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RESUMO.- [Patogênese do alfaherpesvírus bovino 2 em 
bezerros inoculados por diferentes vias.] O alfaherpesvírus 
bovino 2 (BoHV-2) é um agente etiológico da mamilite 
herpética (BHM), uma doença cutânea e autolimitante do 

úbere e tetos de vacas. Pouco se sabe sobre a patogênese do 
BoHV-2, dificultando o desenvolvimento de medicamentos 
terapêuticos e vacinas. Este estudo investigou a patogênese 
do BoHV-2 em bezerros após a inoculação por diferentes 

ABSTRACT.-Amaral B.P., Jardim J.C., Cargnelutti J.F., Martins M., Weiblen R. & Flores E.F. 
2020. Pathogenesis of Bovine alphaherpesvirus 2 in calves inoculated by different 
routes. Pesquisa Veterinária Brasileira 40(5):360-367. Setor de Virologia, Departamento de 
Medicina Veterinária Preventiva, Universidade Federal de Santa Maria, Av. Roraima 1000, Rua 
Z, Prédio 63A, Santa Maria, RS 97105-900, Brazil. E-mail: eduardofurtadoflores@gmail.com

Bovine alphaherpesvirus 2 (BoHV-2) is the agent of herpetic mammilitis (BHM), a 
cutaneous and self-limiting disease affecting the udder and teats of cows. The pathogenesis 
of BoHV-2 is pourly understood, hampering the development of therapeutic drugs, vaccines 
and other control measures. This study investigated the pathogenesis of BoHV-2 in calves 
after inoculation through different routes. Three- to four-months seronegative calves were 
inoculated with BoHV-2 (107TCID50.mL-1) intramuscular (IM, n=4), intravenous (IV, n=4) 
or transdermal (TD) after mild scarification (n=4) and submitted to virological, clinical 
and serological monitoring. Calves inoculated by the IV route presented as light increase 
in body temperature between days 6 to 9 post-inoculation (pi). Virus inoculation by the 
TD route resulted in mild inflammatory lesions at the sites of inoculation, characterized 
by hyperemia, small vesicles, mild exudation and scab formation, between days 2 and 8pi. 
Virus or viral DNA was detected by PCR in the crusts/swabs collected from lesions of 3 out 
of 4 animals inoculated TD from day 2 to 8pi. Viremia was detected in 3/4 animals of the 
IM group (from day 4 to 8pi); in 2/4 animals of the IV group (days 6 and 8pi) but not in the 
TD group. Calves from all inoculated groups seroconverted to BoHV-2 in titers from 4 to 
64, as indicated by virus-neutralizing (VN) assays performed in sera collected at day 15pi. 
Administration of dexamethasone (Dex) to the inoculated calves at day 48pi, did not result 
in virus reactivation as indicated by lack of virus detection in the blood and/or in inoculation 
sites and no increase in VN antibody titers. These results demonstrated that BoHV-2 was 
able to replicate efficiently in calves following different routes of exposure, produced viremia 
after IM and IV inoculation and was not reactivated by Dex treatment.
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vias. Bezerros soronegativos de três a quatro meses foram 
inoculados com BoHV-2 (107TCID50.mL-1) por via intramuscular 
(IM, n=4), por via intravenosa (IV, n=4) ou transdérmica (TD, 
n=4) após escarificação leve e submetidos a monitoramento 
virológico, clínico e sorológico. Os bezerros inoculados pela 
via IV apresentaram aumento leve da temperatura corporal 
entre os dias 6 a 9 pós-inoculação (pi). A inoculação do vírus 
pela via TD resultou em lesões inflamatórias leves nos locais de 
inoculação, caracterizadas por hiperemia, pequenas vesículas, 
exsudação leve e formação de crostas, entre os dias 2 e 8pi. O 
vírus ou DNA viral foi detectado por PCR nas crostas/swabs 
coletados de lesões de 3 de 4 animais inoculados TD do dia 
2 ao 8pi. Viremia foi detectada em 3/4 dos animais do grupo 
IM (do dia 4 ao 8pi); em 2/4 animais do grupo IV (dias 6 e 
8pi), mas não no grupo TD. Bezerros de todos os grupos 
inoculados soroconverteram o BoHV-2 em títulos de 4 a 64, 
conforme indicado por ensaios de vírus-neutralização (VN) 
realizados em soro coletado no dia 15pi.  Administração de 
dexametasona (Dex) nos bezerros inoculados no dia 48pi, não 
resultou em reativação do vírus, como indicado pela falta de 
detecção de vírus no sangue e/ou nos locais de inoculação 
e pela ausência de aumento nos títulos de anticorpos. Estes 
resultados demonstraram que o BoHV-2 foi capaz de replicar 
eficientemente em bezerros seguindo diferentes vias de 
inoculação, produziu viremia após a inoculação IM e IV e não 
foi reativado pelo tratamento com Dex.

