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Abstract

Bovine Herpesvirus 4 (BoHV-4) is a member of Gammaherpesvirinae sub-family and belongs to ge-
nus Rhadinovirus. This virus has been associated with different clinical manifestations and research
activity has put forward a strong correlation among virus infection, postpartum metritis, and abor-
tion. The goal of this work was to characterize a virus strain isolate from a cow’s uterine outflow.
From swabs drawn of uterine secretion, a virus strain was isolated and characterized by its
cytopathology, morphology, and molecular biology approaches. In culture there was CPE develop-
ment, characterized mainly by long strands with several small balloons along them, radiated from in-
fected cells. Electron microscopy analysis revealed virus particles that had icosahedrical capsid
symmetry surrounded by a loose envelope, typical of a herpesvirus. A 2,571 bp PCR product after
HindIII digestion generated four fragments, whose base pair composition were 403, 420, 535, and
1,125 bp. Restriction enzymes HindIII and BamHI generated the expected diagnostic bands as well as
a 2,350 bp hypermolar fragment as a result of BamHI treatment to demonstrate that agent was a bo-
vine herpesvirus 4, appertaining to DN-599 group.
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Bovine herpesvirus 4 (BoHV-4) was first isolated by
Bartha in Hungary from calves suffering from respiratory
and ocular diseases (Bartha et al., 1966). The second major
achievement that established a close association between
this virus and bovine populations was the recovery of a
herpesvirus by Mohanty in the United States from a
1.5-year-old steer with clinical signs of respiratory illness
(Mohanty et al., 1971). It is worth mentioning the works
done by Theodoridis et al. (1978) in Africa with several
strains of herpesvirus isolates from animals showing a gen-
ital syndrome known as “epivag,” first described in 1938,
but the serological relationship is now accepted as refer-

ence strains, and it was not pursued. The successive iso-
lations of viruses in several countries that share genomic
and antigenic properties with BoHV-4, offer the ground for
a non reasonless understanding that this pathogen has
worldwide distribution.

Parks and Kendrick (1973) are considered the first re-
searchers to isolate BoHV-4 from a cow with metritis,
establishing a link between virus infection and uterus pa-
thology. Since then several authors have signaled the virus
BoHV-4 from samples of cattle with signs of reproductive
disorders as Castrucci et al. (1986) in Italy, Mehrotra et al.

(1986) in India, Czaplick and Thiry (1988) in Belgium,
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Frazier et al. (2001) in the United States, Monge et al.

(2006) in Spain, Nikolin et al. (2007) in Serbia, and Verna
et al. (2008) in Argentina. Donofrio et al. (2007) shed more
light on the etiological role of BoHV-4 and indicated in his
paper the likelihood of this virus being responsible for uter-
ine pathology considering its tropism for stromal and epi-
thelial cells and consequent cytopathology.

Molecular and genome sequencing data has allowed
the classification of BoHV-4 as a gammaherpesvirus, ge-
nus Rhadinovirus (Zimmerman et al., 2001). Its genome is
constituted of linear double-stranded DNA of 144 � 6 kbp,
which consists of a long unique region (LUR) of � 108 kbp
that has at both ends approximately 15 tandem repeats of
200 bp, totaling � 2.2 kbp, a noncoding region named
polyrepetitive DNA (prDNA) (Ehlers et al., 1985).

Through restriction enzyme analysis, strains of
BoHV-4 have been grouped into three categories: i)
DN599-like, similar to the strain DN599, reference in
United States; ii) Movar-like, those strains similar to Movar
33/63; and iii) unclassified strains, which have their own
profile particularities (Markine Goriaynoff et al., 2003).

In this short report, we describe the isolation and
characterization by biological, morphological, and molecu-
lar methodologies of a herpesvirus from a cow suffering
from postpartum metritis.

In a beef cattle farm located in the rural region of the
Tibagi municipality (24º30’34” S, 50º24’49” W) in Paraná
state, southern Brazil, a herd of 320 females at reproductive
age experienced elevated abortion occurrence. The rate of
reproductive disorder was not available. The abortions oc-
curred from 4 to 7 months’ gestation. A total of four serum
samples and vaginal discharge swabs were collected from
cows with overt clinical manifestation for diagnostic pur-
poses. We followed a standard viral isolation protocol, and
we have no information about any other reproductive dis-
ease diagnostic that may have been requested by practitio-
ners’ veterinarians. Swabs containing uterine secretion
drawn from cows with post-parturient metritis were shaken
in 10 mL of F10-199 medium and clarified by centrifu-
gation (10,500 g for 10 min at 4 °C), and the supernatants of
each sample were diluted to 1:10.

A cell lineage named TraFB, derived from a primary
culture of a bovine fetus tracheal epithelium, was devel-
oped as a part of diagnostic activities from one of the au-
thors (Kruger E. R.) at the virology laboratory of the Centro
de Diagnóstico Marcos Enrietti - Paraná State, Brazil and
was used for virus-isolation procedures. These cells were
grown in an F10-199 medium (1:1) supplemented with
10% tryptose broth phosphate (TPB) and 5% fetal bovine
serum (FBS). The medium contained penicillin at
100 UI mL, streptomycin at 100 �g/mL, and amphotericin
B at 2.5 �g/mL.

