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Cerebrospinal ¯uid (CSF) specimens from 27 patients with encephalitis,
meningitis, and other neurological diseases were studied for the presence of
herpes simplex virus types 1 and 2 (HSV-1/-2), varicella-zoster virus (VZV),
cytomegalovirus (CMV), human herpesviruses 6A and 6B (HHV-6A/-6B) and
Epstein-Barr virus (EBV) DNA using the polymerase chain reaction (PCR)
method. The DNAs were ampli®ed using two sets of consensus primer pairs in a
single tube, bringing simultaneous ampli®cation of the herpesviruses. The PCR
products were analyzed by agarose gel electrophoresis, and Southern blot
hybridization with virus-type speci®c probes, thus allowing discrimination
between the different types of herpesviruses to be made. Each virus-speci®c
probe was highly speci®c for identifying the PCR product. Thirty CSF
specimens from 13 patients with encephalitis and 10 specimens from 10
patients with meningitis, respectively, were examined using this method. Eight
patients with encephalitis and six with meningitis were positive for different
herpesviruses, including patients with coinfections (HSV-1/-2 and VZV, VZV
and CMV). Among four CSF specimens from four patients with other
neurological disorders, dual ampli®cation of CMV and EBV was present. Since
identi®cation of the types of herpesviruses in this system requires a very small
amount of CSF, and is completed with one PCR, it is useful for routine diagnosis
of herpesvirus infections in diagnostic laboratories. The viruses responsible for
central nervous system infection are easily detected with various coinfection
and serial patterns of herpesviruses, by this consensus primer-based PCR
method. This may give an insight into the relationship between virus-related
neurological diseases (VRNDS) and herpesvirus infections. Journal of
NeuroVirology (2000) 6, 410 ± 417.
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Introduction

Herpesviruses, such as herpes simplex virus (HSV),
varicella-zoster virus (VZV), cytomegalovirus
(CMV), human herpesvirus 6 (HHV-6) and Epstein-
Barr virus (EBV) are neurotropic viruses. Epidemio-
logical studies have indicated that the majority of
aseptic encephalitis results from viral infections. In
adults, viral encephalitis is very often caused by

herpesviruses, and herpes simplex encephalitis
(HSE) is the most common cause of sporadic viral
encephalitis. VZV is implicated in the pathogenesis
of meningoencephalitis, myelitis and neuritis.
Furthermore, CMV encephalitis is one of the
common complications in patients with AIDS. The
neurological complications of EBV infections are
various, including meningoencephalitis, Guillain-
BarreÂ syndrome, and Fisher's syndrome. Moreover,
it was reported that HHV-6 DNA and protein were
found in the brains of patients with necrotizing
encephalitis (Novoa et al, 1997) and Griscelli's
syndrome (Wagner et al, 1997). Thus, herpesviruses
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are associated with various types of central nervous
system (CNS) infections (Weber et al, 1996).
Conventional virus detection techniques using
cerebrospinal ¯uid (CSF), virus isolation and
serology are insuf®cient for detecting most of these
viruses. As the detection reliability is poor, a
speci®c pathogen is identi®ed only in 50% of
patients with encephalitis, indicating that viral
DNA is frequently present at low copy numbers in
CSF. The early diagnosis of viral infection in CNS is
necessary for effective and speci®c anti-viral drug
therapy, since it progresses so rapidly. Therefore, a
highly sensitive PCR method has been used with
virus-speci®c primers to identify the target virus
(Read et al, 1997; Hosoya et al, 1998). However,
different types of herpesvirus infections cause
similar clinical symptoms. In addition, in cases
where it is suspected that there are simultaneous
herpesviral infections, PCR has to be performed
changing the primer and the conditions to target
each virus. Therefore, we developed a single PCR
method in a single tube with consensus primers
combined with Southern blot hybridization with
virus-speci®c oligonucleotide probes. In this sys-
tem, PCR can be economically applied to detect any
seven herpesviruses routinely in a diagnostic

laboratory. We also detail the results of CSF
specimens from patients with virus-related neuro-
logical diseases (VRNDS) using this system.