TERMOS DE INDEXAÇÃO: Patogênese, alfaherpesvírus bovino 2, 
bezerros, bovinos, infecção aguda, latência.

INTRODUCTION
Bovine alphaherpesvirus 2 - formerly bovine herpesvirus type 2 
(BoHV-2) - is an enveloped, double-stranded DNA virus belonging 
to the family Herpesviridae, subfamily Alphaherpesvirinae, 
genus Simplexvirus (ICTV 2018). BoHV-2 is genetically and 
antigenically related to Human alphaherpesviruses 1 and 
2 (HSV-1, HSV-2) (Sterz et al. 1974, Borchers et al. 1990, 
Ehlers et al. 1999). BoHV-2 is the agent of bovine herpetic 
mammillitis (BHM), a vesicular, erosive and necrotic cutaneous 
disease of the udder and teats of cows. The distribution and 
prevalence of BoHV-2 infection are poorly understood, but 
serologic data indicate that the virus is widespread in cattle 
worldwide (Rweyemamu et al. 1966, Dardiri & Stone 1972, 
Gibbs & Rweyemamu 1977).

Historically, BoHV-2infection has been described in several 
countries, including the United States (US) (Dardiri & Stone 
1972), Great Britain (Johnston & Scott 1971), Brazil (Alice 
1977, Campos et al. 2014), Kenya (Martin & Gwynne 1968), 
Australia and Japan (Turner et al. 1974, Imai et al. 2005). In 
addition to the classic BHM, BoHV-2 has also been associated 
with a generalized nodular skin condition called pseudo-lumpy 
skin disease (PLSD) (Gibbs & Rweyemamu 1977). Antibodies 
to BoHV-2 have been detected in wild ruminants (Plowright 
& Jesset 1971) and the infection has been experimentally 
reproduced in goats (Westbury 1981) and sheep (Torres et 
al. 2009b). However, a potential role of these species in the 
epidemiology of BoHV-2 remains uncertain. Likewise, there 
is no evidence of human infection, in spite of attempts to 
reproduce the infection upon inoculation of volunteers (Martin 
et al. 1966). Large outbreaks of BoHV-2-associated cutaneous 
disease occurring in a 10-year-period were described in dairy 

breed calves in California, US (Watanabe et al. 2017). These 
findings suggest that, like to other simplex viruses, BoHV-2 may 
circulate silently in susceptible host populations, occasionally 
producing clinical cases or outbreaks. This behavior may 
also explain findings of positive BoHV-2 serology in cattle 
populations with no evident, or scarce, history of compatible 
clinical disease (Almeida et al. 2008, Torres et al. 2009b).

In spite of its long story and several decades of scattered 
studies, several aspects of BoHV-2 biology and pathogenesis 
remain obscure. The pathogenesis of acute and latent 
infection remains poorly understood. The few pathogenesis 
studies in cattle were performed two or three decades ago, 
using old and nowadays obsolete techniques and resources. 
Experimental reactivation of the infection has not been 
consistently demonstrated (Probert & Povey 1975, Turner 
et al. 1976, Castrucci et al. 1980) and attempts to recover 
the virus upon explant cultures of sensory nerve ganglia 
have failed (Letchworth & Carmichael 1982). In some of the 
studies demonstrating latency and reactivation, biases may 
have been introduced by inoculating the virus intravenously 
(Castrucci et al. 1972, Scott & Martin 1978). Likewise, the 
sites in which the virus may remain latent remain unknown 
(Letchworth & Carmichael 1982). Pathogenesis studies were 
performed in animal models, with their inherent pitfalls and 
restrictions (Almeida et al. 2008, Torres et al. 2009a). Thus, a 
better understanding of BoHV-2 pathogenesis in their natural 
hosts is needed.

