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The description and evaluation of a PCR-based assay for the detection and species identification of the eight
known human herpesviruses are presented. Two primer pairs targeting well-conserved regions of the genome
allowed the amplification of the DNAs of all known human herpesviruses at a high level of sensitivity (10 to 100
genome copies for most viruses). Identification of the virus species was achieved through restriction enzyme
digestion with BamHI and BstUI, which yielded fragment sizes that were characteristic for each herpesvirus.
Furthermore, it was demonstrated that this restriction enzyme panel allowed the discrimination between
human herpesvirus 6 variant A and variant B. This assay format was validated over the course of 1 year in a
clinical virology laboratory setting, where it was shown that it readily detected human herpesviruses, including
occasional multiple infections, in a variety of clinical samples. The PCR assay was compared to isolation and
electron microscopy for the detection of herpes simplex (HSV) and varicella-zoster virus (VZV) in clinical
samples. All specimens positive by conventional methods were also positive by PCR. However, in a number of
clinical specimens in which HSV or VZV could not be detected by conventional methods, PCR was able to

demonstrate the presence of the virus.

To date, eight human viruses of the family Herpesviridae
have been identified, namely, herpes simplex virus (HSV) type
1 (HSV-1), herpes simplex virus type 2 (HSV-2), varicella-
zoster virus (VZV), Epstein-Barr virus (EBV), cytomegalovi-
rus (CMV), human herpesvirus 6 (HHV-6), human herpesvi-
rus 7 (HHV-7), and human herpesvirus 8§ (HHV-8) (1, 19).
Whereas some of these agents have been known for decades
and are well characterized, less is known about the pathogenic
potentials of the more recently described members of this
family. The eventual understanding of the full spectrum of
disease caused by these viruses relies on the availability of
appropriate diagnostic approaches for their detection.

While classical diagnostic laboratory methods such as elec-
tron microscopy, immunofluorescence microscopy, or viral iso-
lation are well established for HSV-1, HSV-2, VZV, and
CMYV, the meaningful detection of viruses such as EBV,
HHV-6, HHV-7, and HHV-8 remains more challenging in the
diagnostic setting. Tests based on PCR have therefore assumed
an important role for the laboratory detection of these agents.
Even for viruses such as HSV which can be readily isolated,
diagnosis by PCR has become the “gold standard” for some
diseases such as herpetic encephalitis (3, 22, 29, 31). Because
infection with different or multiple species of herpesviruses can
cause similar symptoms, PCR tests have been designed to
detect more than one herpesvirus at a time. Methods used to
achieve this have included parallel PCRs, multiplex PCRs with
several primer pairs, and tests with a consensus primer pair
targeting conserved genomic regions. Methods for subsequent
confirmation of the species of the virus detected have included
hybridization with a species-specific probe, nested PCR with
species-specific primers, and restriction enzyme analysis (4, 9,
21, 25-27, 29).

In this study we present the first comprehensive PCR assay
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for the detection and species identification of all eight known
human herpesviruses, including differentiation between HHV-6
variant A (HHV-6A) and variant B (HHV-6B). The detection
of herpesviruses in this assay is based on PCR with two primer
pairs, followed by restriction enzyme analysis with BarmHI and
BstUIL

MATERIALS AND METHODS

Herpesvirus DNAs. Template DNAs of HSV-1, HSV-2, and CMV were ob-
tained from Sigma (catalog nos. D9416, D9541, and D9166, respectively). Tem-
plate DNA of EBV was extracted from a defined number of Namalwa cells, a line
which contains two EBV genome copies per cell (24). Template DNA for VZV
PCR was synthesized by long PCR (see below) from a clinical isolate of VZV
from a patient with varicella obtained from the Diagnostic Virology Laboratory
of our institution. Template DNA of HHV-6A was synthesized by long PCR
from DNA extracted from the supernatant of a culture of the cell line HSB2
infected with HHV-6A, provided by Carla Osiowy, Laboratory Centre for Dis-
ease Control, Winnipeg, Manitoba, Canada. Kaposi’s sarcoma biopsy specimens
and a non-Hodgkin’s lymphoma specimen positive for HHV-8 were provided by
Giorgio Inghirami, Department of Pathology, New York University Medical
Center.

