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In the present study, we report for the first time on the detection of bovine herpesvirus type 1 (BHV-1) in
whole-blood samples derived from naturally infected cattle. Sensitive PCR assays specific for glycoprotein B
(gB), gC, and gE of BHV-1 allow the detection of one BHV-1 DNA copy in 105 to 107 peripheral blood leukocytes
(PBLs). The incidence of BHV-1-positive PBLs in naturally infected cattle appears to be quite high (92.2%
positive PBLs among all samples tested), although in most cases only between 1025 and 1027 positive
leukocytes were present. The results demonstrate that the viral DNA is detectable not only in the peripheral
blood of acutely infected animals but, more importantly, also in the peripheral blood of subclinically infected
cattle. The gE-specific PCR described in the report allows discrimination between wild-type (WT) virus-
infected and vaccinated animals, which is of importance for control programs that use the recently introduced
vaccination strategy with a gE-negative virus. The results further show that doubtful serological results can be
verified or falsified and that individual animals can be monitored for the presence or absence of WT BHV-1 or
gE-negative virus in cattle herds. The PCR protocols allow the detection of BHV-1 prior to seroconversion or
in BHV-1-seronegative cattle. Finally, the results indicate the simultaneous presence of WT and gE-negative
vaccine virus in the PBLs of several cattle. Therefore, investigations of viremia in naturally and experimentally
infected cattle and on the identification of infected cell types of bovine PBLs can be now performed.

Bovine herpesvirus type 1 (BHV-1), a member of the family
Alphaherpesvirinae, is an important pathogen for ruminants
and is classified into three subtypes according to the major
clinical manifestations (52). BHV-1.1 (subtype 1) is predomi-
nantly associated with infections of the respiratory tract (in-
fectious bovine rhinotracheitis [IBR]), whereas BHV-1.2 in-
fects the genital tract (infectious pustular vulvovaginitis and
infectious balanoposthitis) and the respiratory tract and BHV-
1.3, which has been reclassified as BHV-5 (31), causes enceph-
alitis. BHV-1 infection is a major threat to the health of cattle
herds and leads to economically significant losses. Therefore,
vaccination is frequently practiced to protect cattle against the
disease and to reduce the level of virus spread. One important
improvement in vaccine development was the introduction of
so-called marker vaccines that allow the serological differenti-
ation between vaccinated and field virus- or wild-type (WT)
virus-infected animals, as practiced in the control of Aujeszky’s
disease virus (pseudorabies virus [PRV]) infection of pigs (44).
By following the same concept used for PRV, a live vaccine
against BHV-1 was recently introduced. In that vaccine the
glycoprotein E (gE) gene is deleted (38, 45). BHV-1 without
gE is reported to be of reduced virulence, although it displays
the same organ and tissue tropism as WT BHV-1, including the
ability to establish latency (41, 42). The gE-negative vaccine
protects cattle against the disease (17, 38), but occasional out-
breaks cannot be prevented (3).

The availability of reliable companion diagnostic tests is

important for a successful control program based on the use of
live and inactivated marker vaccines. As the method of choice
for routine diagnosis, enzyme-linked immunosorbent assays
(ELISAs) that allow serological discrimination between gE
antibody-positive (WT BHV-1-infected) and gE antibody-neg-
ative (vaccinated) animals have been developed. BHV-1-
infected animals can be recognized serologically approxi-
mately 7 days postinfection by an ELISA for the detection of
antibodies specific for glycoprotein gB (21), whereas gE-
specific serum antibodies are first detectable between 11 and
17 days postinfection (45, 46) and persist for at least 2 to 3
years (18, 46). Differences in the sensitivities of commer-
cially available BHV-1 ELISAs can lead to various results in
different laboratories, at least with sera containing low titers
of specific antibodies (22). This can become a major concern
and might be due to a generally weaker or delayed anti-gE
response or to a lesser sensitivity of the gE ELISA that is
used (17, 46).

The PCR represents an excellent tool for the fast and very
sensitive detection of viral genomes in biological and clinical
specimens. Various PCR assays for the recognition of BHV-1
have been described. Primers were selected to amplify parts of
the gB gene (25, 36, 47), the gC gene (13, 42, 43), the gD gene
(8, 50), and the thymidine kinase gene of BHV-1 (20) with
various sensitivities. The possibility of detection of BHV-1 by
PCR in nasal swabs and mucosa (8, 36, 43), in the lungs,
tracheae, lymph nodes, and tonsils (36, 43), and in the sacral
and trigeminal ganglia (16a) of experimentally infected cattle
has also been described. Until now, however, information on
the applicability of these PCR assays with field samples has
been scarce (8) because only nasal swabs or blood samples are
usually available for routine diagnosis. Detection of BHV-1 in
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nasal swabs requires virus excretion, which is limited to 1 to 2
weeks during productive virus infection.

The presence of BHV-1 in peripheral blood of infected
animals had already been suggested by Nyaga and McKercher
(28) and was supported by the demonstration of viremia before
antibodies were detectable (4, 29), by the isolation of virus
from leukocytes of infected calves (5), and by the detection of
BHV-1 DNA in peripheral blood leukocytes of infected ani-
mals (26). Therefore, a role for infected blood monocytes is
suggested in the systemic spread of BHV-1 (12, 39). Infection
of peripheral blood mononuclear cells by alphaherpesviruses
appears to be not uncommon. Viral replication in peripheral
blood mononuclear cells predominantly in monocytes has also
been demonstrated for PRV (11, 33, 51) and for equid her-
pesvirus type 1 (6).

Here we report for the first time on the detection of BHV-1
in whole-blood samples derived from naturally infected cattle.
To this end, sensitive PCR assays that amplify different parts of
the viral genome (gB, gC, and gE) were established. These
assays allow the specific detection of a single copy of BHV-1
DNA in 105 to 107 leukocytes. In addition, this is the first
report to introduce a highly sensitive gE-specific PCR which is
suitable for discrimination of WT BHV-1-infected and vacci-
nated animals. The results presented here demonstrate that
the PCR assays represent excellent alternative or additional
tools for the detection of BHV-1 since questionable or doubt-
ful serological results can be ascertained. Individual animals in
cattle herds displaying clinical signs suspicious for BHV-1 in-
fection can be monitored for the presence or absence of WT
BHV-1 or gE-negative vaccine virus.