In addition, bovine herpesviruses have been proposed 
as viral vector for vaccine antigen delivery (Kanekiyo et al. 
2019). As such, BoHV-2 may be also a candidate viral vector 
for vaccine use. Therefore, the present study investigated 
selected aspects of the pathogenesis of BoHV-2 in calves.

MATERIALS AND METHODS
Cell culture and virus. Bovine alphaherpesvirus 2 (BoHV-2) 

strain New York 01 (NY01) was kindly provided by Dr. Fernando A. 
Osorio (Department of Veterinary and Biomedical Sciences, University 
of Nebraska, Lincoln, USA). All procedures of virus replication, 
quantitation and virus neutralizing assays (VN) were performed in 
CRIB cells (a MDBK-derived cell line resistant to BVDV). Cells were 
maintained in Eagle’s minimum essential medium (MEM) (Vitrocell®, 
Nova Campinas, São Paulo, Brazil) supplemented with 10% fetal 
calf serum (Vitrocell®), penicillin (10,000 IU.mL-1), streptomycin 
(10mg/mL-1) and amphotericin B (250μg.mL-1) (Sigma - Aldrich®, 
Darmstadt, Hessen, Germany). The virus inoculum consisted of the 
supernatant of CRIB cells infected with BoHV-2 at passage # 12, 
containing 107 TCID50.mL-1 (median tissue culture infectious doses).

Animal experiment. Sixteen holstein with ages ranging from 
90 to 120 days, tested negative for BoHV-2 antibodies by virus 
neutralizing (VN) assays were used in the experiment. The animals 
were randomly allocated in four groups of four animals each and 
submitted to the following inoculation protocols: four calves were 
inoculated by the intramuscular route (IM group); four calves 
were inoculated by intravenous route (IV group); four calves were 
inoculated in the skin of the internal face of the left hind limb, after 
scarification with a needle (TD group) and application of the virus 
inoculum with the help of a cotton swab. Each animal was inoculated 
with 107 TCID50.mL-1 of the virus. The four remaining animals (Control 
group) were inoculated with minimal essential médium (MEM) by 
the IM route (n=1), IV route (n=1) and by scarification of the skin, 
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as described by the TD group (n=2). The experimental groups were 
maintained in separated barns and given food and water ad libitum.

Experimental inoculated animals were monitored daily for local 
and systemic clinical signs; blood, nasal secretions and exudates 
of the inoculation sites were collected for virus detection. Clinical 
monitoring consisted of visual inspection and photographic registration 
of local signs (TD group); measurements of rectal temperatures, 
recording of appetite and alertness (all groups). Blood samples and 
nasal swabs were collected every two days from calves of the IM 
and IV groups. Nasal secretions and buffy coats were submitted to 
DNA extraction and PCR for the BoHV-2 genome. Swabs collected 
from the sites of virus inoculation (TD group) were collected daily 
and also submitted to PCR for BoHV-2 DNA. Serum samples were 
collected at days 0 and 14 pi and submitted to VN assays for BoHV-2 
antibodies. Forty-eigtht days after virus inoculation, inoculated animals 
were submitted to dexamethasone (Dex) treatment (Azium–Merck 
Sharp and Dohme®, Kenilworth, Nova Jersey, USA), 0.1mg/kg/day 
for 5 consecutive days, and monitored thereafter for viremia, virus 
shedding, clinical signs and seroconversion. All procedures involving 
animals were approved by an institutional committee on ethics 
and animal welfare (CEUA-UFSM, approval number 6173221215).

Virus neutralizing assays. Virus-neutralizing (VN) assays 
were performed in duplicates in 96-well plates, incubating two-fold 
dilutions of the sera against 100-200 TCID50.50µL-1 of the virus for 
1h, followed by addition of a suspension of CRIB cells and incubation 
of the plates at 37oC in a CO2 incubator. Readings were performed 
at 96h, by visualization of typical BoHV-2 cytopathic effect (cpe) in 
indicator cells. VN titers were considered as the reciprocal of the 
highest serum dilution that prevented the production of cpe. Sera 
positive and negative for BoHV-2 antibodies were used as controls 
in all assays.