Results

Ampli®cation of herpesviral DNAs with consensus
primers
A fragment of the DNA polymerase gene from
different herpesviruses was successfully ampli®ed
from 1000 copies/ml of each plasmid DNA using a
mixture of two sets of primer pairs (P1 and P2, P3
and P4). PCR products of the expected size (516,
514, 588, 510 and 522 bp corresponding to HSV-1/-
2, VZV, CMV, HHV-6, and EBV, respectively) were
detected on an ethidium bromide-stained gel. One
hundred ng of DNA from uninfected HEL cells was
not ampli®ed (Figure 2, top). To con®rm the
speci®city of the PCR assay, and discriminate
between the virus types, 108 copies/ml of each
plasmid DNA were ampli®ed and Southern blot
hybridization with virus-speci®c and digoxigenin
(DIG)-labeled probes (Table 1) was performed. Each
probe was speci®c for a target virus, and no cross
hybridization was observed among the viruses.
Extracts from uninfected HEL cells were not

Figure 1 A 33-year-old patient with CMV encephalitis. Changes in CSF cell counts (~), antibody titers and detection of herpesvirus
DNA. Speci®c IgG antibodies to HSV (^) and CMV (*) in CSF specimens were measured with a BEP-III (Boehringer ELISA Processor
III, Hoechst, Tokyo, Japan). The presence of CMV DNA was veri®ed by the methods used here. ACV: acyclovir.
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hybridized with either probe (Figure 2, bottom). To
determine the sensitivity of the PCR assay, 105

copies/ml of HSV-1, VZV, CMV, HHV6-A and EBV

plasmid DNAs were serially diluted in 10-fold steps
to one copy/ml, and PCR followed by Southern blot
hybridization was performed. These DNAs were
detected at a level of 100 copies by an ethidium
bromide-stained agarose gel, and at a level of 10
copies by Southern blot hybridization (Figure 3).
Similar results were obtained for HSV-2, and HHV-
6B DNAs (data not shown).

Analysis of clinical specimens
In order to prove the usefulness of the PCR assay for
routine work, we tested for the presence of viral
genomes in ®ve CSF specimens obtained from a 33-
year-old male patient (case 1). Only CMV DNA was
speci®cally detected in four of the specimens
(Figure 1B), and HSV encephalitis (HSE) was
denied. The results using this system were in
agreement with those of PCR using virus-speci®c
primers (data not shown).

We also tested for the presence of viral genomes
in four CSF specimens obtained from an 18-year-old
female patient (case 2). Dual ampli®cation of VZV
and CMV was initially observed in an early CSF
sample on the day of administration. Negative
results were obtained at a follow-up CSF taken 11
days from onset. After 18 days from onset, aciclovir
was reinitiated, since there was strong evidence for
HSE because of MRI and SPECT ®ndings. VZV DNA
was ampli®ed at a follow-up CSF taken 25 days
from onset. No DNAs were ampli®ed at a follow-up
CSF taken 33 days from onset when the patient was
discharged.

Next, we screened 31 CSF specimens from 11
encephalitis and 10 meningitis, and four CSF
specimens from patients with other neurological
disorders. In patients with encephalitis, HSV-1/-2

Figure 2 Speci®city of PCR ampli®cation. Top: Detection of
HSV-1, HSV-2, VZV, CMV, HHV-6A, HHV-6B and EBV. One
thousand copies/ml of the plasmid DNAs were ampli®ed by a
PCR assay using two sets of consensus primers, and the
ampli®ed products were analyzed with electrophoresis on a
1.8% agarose gel. Lane M: DNA molecular weight marker of
f6174RF DNA/HaeIII fragments. Bottom: Southern blot hybri-
dization assay of the ampli®ed products (108 copies/ml of the
plasmid DNAs) by virus speci®c probes.

Table 1 Sequences of primers and probes for DNA polymerase genes

Primer Sequence (5'? 3') Speci®city

P1 GACTTTGCCAGCCTSTACC
*

HSV-1/-2, CMV, EBV

HSV-1/2
CMV
EBV

G
C
C

P2 GTCCGTGTCCCCGTAGATA HSV-1/2, CMV, EBV
P3 GATTTTSMAAGTTTRTATCC

** *
VZV, HHV-6A/-6B

VZV
HHV-6

GC A
CA G

P4 CGTATCWCCATAWATWACCT
* * *

VZV, HHV-6A/-6B

VZV
HHV-6

T T A
A A T

Probe
HSV
VZV
CMV
HHV-6
EBV

GTGCGCACTGCGTCGGCCCTCAGGGAGAG
CCTCGTACGCTTTTTGGGAGAGAACGCTAC
ATTGTTGTGAGAAGCCGAGGGAAAAGCGGCG
CCGTGAAGTTGGGGGATGAGACTCATCGGT
CGGGCGCAGGCCGGCTAGCCTGTGCTCTTC