MATERIALS AND METHODS

Cells and virus strains. BHV-1.1 (IBR-like) LA, SP (Spiel), and VD7 and
BHV-1.2 (IPV-like) SCH (Schönböken) and K22 were originally obtained from
O. C. Straub (Federal Research Centre for Virus Diseases of Animals, Tübingen,
Germany). The gE-negative BHV-1 vaccine strains Difivac (Bayer AG, Wup-
pertal, Germany) and Rhinobovin Marker (Hoechst Veterinär GmbH, Unter-
Schleißheim, Germany) were used. BHV-5 N569, BHV-4, and caprine herpes-
virus type 1 (CapHV-1) McK/US were kindly provided by M. Engels, Institute for
Virology, University of Zürich, Zürich, Switzerland. BHV-3 (ovine herpesvirus
2) was obtained from H. Reid, Moredun Research Institute, Edinburgh, United
Kingdom. Virulent PRV (Suid herpesvirus 1) Phylaxia has been described pre-
viously (34). All virus strains were propagated in Madin-Darby bovine kidney
cells, and viral DNA was isolated essentially as described previously (34).

Restriction enzyme analysis, gel electrophoresis, and Southern blot hybrid-
ization. Viral DNA was digested with HindIII according to the recommendations
of the manufacturer (New England BioLabs, Schwalbach, Germany), and the
fragments were separated in horizontal 0.8% agarose gel (Gibco BRL Life
Technologies, Karlsruhe, Germany). PCR products were separated in 1% aga-
rose containing 0.3 mg of ethidium bromide per ml. Alkaline transfer onto a
positively charged nylon membrane (Amersham Life Sciences, Freiburg, Ger-
many) was achieved by the method of Reed and Mann (30). The membrane was
hybridized with 32P-labelled probes (2 3 104 to 4 3 106 cpm per ml) in 1.53
SSPE (13 SSPE is 180 mM NaCl, 10 mM sodium phosphate, and 1 mM diso-
dium EDTA [pH 7.4]), 0.5% (wt/vol) nonfat milk powder, 1.0% (wt/vol) sodium
dodecyl sulfate (SDS), 0.5 mg of denatured calf thymus DNA per ml, and 50%
(vol/vol) deionized formamide at 52°C (53), followed by exposure to X-ray film
(Kodak AR) at 270°C with an intensifying screen (Curix; Agfa-Gevaert, Munich,
Germany). For rehybridization, the blot was stripped off by boiling in 0.5%
(wt/vol) SDS.

Hybridization probes were prepared by random priming with [a-32P]dCTP
(.3,000 Ci/mM; ICN Biochemicals, Eschwege, Germany) and the Rediprime
labelling kit (Amersham Life Sciences) to obtain a specific activity of approxi-
mately 109 cpm per mg of DNA. As internal probes the nested PCR products
gBN1/2 and gEN1/2 (see below) were used after isolation from low-melting-
temperature agarose gel (LMP; Gibco BRL Life Technologies). The gC-specific
internal probe was prepared after gel electrophoretic isolation of a 301-bp DNA
fragment obtained after BssHII cleavage of the cloned gC1/2 PCR product
(pMUH-2; see below).

Blood specimens. Heparin- or EDTA-treated blood was obtained from ani-
mals of herds (i) that displayed a confirmed BHV-1 infection, (ii) that were
suspected of having the disease because of clinical signs, or (iii) that had sero-
logical results indicative of a previous virus infection, as detailed in Results. In

addition, blood from BHV-1-negative animals was kindly provided by D. Müller-
Doblies (Institute for Virology, University of Zürich, Zürich, Switzerland).

Serum samples were tested for BHV-1 antibodies with commercially available
ELISA kits (Screening [IDEXX GmbH, Woerstadt, Germany]; Checkit Trach-
itest-screeningtest [Bommeli AG, Hoechst Roussel Vet., Unter-Schleißheim,
Germany) and for the presence of gE-specific serum antibodies (HerdCheck;
IDEXX GmbH). BHV-1 serum neutralizing antibodies were determined in the
absence of complement with a 24-h serum-virus incubation period.

DNA extraction from leukocytes. DNA was isolated from 1 to 10 ml of hep-
arinized or EDTA-treated blood by a method modified from that of Xu et al.
(54). Erythrocytes were lysed by incubation in 0.15 M NH4Cl–0.01 M KHCO3–
0.001 M disodium EDTA for 15 min on ice. After centrifugation of the lysate at
1,600 to 2,000 3 g for 5 to 10 min, the supernatant was decanted and the cell
pellet was washed twice with phosphate-buffered saline. The cells were lysed with
2 ml of 6 M guanidinium-HCl solution (containing 0.1 M sodium acetate), and
the lysate was carefully layered under 10 ml of absolute ethanol. The DNA was
recovered by rolling the tube horizontally and then gently inverting the tube
several times. After one more extraction with ethanol, the DNA was solved in 2
ml of lysis buffer (10 mM Tris-HCl [pH 7.4], 0.1 mM EDTA, 2% SDS, 1 mg of
RNase per ml, 1 mg of proteinase K per ml) and incubated at 37°C for at least
30 min (or overnight). Thereafter, the DNA was extracted by adding 10 ml of
ethanol, completely solved in 0.1 ml of TE (10 mM Tris, 0.1 mM EDTA [pH 8.0])
at 65°C for approximately 30 min, and chilled on ice. The DNA concentration
was determined spectroscopically.

Alternatively, the PUREGENE DNA isolation kit (Biozyme, Oldendorf, Ger-
many) was used as a more practical procedure for the preparation of template
DNA. We found that leukocytes prepared from only 0.3 ml of EDTA-treated
blood (after lysis of erythrocytes as described above) routinely resulted in a
sufficient amount of DNA for at least 10 PCR assays of equal quality.

Primer selection. PCR primers were selected according to the DNA sequence
published for glycoproteins gB (BHV-1.1 Cooper; accession no. M21474), gC
(BHV-1.1 Cooper; accession no. M27491), and gE (BHV-1.1 FM; accession no.
U06934). To enable detection of various BHV-1 subtypes, those gene regions
which were found to be mostly conserved among BHV-1 strains according to the
alignment of BHV sequences available in GenBank were selected. The oligonu-
cleotides were synthesized on a DNA synthesizer (Biosearch 8700; New Bruns-
wick, Nürtingen, Germany) and were subsequently purified by denaturing gel
electrophoresis and reversed-phase chromatography on SepPack columns (Mil-
lipore Waters, Eschborn, Germany). The sequences and nucleotide positions of
the primers and the size of each PCR product are given in Table 1. The gE-
specific primers are located in the N-terminal part of the gE-encoding region,
which is deleted from the vaccine strain (17). To exclude false-negative PCR
results caused by failure of amplification, primer pair NF1 and NF2 (37) was
routinely used to amplify the cellular nuclear factor gene (accession no. X12764),
which allows one to survey the success of the individual PCR.