DNA sequence analyses. DNA sequence analyses were performed with Gene
Runner for Windows, version 3.04 (Hastings Software). The GenBank accession
numbers for the DNA sequences used were as follows: HSV-1, X14112; HSV-2,
786099; EBV, V01555; CMV, M14709; HHV-8, U93872; VZV, X04370; HHV-
6A, X83413; HHV-6B, AF157706; and HHV-7, U43400.

Primers. Primers were designed to bracket a well-conserved region in the
DNA polymerase gene, based on an alignment of the DNA sequences of the
eight known human herpesviruses (Fig. 1A and B).

Primer pair HSV-P1 (5'-GTGGTGGACTTTGCCAGCCTGTACCC-3") and
HSV-P2 (5'-TAAACATGGAGTCCGTGTCGCCGTAGATGA-3') was used to
amplify HSV-1, HSV-2, EBV, CMV, and HHV-8. Primer pair VZV-P1 (5'-GT
CGTGTTTGATTTTCAAAGTTTATATCC-3") and VZV-P2 (5'-ATAAACAC
ACAATCCGTATCACCATAAATAACCT-3") was used to amplify VZV,
HHV-6 (variant A or B), and HHV-7. The characteristics of the expected
amplicons for each virus are listed in Table 1.

PCR. Each reaction was performed in a 0.6-ml tube (PRE 050; Diamed) in a
total volume of 50 wl overlaid with 50 wl of mineral oil. Each reaction contained
5 pl of 10X Cetus buffer IT (Perkin-Elmer), 5 ul of 25 mM MgCl,, 5 ul of a
deoxynucleoside triphosphate mixture (each deoxynucleoside triphosphate at a
concentration of 2 mM; Pharmacia), 2.5 ul of dimethyl sulfoxide (DMSO; Sig-
ma), 37.5 pmol of each primer, 0.5 pl (2.5 U) of Amplitaq Gold (Perkin-Elmer),
and molecular-grade double-distilled water to a volume of 40 pl. The master
mixture was then divided into aliquots and placed in tubes, to which 10 pl of
template DNA, dissolved in molecular-grade water, was added. PCR was per-
formed on a Stratagene Robocycler 40 instrument.

With the HSV-P1 and HSV-P2 primer pair the cycling parameters were initial
preincubation at 95°C for 12 min; then 3 cycles consisting of 95°C for 1 min, 60°C
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A CCGTGETGET ACCCCAGCAT CAT c template used for the spike) and a water specimen as an additional negative
CCAGGC control to rule out contamination of the reagents or by aerosols, were then
ggg:ll’l o subjected to PCR as described above.
HEV-2 ceo 9t Restriction enzyme digestion. Each reaction mixture in which amplicons were
EBV G, .mC e detected was subjected to digestion with the restriction enzymes BamHI (Life
CMV ... ...JrTC. .. ..AT.... Technologies) and BstUI (New England Biolabs). The digestion mixture con-
HHV-8 .. oo o PR S A..G sisted of 10 ul of PCR mixture, 1.5 pl of the appropriate enzyme buffer, 1 pl of
VZV G...| .T..a..T.. A..T...... enzyme, and 2.5 pl of double-distilled water for a total volume of 15 wl. The
HHV-6A  .TACC +TefGowen. T..GAT...G reaction mixtures were incubated for 1 h at 37°C (BamHI) or 60°C (BstUI).
32\‘;:; 1 ARCAGE : op..T.. T..GAT...T Extraction of DNA from clinical samples. (i) CSF. DNA was extracted from
helis cerebrospinal fluid (CSF) by a guanidine thiocyanate (GTC) method (23), as
follows. To 100 wl of CSF were added 400 pl of extraction buffer (5.75 M
B Q v I Yeé DTDS MFTI RCR guanidine thiocyanate [G9277; Sigma], 50 mM Tris [pH 7.4], 50 ug of glycogen
CAGGTC ATCTACGGGG ACACGGACTC CATGTTTATC CGGTGCAGGG [901393; Bochringer-Mannheim] per ml, 10 pl of B-mercaptoethanol [Sigma] per
CHSV-P2 L. ........ L A R ml). The preparation was agitated on a vortex mixer and incubated for 10 min at
HSV-1 P © ©0©0C0C000 0000000000 ©0d Cooded room temperature. After the addition of 500 pl of isopropanol, the preparation
HSV-2 BP0 COCOOCO000 DDOOOOACH0 HOT o was then further agitated and centrifuged at 12,000 X g for 20 min at room
EBV MeW. . .cco00000 0000000000 .
oMV P . temperature. The supernatant was remqved and the pellet was washed w1Fh SQ%
HHV-8 A. .7, ethanol and centrifuged further for 2 min at 12,000 X g. The pellet was air dried
vZv al...T ..T. .A.. and resuspended in 25 pl of molecular-grade water.
HHV-6A G....A ..T..T. ..RA (ii) Blood, serum, and tissue. The Blood and Tissue QIAamp extraction kit
HHV-7 Gt...G ..T..T..T. .T..T... . -ARA (Qiagen) was used to extract DNA from blood, serum, and tissue according to
cVZV-P2 coct ociodiio e dloooodiel® itocooocd the manufacturer’s recommendations.