HSV-1/-2
VSV
CMV
HHV-6A/-6B
EBV

S: G/C, M: C/A, R: A/G, W: A/T.
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DNA was detected in ®ve specimens obtained from
four patients (cases 3, 4, 5 and 6). Cases 3 and 4 were
positive for HSV-1/-2 in early CSF specimens. No
DNAs were ampli®ed in the CSF sample from a
patient who had suspected HSE (case 7). Eight
specimens (®ve patients) were positive for VZV
DNA (cases 3, 4, 5, 6 and 8). Cases 3 and 4 were
positive for VZV in both early and late CSF
specimens. Case 8 was positive for VZV only in a
late CSF sample. CMV DNA was found in one
sample (case 11). Negative results were obtained in
cases 7, 9, 10, 12 and 13. In patients with
meningitis, single positive results were obtained
in six cases. One had HSV-1/-2 (case 17), three had
VZV (cases 14, 18 and 19), one had CMV (case 21),
and one had EBV (case 16) (Tables 2 and 3). In
patients with AML, dual ampli®cation of CMV and
EBV was observed in 1 CSF sample (data not
shown).

Discussion

The shared clinical features of herpesviruses in
patients with CNS infections led us to develop a

Figure 3 Sensitivity of PCR ampli®cation. A 10-fold dilution
series of HSV-1, VZV, CMV, HHV-6A and EBV DNAs was
subjected to PCR assay followed by Southern blot hybridization.
The endpoint dilution was 100 copies with ethidium bromide-
stained agarose gel, and 10 copies with Southern blot
hybridization. Lane M: DNA molecular weight marker of
f6174RF DNA/HaeIII fragments.

Table 2 Detection of viral DNA in patients with encephalitis
with PCR assay using consensus primers

Case
no

Days
from
onset Age Sex Diagnosis HSV VZV CMV HHV-6 EBV

1

2

3

4

5
6
7
8

9
10
11
12

13

1
51
75
83

147
1

11
25
33
1

27
33
1

18

1
18

1
2
7

11
14
1

14
20

33

18

54

51

48
49
46
43

35
27
25
37

55

M

F

M

M

F
M
M
M

F
M
F
F

F

CMVE

VE

HSE

HSE

HSE
HSE

HSE susp.
VE

VE
VE
VE
VE

VE

7
7
7
7
7
7
7
7
7
+
+
7
+
7
+
+
7
7
7
7
7
7
7
7
7
7
7
7
7
7

7
7
7
7
7
+
7
+
7
+
+
+
+
+
+
+
7
7
+
7
7
7
7
7
7
7
7
7
7
7

+
+
+
+
7
+
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
+
7
7
7
7
7
7
7
7

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

HSV, herpes simplex virus; VZV, varicella-zoster virus; CMV,
cytomegalovirus; HHV-6, human herpes virus 6; EBV, Epstein±
Barr virus; CMVE, cytomegalovirus encephalitis; HSE, herpes
simplex encephalitis; VE, viral encephalitis.

Table 3 Detection of viral DNA in patients with meningitis with
PCR assay using consensus primers

