)
ol &)t Varicella Zoster virus (VZV)2] A&

22te] CSFE HEp-2 cello] ¥} ¥3te] CPEE W}
Eld o =A< DNAE Qiagen kit2 2&3}9
ot g3} A (1)) ¥E-& W3 ste] 10X PCR buff-
er, MgCly, primer 1, primer 2, primer 3, primer 4%
AL&-3te] nested PCRE A| 3319 t}. sample DNA,
dNTP 200 pM, Tag 1.7 p& A}-&3 ). Thermo-
cyclerof A 94C 18, 90T 30%, 62¢C 1%, 72T
3E 0= 35 cycle ¥ 72T 3% AAsA 4THA
%) 2 8}l t}. Ethidium bromide’} 3-89 2.9% Nu-
Sieve agarol] 10 pl PCR &8 A7) B3t UV
lamp o} ol A polaroid film e 2 o 447 bpE 3
Q13T

6. =X ol AAlollM Setad A4EtE (PCR)
ol 2f8t Human Herpes Virus 6 (HHV-6)2] &

3kz}2] CSFE HEp-2 cello] u) 93} CPEE 1}
8 ) 473l DNAZ Qiagen kit® %319
t}. Gopal 5 (12)9] Wi S W& slo 10X PCR
buffer, MgCl,, primer H6-6, primer H6-7-& A}-83}
o} sample DNA, dNTP 200 uM, Taq 2 p& A}&-3}
S t}h. Thermocyclerdl| A 94C 18, 94T 15%, 55C
15%,72°C 30&% 2 35 cycle 3 72C 38 AR5
4°CAA A X 5+ ). Ethidium bromide’} E 3.3%
NuSieve agarol] 25 pl PCR A& 2 A7) Z35l]
UV lamp o}e} el A} polaroid filme.2 # o] 223 bp
£ 395590

4 o o

19994 195 E] 10974%] o) sha] Fuf 8t 3. 2] 7}
e B A3 Jd9& 1980 T7A
Headd HAd FAE JL3 A A9 o
ol & HSV, VZV, HHV-69] DNAE PCR =
Nested PCR W'Y} 2. 2 7 &8} ot
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Table 16141 8} 7o) 199¢] W& M:F=12:
7 o)Atk AH L 13~674 (F 7 32.54)°) Utk
Herpes simplex virus7} PCR g o2 AZE o
= 13/19 (68.4%)°1 AT} ©]%F C10, C12, C139] 7
& 738 390 bp] bandE Y}ERJI LT} (Figure 1).

Varicella Zoster virus7} Nested PCR ¥ o g
AZH o & 10/19 (52.6%)°]) AT}, ©15 Cl, C6,
C7, C9¢] 73 §- 7 447 bp2] bandE EPAATH
(Figure 2).

Human herpes virus-67} PCR Bl 0.2 Z &5 o
£ 12/19 (63.2%)°) At} o] F C6, C10, C129] of o)
A& 743 223 bp2) bandZ YERASL T} (Figure 3).

524 A%4g, Jd #4e] CSFolA| PCR ¥
W o2 7 %A HSV, HHV-69] 7+ ¢] VZV Bt}
Ax7l & A 2t} HSV, VZV, HHV-6 virus7| &
Aol AEE o= 7199 (36.8%)°) Atk HSVeH
HHV-67} Ao &3 o= 3/194 (15.8%)°]
A, VZV7E AEE o & 1/199 (0.5%)°} AT}
HHV-67} 9502 &9 o & 2/194 (10.5%)
o] A }.

o] 27+4-& Ve (4, C12, C17¢ 49 Y47}
27y 109, 159 28€ o)A AFHE S Ve
Cl1, C7& YL L7} 359, 24U o] At} (Table 1).

PCR band7} 73 A= RFFF Ee 0 &
AANERTD 23 A5 D FFE 23R
o} HSV, HHV-62] 73$- 575 B} 743 PCR
bandi= CSFoll 4] A= A 2% ch VZVE] A &&=
nested PCR W& AL 231} 7)o XETFE
78t A JYeEbA Aot HHV-6 PCR Wy o] 744 oF
& PCR band& e T}

F&d] 29 2vtol 2 2 3 G (Herpes simplex vi-
rus encephalitis, HSVE)& $F41 3 A 5o M E
Yt e 718 £ vtolel A& @ o2 X534
o xWAo|atn 1977'd Whitley 5 (25)0] X
Loz Bsth 198613 Whitley 5 (26)2 &
H2Q) gujol g A 24| ¢l acyclovirE HSVES] &
¥ Z7)o AAgA] b3 adEelgn gyt 2
222 HSVES] At z7]o) wE gxlo) de
3t QA Q) HSVell &= 271A] typeq] ulolgf A
7} Q& E3] HSV type 1-2 A Q1o Al HSVES
9 o 71th= Nahmias 5 (21)] & #71 91, HSV
type 2v= FE Al Ao} HSVES ¢ © 71t}= Sulli-
van-Bolyai 5 (24)2] 17} ldth

HSVEQ] XIthe] o] &5 = of 8] ¥ g v B
W serum¥} CSFE AR B A &A g w2
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Figure 1. PCR product of HSV (390 bp) with
CSF from hospitalized aseptic meningitis and ence-
phalitis adults patients on 3.3% NuSieve agarose gel.
Lane 1, C5 HSV PCR positive; lane 2, -CN HSV
PCR negative control; lane 8, +CP HSV PCR po-
sitive control; lane 6, C8; lane 7, C14 were HSV
PCR negative.