Nucleic acid extraction and PCR. Total DNA was extracted 
from buffy coats, nasal secretions or cutaneous scabs/exudates by 
thephenol-chloroform protocol and submitted to final elution in 50μl 
of Tris-EDTA solution. A semi-nested PCR targeting a sequence within 
the BoHV-2 glycoprotein B gene was used for viral DNA detection. 
The first round targeted a 624bp sequence and used the primers 
F (forward) - CTCCAGCGACGATCCTAATTTC (position 6528) and R 
(reverse) TATGCGTTGTGCTCTGAGTG (position 7151). The second 
reaction targeted a 347pb sequence and used the same forward 
primers and the reverse primer CGGTGGTCTCAAGGTTGTTC (position 
6874). PCR reactions were performed in a 25μl volume, using 3μl of 
DNA template, 0.4μM of each primer, 2mM MgCl2, 8mM of dNTPs, 
1 × reaction buffer, 10% of reaction dimetilsulfoxide and 1.5 unit 
of Taq polymerase (Life Technologies®, Carlsbad, Califórnia, USA). 
PCR conditions were: initial denaturation (95oC for 5min), followed 
by 30 cycles of 95oC for 45s; 56oC for 30s for primer annealing and 
72oC for 45s for primer extension; and a final extension of 7 min at 

72oC. Products were visualized in a 2% agarose gel, stained with 
Gel Red (Biotium®, Fremont, California, EUA) and visualized under 
UV light. Control included total DNA extracted from mock-infected 
and BoHV-2 infected CRIB cells.

Statistical analysis. Statistical analysis was performed using 
the Prism software (GraphPad; 6th version). Students T-test was 
performed on all groups. Statistical differences between groups 
were considered significant at P<0.01.

RESULTS
Acute infection

No overt systemic signs were observed in inoculated 
calves in the days following virus inoculation. Food intake 
and alertness remained unaltered upon detailed observation. 
The body temperature of animals of the IV group presented 
an increase between days 4 and 8-9pi; groups IM and TD 
presented a transient increase in body temperature at day 
11pi. The temperature of control calves remained within 
normal limits (Fig.1). Comparing to the basal temperatures, 
animals from group IV presented the higher variation 
(P<0.01). Temperatures returned to pre-inoculation levels 
at day 11-12pi and remained at those levels up to the end of 
the monitoring period.

Virus inoculation after skin scarification (TD) resulted 
in mild inflammatory lesions within the inoculation sites. 
The observed changes were hyperemia, small vesicles, mild 
exudation and scab formation, recorded between days 2 and 
8pi (Fig.2). At day 8pi, only residual and slight scabs were still 
present. Animals inoculated with MEM presented transient 
hyperemia (1-2 days) and very thin scab formation along the 
lines of scarification (Fig.2).

Table 1 presents the results of PCR performed in total DNA 
extracted from swabs/scabs of cutaneous lesions (or sites of 
virus inoculation) of the TD group. Viral DNA was detected in 
material collected from lesions of 3 out of 4 animals (75%). 
Virus shedding/presence was detected from day 2 to 8pi in 
two animals and from day 2 to 6pi in one calf (Table 1). No 
viral DNA was detected after day 10pi up to day 14pi, when 
the collection was discontinued. These results showed a 
transitory virus replication/detection (lasting 4 to 6 days) 
in the lesions associated with skin inoculation.

The presence of viral DNA as indicator of viremic spread 
was investigated in the blood of inoculated calves in the days 
following inoculation. For this, total DNA extracted from buffy 
coats was submitted to the same PCR described above. The 
results are presented in table 2. Viral DNA was detected in 
the buffy coats of 3/4 animals (75%) of the IM group, from 

Fig.1. Mean body temperature (ToC) of calves inoculated with Bovine alphaherpesvirus 2 (BoHV-2) by different routes: (A) transdermal, 
(B) intramuscular or (C) intravenous. 



363

Pesq. Vet. Bras. 40(5):360-367, May 2020

Pathogenesis of Bovine alphaherpesvirus 2 in calves inoculated by different routes

day 4 to 8pi; and in 2/4 animals (50%) of the IV group, at 
days 6 and 8pi. No viral DNA was detected in the buffy coats 
of TD group nor in control calves (Table 2). These results 
demonstrated a transient viremia in calves inoculated by the 
IM and IV routes and no detectable viremia in the TD group.