Conditions of PCR. PCR was performed in a total volume of 50 ml containing
20 mM Tris-HCl (pH 8.4), 50 mM KCl (Gibco BRL Life Technologies), 0.02 mM
deoxynucleoside triphosphates (Pharmacia Biotech, Freiburg, Germany), 45 to
90 nM each primer, and 1.5 mM MgCl2. After the addition of template DNA (0.4
to 3.0 mg of DNA from blood) and boiling for 3 min, 2.5 U of Taq polymerase
(Gibco BRL Life Technologies) was added at 80°C in order to avoid premature
amplification. The following cycling program was performed in a thermocycler
(Biometra Trio, Göttingen, Germany): 10 cycles of 60 s at 96°C, 45 s at 65°C, and
45 s at 72°C, followed by 15 cycles of 60 s at 96°C, 45 s at 54°C, and 45 s at 72°C
and 10 cycles of 60 s at 96°C, 45 s at 60°C, and 45 s at 72°C and a final extension
of 10 min at 72°C. In preliminary tests we found that the addition of 5% (vol/vol)
dimethyl sulfoxide improved specific amplifications in the presence of primer
pairs gE-1–gE-2 and gEN-1–gEN-2.

The optimal cycling conditions of the NF1-NF2 PCR comprised one cycle of
120 s at 98°C, 45 s at 55°C, and 45 s at 72°C, followed by 35 cycles of 60 s at 96°C,
45 s at 55°C, and 45 s at 72°C and a final extension of 10 min at 72°C. Therefore,
the NF1-NF2 PCR was usually performed in a separate reaction. Preliminary
results demonstrated that the NF1-NF2 PCR can be also performed in a single
reaction together with the gB-, gC-, or gE-specific primers by using the BHV-1-
specific PCR parameters; however, this leads to at least a 10-fold decrease in
sensitivity (data not shown).

Cloning and sequencing of PCR products. The PCR products obtained with
strain LA DNA as the template were cloned into the plasmid vector pCRII
according to the instructions of the manufacturer (TA cloning kit; Invitrogen,
Groningen, The Netherlands). Plasmid DNA was purified as described previ-
ously (16) and was used for DNA sequencing either by the dideoxy chain ter-
mination method (35) with T7 polymerase (Pharmacia Biotech) or automatic
sequencing (model 377; Applied Biosystems, Weiterstadt, Germany) by using a
dye terminator cycle sequencing kit (Applied Biosystems, Perkin-Elmer Corp.,
Weiterstadt, Germany). Sequence data were analyzed with the Wisconsin Pack-
age (version 9.1; Genetics Computer Group, Madison, Wis.) and the Basic
Alignment Search Tool (BLAST) provided by the National Center for Biotech-
nology Information.

Nucleotide sequence accession number. The DNA sequence of the amplified
region of gC of BHV-1 LA has been deposited in GenBank under accession no.
AF135441.
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RESULTS

BHV-1 specificity. The different PCR assays were first estab-
lished with genomic DNA of prototype strain BHV-1.1 LA. gB,
gC, and gE amplifications were optimized by numerous test
experiments with different primers and primer combinations.
According to specificity and efficacy, the use of the following
primer pairs showed the best results: gB-1–gB-2 (478 bp),
gC-1–gG-2 (527 bp), and gE-1–gE-2 (265 bp) (Table 1; Fig. 1).
By using template DNAs of laboratory strains BHV-1.1 LA
and SP and BHV-1.2 K22 and SCH, identical fragments of the
expected size were amplified by each PCR assay, as repre-
sented in Fig. 2A. Amplification of DNA isolated from the
commercially available gE-negative vaccine strains Rhinobovin
Marker (data not shown) and Difivac with primers gB-1–gB-2
and gC-1–gG-2 also resulted in the expected DNA fragments,
whereas PCR with primers gE-1 and gE-2 remained negative
(Fig. 2A, lanes 3). No amplification was obtained in each PCR
with DNA of the closely related virus PRV (both genomic
PRV DNA and DNA isolated from organ tissues acutely in-
fected with PRV) (Fig. 2A, lanes 4). In addition, 35 different
virus isolates obtained from field-virus-infected animals (iso-
lated from 1994 to 1996), which have been typed by restriction

analysis as BHV-1.1 or BHV-1.2 (16a), were all correctly de-
tected by PCR with primers gB-1–gB-2, gC-1–gC-2, and gE-1–
gE-2 (data not shown).

To test the specificity of each PCR for BHV-1, DNAs of the
related herpesviruses BHV-3, BHV-4, BHV-5 N569, and
CapHV-1 (BHV-6) were analyzed. No amplification by any of
the three PCR tests was obtained with BHV-3 or BHV-4 DNA
(data not shown). With primer pair gB-1–gB-2 and BHV-5
DNA as the template, a fragment of the same size as that
obtained with BHV-1 DNA was amplified, whereas PCRs with
primers gG-1–gC-2 and gE-1–gE-2 were negative (Fig. 2B).
CapHV-1 DNA could be amplified only by the PCR with
gC-1–gC-2, resulting in a DNA fragment of the same size as
that from BHV-1 DNA (data not shown). Taken together,
these results show that BHV-1 can be detected specifically by
using primer pair gE-1–gE-2 and, with the exception of
BHV-5, primer pair gB-1–gB-2. WT BHV-1 can be reliably
discriminated from the gE-negative vaccine strains.

Blot hybridization and DNA sequence analysis. To prove
the specificity and authenticity of the PCR products, the PCR
fragments obtained with strain LA DNA and primer pairs
gB-1–gB-2, gC-1–gC-2, and gE-1–gE-2 were cloned. The re-

FIG. 1. Map of the BHV-1 genome showing the unique long (UL), unique short (US), and inverted repeat (IR and TR) regions. The locations of the indicated
glycoprotein genes (not drawn to scale) are depicted on the map. The amplified regions and the respective sizes of the different PCR products are indicated, as are
the sizes of the nested PCR products gBN1/2 and gEN1/2.