Case no. Age Sex Diagnosis HSV VZV CMV HHV-6 EBV

14
15
16
17
18
19
20
21
22
23

3m
59
32
50
18
25
32
37
56
19

M
M
M
F
M
M
F
M
F
M

ME
ME, ML

ME
ME
ME
ME
ME
ME

P ME
P ME, HD

7
7
7
+
7
7
7
7
7
7

+
7
7
7
+
+
7
7
7
7

7
7
7
7
7
7
7
7
+
7

7
7
7
7
7
7
7
7
7
7

7
7
+
7
7
7
7
7
7
7

HSV, herpes simplex virus; VZV, varicella-zoster virus; CMV,
cytomegalovirus; HHV-6, human herpes virus 6; EBV, Epstein±
Barr virus; ME, meningitis; ML, malignant lymphoma, P ME,
purulent meningitis; HD, Harada's disease.
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rapid and simple diagnostic PCR system for
simultaneous detection of seven herpesviruses in
a single tube assay. It may also be possible to
amplify HHV-7 DNA using these primers, when
comparing the sequences between HHV-6 and
HHV-7. Rozenberg and Lebon (1991) developed a
simultaneous ampli®cation system using a single
pair of consensus primers. Recently, several studies
have been reported a multiplex PCR method in the
diagnosis of presumed viral infections of the
nervous system (Pozo and Tenorio, 1999; Read
and Kurtz, 1999; Tenorio et al, 1993). One of the
problems with multiplex PCR methods combined
with several different primers may be less sensi-
tive, and these protocols require a nested ampli®-
cation for the detection and typing of
herpesviruses. The other problem with PCR using
consensus primers is that it detects only a few
herpesviruses (Aono et al, 1994; Kidd et al, 1998;
Moschettini et al, 1998; Rozenberg and Lebon,
1991). In our PCR method combined with two
consensus primers selected from the DNA poly-
merase genes, seven herpesviruses could be
detected without affecting the sensitivity; superior
to the previous reports. In this study, four of ®ve
patients with HSE were positive for both HSV and
VZV. One patient with CMV encephalitis (CMVE)
was positive for CMV. Three of seven patients who
were diagnosed with viral encephalitis were
positive for VZV, CMV, and both VZV and CMV,
respectively. Six of 10 patients with meningitis
were implicated to have HSV, VZV, CMV or EBV.
In patients with other neurological disorders, no
herpesviruses were detected in three of four
patients. One patient with AML was positive for
CMV and EBV DNAs, suggesting reactivation of
these viruses under immunosuppression. We have
previously reported that coinfection with CMV and
EBV occurred in patients whose dialysis period
was less than 3 months, and who were in an
immunosuppressive state (Yamamoto et al, 1995b).
Aalto et al (1998) reported that primary CMV
infection could induce EBV immunoreactivation. In
contrast, EBV primary infection did not induce
immunoreactivation of CMV. Moreover, CMV
immediate early gene products can trans-activate
a variety of heterologous promoters, which have
been shown to be mediated at the RNA level
(Hermiston et al, 1987; Pizzorno et al, 1988; Davis
et al, 1987). One patient with viral encephalitis
was positive for VZV and CMV DNAs. It was
reported that rising IgG for VZV was observed in a
patient with primary CMV infection (Aalto et al,
1998). CMV appears to be an active inducer of
some, but not all herpesviruses. Four patients with
HSE were positive for both HSV-1/-2 and VZV. It
has been reported that HSV and VZV share
antigenic epitopes that may produce cross-reactiv-
ity in the antibody test (Fosgren et al, 1989). This
combination of coinfection determined by PCR was

also demonstrated in patients with acute encepha-
litis, and dual antibodies to both HSV and VZV
were present in some of these patients (Casas et al,
1996). It seems likely from these reports that
coinfection with HSV and VZV in the CNS may
be present in patients with suspected HSE, thus
implying that both agents are etiologically in-
volved. Several studies have reported the presence
of two or more herpesvirus infections, determined
by PCR, in CSF specimens (Casas et al, 1996;
Landgren et al, 1994; McElhinney et al, 1995;
Minjolle et al, 1999; Moschettini et al, 1998; Read
et al, 1997; Sudahl et al, 1994; Tang et al, 1997;
Tenorio et al, 1993). Herpesviruses induce a
concomitant release of IL-6 (Gosselin et al, 1992;
Kanangat et al, 1996; Lagneaux et al, 1996) and
this could allow the establishment or reactivation
of other infectious agents within the host, enhan-
cing the occurrence of coinfection in the CNS.
However, it is still unclear whether herpesvirus
coinfection with various patterns of combination in
the CNS increases the general severity, or alters the
clinical features. These points remain to be
clari®ed.

