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RESUMEN
El presente estudio tuvo como objetivo detectar la presencia de BoHV-1 y BoHV-5 en infecciones latentes de ganado vacuno en el Uruguay. Se
analizaron 62 muestras de ganglios trigéminos (TG) de cabezas de bovinos colectados en un frigorífico. Utilizando un tipo diferencial de PCR (nPCR)
focalizando en el gen UL44 de BoHV-1 y BoHV-5 se detectaron los diferentes genomas virales. ADN viral fue detectado en 64,5% (40/62) de los
animales. Treinta muestras (48,4%) contenían solo el ADN de BoHV-1, mientras que nueve (14,5%) contenían ADN de ambos BoHV-1 y BoHV-5.
Una sola muestra (1,6%) contenía apenas ADN de BoHV-5. La detección de anticuerpos neutralizantes se realizó en los sueros mediante la técnica de
seroneutralización in vitro. Anticuerpos neutralizantes fueron encontrados en 16 de los animales portadores de ADN viral, lo que corresponde a 40%
de las muestras con genoma viral identificado. La prevalencia genómica específica del tipo viral fue sustancialmente diferente de la que se informó en
un estudio similar llevado a cabo en Brasil y puede estar asociada con el tipo de razas europeas predominante criadas en Uruguay, en contrapartida a
los bovinos brasileños que son cruzados (Bos taurus x Bos indicus). Sin embargo, y a pesar de que tanto BoHV-1 y BoHV-5 pueden ser causas de coinfecciones ocasionales en Uruguay, BoHV-5 mostró una significativa menor prevalencia comparado con BoHV-1.
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SUMMARY
The present study aimed to detect BoHV-1 and BoHV-5 latent infections in Uruguayan beef cattle. Trigeminal ganglia (TG) were collected from 62
cattle heads in a slaughterhouse. Viral genomes were detected by a type-differential nested PCR (nPCR) targeting the UL44 gene of BoHV-1 and BoHV5. Viral DNA was detected in 64.5% (40/62) of the animals. Thirty cattle heads (48.4%) contained only BoHV-1 DNA, whereas nine (14.5%) contained
DNA of both BoHV-1 and BoHV-5. One cattle head (1.6%) contained BoHV-5 DNA only. Detection of neutralising antibodies was performed on sera
of the examined cattle heads by a standard serum neutralization test. Neutralising antibodies were detected in 16 of the viral DNA-carrying animals,
corresponding to 40% of the samples from which viral genomes were identified. The type-specific genomic prevalence was substantially different from
that reported in a similar study carried out in Brazil and may be associated to the predominant European type of breeds farmed in Uruguay, as opposed
to Brazilian cattle which is often crossbred (Bos Taurus x Bos indicus). Therefore, despite both BoHV-1 and BoHV-5 do circulate in Uruguay and
sometimes both viruses can co-infect cattle, BoHV-5 infections seem less frequent than BoHV-1 infections.
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INTRODUCTION
Bovine herpesvirus type 1 (BoHV-1) and type 5
(BoHV-5) are members of the order Herpesvirales, family
Herpesviridae, subfamily Alphaherpesvirinae (Davison et al
2009). Both viruses may be responsible for great losses to
the cattle productive chain worldwide (Ackermann et al
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1990; Engels and Ackermann 1996). Bovine herpesvirus 1
has been associated with respiratory tract infections (bovine
infectious rinotracheitis, IBR), abortions, sporadic cases of
encephalitis and reproductive tract infections (vulvovaginitis
or balanopostitis) (Engels and Ackermann 1996, Muylkens
et al 2007, Nandi et al 2009). Bovine herpesvirus 5 seems to
be widely distributed in Latin America (Esteves et al 2008,
Pidone et al 1999, Silva et al 2007), although it has been
occasionally found in other regions of the world (Bartha
et al 1969, Carrillo et al 1983, Diallo et al 2010, d’Offay
et al 1993, Eugster et al 1975, Kirkland et al 2009). Bovine
herpesvirus 5 has been associated with encephalitis and
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meningoencephalitis in calves and is of utmost importance in
the differential diagnosis of bovine spongiform encephalitis
(Meyer et al 2001). On occasions, BoHV-5 can also infect
the genital tract of ruminants (Esteves et al 2003, Gomes
et al 2003, Oliveira et al 2011).