FIG. 1. Alignments of herpesvirus DNA polymerase gene sequences. Dots
indicate similarities with the consensus sequence on top. (A) Homology in the
region from positions 64941 to 64990 in the HSV-1 sequence, along with the
sense primers HSV-P1 and VZV-P1. (B) Homology in the region from positions
65447 to 65492 in the HSV-1 region which codes for the YGDTDS motif, along
with the complement of the antisense primers HSV-P2 and VZV-P2 (cHSV-P2
and cVZV-P2, respectively).

for 1 min, and 72°C for 1 min; then 37 cycles of 95°C for 1 min, 55°C for 45 s, and
72°C for 1 min; and then a final incubation at 72°C for 3 min. With the VZV-P1
and VZV-P2 primer pair the cycling parameters were initial incubation at 95°C
for 10 min and then 40 cycles consisting of 95°C for 1 min, 47°C for 1 min, and
72°C for 1 min, followed by a final incubation at 72°C for 3 min. A 10-pl volume
of each reaction mixture was subjected to electrophoresis on 1.5% agarose gels
containing ethidium bromide. The gels were visualized on a UV transilluminator
and photographed.

Precautions against PCR contamination. PCR reagents were prepared before
each assay in a master mixture that was then aliquoted. The preparation of the
master mixture, the extraction of the DNA and the addition of the template to
the PCR mixture, and the thermal cycling were performed in three different,
well-separated rooms, each with its own dedicated set of micropipettes and
gowns. General precautions against contamination, including systematic use of
aerosol-barrier-protected pipette tips, frequent changes of gloves, and frequent
decontamination of surfaces with UV light and sodium hypochlorite, were strictly
adhered to.

PCR controls. For each clinical sample, extracted DNA was recovered in a
defined volume of double-distilled H,O as described below. One aliquot of 10 pl
was tested in a PCR mixture “as is,” and a second aliquot of 10 ul was tested in
a PCR mixture spiked with a defined amount of template to control the integrity
of the reaction mixture and to rule out the presence of PCR inhibitors originating
from the sample. For the PCR with the HSV-P1 and HSV-P2 primer pair the
spike consisted of approximately 1,500 genome copies of CMV DNA. For PCR
with the VZV-P1 and VZV-P2 primer pair, the spike consisted of 1.2 pl of a
dilution of DNA from an HHV-6A culture supernatant, containing approxi-
mately 10 to 100 genome copies. In addition, for each PCR run of up to 10
samples, an aliquot of phosphate-buffered saline was also submitted to DNA
extraction as a negative control. The extracts, along with a positive control (same

Templates for quantitation of PCR sensitivity for VZV and HHV-6. DNA was
extracted from the designated cells or culture supernatant by the GTC method,
as outlined above. Amplicons which included the region targeted by the VZV-P1
and VZV-P2 primer pair were generated by long PCR by a previously described
method (30).