One advantage of our PCR method is its ability
to identify the presence of two or more herpes-
viruses within the same sample. This method was
in agreement with the results of PCR using virus-
speci®c primers as previously reported (Yamamo-
to et al, 1995a). Seven herpesviruses could be
detected at levels of 10 copies of DNA. However,
the detection level in this system is 10-fold less
than that of virus-speci®c PCR. Patients with
higher HSV-1 DNA levels (4100 copies/ml) tended
to have a more severe diseases and poorer out-
comes than patients with lower viral DNA levels
(Domingues et al, 1998). Patients with active CMV
disease of the CNS had over 1000 copies/ml
(Shinkai et al, 1995) in the CSF or 1500 copies/
105 CSF cells (Wildemann et al, 1998). The copy
number of viral DNA in the CSF of patients with
mild, atypical or recurrent infections may be
lower than the level of viral DNA present in
patients with more severe clinical courses (Mon-
teyne et al, 1996; Rose et al, 1992). The negative
results may have been under the detection levels
of viral DNA in the CSF. Alternatively, other
pathogens may have been present. Therefore, the
detection level in this system is reliable to give a
rapid diagnosis of herpesvirus-associated CNS
diseases. This system can be conveniently and
economically applied to detect and identify
herpesviruses with routine work in a diagnostic
laboratory. The procedure requires as little as
50 ml of CSF, and can be completed in a single
tube for ampli®cation of seven herpesviruses. A
successful viral isolation from CSF is exceptional,
and it takes more than 10 days to reach a
signi®cant antibody level (EchevarrõÂa et al, 1997;
Linde et al, 1997). Since CSF specimens from
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patients without overt CNS infection commonly
do not have detectable viral DNA in the CSF
(Aslanzadeh et al, 1992; Rose et al, 1992), this
detection system is suitable in CSF specimens
from patients with VRNDS. When a sample is
positive for HSV or HHV-6 DNA, it is necessary to
identify the virus by performing PCR using virus-
type speci®c primers. We selected primers from a
highly conserved region in the DNA polymerase
genes of herpesviruses. The sequences of HSV-1
and HSV-2 are highly conserved in this region,
and it is dif®cult to select virus-type speci®c
probes. As only partial sequences of HHV-6B DNA
are available by computer search, until the full
sequences of HHV-6B are available, we cannot
distinguish the HHV-6A from HHV-6B.

It is necessary for accurate diagnosis and mon-
itoring of anti-viral drug therapy to quantify the
copy number of DNA in specimens. This may give
an insight into the relationship between VRNDS
and herpesviruses infections. The presence or
absence of viral DNA is very important to elucidate
the pathogenetical role of viruses in VRNDS. In the
future, it would be useful for diagnostic laboratories
to develop a microplate hybridization technique to
quantify DNA in PCR samples.

Materials and methods

Patients and CSF specimens
Case 1 Five CSF specimens were taken from a 33-
year-old male patient who had signs and symptoms
including conjunctival hyperemia, headache, and
cognitive dysfunction. As he was positive for HSV-
IgG, VZV-IgG, and CMV-IgG titers, and had an
increasing CSF cell count, HSE was suspected.
Acyclovir and Ara-A were administered, and his
condition improved. Cognitive dysfunction re-
curred 1 month later, and elevated anti-CMV-IgG
in the CSF was observed. A brain CT demonstrated
brain edema without focal lesions. CMV encepha-
litis was suspected, and ganciclovir was adminis-
tered. No underlying diseases were found, and he
was serologically negative for HIV. The patient
made a complete recovery, and was discharged 3
months after treatment. The patient's clinical
course is shown in Figure 1A.

Case 2 Four CSF specimens were taken from an
18-year-old female patient who developed tonic-
clonic seizure after common cold symptoms. She
was healthy before this episode. The only neurolo-
gical abnormality was a single convulsion at onset
and there were no other abnormal physical or
neurological signs except for a low-grade fever.
Her electroencephalogram showed a spike and slow
wave complex of 2 Hz focused on a right poster-
iotemporal point (T6) and an MR FLAIR (Fluid-
attenuated inversion recovery) image revealed a
high signal intensity area in her right temporal

cortex. There was a decreased cerebral blood ¯ow in
the same area on a SPECT study. This lesion was
obscure on T1 and T2 MR images. CSF ®ndings
showed pleocytosis with normal glucose levels and
protein concentration. Bacterial and fungal cultures
of CSF were negative and a test for tubercles using
PCR method was also negative. Although the CSF
®ndings suggested a CNS viral infection, virological
study indicated no infection with HSV-1, HSV-2,
VZV, CMV, measles virus, mumps virus, Japanese
encephalitis virus, in¯uenza virus type A or type B.
Finally, HSV-1/-2 DNA was detected in the CSF.
After infusion of acyclovir and antibiotics, the
patient was discharged from our hospital without
further encephalitis symptoms. EEG was normal at
this point and a high intensity area of MR FLAIR
image diminished 2 months later. SPECT ®ndings
normalized 6 months later.