Calves from all inoculated groups seroconverted to BoHV-2 
in titers from 4 to 64, as indicated by VN assays performed 

in serum samples collected at day 15pi. The mean VN titer 
developed by the IV group (GMT=38.05) was statistically 
higher than those from the IM (GMT=8) and TD (GMT=4.75) 
groups (P<0.01). Control animals remained seronegative 
throughout the experimental period (Table 2). The results of 
VN tests confirmed, indirectly, an efficient virus replication 
in calves of the three inoculated groups.

Fig 2. Skin lesions developed by calf 276 inoculated with (A, B, D, E, G, H) Bovine alphaherpesvirus 2 (BoHV-2) transdermally and (C, F, I) 
by a control calf inoculated with culture medium, at different days after virus inoculation. (A-B) 276 and (C) control. Days 2 and 4pi, 
respectively, thin scabs and skin retraction derived from scarification. (D-E) Days 6 and 8pi. Thick, yellowish scabs and small disrupted 
vesicles. (F) Control. Day 8pi. A thin scab, advanced stage of healing. (G-H) 276. Days 10 and 12pi. Crust remnants, advanced stage of 
healing. (I) Skin completely healed (control).
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Latent infection 
In attempts to reactivate latent infection, inoculated 

calves were submitted to a protocol of Dex administration 
beginning at day 48pi (five daily IM doses, following by daily 
examination and specimen collection). Again, food intake 
and alertness remained unchanged. A slight and transient 
increase in body temperature was observed in groups TD 
and IM between days 6 and 9 post-Dex (pDex) and at day 
7pDex in group IV (Fig.3). Control calves presented a slight 
increase in body temperature at day 8 pDex.

No evidence of virus reactivation was observed in the 
inoculated calves upon Dex administration. PCRs of the 
buffy coats (IM, IV groups) and from swabs collected from 
the inoculation sites (ID group) were negative for viral DNA. 

Likewise, the VN titers pre- (day 48pi) and post-Dex (day 
60pi) remained unaltered in most animals, or with a single 
dilution difference (higher or lower), demonstrating absence 
of re-stimulation of the immune system upon Dex treatment. 
Taken together, these results demonstrated lack of detectable 
virus reactivation.

DISCUSSION
Bovine alphaherpesvirus 2 (BoHV-2) has been a neglected virus, 
probably due to its limited sanitary, economic importance 
and rare occurrence. The scarce knowledge about its biology, 
molecular biology and pathogenesis has somehow hampered 
its use as a model for human simplex viruses and as a vector 
for vaccine delivery, among others. Our group has long been 
interested in BoHV-2 epidemiology and pathogenesis (Almeida 
et al. 2008, Torres et al. 2010). More recently, we have focused 
our interest in the use of BoHV-2 for anti-viral drug testing 
and for development of vaccine platforms for antigen delivery. 
In this sense, a better understanding of the biology of BoHV-2 
in its natural host would help future developments.

Early studies on BoHV-2 focused on clinic-pathological 
description of clinical cases/outbreaks (Weaver et al. 1972, 
Castrucci et al. 1978, Castrucci et al. 1979, Woods et al. 
1996, Kemp et al. 2008) and/or experimental reproduction 
of clinical disease in cattle (Weaver et al. 1972, Turner et al. 

Fig.3. Mean body temperature (ToC) of calves inoculated with Bovine alphaherpesvirus 2 (BoHV-2) by different routes: (A) transdermal, 
(B) intramuscular and (C) intravenous and submitted to dexamethasone administration at day 40pi.