Five mL of the supernatant were inoculated onto
nearly confluent monolayer cells in 25 cm2 culture bottles

and incubated for 1 h at 37 °C in a 5% CO2 incubator. Next,
the inoculum was removed, the monolayer was washed
with phosphate buffered saline (PBS), and 10 mL of growth
medium were added. The same procedure was performed
with a bottle containing only a maintenance medium as a
control. The bottles were followed for 10 to 12 days in or-
der to find out any cytopathogenic effects (CPEs).

Virus isolation in one out of four samples was charac-
terized from the beginning, 12 to 24 h, by rounding and
detachment of cells dispersed over the monolayer. Approx-
imately 48 h postinfection, the cells presented a kind of
shrinkage and long cytoplasmic filaments, often seen in
herpes-infected cell cultures. The CPE culminated in en-
larged refringent cells and lytic degeneration. The enlarged
cells also had long filaments with several balloons along
their length (Figure 1).

Serum samples were probed against the isolated virus
by a standard serum neutralization test as described by
Bitsch (1978). Three of them were negative, and the one
harvested from the same cow, from which a swab generated
the isolated virus, had a positive result. It may be reason-
able to assume that negative results are due to a biological
property of this virus, in which cattle infected naturally or
experimentally develop a humoral immune response char-
acterized by the production of non-neutralizing antibodies.
Or, if they are produced, serum has low titer, and antibodies
are detectable between 22 and 34 days after infection (Cas-
trucci et al., 1986). Frazier et al. (2001), using an endo-
metriotropical viral stain isolated from cows with metritis
and submitted to autopsy, reported that of 480 serum sam-
ples analyzed by neutralization, 404 were negative and 76
positive with titers ranging from 1:8 to 1:32. Using the
same methodology for sera coming from enzootically in-
fected animals from a dairy herd, they detected 107 (26%)
positive animals from a total of 296, and the titers ranged
from 1:8 to 1:64. Antibodies directed to non-critical anti-
gens can be detected by indirect immunofluorescence reac-
tion (IIFR), enzyme-linked immunosorbent assay (indirect
ELISA), and immunoperoxidase, with serum conversion
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Figure 1 - BoHV-4/SU cytopathic effect on TraFB cells 7 d postinfection,
400X augmentation.



occurring between 14 and 20 days after primary infection
(Wellemans et al., 1999; Monge et al., 2006). As we did not
have these approaches standardized, but only serum neutra-
lization, at the time the research was under way, we
preferred to invest in viral isolation and molecular charac-
terization. Positive serum was also probed by serum neu-
tralization against BoHV-1 and revealed a negative result.

Electron microscopy of the isolated virus was per-
formed as follows: the putative virus isolate was multiplied
further to allow visualization. When the CPE was general-
ized, from 5 to 7 d, the bottles were frozen then thawed
3 times. Cell debris were removed by centrifugation
(10,500 xg for 10 min at 4 °C), and the supernatant was con-
centrated to 1/10 of the original volume in an Amicon filter
(Amicon-Millipore, MA, USA) with membrane pores that
had a 10-KDa exclusion limit.

The concentrate was applied to a 30% sucrose cushion
and centrifuged at 100,000 x g for 90 min in a Beckman ul-
tracentrifuge (Beckman Coulter, CA, USA). The pellets
were resuspended in TEN buffer (100 mM NaCl, 10 mM
Trizma, and 1 mM EDTA), pH 7.2, and a drop was laid on a
200-mesh carbon-coated electron microscopy grid. A drop

of 2% phosphotungstic acid was added for 3 to 5 min, and the
excess liquid was removed with filter paper. The grids were
visualized in a Jeol electron microscopy (Jeol, Tokyo, Japan)
at 300 x 103 magnification. Visualization of the virus re-
vealed structures with typical herpesvirus morphology, an
icosahedral nucleocapsid, and existence of a well-defined
membrane envelope (Figure 2).

Amplification of a segment of the viral genome, which
included the 3end of open reading frame ofORF 1 (homolo-
gous to the Epstein-Barr virus gene - EBV BVRF1), ORF 2
(homologous to the EBV BXRF1 gene), ORF 3 (thymidine
kinase), and gH gene 5end ORF 4, was carried out by a poly-
merase chain reaction (PCR), a procedure described by
Donofrio et al. (2000), with minor modifications. Briefly, a
1000 �L sample of the semipurified virus was treated with
0.5% sodium duodecyl sulphate (SDS) and 100 �g of protei-
nase K/mL in a TEL buffer (10 mM Tris-HCl, pH 7.5, 1 mM
EDTA) at 56 °C for 1 h. Three repeated DNA extractions
were performed with phenol-chloroform-isoamyl alcohol
(25:24:1) and twice with chloroform, followed by ethanol
precipitation. For the remaining cycling conditions, reagent
concentration, primers, restriction enzyme digestion, and
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Figure 2 - BoHV-4/SU electron microscopy, 300 x 103 magnification.



electrophoresis, the protocol was exactly the same (Donofrio
et al., 2000). The amplified fragment had a molecular weight
compatible with the predicted amplicon, assumed to be
2,571 bp, considering the band positioning between molecu-
lar weight marker bands 2 and 3 kbp.