In addition, 31 specimens from 11 encephalitis
and 10 meningitis patients, and four specimens
from four other patients with neurological disorders
were screened for the presence of herpesviruses.
Fourteen of the patients were males, and 11 were
females. They ranged in age from 3 months to 61
years (mean+S.D., 37.0+17.1 years). Five patients
had HSE, including suspected HSE, six had viral
encephalitis, eight had meningitis, two had puru-
lent meningitis, and four had other neurological
disorders as complications; one had mucocuta-
neous lymphnode syndrome (MCLS) and sepsis,
one had sepsis, one had associated malignancy
(acute myeloblastic leukemia; AML), and one had a
subarachnoid hemorrhage. The clinical diagnoses
of 21 patients with encephalitis and meningitis are
shown in Tables 2 and 3.

Cell culture and preparation of negative and
positive controls
Vero cells infected with HSV-1 (HF strain) and HSV-
2 (UW strain) and human embryo lung (HEL) cells
infected with CMV (Town strain) were harvested
when a cytopathic effect greater than 80% was
observed. A cell suspension of the EBV-containing
Raji cells line was used. Human cellular DNA was
prepared from HEL cells. The cells were centrifuged
and resuspended in a TE buffer (10 mM Tris-HCl,
pH 8.3, 1 mM EDTA) containing 1% sodium
dodecyl sulfate (SDS) and 100 m/ml proteinase K.
After incubation at 568C for 60 min, the lysate was
extracted with phenol/CHCl3, and the DNA was
precipitated using 2 volumes of ethanol/300 mM
sodium acetate (pH 5.2) prior to harvesting by
centrifugation. The pellet was resuspended in TE
buffer. VZV (a gift from Dr K Hirai), HHV-6A (HST
strain) and -6B (U1102 strain) (a gift from Dr K
Yamanishi) DNAs were also used.

To obtain well-characterized positive controls
and to determine the sensitivity of the PCR assay
using consensus primers, a clone containing the
complete target sequence for each herpesvirus was
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obtained. A region of the DNA polymerase gene
from each herpesviral DNA was ampli®ed and
cloned into a pGEM-T Easy vector (pGEM-T Easy
vector system: Promega, Madison, WI, USA).

PCR ampli®cation by consensus primers
DNA was extracted from CSF by treatment with
glass powder (Glassmilk. BIO101 Inc., CA, USA), as
described previously (Yamamoto et al, 1995a).
Brie¯y, 50 ml of 6 M Guanidine thiocyanate, 3.5 ml
of 2 M NaCl, and 10 ml of Glassmilk were added to
50 ml of a CSF sample. After incubation and
washing in a washing buffer (50% ethanol, 10 mM
Tris-HCl, pH 7.4, and 50 mM NaCl), the DNA bound
to glass powder was extracted using 50 ml of DW at
558C for 15 min followed by centrifugation. To
detect the DNAs of HSV-1/-2, VZV, CMV, HHV-6,
and EBV simultaneously, consensus primers should
be selected from highly conserved sequences among
the target genes. Two sets of primer pairs were
chosen within the DNA polymerase genes of
herpesviruses (Teo et al, 1991). 5'-DIG-labeled
oligonucleotide probes, which enable distinction
between the different types of herpesviruses, were
synthesized by Roche Diagnostic Inc. (Tokyo,
Japan). The sequences of primers and probes are
shown in Table 1.

One ml of DNA was added per 20 ml of reaction
mixture. Two pairs of primers were combined in the

reaction mixture, after ensuring the sensitivity was
unaffected. The reaction mixture contained 1 mM of
each primer, 250 mM of each deoxynucleoside
triphosphate, 16PCR buffer, and 1.5 U of Taq
polymerase (Roche Diagnostic Inc.). PCR was
performed under the following conditions: dena-
turation at 948C for 1 min, annealing at 558C for
1 min, extension at 728C for 1 min (40 cycles), and
®nal extension at 728C for 5 min. Five ml of the
ampli®ed products were analyzed by electrophor-
esis on 1.8% agarose containing 0.5 mg/ml of
ethidium bromide, and visualized under UV light.

Southern blot hybridization
Southern blot hybridization with DIG-labeled oli-
gonucleotide probes speci®c for each virus was
carried out according to the manufacturer's method
(Roche Diagnostic) at 428C. After hybridization,
positive signals were visualized by development
with nitroblue tetrazolium chloride (NBT)/bromo-
chloroindolyl phosphate (BCIP).
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