In Uruguay, the serological prevalence of bovine
herpesviruses (BoHV) in beef cattle was estimated in
approximately 37%, with 99% of the farms bearing animals with antibodies to either BoHV-1, BoHV-5, or both
(Guarino et al 2008). However, these calculations were
based on serological assays that do not allow differentiation
between BoHV-1 and BoHV-5 infections, in view of the
wide cross-reactivity observed with antibodies of naturally
infected animals (Varela et al 2010). Consequently, the
actual prevalence of infection with each virus type remains
unknown. Therefore, the only precise way to differentiate
BoHV-1 from BoHV-5 infections –as well as to identify
co-infections– is to search for viral genomes, whose
segments can then be sequenced and further analyzed
to determine the virus type. The present study aimed to
detect latently infected cattle by searching BoHV-1 and
BoHV-5 DNA in trigeminal ganglia (TG) of beef cattle
from slaughterhouses in Uruguay. In order to achieve
that, a type-specific nested PCR (nPCR) was applied to
allow distinction between both virus types. In addition,
the frequencies of detection of viral DNA were compared
to the results of serum neutralization (SN), the standard
serological test for detection of antibodies to BoHV.
MATERIAL AND METHODS
Blood samples and TGs were collected from 62 randomly chosen adult Hereford cows from 14 herds located
in the south and east areas of Uruguay. The samples were
obtained at the time of slaughtering in an abattoir located in
Minas, Lavalleja, Uy. Blood samples were processed and
sera stored at –20 °C. Cells of the lineage Madin-Darby
bovine kidney (MDBK, originally from ATCC CCL 22)
were used to multiply the Cooper strain of BoHV-1. The
cells were kept in Eagle’s minimal essential medium
(EMEM, Gibco) supplemented fetal bovine serum (SFB,
Cultilab) and antibiotics [10 IU/ml penicillin (Cultilab), 10
mg/ml streptomycin (Cultilab) and 2 mg/ml amphotericin
B (Cristalia)].
Trigeminal ganglia were collected in pairs as described
(Campos et al. 2009). The TG were stored individually in 6-well plates and transported to the laboratory
under refrigeration. Ganglia were then cut in several
pieces, stored in wells of 24-well plates and frozen at
–80 °C. All samples were carefully handled to avoid
cross-contamination.
DNA was extracted from approximately 50 mg of
tissues of each TG as described previously (Campos
et al 2009, Sambrook and Russel 2001). The recovered
DNA was resuspended in 200 μl of TE buffer (10 mM
Tris pH 7.4; 1 mM EDTA pH 8.0). The quality and
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quantity of the extracted DNA was assessed by agarose
gel electrophoresis.
Detection of BoHV-1 and BoHV-5 genomes was carried
out with a PCR targeting a region on the UL44 gene that
codes for glycoprotein C (gC) as described by Esteves
et al (2008). This non-type-discriminative reaction is
expected to detect simultaneously BoHV-1 and BoHV-5.
Type differentiation was achieved by a nPCR performed
on the products of the first reaction, with type-specific
primers as described previously (Campos et al 2009).
In such assay, the primers targeting BoHV-1 DNA at an
internal region of the UL44 fragment amplified as above
are expected to give rise to 161 base pairs (bp) product,
whereas BoHV-5 primers are expected to amplify a 236 bplong amplicon. To avoid contamination with PCR products,
separate rooms were used for extractions of ganglia DNA,
to prepare the PCR reaction buffer, and to examine PCR
products. Filter tips were used throughout; work benches
were decontaminated with UV light and negative controls
were included in every five PCR reactions. To confirm the
specificity of the amplicons obtained, 12 nPCR products
were sequenced (Macrogen, Korea). The alignment of
sequences was carried out using BioEdit v7.1.11 and the
phylogenetic analysis was performed using MEGA 5.0
(Tamura et al 2011) by the Neighbor-Joining method
(Saitou and Nei 1987). The evolutionary distances were
computed using the Kimura 2-parameter method (Kimura
1980). Statistical significance of clades was measured by
500 bootstrap replicates (Felsenstein 1985).
To determine the serum prevalence of BoHV-1 and
BoHV-5, sera of all 62 animals were tested using a 24-hour
incubation serum neutralization test (SN) as recommended
(OIE 2010). Briefly, 50 µl of each serum were mixed with
50 µl of 100 TCID50 (50% tissue culture infectious dose)
of BoHV-1. After a 24 h pre-incubation at 37 °C, 100 µl
of a cell suspension (3 x 104 cells) were added per well
and the plates incubated at 37 °C in a 5% CO2 incubator.