TABLE 1. Sequences of synthetic oligonucleotide primers and their locations in the respective glycoprotein genes

Oligonucleotide Sequence Primer location
(nucleotide position) PCR product PCR product

length (bp)

gB-1a 59-TACGACTCGTTCGCGCTCTC-39 883–902
gB-2 59-GGTACGTCTCCAAGCTGCCC-39 1341–1360 gB1/2 478

gBN-1 59-TCTCGACCGGGGACATTATC-39 899–918
gBN-2 59-GCCTCTTCGATCACGCAGTC-39 1264–1283 gBN1/2 385

gC-1b 59-AGGAGCGCAAGTGGATGCTCTG-39 563–581
gC-2 59-GTAGCCGTTGCGGAACCAGTGC-39 1068–1087 gC1/2 527

gE-1c 59-GCTTCGGTCGACACGGTCTT-39 501–520
gE-2 59-CTTTGTCGCCCGTTGAGTCG-39 746–765 gE1/2 265

gEN-1 59-CGCGCCCGTCTTTCTCCCA-39 536–554
gEN-2 59-CACGTCGGTGAAGCACTCG-39 655–674 gEN1/2 139

a BHV-1.1 Cooper, accession no. M21474.
b BHV-1.1 Cooper, accession no. M27491.
c BHV-1.2 FM, accession no. U06934.
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sulting plasmids, pMUH-1, pMUH-2, and pMUH-3, respec-
tively, were subsequently used as 32P-labelled probes for
Southern blot hybridization experiments (data not shown). Af-
ter HindIII cleavage of the genomic DNA, the radioactively
labelled gB1/2 fragment (pMUH-1) hybridized strongly with
fragment G of BHV-1.1 and BHV-1.2 and with fragment B of
BHV-5. The gC-specific product (pMUH-2) detected the ex-
pected fragments (fragment 1 of the BHV-1 strains and frag-
ment B of BHV-5 strains). The radioactively labelled gE1/2
PCR product (pMUH-3), which represents the N-terminal
part of the gE gene, hybridized with fragment K of LA, frag-
ment L of K22, and fragment A of N569 obtained by cleavage
with HindIII. Due to the gE deletion, no signal was obtained
with cleaved DNA of vaccine strain Difivac. These results were
all in agreement with the published genomic maps (10, 23).

Plasmids pMUH-1, pMUH-2, and pMUH-3 were used for
DNA sequencing, and the sequences were subsequently com-
pared with the corresponding sequences of other BHV strains
available in the gene data bank. The amplified parts of the
gB, gC, and gE genes were found to be 100% identical to the
published sequences of BHV-1.1 Cooper (accession no.
M21474). Compared to BHV-1.2 P8-2 (accession no. M23257)
the sequence of the amplified gB region of strain LA DNA
differed at one nucleotide (99.8% identity), which also led to
one different amino acid (the amino acid at position 114; S to
T). The gE sequence available for BHV-1.2 ST (accession
no. Z23068) demonstrated two silent base exchanges com-
pared to the sequence of pMUH-3 (99.2% nucleotide se-
quence identity).

The comparison of gC sequences between the amplified
regions of strain LA and BHV-1.1, BHV-1.2, BHV-5, and
CapHV-1 E/CH again demonstrated 100% homology between
the two BHV-1.1 strains, strains LA (pMUH-1) and Cooper
(accession no. M27491). Compared to the gC sequence of
BHV-1.2 K22 (accession no. Z49223), 10 base differences
(leading to four different amino acids) accounted for 98.1%
homology. The gC DNA sequences of two different BHV-5
strains, strains N569 (accession no. Z49224) and TX-89 (ac-
cession no. U35883), displayed homologies with strain LA
(pMUH-2) of 90.1 and 90.3%, respectively. Despite this rela-
tively high degree of homology, no amplification was obtained
with primer pair gC-1–gC-2 and N569 DNA, which might be
due to 4 base mismatches in primer gC-1. The available
CapHV-1 gC sequence (strain E/CH; accession no. Z49225)
was found to be 76.8% homologous to the sequence of the
LA PCR product, reflecting a more distant relationship of
CapHV-1 to BHV-1.

Determination of sensitivity. For potential diagnostic use of
the PCR, it is mandatory to know the limit of detection of viral
genomes. Therefore, in a series of reconstruction experiments,
10-fold dilutions of strain LA DNA (100 ng to 10 ag) were
prepared with 1 mg of calf thymus (CT) DNA per ml and were
used as templates in each PCR. Furthermore, to increase the
sensitivity and to improve specific amplification, we established
a nested PCR for gB1/2 and gE1/2, respectively. Amplification
with primer pair gBN-1–gBN-2 resulted in a DNA fragment
with a size of 385 bp, and amplification with primer pair gEN-
1–gEN-2 generated a 139-bp DNA fragment (Table 1). Sepa-
ration of the PCR products in an ethidium bromide-stained gel
allowed the detection of 1.0 to 0.1 pg of viral DNA/mg of CT
DNA by gB-1–gB-2 PCR and 1.0 to 0.1 fg of BHV-1 DNA after
nested PCR with gBN-1–gBN-2 (data not shown). By the gE-
specific PCR the sensitivity could be increased approximately
100-fold. The gE-1–gE-2 PCR detected 10 to 1 fg of LA
DNA/mg of CT DNA, and less than 10 ag of viral DNA was
amplified specifically after the nested PCR with gEN-1–gEN-2
(data not shown). The gC-1–gC-2 PCR exhibited the lowest
limit of detection (10 pg of BHV-1 DNA/mg of CT DNA; data
not shown). Finally, 32P-labelled internal probes were used for
Southern blot hybridization of the PCR products, which re-
sulted in an additional 10-fold increase in sensitivity (Fig. 3).
Thus, the detection of 1.0 fg of BHV-1 DNA by gE-1–gE-2
PCR and less than 10 ag of BHV-1 DNA per mg of CT DNA
by the nested gEN-1–gEN-2 PCR (Fig. 3B) was possible. Ac-
cording to the reported size of BHV-1 DNA (135 kbp; acces-
sion no. AJ004801), 1 fg of BHV-1 DNA corresponds to ap-
proximately 7 genomic molecules, and consequently, it can be
calculated that one copy of BHV-1 DNA was detectable in
approximately 5 3 104 cells (gBN-1–gBN-2) and up to at least
5 3 106 cells by gEN-1–gEN-2 PCR.