Following HindIII digestion, this fragment generated
four bands whose base pair contents were considered to have
403, 420, 535, and 1,125 bp, based on the molecular weight
marker bands and the similarity of the band migration pat-
terns to results published in previous work (Donofrio et al.,
2000).

DNA fingerprinting was performed as described by
Osorio et al. (1985). In summary, 5 �g of the extracted
genomic DNA was digested with 20 units of each restriction
enzyme, BamHI and HindIII, at 37 °C for 2 h. The product of
digestion was subjected to electrophoresis at 15 V/cm in
0.8% agarose gel, then stained with ethidium bromide and
visualized under a UV-photo documentation system.

The restriction enzymes generated cleavage products
that are in agreement with the profiles assigned to BoHV-4,
strain DN 599: a hypermolar fragment and 2,350 bp in size,
indicating a class II monomeric repeat unit (Ehlers et al.,
1985; Zimmermann 2001) and the total number of fragments
(L to M) as a result of the BamHI treatment, while HindIII
generated fragments of size and relative migration distance
typical the above-mentioned strain (Figures 3 and 4).

The goal of this work was to definitively characterize
a virus isolated from cows with postpartum metritis. Well-
documented biological properties, such as the nature and
dynamics of cytopathic effect development, were the start-
ing points. Initially, inoculated cell cultures presented en-

larged cells dispersed over the monolayer. From 48 h
postinfection, a sequence of morphological modifications
were observed, such as emission of cell cytoplasmic elon-
gations containing several small balloons along them and
by 7 d postinfection, complete cell lysis had occurred. This
kind of cytopathology was highly suggestive of a
herpesvirus infection.

Analysis of negatively stained virus particles re-
vealed morphology compatible with a herpesvirus in both
size and shape. Also characteristic was the presence of an
envelope loosely arranged around the nucleocapsid and
some space between them containing protein structures not
resolved by conventional electron microscopy that main-
tained the envelope separate from the nucleocapsid, as de-
scribed by Theodoridis (1978) in his seminal paper on the
new herpesvirus isolated in Africa, currently considered to
be BoHV-4.

The genome evaluation by PCR, whose primer design
is specific to BoHV-4, generated an amplicon that after
HindIII digestion produced four fragments with a base pair
composition in accordance with the reference methodology
(Donofrio et al., 2000, 2007; Zimmerman et al., 2001).
This experimental result allowed the isolated virus to be
classified as BoHV-4. Restriction endonuclease analysis of
viral DNA has been used as a tool to discriminate between
virus strains that share biological and immunological prop-
erties. Taking in account the three classes of BoHV-4
polyrepetitive DNA (prDNA) determined by the total sizes
of hypermolar fragments and the number and migration
patterns of the digestion products, two restriction enzymes
that are present in almost all the methodologies of similar
works were chosen (Osorio et al., 1985, Donofrio et al.,
2000). As shown in Figure 4, BamHI produced the typical
hypermolar band of class II prDNA, 2,350 bp, and HindIII
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Figure 3 - BoHV-4/SU PCR amplicon in agarose gel (1.6%) before and
after HindIII digestion in electroforesis gel. Lane A: Molecular marker
(1 kb gibcoBRL ladders®); Lane B: BoHV-4/SU PCR amplicon bands;
Lane C: Products from PCR amplicon following Hind III digestion.

Figure 4 - BoHV-4/SU genome after Hind III and Bam HI digestion and
subjected to electrophoresis at 15 V in 0.8% agarose. Lane A: molecular
maker (1 kb plus invitrogen® leddar); Lane B: BoHV-4/SU Hind III di-
gestion; Lane C: BoHV-4/SU Bam HI digestion.



produced the designated diagnostic bands. From the
above-mentioned data, amplicon size generated by PCR
and its restriction enzyme profile in addition to the hyper-
molar class II prDNA generated by BamHI treatment, it
was possible to conclude that the viral agent involved and
characterized was BoHV-4 appertaining to a DN599 group.
Such a virus strain has been designated BoHV-4/SU.

In Brazil, there are no published studies on BoHV-4
isolation; only recently Costa et al. (2011), using a molecu-
lar methodology, reported BoHV-4 genome in 14 frag-
ments of the CNS in cattle that presented neurological signs
in the southeast region (Minas Gerais). However, the au-
thors did not isolate the virus.

Association between BoHV-4 and reproductive dis-
orders is a well-documented issue, but it deserves special
attention when the occurrence of this pathogen is in South
America, a geographic region where there have been a few
studies of it.
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