For VZV, the primers used were VZVLA-1 (5'-GTTGCTACTTGGAATGT
AGACGAGCGTACAAATTGTG-3") and VZVLA-2 (5'-GCATCAAAGGTA
ATAAAGCCAAATCAGAGTCCG-3"), which bracketed a 5.5-kb region of the
genome. For HHV-6, the primer pair HHV6LA-1 (5'-ACAGATGCTTCGCA
AATACAGTCAACGATCAC-3") and HHV6LA-2 (5'-TAGGCACTGGATTG
GGCTCGGTTATAAGTG-3"), which bracketed a 5.4-kb region, was used. For
both long PCRs, the cycling parameters were as follows: 35 cycles consisting of
99°C for 35 s, 67°C for 30 s, and 68°C for 8 min. The PCR mixtures were then
submitted to agarose gel electrophoresis. After visualization of the gels by
ethidium bromide staining, bands of the expected size were excised and purified
with the Geneclean II kit (Bio 101) according to the manufacturer’s recommen-
dations. The DNA concentrations of the purified amplicons were determined by
agarose gel electrophoresis and ethidium bromide staining, using the High DNA
Mass Ladder (Life Technologies) as a concentration standard. Templates with a
range of copies of DNA were then prepared by serial 10-fold dilutions in mo-
lecular-grade water, aliquoted, and frozen.

Sequencing. The amplicons to be sequenced were excised from agarose gels,
purified with the Jetsorb kit (Genomed, Frederick, Md.), and subjected to se-
quencing reactions in both directions with Thermosequenase (Amersham Can-
ada Ltd., Oakville, Ontario, Canada). This was performed by the DNA Sequenc-
ing Facility, Center for Applied Genomics, Hospital for Sick Children.

Isolation in cell culture. Isolation of HSV-1, HSV-2, VZV, and CMV was
performed by standard techniques (2, 15, 13).

Electron microscopy. Vesicular fluid samples dried on a glass slide were
resuspended in 1% ammonium acetate and applied to Formvar- and carbon-
coated electron microscopy grids and stained with 2% phosphotungstic acid. The
grids were examined with a Philips EM 300 electron microscope at a magnifica-
tion of X50,000.

RESULTS

Sensitivity. The sensitivity of the PCR assay with the
HSV-P1 and HSV-P2 primer pair was assessed with serial

TABLE 1. Characteristics of amplicons as predicted by DNA sequencing

Virus Length (bp) % G+C content ?gomsli;liloil)t‘? BstUI site(s) [position(s)]*
HSV-1 532 66.2 No site 228, 361, 383, 397, 404, 418, 420, 476
HSV-2 532 67.3 230 88, 167, 194, 228, 383, 397, 402, 404, 406, 418, 420, 476
EBV 538 62.8 252 258
CMV 604 59.4 No site 164, 221, 233, 372, 383, 405, 483, 511, 570
HHV-8 526 54.6 No site 208
vzv 536 40.3 No site 228, 283
HHV-6 variant A 533 445 246 No site
HHV-6 variant B 533 44.7 246 167
HHV-7 533 37.9 No site 470

“ The positions of restriction sites refer to the first base pair of the restriction site.
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FIG. 2. Restriction enzyme digestion pattern for each human herpesvirus. Digestion reaction mixtures were electrophoresed on 1.5% agarose gels. On each panel
the gel is flanked by a 100-bp ladder (Life Technologies). (A) HSV-1 and HSV-2. Only the larger fragments of the BsfUI digestion can be seen, but they are readily
distinguishable. (B) CMV and EBV. The CMV amplicon migrates noticeably more slowly than the other amplicons. For CMV, only the larger fragments of the BstUI
digestion can be seen, but they are readily distinguishable. (C) HHV-8. On the right-hand side, the expected HHV-8 pattern was obtained after PCR with a Kaposi’s
sarcoma sample. On the left-hand side, PCR with a non-Hodgkin’s lymphoma (NHL) sample showed a mixed infection with EBV and HHV-8. (D) VZV and HHV-7.
(E) HHV-6A and HHV-6B have the same BamHI patterns but have distinct BstUI patterns.

dilutions of DNA from well-characterized templates of defined
concentration. The limiting sensitivities measured were 10 to
100 genome copies for HSV-1, HSV-2, and EBV and 400
genome copies for CMV. Similarly, the sensitivity of the PCR
assay with the VZV-P1 and VZV-P2 primer pair was shown to
be 10 to 100 genome copies for VZV and 1 to 10 genome
copies for HHV-6A.