In order to mimic the analysis of blood samples, similar
reconstruction experiments were performed with blood de-
rived from an uninfected cow. To this end, decreasing amounts
of BHV-1 were mixed together with 1.0 ml of blood prior to
template preparation. Results (data not shown) similar to
those obtained in the reconstruction experiments with 1 mg of
CT DNA (equaling approximately 105 cells) were obtained. On
the average, 1.0 ml of blood from cattle contains 4 3 106 to
10 3 106 leukocytes (1). Thus, the amount of template DNA
routinely used for PCR (5 ml of 100 ml of total DNA prepared
from blood) corresponds to 3.5 3 105 leukocytes. This dem-
onstrates the comparable sensitivities of the PCR assays with
DNA from blood and no significant loss of BHV-1 DNA dur-
ing the extraction of DNA from blood cells.

FIG. 2. Specificity of the indicated PCRs. (A) DNAs (100 ng each) of BHV-1.1 LA (lanes 1), BHV-1.2 K22 (lanes 2), gE-negative vaccine virus strain Difivac (lanes
3), and PRV (lanes 4) were used as templates. (B) Results of the indicated PCRs with DNA from BHV-5 N569 compared to the results obtained with DNA from
BHV-1.1 LA. BHV-5 is not detected by the gC- and gE-specific PCR. The PCR products (10 ml) were separated in a 1.0% agarose gel. The sizes of the amplified
products are indicated (lane M, 1-kb ladder as a size marker).
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Detection of BHV-1 DNA in leukocyte samples from natu-
rally infected cattle. The PCR assays established for the
present study were used to test blood samples derived from
animals in cattle stocks considered to be infected with BHV-1.
In the first case, blood was taken from animals that either
showed clinical signs of IBR (animals EC-1 to EC-8; Table 2)
or that were positive for serum neutralizing antibodies (titers
between 1:32 and 1:128) but that were negative for virus re-
isolation from nasal swabs. After gB-1–gB-2 PCR and separa-
tion of the PCR products in ethidium bromide-stained gels, no
gB-specific amplification could be detected (Fig. 4A, upper
part). The failure to amplify a visible, specific PCR product,
however, was not due to insufficient PCR of the template DNA
extracted from the blood samples, as demonstrated by success-
ful amplification of the cellular nuclear factor gene (Fig. 4A,
upper part). The presence of small amounts of the gB1/2 PCR
product could be revealed by Southern blot hybridization with
the 32P-labelled internal gBN-1–gBN-2 probe (Fig. 4B). The
diluted material of the gB-1–gB-2 PCR was then used for
nested PCR with gBN-1–gBN-2, resulting in the specific DNA
fragment (385 bp) in the ethidium bromide-stained gel (Fig.
4A, lower part). In addition to the water control (PCR mixture
without template), DNA extracted in parallel from the blood
of an uninfected animal was included as a negative control in
all PCR tests (Fig. 4, lanes control). To estimate the amount of
BHV-1 DNA present in the positive blood samples, the BHV-1
DNA copy number per cell (viral genomic equivalents) was
calculated. This was achieved by comparing densitometrically
the hybridization signal strengths of the gB1/2 fragments with
those from the reconstruction experiments (as shown in Fig. 3)
by using 32P-labelled probes with the same specific activities
and identical film exposures. As summarized in Table 2, ap-
proximately one BHV-1 DNA copy was present in 102 to 104

leukocytes of samples from animals EC-1 to EC-8. During a
productive BHV-1 infection, several hundred to a thousand

viral genome copies are present in a single cell (42), and even
cells latently infected with herpesvirus can harbor 10 to 100
herpesviral genome copies (34). Taking this into account, it is
reasonable to assume that only one infected cell is present in

FIG. 3. Reconstruction experiment to determine sensitivities of PCRs. Strain LA DNA was mixed together with CT DNA to obtain the indicated concentration of
BHV-1 DNA per microgram of CT DNA. Southern blot hybridization of the gE1/2 and gEN1/2 PCR products with the internal probe (derived from the gEN1/2 PCR
product) radioactively labelled with 32P was performed. The sizes of the specific amplification products are indicated. (A) Exposure of X-ray film for 30 min. A total
of 10 fg of strain LA DNA per mg of CT DNA is detectable after gE-1–gE-2 PCR (upper part), and at least 10 ag of viral DNA per mg of CT DNA is detectable after
nested gEN-1–gEN-2 PCR (lower part). (B) An increase in the time of exposure to X-ray film to 2 h demonstrates a 10-fold increase in the limit of detection.

TABLE 2. PCR revealed different copy numbers of gB and
gE in PBLs

Animal

No. of cells with one BHV-1
DNA copy by PCR witha: ELISA

resultb SNT dilutionc

gB-1–gB-2 gE1–gE2

EC-1 1 3 104 1 3 106 NTd 1:64
EC-2 1 3 102 1 3 102 NT 1:128
EC-3 5 3 102 5 3 104 NT 1:32
EC-5 1 3 103 1 3 103 NT 1:128
EC-6 1 3 103 1 3 105 NT 1:128
EC-7 1 3 104 1 3 104 NT 1:32
EC-8 1 3 104 1 3 104 NT 1:64

BO-1 1 3 103 1 3 105 Pos ? NT
BO-2 1 3 105 Neg Neg NT
BO-3 1 3 103 1 3 105 Pos NT
BO-4 1 3 105 1 3 106 Neg NT
BO-5 1 3 104 1 3 105 Pos NT
BO-6 1 3 105 Neg Neg NT
BO-7 5 3 102 5 3 104 Pos NT
BO-8 1 3 105 1 3 106 Neg NT

a The calculation was performed after Southern blot hybridization, as de-
scribed in Materials and Methods. Neg, negative result.

b BHV-1-specific ELISA (Screening [IDEXX GmbH] and Checkit Trachitest-
screeningtest [Bommeli AG, Hoechst Roussel Vet.], performed according to the
instructions of the manufacturer. Pos, positive result; Pos ?, doubtful positive
result; neg, negative result.

c SNT, serum neutralization test without complement; with the indicated se-
rum dilution, 100% neutralization of BHV-1.1 was obtained.

d NT, not tested.
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104 to 107 leukocytes or 1 to 50 infected leukocytes per ml of
these blood samples. No correlation was found between the
calculated virus load and the neutralizing antibody titers of the
respective sera (Tables 2 and 3).

