
JOURNAL OF CLINICAL MICROBIOLOGY, Mar. 2003, p. 1256–1258 Vol. 41, No. 3
0095-1137/03/$08.00�0 DOI: 10.1128/JCM.41.3.1256–1258.2003
Copyright © 2003, American Society for Microbiology. All Rights Reserved.

Detection and Species-Level Identification of Primate Herpesviruses
with a Comprehensive PCR Test for Human Herpesviruses
Grant Johnson,1 Daryl Dick,2 Melissa Ayers,1 Martin Petric,1 and Raymond Tellier1*

Division of Microbiology, Hospital for Sick Children, Toronto, Ontario,1 and Special Pathogens Program,
Canadian Science Centre for Human and Animal Health, Winnipeg, Manitoba,2 Canada

Received 12 August 2002/Returned for modification 4 December 2002/Accepted 15 December 2002

A comprehensive assay for the identification of all eight human herpesviruses has been previously reported.
This assay was extended to the detection and species-level identification of herpes B virus (Cercopithecine
herpesvirus 1) and African green monkey cytomegalovirus (Cercopithecine herpesvirus 5), two herpesviruses of
relevance to the clinical virology laboratory.

A previous report from our laboratory described a compre-
hensive PCR-based method for the detection and species-level
identification of all known human herpesviruses (1). In this
study we report on the application of this protocol to the
detection and species-level identification of two primate her-
pesviruses.

Herpes B virus (Herpesvirus simiae, Cercopithecine herpesvi-
rus 1 [CeHV-1]) is an alphaherpesvirus commonly found in
macaques, such as the rhesus monkey (Macaca mulatta), and is
highly pathogenic for humans. Infection can be acquired
through direct contact of mucosa or broken skin with saliva or
secretions from an infected shedding macaque, by a monkey
bite (2, 9), or from infected primary rhesus monkey cells in
tissue culture (8) used in clinical and research laboratories. As
the infection is lethal in 80% of untreated cases (9), rapid
diagnosis and instigation of antiviral therapy are essential. Cul-
ture of herpes B virus requires level 3 containment facilities for
initial isolation followed by level 4 for propagation (6). There-
fore, detection through molecular techniques would be safer as
the infectivity of the virus is destroyed in the DNA extraction
process, and PCR techniques are usually more sensitive than
traditional culture (9).

In this study we used the herpes B virus strain E2490 from
M. mulatta. Viruses were propagated in Vero cells at the bio-
safety level 4 laboratory of the Special Pathogens Program,
Canadian Science Centre for Human and Animal Health, Win-
nipeg, Manitoba, Canada. The DNA from cell supernatant was
extracted with the QIAamp DNA minikit (catalog no. 51304).
The DNA suspension, at a concentration of approximately 20
�g/ml, was received by the Molecular Microbiology Laboratory
at the Hospital for Sick Children, Toronto, Ontario, Canada,
and was reextracted with guanidium thiocyanate, as described
previously (1), to rule out any possibility of working with in-
fective virions of this restricted agent under the containment
conditions of a clinical virology laboratory. The resulting DNA
suspension was serially diluted for determination of the PCR
sensitivity. PCR was performed as described previously (1). In
the PCR assay with the primer pair HSV-P1 and HSV-P2 (1),

an amplicon of a length comparable to that from human her-
pesviruses (1) was obtained, from as little as 10�4 ng of tem-
plate DNA. The patterns obtained by digestion with BamHI
and BstUI shown in Fig. 1A were distinct from the patterns
previously obtained from human herpesviruses (Fig. 2 in ref-
erence 1). Direct sequencing of the amplicon by using the PCR
primers as sequencing primers proved to be difficult, possibly
because of its high GC content. Therefore, the amplicon was
cloned in a plasmid, by using the TA cloning kit (Invitrogen),
and sequenced with the M13 forward and reverse primers. The
sequencing was performed at the DNA Sequencing Facility,
Centre for Applied Genomics, Hospital for Sick Children.