Species identification by restriction enzyme digestion. Am-
plicons obtained by PCR from the template DNAs described
above were subjected to restriction endonuclease digestion
with BamHI and BstUI. After digestion and electrophoresis,
each viral DNA yielded a characteristic fragment pattern that
corresponded to that predicted by DNA sequence analysis.
Even though HSV-1, HSV-2, and CMV are cut at multiple
sites by BstUI (8, 12, and 9 times, respectively), the larger
fragments are clearly distinguishable and form a pattern
unique for each virus. In addition, the undigested CMV am-
plicon of 604 bp migrated noticeably slower by agarose gel
electrophoresis than the 526- to 536-bp amplicons obtained
from the other herpesviruses (Table 1 and Fig. 2).

At the start of this study, the sequence of the DNA poly-
merase gene of HHV-6B had not been determined and the
restriction enzyme digestion pattern for HHV-6B shown in
Fig. 1 could not have been predicted. As clinical samples were
being analyzed by PCR, several instances of this new pattern
were encountered. Amplicons obtained from four different

samples that displayed this new pattern were sequenced di-
rectly. The sequences determined from both strands of a
370-bp segment from amplicons from all four samples were
identical and displayed 14 nucleotide differences from the cor-
responding segment of HHV-6A (with one of these differences
accounting for the BstUI site). This new sequence clearly iden-
tifies an HHV-6 variant. Since these observations were made,
two different strains of HHV-6B have been sequenced (11, 17)
and they showed the same 14 nucleotide differences from the
sequence of HHV-6A that we found in our variants. This
demonstrated that whereas amplicons from HHV-6A and
HHV-6B have the same BamHI site, they can be differentiated
by the restriction pattern obtained by BstUI digestion.

In several instances we obtained amplicons from a number
of clinical samples which, on digestion with restriction en-
zymes, yielded the pattern predicted for HHV-7 (Fig. 2). Fi-
nally, when DNA extracted from two Kaposi’s sarcoma biopsy
specimens and two samples of non-Hodgkin’s lymphoma known
to be positive for HHV-8 were subjected to the PCR assay with
the HSV-P1 and HSV-P2 primer pair, the presence of an
amplicon with the restriction pattern predicted for HHV-8
(Fig. 2) was demonstrated. Furthermore, the presence of EBV
was demonstrated in three of these samples. By contrast, by
use of the primers of Rozenberg and Lebon (27) with DNA
from the dually infected Kaposi’s sarcoma biopsy specimen, it
was possible to amplify only the EBV DNA (data not shown).



VoL. 38, 2000

For all the samples analyzed that gave rise to amplicons of
the predicted size, the restriction patterns were always those
predicted by DNA sequence analysis or the pattern we now
know to be predicted for HHV-6B. In all cases in which a virus
was also isolated by cell culture (HSV-1, HSV-2, VZV, CMV),
the identification obtained by typing by immunofluorescence
microscopy with reference monoclonal antibodies was in
agreement with that determined by the PCR assay followed by
restriction fragment analysis. In rare cases involving large
amounts of HSV-1 DNA, very faint bands of the expected size
for HSV-2 digestion products were detected in the digestion
reaction with BamH]I, but the fragments predicted from diges-
tion of HSV-2 with BstUI were lacking. In these rare cases the
presence of HSV-2 was ruled out by performing an additional
digestion with MscI, which cuts the HSV-2 amplicon (the Mscl
site is at nucleotide 205) but does not cut the HSV-1 amplicon.

Detailed review of clinical samples. A brief survey of the
results obtained over a 1-year period for the samples submitted
from patients in our institution, which include immunocom-
promised and cancer patients, as well as organ transplant re-
cipients, is presented below.

(i) CSF. A total of 226 CSF samples were tested. Of these,
eight were positive for HSV-1, one was positive for HSV-2, five
were positive for VZV, seven were positive for EBV, one was
positive for CMV, two were positive for HHV-6A, one was
positive for HHV-6B, and two were positive for HHV-7.

(ii) Vesicular cutaneous lesions and mucocutaneous ulcers.
Over a 1-year period, 156 lesion scrapings, aspirates, or swabs
from suspected herpetic lesions were submitted for detection
of HSV by PCR (with primers HSV-P1 and HSV-P2). Of
these, 50 were positive for HSV-1; EBV was detected in 19
samples and CMV was detected in 2 samples. Similarly, 110
samples from suspected chicken pox or shingles lesions were
submitted for detection of VZV by PCR (with the VZV-P1
and VZV-P2 primer pair). Of these, VZV was detected in 42
samples, HHV-6B was detected in 1 sample, and HHV-7 was
detected in 5 samples.