Since vaccination was performed with gE-negative live vac-
cine 4 to 5 months prior to this investigation, it was important
to differentiate between the presence of WT BHV-1 or gE-
negative vaccine virus. As shown in Fig. 4B and 5C, the sam-
ples from animals EC-1 to EC-8 were all positive after gE-1–
gE-2 PCR and nested PCR with gEN-1–gEN-2 (data not
shown), indicating the presence of virulent WT BHV-1.1. On
the basis of the hybridization results of the gE-1–gE-2 PCR,
the BHV-1 DNA copy number per cell was also estimated.
Interestingly, in animals EC-1, EC-3, and EC-6 the amount of
gE sequences was approximately 100-fold lower than the esti-
mate for gB (Fig. 5; Table 2). This might indicate the simul-
taneous presence of WT BHV-1 and gE-negative vaccine virus
in the blood of these animals.

Blood samples were investigated from animals of another
herd (herd BO), which was suspected to contain BHV-1-in-
fected animals according to positive or doubtful positive
ELISA results (animals BO-1, BO-3, BO-5, and BO-7; Table
2). Blood derived from four ELISA-negative animals in this
herd (animals BO-2, BO-4, BO-6, and BO-8) was also included
in the analysis. None of the animals had clinical signs of IBR or
infectious pustular vulvovaginitis, no previous vaccination
was known, and no animal serologically positive for BHV-1
was reported in the previous year. Again, gB-1–gB-2 PCR

with ethidium bromide-stained gels remained negative, but
the nested PCR unequivocally demonstrated the presence of
BHV-1 in all samples (Fig. 4A, lower part, lanes BO-1 to
BO-8). Interestingly, Southern blot hybridization of the gB-1–
gB-2 PCR products revealed positive signals only with the
blood samples derived from the ELISA-positive or doubtfully
positive animals (Fig. 4B, upper part, lanes BO-1, BO-3, BO-5,
and BO-7), showing the presence of higher concentrations of
the BHV-1 genome than the concentrations in the ELISA-
negative blood samples. This is also reflected by the stronger
hybridization signals of these samples after nested PCR (Fig.
4B, lower part). After blot hybridization it could be calculated
from the gB-specific PCR tests that indeed only approximately
one DNA copy was present in 1 3 104 to 5 3 104 leukocytes of
ELISA-negative animals BO-2, BO-4, BO-6, and BO-8,
whereas 5- to 100-fold higher loads of viral DNA were found in
the other samples (Table 2). After gE-1–gE-2 and repeated
gEN-1–gEN-2 PCR, only two animals, animals BO-2 and
BO-6, respectively, remained negative (data not shown). All
other animals in herd BO were positive for gE. Again, the
blood samples from animals in herd BO displayed 10- to 100-
fold larger amounts of gB-specific products than gE-specific
products (Fig. 5; Table 2). All gB-1–gB-2 PCR-positive blood
samples were also positive by gC-1–gC-2 PCR (Fig. 5D and E;
Table 2).

Finally, 19 different blood samples from other animals de-
rived from three different herds (cattle stocks FO, NI, and SP)
which had been vaccinated routinely were investigated. Some

FIG. 4. Detection of BHV-1 DNA in blood samples from field-virus-infected cattle (animals BO-1 to BO-8 and EC-1 to EC-8) after gB-1–gB-2 PCR (upper part)
and gBN-1–gBN-2 PCR (lower part). As a positive control, 10 ng of strain LA DNA was used as a template (lane LA), and as negative controls, amplifications were
performed with DNA derived from noninfected cattle (lane control) and in the absence of template (lane H2O). Lane MW, separation of molecular size markers (1-kbp
ladder). The control NF1-NF2 PCR (265 bp) was performed separately, but the PCR products were separated together with the gB-1–gB-2 PCR products in the same
gel slots. (A) The PCR products were analyzed by electrophoresis in an ethidium bromide-stained agarose gel (1.0%). No visible gB1/2 product (478 bp) was amplified
by the first PCR, although in most cases a successful PCR could be demonstrated by a positive NF1-NF2 amplification (upper panel). Nested PCR (gBN-1–gBN-2; 385
bp) showed the presence of BHV-1 DNA in blood samples from all animals in herds BO and EC (lower part). (B) Southern blot hybridization of the gel shown in panel
A with the radioactively labelled internal probe already revealed specific amplification in some of the blood specimens after the first PCR (upper part) and corroborated
the positive results of the nested PCR (lower part).
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animals were serologically (ELISA) positive for BHV-1, but
most of them were negative for BHV-1 gE-specific antibodies
(Table 3), as expected after vaccination with the gE-negative
live virus vaccine. Similar to the results described above, no
gE1/2 amplification products were visible in ethidium bromide-
stained gels (Fig. 6B). However, after gEN-1–gEN-2 PCR,
amplification products with different staining intensities were
obtained from most samples (Fig. 6C), and the products were
clearly detectable after Southern blot hybridization (Fig. 6A
and D). In addition, several of these samples were also positive
after gBN-1–gBN-2 and gC-1–gC-2 PCRs (data not shown). By
comparison of the ELISA results for the corresponding serum
samples derived from these animals, it was found that all blood
samples from animals in herd FO were positive for gE by
nested PCR but were negative by the gE-specific ELISA (Fig.
6, bottom). Only three of these animals (Fig. 6, animals FO-2,
FO-5, and FO-8) were serologically positive by the anti-BHV-1
ELISA. As summarized in Table 3, the PCR results demon-
strated the presence of WT BHV-1 in the blood of 16 of the 19
(84.2%) animals tested.

The estimated BHV-1 DNA copy number per cell ranged
between one molecule in 1 3 105 to 5 3 105 leukocytes and, in
animals FO-6, FO-10, NI-1 to NI-3, and SP-1 to SP-3, which
were found to be positive only after nested gEN-1–gEN-2
PCR, only one molecule in less than 1 3 106 leukocytes (Table
3). In a comparison of the PCR and serological analyses, for
seven PCR-positive animals, anti-BHV-1 antibodies were also
found by ELISA, but only three of them (15.8%) were also
positive for gE-specific antibodies (Table 3). The remaining
nine gE PCR-positive animals were found to be free of BHV-1
by both ELISAs. In total, at the time of investigation 11 of the
27 (40.7%) PCR-positive animals were recognized serologi-

cally by ELISA to be infected with BHV-1 (Table 2, animals
BO-1 to BO-8, and Table 3). Notably, the blood of only one
serologically positive animal was found to be reproducibly neg-
ative by PCR (Table 3, animal FO-8). For this animal the
possibility that BHV-1 was present in amounts below the de-
tection limit of the gEN-1–gEN-2 PCR (i.e., less than 1027

infected leukocytes) cannot be excluded.