Relevant properties of the amplicon are summarized in Ta-
ble 1. The estimated sensitivity of our assay, 10�4 ng, would
correspond to approximately 600 genome copies. This is prob-
ably an underestimate of the sensitivity, since it relied on the
measurement of the DNA recovered from culture supernatant
(which probably contained cellular DNA), since it assumes a
100% recovery of the DNA during the second extraction, and
since the molecular size of 162 kb for the herpes B virus
genome used in the calculation is only an estimate (9). None-
theless, the sensitivity is comparable to that of other herpes B
virus-specific PCR assays, i.e., 100 or 700 genome copies, re-
spectively (3, 4).

African green monkey (AGM) cytomegalovirus (CMV)
(Cercopithecine herpesvirus 5, CeHV-5 [2]) has long been rec-
ognized as an adventitious virus in primary AGM cell cultures
(5), including commercial preparations of primary AGM kid-
ney cells. The virus causes a distinct cytopathic effect, and
examination of the cell lysate by electron microscopy reveals
particles with the typical herpesvirus morphology (5). It is
important to accurately identify this agent, since the recovery
of a herpesvirus in a cell culture inoculated with a clinical
sample can lead to an erroneous diagnosis. In addition, AGM
CMV can interfere with the replication of other clinically rel-
evant viruses, such as enteroviruses, myxoviruses, arboviruses,
and other herpesviruses (5). In this study AGM primary kidney
cells purchased from Bio Whittaker (Walkersville, Md.) were
used. In one tube that had been inoculated with a cerebrospi-
nal fluid specimen, a cytopathic effect similar to that of AGM
CMV was observed. Extraction of the DNA from the super-
natant and PCR were performed as described previously (1).
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With the primer pair HSV-P1 and HSV-P2 an amplicon of a
length comparable to that of other herpesviruses (1) was ob-
tained. In contrast, DNA extracted from the original cerebro-
spinal fluid specimen tested negative. The patterns obtained by
restriction enzyme digestion, shown in Fig. 1B, were distinct
from previous patterns (Fig. 2 in reference 1). Both strands of
the amplicon were sequenced by using the PCR primers as
sequencing primers.

Relevant properties of the amplicon are summarized in Ta-
ble 1. The sequence was compared with a previously published
sequence of a 171-bp segment of the DNA polymerase gene of
the AGM CMV (7) (accession number U63460), and an agree-
ment of 166 of 171 bp (97%) was observed, confirming the
identity of the virus.

In summary we have shown that the comprehensive PCR for
human herpesviruses, which was previously reported (1), can
detect and identify two primate herpesviruses that are relevant
to the clinical virology laboratory. The assay can be used for
quality control of primary cell lines, and in the case of herpes
B virus it may be ideally suited for analyzing clinical samples to
provide a faster, safer, and more sensitive laboratory diagnostic
method than viral isolation.

Nucleotide sequence accession number. The sequence of the
476-bp segment of the herpes B amplicon internal to the prim-
ers was deposited in GenBank (accession number AY117753).
The sequence of the 467-bp segment of the AGM CMV am-
plicon internal to the primers was deposited in GenBank (ac-
cession number AY117754).
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FIG. 1. Restriction enzyme digestion patterns for herpes B virus (A) and AGM CMV (B). For herpes B virus, BstUI cuts the DNA at eight
positions and only the larger fragment is clearly distinguishable.

TABLE 1. Characteristics of the amplicons

Virus Length
(bp)

% G�C
content

BamHI
fragmenta BstUI fragments (bp)

Herpes B virus
(CeHV-1)

532 68.4 532 191, 91, 76, 62, 56,
25, 19, 10, 2

AGM CMV
(CeHV-5)

523 56.0 523 218, 162, 130, 13

a Neither amplicon contained a BamHI site.
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