Fluid from vesicular lesions caused by HSV or VZV usually
contains a high concentration of viruses, which can readily be
demonstrated by electron microscopy. A subset of samples
from vesicles were prospectively tested by PCR, electron mi-
croscopy, and virus isolation. Ten samples were positive for
HSV-1; all 10 samples were positive by PCR, 7 were positive by
all three tests, 2 were positive by PCR and isolation, and 1 was
positive by PCR and electron microscopy. As well, 29 samples
were positive for VZV; all 29 samples were positive by PCR, 14
were positive by all three tests, and 13 were positive by PCR
and electron microscopy.

In contrast to vesicular lesions, the viruses in herpetic ulcer-
ative lesions are more difficult to detect by either electron
microscopy or viral isolation. Swabs from ulcerative lesions
were prospectively tested by viral isolation (for HSV) and
PCR. Of 22 specimens positive for HSV-1, all were positive by
PCR but only eight were also positive by viral isolation. Thus,
the use of PCR allowed detection of a virus that would other-
wise have been missed. In addition, a number of other viruses
were detected by PCR in such lesions, including CMV in one
sample, EBV in 14 samples (2 samples also contained HSV-1),
HHV-6 in 1 sample (along with HSV-1), and HHV-7 in 2
samples.

(iii) Tissues and bodily fluids (other than CSF or blood).
Whenever possible (as the quantity of clinical material was
often limiting) the samples were analyzed by the PCR assays
with both pairs of primers. Over a 1-year period, 159 samples
were analyzed with the HSV-P1 and HSV-P2 primer pair; 116
of these were also analyzed with the VZV-P1 and VZV-P2
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primer pair. In all, 72 samples were positive for at least one
virus (12 were positive for two viruses).

In the PCR assay with primers HSV-P1 and HSV-P2, nine
samples were positive for HSV-1, including two brain biopsy
specimens, two gastrointestinal biopsy specimens (one was also
positive for HHV-7), one oral cavity biopsy specimen, one
pleural fluid aspirate, one bronchoalveolar lavage specimen,
one liver biopsy specimen (which was also positive for HHV-
6B), and one bone marrow aspirate. The last two samples were
from a bone marrow transplant recipient with disseminated
HSV-1 disease. Forty-eight samples were positive for EBV,
including 8 bone marrow aspirates, 8 lymphoid tissue biopsy
specimens (1 was also positive for HHV-6B), 12 gastrointesti-
nal biopsy specimens (3 were also positive for HHV-7), 8 lung
biopsy specimens (2 were also positive for CMV and 2 others
were also positive for HHV-6B), 4 bronchoalveolar lavage
specimens (1 was also positive for HHV-6B), 2 brain biopsy
specimens, 2 liver biopsy specimens, 1 heart biopsy specimen,
1 mediastinal mass biopsy specimen, and 2 peritoneal fluid
samples.

Five samples were positive for CMV, including one bone
marrow aspirate, two lung biopsy specimens (that were also
positive for EBV), and two bronchoalveolar lavage specimens.

In the PCR assay with primers VZV-P1 and VZV-P2, five
samples were positive for VZV. One was a lung biopsy speci-
men. One was a skin biopsy specimen from a newborn with
congenital VZV infection. Also positive were a liver biopsy
specimen and a bone marrow aspirate from a bone marrow
transplant recipient with disseminated VZV infection. Finally,
a gastric biopsy specimen from another bone marrow trans-
plant recipient with disseminated VZV infection was also pos-
itive. Nine samples were positive for HHV-6. Among these,
HHV-6B was found in three lung biopsy specimens (two were
also positive for EBV), one bronchoalveolar lavage specimen
(along with EBV), one lymph node biopsy specimen (along
with EBV), one liver biopsy specimen (along with HSV-1), one
gastrointestinal biopsy specimen (along with HHV-7), and one
sputum sample (along with HHV-7). As well, HHV-6A was
found in one brain biopsy specimen. Nine samples were posi-
tive for HHV-7, including eight gastrointestinal biopsy speci-
mens (one was also positive for HSV-1, two were positive for
EBV, and one was positive for HHV-6B) and one sputum
sample (which was also positive for HHV-6B).