Five days later, titers were determined microscopically and
calculated using the method of Reed and Muench (1938).
RESULTS AND DISCUSSION
The nested-PCR for UL44 gene of BoHV revealed
that 40 out of the 62 sampled animals (64.5%) contained
genomes of at least one of the two herpesvirus types in TG.
Bovine herpesvirus 1 DNA was detected in 30 (48.4%)
animals, whereas co-infections were detected in 9 (14.5%)
animals. BoHV-5 DNA was found in one sample (1.6%).
Ten BoHV-5 and two BoHV-1 amplicons generated by
nPCR, were sequenced to confirm the specificity of the
analyses. Sequence alignment showed discrete exchange
of nucleotides, suggesting that those were in fact distinct
sequences and not PCR contamination (data not shown).
Alignment of amino acid residues of BoHV-5 sequences
showed two changes (positions 33 and 47 on figure 1a).
Phylogenetic analyses grouped such sequences along
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Figure 1a. Alignment of amino acid residues of BoHV-5 sequences using BioEdit v7.1.11 program. In total, 10 BoHV-5 sequences
were aligned from this study, 17 BoHV-5 sequences and 1 BoHV-1 sequences were aligned from Genbank. Two changes are shown
in position 33 (threonine by alanine, samples A12-PF05 and A9-PF05) and position 47 (threonine by proline, samples A4-PF05 and
A5-PF05).
Alineamiento de secuencias de aminoácidos de BoHV-5 utilizando el programa BioEdit v7.1.11. En total se alinearon 10 secuencias de
BoHV-5 de este estudio, 17 secuencias de BoHV-5 y 1 secuencia de BoHV-1 a partir de GenBank. Dos cambios se muestran en la posición 33 (treonina
por alanina, las muestras A12-PF05 PF05-y A9) y la posición 47 (por treonina, prolina muestras A4 y A5-PF05-PF05).

with other BoHV-1 and BoHV-5 sequences available at
GenBank (figure 1b). As all sequences generated were
shorter than 200 bp, it was not possible to submit data
to Genbank, as sequences shorter than 200 bp are not
accepted for that purpose.
These findings confirm the circulation of BoHV-1 and,
to a significantly lesser extent, BoHV-5, in Uruguayan
cattle. It is interesting to compare such results with those
of Campos et al (2009), who conducted a similar study
in Brazil. There, the authors detected BoHV genomes
in 87% of a sampled cattle population in an abattoir
(n = 200), of which 82.8% had BoHV-1, 93.1% had
BoHV-5 and 75.9% had both BoHV-1 and BoHV-5 genomes, suggesting a higher prevalence of BoHV-5 than
BoHV-1. In the present study, more animals were found
infected with BoHV-1 than BoHV-5, with a relatively
low number of co-infections. These highly significant
differences in prevalence perhaps might be explained by
the more restricted cattle management system adopted in
Uruguay, where cattle imports are unusual and where zebu
cattle (Bos indicus) is not usually mixed with European
(Bos taurus) breeds; in Brazil, however, crossbreeding
is fairly common and cattle from different regions of the
country are frequently mixed with European breeds to
improve resistance to heat and decrease susceptibility to
ticks. Although to date there are no conclusive evidence
to indicate that the source of BoHV-5 may be related
to Bos indicus as the primary host species, the indirect
evidence revealed by such differences in prevalence
point towards some sort of participation of the species
in BoHV-5 infection, as speculated previously (Studdert

1990). Such speculation, however, still requires sounder
evidences before associations can be firmly drawn.
Serum neutralization tests revealed neutralizing antibodies to BoHV-1 in 25.8% (16/62) of the studied animals.