1. 23 4 5 6 7 8 9 10 1n 12
+
vz ca c1 ¢c6 ¢7 M cB3C8 C9 C12C10 C17

Figure 2. Nested PCR product of VZV (447 bp)

with CSF from hospitalized aseptic meningitis and
encephalitis adults patients on 2.9% NuSieve agarose
gel.
Lane 1, VZV PCR positive control; lane 4, C6;
lane 5, C7; lane 9, C9; lane 11, C10 positive were
VZV PCR positive; lanes 2, 3, 7, 8, and 10 were
VZV PCR negative.

A 270 XA A =80l HA gt
3 3. Anderson 5 (2)¢] HSVE $ha}ofj ] |
Z3 A% 3o vtolgl 20 g} WA YB3}

AYoR JAekdte Ao g 7o) =) &
Aoy, olg @ 22 Aol gzl 714
7} ATk AZHE Qe O F Merthens 5 (18)
HSVE 39 ¢] $1x} CSFolx] EXAEETH vy
9l T g4 A A3 (polymerase chain reaction,
PCR) & o] §3lo] S ZE HSVDNAS A&
ato] A3 o 2 HSVES] W kel 71542 A
AlstA ok

VZVE9]| Zthg PCR Wo] 7ts7] Ao &=
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: ¥ AN HSV, VZV, HHV-69 d&

1234567891011

M cn c15 cp €14 C6 c17c12¢c16 M caa

Figure 3. PCR product of HHV-6 (223 bp) with

CSF from hospitalized aseptic meningitis and ence-
phalitis patients on 3.3% NuSieve agarose gel.
Lane 1, Molecular marker 100 bp; lane 2, -CN HHV-
6 PCR negative control; lane 4, +CP HHV-6 PCR
positive control; lane 6, C6 positive; lane 3, 5, 7, 9,
and 11 were HHV-6 PCR negative.

&4 A CSFAlM &= o] VZV IgG &9
=3 o2 VZVEZ Aaslst. 28y} VZVE A
ol A Mayo$} Boos (17) CSFEAE nlo]gj A
o] B3 RN Y FAHA = A P
2 Rt stg o, ol VZVe] Eghg el
A7l HECR HA e VIV 27 F3A
b grte] Aol ade HAM &
A2 5% YA 43 P LT pleocytosisE H o)
w gl go] Fr18t 1 glucosed] == FAAE
Vel B ot 9ol

2 A7olN e ez Q4 4] CSF
ZA AN E HEp-2 celld] % & DNAE F &3}
HSV, VZV, HHV-6 87} 2] primerE A}-&3t] z}2}
o thet PCRE A3kt o] WY& AZte] A
g3 HAFHE F = oy vtelg A &9
AR Ert FIkET E olH @ AT AEe F
el gAdeh mEtd B AFdM e utola s
A HEd T HEY FAE e 9%
A9l Bxte] X1 & JfA] A<l CSF A & HEp-2
Ao v}k & PCR ¥ 2 2 HSV, VZV, HHV-
6 Z¥7+e] DNAE 4 &3t} AH-&-%F primers} o
2] specificdle] 2}zH-& thE X 7)o Ao
D2 wXedEe AT AU

53] F 2 979 & Wi ONS g
of cigt HAtol A BEAYESAH Ak E Q) mul-
tiplex PCR' -2 CSF 7 A o] A}-&3}1 9 th. Multi-
plex PCRE At} &) 23 A7) &3} HSV, VZV,
CMV, EBV, HHV-6E Ao A2 + gl Y
© 2 Cacas & (6), Minjolle & (20), Read<} Kurtz
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(23)e] @+ B0l slom, HAL &S A
33 A @E3he ARt o

£ A3+ 199 9] CSF 7 # E HEp-2 celld] B)
Fdtal 59 F A3 DNAZ FZ3la] HSV
PCR¢} HHV-6 PCR T+ VZV nested PCR-E ] 8}
ATt CSF A & w3l PCRE A3 37
ol FAE°] ¢t AzHE ) CSFo| A VZVe)
DNA % £ 9] band”} nested PCR Bl & A}-8-3}c]
t$ Adaict. 2y £ ATl HSV (34d),
VZV (4¢]), HHV-6 (4<])¢] 73} PCR bandZ 1}E}
d ol o] nloj] 27t Ak, M ge] A
A= A2E A} (Table 1),

o4 HAGEH HF #xbe) HHFddA
HSVS} VZV % ulo]g] ~ DNA7} PCR nested PCR
o2 HEE o) 4G-L 3/194) (15.8%)°)
o (Table 1). 34 Htd ¥ ¥ @ 3xle] =7
TR A 3FF] violZl 2~ DNAZF AEd A ¢
350492 71194 (36.8%)°] ATk (Table 1). “18
v Aol ety Batol A HSV, VZV, HHV-67}
22 CSFol| A PCR nested PCR WP o 2 A &3
Bae FUdd girld vla JEE o€t

Fo4d A9d, H9o2 443 A4 #ale
CSFell 4] HSV7} PCR Wi o 2 13/194)] (68.4%)
2 A AEFINLY o)e 99 Hus) Zol
Hutd e A=A HSVIL 2 Win g el
A& v Hgo g gty

ALY 2

E @3 19994 KISTEP o 21| 2| o o g
A,

o2t

ek
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