DISCUSSION

In the present study we demonstrate for the first time the
successful detection of BHV-1 DNA in peripheral blood of
naturally infected cattle. To achieve this goal, at first we fo-
cused on the establishment of a very sensitive PCR by testing
various pairs of primers specific for different BHV-1 genes.
These experiments revealed that the gE-specific PCR was the
most sensitive, followed by the approximately 100 times less
sensitive gB PCR and the again 10 times less sensitive gC PCR.
The limits of detection were thoroughly evaluated by perform-
ing reconstruction experiments in the presence of cellular
DNA and also by spiking noninfected whole blood with de-
creasing amounts of BHV-1 prior to DNA template prepara-
tion. The results confirmed that during DNA template prepa-
ration no significant loss of the BHV-1 genome occurs and that
the methods described here can be reliably used for analysis of
peripheral blood without affecting the specificity and the sen-
sitivity of the PCR. In summary, the nested PCR protocols
presented here detect a single BHV-1 DNA copy in at least
5 3 104 leukocytes (gBN-1–gBN-2 PCR) to 5 3 106 to 10 3 106

leukocytes (gEN-1–gEN-2 PCR). To our knowledge, this sen-
sitivity is superior to those of other BHV-1-specific PCR tests
reported so far. By a different gC-specific PCR, the limit of
detection, as determined in the presence of DNA from non-

FIG. 5. Different copy numbers of gB and gE were found in individual blood
samples (from animals BO-1 to BO-8 and EC-1 to EC-8). The amplification
products obtained by the indicated PCRs (A to E; the size of each PCR fragment
is indicated to the right) were blot hybridized with the respective internal probes.
The X-ray films were exposed for 2 h (A), 1 h (B), 20 h (C), 7 h (D), and 68 h
(D). It can be seen that the positive samples from animals in herd BO as well as
the samples from animals EC-1, EC-3, and EC-6 contained 10- to 100-fold larger
amounts of gB than gE.

TABLE 3. Comparison of PCR and serological results

Animal gEN-1–gE-2
PCR result

ELISA result
fora SNT

dilutionb

No. of leukocytes
with one BHV-1

DNA copyc
BHV-1 gE

NI-3 Pos Pos Pos 1:256 1 3 106

NI-4 Pos Pos Pos 1:32 1 3 106

NI-5 Pos Pos Pos 1:64 5 3 104

FO-2 Pos Pos Neg 1:2 5 3 105

FO-5 Pos Pos Neg Neg 5 3 104

SP-2 Pos Pos Neg 1:8 1 3 106

SP-3 Pos Pos Neg Neg 1 3 106

FO-3 Pos Neg Neg Neg 1 3 105

FO-6 Pos Neg Neg Neg 1 3 107

FO-7 Pos Neg Neg Neg 5 3 105

FO-9 Pos Neg Neg Neg 5 3 105

FO-
10

Pos Neg Neg 1:16 1 3 107

NI-1 Pos Neg Neg 1:3 1 3 106

NI-2 Pos Neg Neg Neg 1 3 106

SP-1 Pos Neg Neg Neg 1 3 106

SP-4 Pos Neg Neg 1:2 1 3 106

FO-8 Neg Pos Neg Neg

FO-1 Neg Neg Neg Neg
FO-4 Neg Neg Neg Neg

a A BHV-1-specific ELISA (Screening [IDEXX GmbH] and Checkit Trach-
itest-screeningtest [Bommeli AG, Hoechst Roussel Vet.]) and a gE-specific
ELISA (HerdCheck; IDEXX GmbH) were performed. Pos, positive result; Neg,
negative result.

b See footnote c of Table 2. Neg, negative result.
c See footnote a of Table 2.
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infected cells, ranged between one molecule in approximately
102 to 103 cells (13), or three copies in 105 cells (42).

Southern blot hybridization of the gB1/2 and gE1/2 PCR
products with the internal probes allowed a semiquantitative
determination of the BHV-1 DNA copy number present in the
different blood samples. Although less accurate than the use of
an internal standard PCR product (42) or the addition of a
competitor DNA to the PCR mixtures (11a), comparison of
the intensities of the hybridization signals described here al-
lows an easy and quick evaluation of the amount of infected
peripheral blood leukocytes (PBLs) in each blood sample. This
assessment of all 35 blood samples investigated (Tables 2 and
3) demonstrates that about 53% (18 samples) contained only
between 1025 and 1027 infected PBLs. Even in the blood
derived from animals in a herd showing acute BHV-1 infection
(animals EC-1 to EC-8; Table 2) relatively small amounts of
infected PBLs (1024 to 1022) were detectable. All samples
containing more than 1024 positive PBLs were also found to be
positive by the gC-1–gC-2 PCR. Thus, the detection of genes
located at the 59 end, in the middle, and at the 39 end of the
BHV-1 genome strongly indicates the presence of the com-
plete viral genome and, therefore, of potentially infectious
virus. Our findings can now explain (i) that only rare cases of
successful reisolation of BHV-1 from PBLs of infected cattle
are reported (4, 5) and (ii) the recently reported failure of
detection of BHV-1 DNA in a few blood samples from exper-
imentally infected cattle by a gC-specific PCR with a detection
limit lower than that of the PCR described here (42). Infection
of PBLs appears to be quite common, since 92.2% of the PBLs

analyzed in this study were found to harbor viral DNA. Be-
cause we analyzed exclusively naturally infected (field-virus-
infected) animals, it seems unlikely that infection of PBLs
depends a great deal on the virulence and the infectious dose
of a given BHV-1 strain or on the route of infection (42).

The results presented here prove for the first time and sub-
stantiate earlier suggestions that only a very small number of
leukocytes from infected cattle contain BHV-1 (28, 29, 39).
Furthermore, the data strongly support the idea that BHV-1
can be transported via the bloodstream to target organs and
confirm the tendency of the virus to accumulate in various
lymphoid tissues of acutely infected animals. This is corrobo-
rated by the regular detection of viral DNA in the lungs,
tonsils, tracheae, and lymph nodes of both experimentally in-
fected (36, 43) and naturally infected (48) cattle. Monocytes
are the population of PBLs that are suspected to become
productively infected (28, 39); however, this remains to be
proven in vivo. During BHV-1 infection lymphocytes and
monocytes of the peripheral blood commonly infiltrate the
submucosa of the respiratory tract, and by this route mononu-
clear and lymphoid cells might become infected with and dis-
seminate the virus. By the highly sensitive PCR tests described
here, these predictions can be now investigated in more detail.