(iv) Blood and serum samples. In all, 35 blood or serum
samples were tested by the PCR assay with the HSV-P1 and
HSV-P2 primer pair and 26 were also tested with the VZV-P1
and VZV-P2 primer pair. Whenever possible, a sample that
tested positive by use of DNA extracted from a whole-blood
sample was also tested by use of DNA extracted from plasma
(with the blood cells having been removed by centrifugation)
to attempt to differentiate between latent and actively repli-
cating viruses (10, 28). A total of eight samples were found to
be positive by the PCR assays. Five samples were positive for
EBV with whole blood only (plasma samples were negative).
Two samples were positive for VZV, one with both whole
blood and plasma and the other with serum (whole blood was
not tested). These were obtained from the two patients with
disseminated VZV infection mentioned above. One sample
was positive for HHV-6B with both whole blood and plasma;
this patient had just received a bone marrow transplant, which
then failed to engraft.

Toward an integrated multiplex herpesvirus group PCR.
Amplicons generated with the HSV-P1 and HSV-P2 primer
pair have high G+C contents, particularly amplicons from
HSV-1 (66.2%) and HSV-2 (67.3%), and their successful syn-
thesis requires the presence of DMSO in the PCR mixture. In
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contrast, the amplicons generated with the VZV-P1 and
VZV-P2 primer pair have much lower G+C contents (from
44.7 to 37.9%) and their synthesis does not require DMSO,
although it was found that the presence of DMSO did not
significantly affect the sensitivity of the PCR assay for VZV
and HHV-6A. Consequently, all the PCR assays in this study
were performed in the presence of DMSO. Because of the
lower melting temperature of the VZV-P1 and VZV-P2
primer pair, the annealing temperature for the PCR with this
pair had to be lowered from 55 to 47°C. It was found that PCR
with the HSV-P1 and HSV-P2 primer pair could be done at an
annealing temperature of 47°C, although with some lots of
primers HSV-P1 and HSV-P2 artifactual bands were gener-
ated, in addition to the predicted amplicons. This problem is
currently being investigated. Samples containing two viruses
constituted a minority of the samples and usually involved at
least one of the lymphotropic viruses (EBV, HHV-6, or HHV-
7). We found that the more complicated restriction pattern
that resulted from the presence of DNA from two viruses could
still be readily interpreted.

DISCUSSION

A PCR test for herpesviruses with the primers and restric-
tion enzymes originally described by Rozenberg and Lebon
(27) was introduced into our laboratory in 1992. As the se-
quences of the other human herpesvirus genomes became
available, the PCR was redesigned and a comprehensive test
for all known human herpesviruses was developed. The prim-
ers designed by Rozenberg and Lebon (27) are anchored in
highly conserved regions of the DNA polymerase gene; one of
these codes for the YGDTDS motif present in many viral
DNA polymerases (18). As the alignments in Fig. 1 show,
primers akin to those of Rozenberg and Lebon (27) should be
able to amplify HHV-§, in addition to HSV-1, HSV-2, EBV,
and CMV. It was indeed shown that with primers HSV-P1 and
HSV-P2 the DNAs of these five viruses could be amplified. Of
note, of the four samples in which HHV-8 was detected, EBV
was also present in three samples. The frequent association
between the presence of HHV-8 and EBV has been noted
previously and may play a role in pathogenesis (16). Figure 1
also suggests that the remaining herpesviruses have too many
differences to be accommodated with primers that amplify the
five viruses mentioned above. However, a different pair of
primers could be used to amplify VZV, HHV-6, and HHV-7
DNAs, and it was shown that by use of the VZV-P1 and
VZV-P2 primer pair, this could be accomplished with a high
degree of sensitivity. It is surprising that the segregation of the
human herpesviruses into two groups by these primer pairs
also corresponded to their G+C content (Table 1) but not to
the phylogenetic grouping based on the complete genome (19).