In Uruguay, Repiso et al (2005) reported an overall serological prevalence of 36.6% in a study with more than
6,200 samples, revealing a highly scattered distribution of
the infection. Other authors detected BoHV prevalence’s
ranging from 38% to 45% (Guarino et al 2008, Saizar
1997). It must also be highlighted that the neutralizing
antibody prevalence in the sampled population was lower
than the genomic prevalence determined by nPCR (overall
genomic prevalence 64.5%). In this case, just 40% of the
infected population responded with detectable neutralizing antibodies. Campos et al (2009) detected 49.5% of
the cattle examined with neutralizing antibodies over an
87% genomic prevalence, therefore, it seems clear that
neutralizing antibodies are a much less sensitive indicator
of BoHV infections than the genome search by the nPCR
employed here. Thus, bearing the results reported here
in mind, studies on prevalence must be interpreted with
caution as a significant proportion of the infected population may be seronegative at the moment of testing. In
view of the particular biology of herpesviruses, serology
for BoHVs provides a rough estimate on the circulation
of these viruses within a population, whereas prevalence
as based on detection of BoHV-1 and BoHV-5 genomes is
more precise than serological methods. Latently infected
animals may present low titers of antibodies that may not
be detected by all serological tests (Lemaire et al 2001).
On the other side, the nPCR is a very sensitive technique,
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Figure 1b. Phylogenetic analysis of the partial UL44 gene sequences from BoHV-1 or BoHV-5 from nPCR positive samples
and from GenBank (NCBI). In total, 10 BoHV-5 and 2 BoHV-1
sequences obtained in this study, 17 BoHV-5, 12 BoHV-1, 1
Bubaline Herpesvirus 1 (BuHV-1) and 1 Suid herpesvirus 1
(SuHV-1) sequence of Genbank were analyzed. The tree is drawn
to scale, with branch lengths in the same units as those of the
evolutionary distances used to infer the phylogenetic tree.
Análisis filogenético de las secuencias parciales del gen UL44
de BoHV-1 o BoHV-5 de muestras positivas por nPCR y del GenBank
(NCBI). En total 10 secuencias de BoHV-5 y 2 de BoHV-1 obtenidas de
este estudio, 17 de BoHV-5, 12 de BoHV-1, 1 de herpesvirus bubalino 1
(BuHV-1) y 1 de herpesvirus suine 1 (SuHV-1) obtenidas del GenBank,
fueron analizadas. El árbol está diseñado a escala, con largos de rama en
las mismas unidades que las distancias evolutivas utilizadas para inferir
el árbol filogenético.

capable of detecting a low number of DNA molecules per
reaction (Campos et al 2009, Van Engelenburg et al 1995).
However, access to TG requires slaughtering of cattle and
this may be a major drawback in some instances. The
sensitivity of the SN tests might have been increased by
performing SNs against different challenge viruses. In a
previous study, Varela et al (2010) detected about 30% more
seropositive samples by testing sera against at least four
different BoHV-1 and BoHV-5 strains. Nevertheless, the
sensitivity of the SN as a diagnostic tool in the present study
would remain significantly lower than that of the nPCR.
The fact is that BoHV is never eliminated from an
infected host and establishes life-long latency and may
be reactivated at intervals. In recent years, a substantial
increase in live cattle exports (beef and milk production)
has occurred in Uruguay1. Simultaneously, in the Europe, a
small number of countries have achieved IBR-eradication
(Ackermann & Engels, 2006). If BoHV becomes a new
sanitary barrier in order to ensure live cattle export, Uruguay
must be prepared to detect latent virus in tissues or samples
of live animals, and this detection should be as efficient
as nPCR technique presented here.
Using phylogenetic analyses, tree reconstruction provided a clear distinction between BoHV-1 and BoHV-5,
as in the study of Traesel et al (2013), in which 41 BoHV
isolates from Brazil, 2 of Uruguay and 2 of Argentina
were compared.
This is the first report on the detection of BoHV-1
and BoHV-5 DNA in TG of beef cattle from Uruguay.
The occurrence of BoHV-1 and BoHV-5 co-infections
(Campos et al 2009), is also reported for the first time in
the country. The genomic prevalence of BoHV infections
seems higher than previously estimated by studies based
on seroprevalence, yet quite different from the estimated
type-specific prevalence reported in a study from southern Brazil, where BoHV-5 infections were found more
prevalent than BoHV-1 infections (Campos et al 2009).
Such difference is interesting and may be associated to
the predominantly European type of breed in Uruguay, as
opposed to Brazilian cattle which are often crossbred (Bos
Taurus x Bos indicus). The findings on prevalence shall be
more deeply examined in the future, as BoHV type-specific
discrimination becomes more generally employed as a
diagnostic method. It is expected that these findings will
contribute significantly towards the understanding of the
distribution of BoHVs in the country and in Latin America.
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