The semiquantitative determination of the BHV-1 DNA
copy number revealed the presence of approximately 10 to 100
times more copies of the gB gene relative to the number of
copies of the gE gene in several PBLs (Fig. 5 and Table 2).
These reproducible results were not due to the different am-
plification efficiencies of the gB and gE PCRs for these indi-
vidual samples, as controlled by the NF1-NF2 PCR. Since the
gE PCR is about 100 times more sensitive than the gB PCR,
these data indicate the simultaneous presence of gE-positive
WT and gE-negative BHV-1 strains in those PBLs. In addition,
even the gC-1–gC-2 PCR, which displayed the lowest sensitiv-
ity, resulted in larger amounts of specific amplification prod-
ucts compared to the amounts obtained by the gE PCR for
some PBL samples (Fig. 5). This is in agreement with the
history of animals EC-1 to EC-8, which belonged to a cattle
herd vaccinated with live gE-negative vaccine 4 to 5 months
before analysis of their PBLs. One can conclude that despite
vaccination, the animals became infected with BHV-1 and
even suffered from IBR. It cannot be determined, however,
whether BHV-1 was introduced into this herd by primary in-
fection or reactivation of latent BHV-1. An explanation for the
IBR outbreak in this herd, despite vaccination, could be that
the animals were exposed to virus in the field just before or
shortly after vaccination. If this assumption is correct, vaccina-
tion of already infected cattle might have an adverse effect,
since both WT and gE-negative BHV-1 (live as well as inacti-
vated virus) are known to immunosuppress the animals (2)
and, consequently, might contribute to severe IBR outbreaks.
With experimentally infected cattle it has been documented
that live vaccination per se does not prevent WT virus infec-
tion, establishment of latency, or reactivation of latent virus
(14, 21, 27, 39). Except for animals EC-1 to EC-8, all other
cattle investigated in the present study did not suffer from
marked, typical IBR symptoms. Therefore, it can be assumed
that a subclinical BHV-1 infection had occurred in these herds.
A subclinical infection that lasted for at least 6 months has
been reported previously (39). Consequently, the spread of
undetected virus can lead to infection of the complete herd
within 7 weeks (14), which can result in BHV-1 outbreaks even
in vaccinated cattle stocks (3).

The simultaneous presence of WT and gE-negative vaccine
viruses has not yet been observed. This can be explained since
cocultivation or explant culture techniques are used to reiso-

FIG. 6. Detection of BHV-1 DNA in blood samples (herd FO) by gE-1–gE-2
(A and B) and nested gEN-1–gEN-2 PCR (C and D). Lane ni, the result
obtained with blood from noninfected cattle. The sizes of the PCR products are
indicated to the right. The ELISA results for the detection of serum antibodies
against BHV-1 and against gE of BHV-1 are given at the bottom for each animal.
As can be seen, samples 2, 3, 5, 6, 7, 9, and 10 were clearly positive after nested
gEN-1–gEN-2 PCR, but the corresponding serum samples were all negative by
gE-specific ELISA.
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late BHV-1 from organ tissues. In the presence of both virus
types, multiplication of WT BHV-1 would be favored, since the
level of replication of gE-negative virus is known to be reduced
significantly compared to that of WT BHV-1 (41, 45). Conse-
quently, in the case of the presence of a mixture of WT and
gE-negative BHV-1, a selective growth advantage of WT virus
can be expected, and the detection of gE-negative vaccine virus
might fail. Because of the lack of a gE-specific PCR, the de-
tection of small amounts of the gE-negative vaccine virus in
organs or cells is not yet possible. The incidence of two differ-
ent BHV-1 strains in the same tissues of latently infected cattle
has been demonstrated previously (49). According to the data
presented here, the gE-negative vaccine virus was present in
the PBLs of animals EC-1 to EC-8 even 5 months postvacci-
nation, and it could also be reisolated from nasal swabs from
another animal in the same herd (data not shown). The con-
tinuous presence of the gE-negative vaccine virus over such a
long period of time is surprising, since vaccine virus could no
longer be isolated from various organ tissues beyond 2 to 4
weeks after vaccination (42, 45). The viral genome, however,
was detectable in various organs of cattle until at least 2
months after vaccination with the gE-negative live vaccine
(43). The reasons for a prolonged presence of the gE-negative
vaccine virus under field conditions cannot be determined
from the present data.

Animals EC-1 to EC-8 exhibited clinical symptoms of pro-
gressive IBR and displayed virus neutralizing serum antibod-
ies; therefore, their sera were not tested by ELISA. Surpris-
ingly, 13 of 24 animals whose PBL samples were positive for
BHV-1 by PCR were serologically negative for BHV-1 by
ELISA (complete BHV-1 antigen) at the time of investigation
(Tables 2 and 3). One explanation for this discrepancy is that
WT BHV-1 infection had occurred during the first 3 weeks
before the analysis of the respective PBLs, at a time when no
specific antibodies or only very low antibody titers had devel-
oped, and the antibodies were not detectable by both anti-
BHV-1- and gE-specific ELISAs (21, 46). Indeed, the sera of
animals BO-2, BO-4, BO-6, and BO-8 (Table 2) were positive
by the BHV-1 ELISA approximately 2 weeks later. Numerous
animals which were identified as vaccinated cattle according to
the BHV-1-positive but gE-negative ELISA results were
found. However, the PCR results demonstrated the presence
of gE-positive WT virus in their PBLs (Table 3). The titers of
anti-gE serum antibodies were probably still too low to be
detected by ELISA, as reported previously (9, 22). Whether
these animals had seroconverted is not known, because later
serum samples from most of the animals tested were not yet
available; samples were available from two animals. For these
animals (animals NI-1 and NI-2) later ELISAs remained neg-
ative. Therefore, it remains to be shown that under field con-
ditions seronegative animals are also BHV-1 infected and that
those carrier animals can represent an important source for the
unnoticed spread of BHV-1. Recently, reactivation of latent
BHV-1 was shown to occur in BHV-1-seronegative animals
(15). It is possible that either adult cattle can become seroneg-
ative (40) or infected calves containing maternal antibodies
until up to 9 months of age become virtually seronegative (24).

Taken together, the PCR protocols described here enable
the identification of BHV-1-infected cattle before detectable
seroconversion has occurred. Further studies are now needed
to define more precisely the time window after infection during
which BHV-1 DNA can be found in PBLs, before specific
antibodies are generated, and how long after infection BHV-1
DNA can be detected in PBLs. Finally, the results presented
here encourage further investigations on the duration and im-
portance of viremia in naturally and experimentally infected

cattle and should allow the identification of distinct infected
populations of bovine PBLs.
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