Table 1. Results of PCR performed on DNA extracted from 
material obtained from swabs and lesions of calves inoculated 

transdermally with Bovine alphaherpesvirus 2 (BoHV-2)

Animal ID
Days post-inoculation

0 2 4 6 8 10 12 14
276 - + + + + - - -
280 - + + + + - - -
284 - - - - - - - -
294 - + + + - - - -

Table 2. Virological and serological findings in calves inoculated with Bovine alphaherpesvirus 2 (BoHV-2) by different routes

Group Animal ID
PCR - days post inoculation VN assays - days post inoculation

0 2 4 6 8 10 12 14 0 15 48 60
Intramuscular 274 - - + + - - - - < 2 < 2 < 2 < 2

277 - - - - - - - - < 2 4 < 2 2
281 - - + + + - - - < 2 16 16 8
282 - - - - + - - - < 2 8 8 16

Intravenous 283 - - - + + - - - < 2 32 64 32
287 - - - + + - - - < 2 32 64 32
295 - - - - - - - - < 2 64 64 32
299 - - - - - - - - < 2 16 32 32

Transdermal 276 - - - - - - - - < 2 8 4 8
280 - - - - - - - - < 2 4 4 2
284 - - - - - - - - < 2 4 2 <2
294 - - - - - - - - < 2 4 4 4

Control 286 - - - - - - - - < 2 < 2 < 2 < 2
289 - - - - - - - - < 2 < 2 < 2 < 2
292 - - - - - - - - < 2 < 2 < 2 < 2
293 - - - - - - - - <2 < 2 < 2 < 2
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1974, Castrucci et al. 1978, Woods et al. 1996, Kemp et al. 
2008) and animal models (Westbury 1981, Almeida et al. 
2008, Smee & Leonhardt 1994, Torres et al. 2009a, 2010). A 
few experimental studies focusing on acute disease (Castrucci 
et al. 1977, Castrucci et al. 1982) or latent infection Probert & 
Povey (1975), Scott & Martin (1978), Letchworth & Carmichael 
(1982) introduced probably biases on data interpretation due 
to IV virus inoculation, an unlikely natural route of exposure. 
For instance, the virus tropism and systemic dissemination 
were investigated after IV inoculation (Castrucci et al. 1977, 
1978). Against this hypothesis, several lines of evidence point 
out for virus penetration/transmission by direct/indirect 
contact (Castrucci et al. 1982). Thus, the results of some early 
studies should be interpreted with caution since they may 
not reflect the natural route of inoculation. Likewise, results 
from studies in animal models might not necessarily reflect 
the events occurring in the natural hosts.

We performed BoHV-2 inoculation though different routes 
for the following reasons. The TD route was chosen because 
it would more closely resemble the natural route of infection. 
Using this protocol of virus inoculation, we have successfully 
reproduced udder and teat lesions typical of BHM in ewes 
(Almeida et al. 2008). The IV route was employed trying to 
reproduce the virological findings of early studies which used 
this route (Castrucci et al.1977, Castrucci et al. 1978, Martin 
& Scott 1979). Finally, the IM route aimed at stimulating the 
events following IM administration of BoHV-2 as a vaccine 
vector.

In our study, viremic dissemination was observed after 
IM inoculation and, to a lesser extent, after IV administration. 
In both groups, detection of viral DNA in the blood was 
transient, lasting 1 to 4 days. In contrast, virus inoculation 
after skin scarification did not result in viremic spread in 
spite of virus replication and detection in local sites for 4 to 
6 days (Table 1). The localized nature of cutaneous BoHV-2 
replication and pathology has been previously attributed to 
the route of virus penetration/exposure, specific virus tropism 
and, additionally, to the surface temperature which may favor 
virus replication (Letchworth et al. 1982a). In fact, early studies 
have demonstrated that BoHV-2 replicates more efficiently 
at lower temperatures (30-3oC), comparing to replication at 
physiological bovine temperatures (38-39oC) (Letchworth et 
al. 1982a, Letchworth & Carmichael 1984). The preference 
for replication at low temperatures might also explain the 
higher incidence and distribution of BoHV-2 in regions of 
temperate climate (Letchworth & Carmichael 1984). On the 
other hand, systemic viral spread has been demonstrated 
only after IV inoculation (Castrucci et al. 1977, 1978). In this 
sense, our results demonstrated that IM inoculation results 
in virus replication and viremic spread. These findings might 
be a safety concern towards the potential use of BoHV-2 as a 
vaccine vector for IM use. Thus, the possible consequences 
of BoHV-2 viremic spread upon IM administration should be 
properly addressed.