The BamHI enzyme originally recommended by Rozenberg
and Lebon (27) for differentiation of viruses was retained, but
BstUI was used as a second enzyme. Both enzymes work well
without having to purify the amplicons from the PCR mixture,
and the restriction fragments unequivocally identify all eight
viruses since all viral DNAs are cut by at least one enzyme,
enabling verification of restriction fragment sizes. Even for
amplicons cut several times by BstUI, the larger fragments are
readily identifiable. The sequence of the DNA polymerase
gene of HHV-6B was determined while our study was under
way, but this helped us to show that these restriction enzymes
can further distinguish between HHV-6A and HHV-6B (11,
14, 17). Although the nucleotide sequences of HHV-6A and
HHV-6B are approximately 90% identical, there is no genetic
gradient between the two, and to date there have been no
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reports of recombinant virus (11). It has been proposed that
HHV-6A and HHV-6B are in fact distinct virus species (8, 11).
The use of these PCR assays with clinical samples in our
institution illustrated that, with the exception of HHV-§, each
virus could be detected repeatedly and reproducibly. Only a
small number of samples were positive for HSV-2, which
would be expected for a pediatric patient population. Indeed,
HSV-2 was commonly detected in CSF samples from adult
patients referred by other institutions (data not shown). Sim-
ilarly, HHV-8, a virus encountered less frequently than other
herpesviruses (19), is, furthermore, expected to be very rarely
encountered in a pediatric population in North America (7). In
each case in which a virus was also isolated, the type obtained
with reference monoclonal antibodies agreed with that ob-
tained by PCR. The only problem identified with the restric-
tion enzymes chosen is that occasionally, when a large amount
of the HSV-1 DNA amplicon was digested, faint bands corre-
sponding to those expected with a BamHI digest of HSV-2
were noted. It is believed that samples with these results can-
not be reported as having a mixed infection unless the BstUI
bands of HSV-2 or the HSV-2 bands predicted from digestion
with MscI on a supplementary digestion are apparent. Of note,
HSV-1 is only 1 bp away from having the same BamHI site as
HSV-2. It is hypothesized that these faint bands that corre-
spond to the pattern of HSV-2 may be attributable to a PCR
mistake, the presence of a minority of HSV-1 mutants in a
large population, or a star effect (although the star effect doc-
umented for BamHI is reported to be quite different [12]).

For vesicular lesions caused by HSV and VZV, even though
we found that PCR was the most sensitive detection modality,
as others have reported (5, 20), it was remarkable that detec-
tion by electron microscopy had a comparable sensitivity. Elec-
tron microscopy constitutes the most rapid diagnostic modality
(10 to 20 min for staining and examination) and therefore
remains a worthwhile procedure if an appropriate instrument
is available (6). In contrast, isolation of VZV from vesicular
fluid or even of HSV-1 from ulcers had a substantially lower
sensitivity. With the very high sensitivity seen by this PCR
assay, it may be possible to consider this an acceptable test to
actually rule out herpesvirus infection. Although vesicular and
ulcerative lesions caused by either HSV or VZV are commonly
seen in a pediatric setting, they also have serious implications
for immunocompromised patients and for maintenance of in-
fection control.

Difficult diagnostic problems occur with the lymphotropic
viruses (EBV, HHV-6, HHV-7, HHV-8), since they can re-
main latent in lymphocytes without actively replicating. Their
detection by PCR in various tissues (or bodily fluids) may
therefore merely reflect a lymphocytic infiltration for reasons
unrelated to these viruses. Alternatively, they may also con-
tribute to disease. In some cases it may be useful to demon-
strate the presence of virions in the plasma as an indication of
occurrence of the lytic cycle (10, 28). In one such occurrence
we found actively replicating HHV-6 in a patient whose bone
marrow transplant failed to engraft, a problem that has been
previously associated with HHV-6 (8, 10). The full spectrum of
diseases caused by the herpesviruses remains to be established,
and it is hoped that the simplicity and sensitivity of the method
that we have described here will contribute to the realization of
this goal.

In summary, we have described and validated two PCR tests
which, when coupled with digestion with a panel of two restric-
tion enzymes, can amplify and identify all eight human herpes-
viruses and distinguish between HHV-6A and HHV-6B. In
their current state of development, these procedures are sim-
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ple, streamlined, and cost-effective. They are well-suited for
the clinical laboratory and can be performed within a day.
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