A major route of BoHV-2 penetration in natural infections 
seems to be throughout micro-lesions/abrasions in the 
epithelium of the udder and teats. As such, our protocol of TD 
inoculation aimed at mimetizing the natural events leading 
to virus penetration and replication. Virus inoculation after 
skin scarification resulted in mild inflammatory lesions 
characterized by hyperemia, small vesicles, mild exudation and 

scab formation between days 2 and 8pi (Fig.2). Contrasting 
with some previous studies (Gibbs et al. 1973, Letchworth et 
al. 1982b), no classical BHM lesions were reproduced upon 
skin inoculation. In a previous study, we reproduced similar 
BHM lesions in the udder and teats of ewes experimentally 
inoculated (Almeida et al 2008). The differences in the clinical 
outcome may attributed to the nature of the skin epithelium 
of the hind limbs versus udder/teats and/or to the procedure 
of virus inoculation. In any case, virus replication and mild, 
transient cutaneous lesions were produced upon TD virus 
inoculation. Virus replication seemed to be restricted to 
the cutaneous surface of the inoculation sites since viremic 
spread was not detected.

Although BoHV-2 is known to establish latent infections, 
recovery of infectious virus and/or demonstration of virus 
reactivation after corticosteroid treatment has not been 
consistently achieved either in natural or experimental infections 
(Probert & Povey 1975, Castrucci et al 1980, Letchworth 
& Carmichael 1982). A few attempts were successful in 
recovering virus and/or demonstrating reactivation upon 
corticosteroid treatment, yet mainly in animals inoculated 
by the IV route (Scott & Martin 1978, Martin & Scott 1979, 
Castrucci et al.1982), which is unlikely to be the natural 
route of infection. Otherwise, latency, reactivation and 
colonizing of sensory nerve ganglia with latent DNA have 
been demonstrated in experimental models (Almeida et al. 
2008, Torres et al. 2009a). In our study, no virus shedding 
or seroconversion were observed upon Dex administration, 
in spite of virus replication in the sites of virus inoculation 
and presence of the virus in blood during acute infection. 
These results corroborate previous studies which failed in 
demonstrating virus reactivation in BoHV-2-infected cattle 
(Probert & Povey 1975, Castrucci et al 1980, Letchworth & 
Carmichael 1982). From the vaccine perspective, the failure/
lack of reactivation would be a highly desirable property of 
a candidate vaccine viral vector. Unfortunately, we did not 
keep the calves for investigating the sites of latent infection 
upon the different routes of exposure.

Nearly 50 years after the initial identification of BoHV-2 
as the agent of BHM (Gibbs et al. 1973) and, subsequently, the 
demonstration of its relationship with human simplex viruses 
(Snowden et al 1985, Castrucci et al. 1990, Ehlers et al. 1999), 
the pathogenesis of BoHV-2 in cattle is still poorly understood. 
Thus, our data contributes for the overall knowledge on the 
biology and pathogenesis of this simplex virus. Regardless 
its restricted sanitary/economic relevance, this bovine virus 
should be looked at from different perspectives. First, BoHV-
2 infection offers a unique opportunity to study selected 
aspects the molecular biology, pathogenesis and immunology 
of a simplex virus in their natural host. HSV-1 and HSV-2 are 
among the most studied human viruses, yet the studies in 
vivo are largely restricted to animal models (Kollias et al. 
2015). Thus, studying the biology of a simplex virus in its 
natural host may particularly attractive/fascinating since it 
may provide new and more realistic insights in the virus-host 
interactions. Second, the biological and genetic similarity 
of BoHV-2 with human simplex viruses may be exploited 
for the research and development of pharmaceuticals and 
vaccines as well. In this sense, BoHV-2 has been proposed as 
a potential target/model for the development of anti-herpetic 
drugs (Field et al. 2006, Dezengrini et al. 2010, Torres et al. 
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2010). Third, animal herpesviruses have been long proposed 
as potential platforms for vaccine delivery and a number of 
current animal vaccines are based on herpesvirus vectors 
(Verma & Weitzman 2005, Kanekiyo et al. 2019). Thus, more 
than a cattle pathogen of questionable clinical relevance, 
BoHV-2 may represent an attractive alternative to study the 
interactions of simplex viruses with their hosts, for research/
development of anti-herpetic drugs and veterinary vaccines.

CONCLUSION
Inoculation of BoHV-2 in calves by different routes results in 
virus replication, yet viremic spread occurs after intramuscular 
or intravenous inoculation but not after transdermal inoculatio.
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