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Short Communication

Comparison of inflammatory infiltrates in trigeminal
ganglia of cattle infected with wild-type Bovine
herpesvirus 1 versus a virus strain containing a
mutation in the LR (latency-related) gene

Sandra Perez, Luciane Lovato, Joe Zhou, Alan Doster, and Clinton Jones

Department of Veterinary and Biomedical Sciences, Nebraska Center for Virology, University of Nebraska, Lincoln,
Nebraska, USA

During latency, the bovine herpesvirus 1 (BHV-1) latency-related (LR) RNA is
abundantly expressed in neurons within trigeminal ganglia (TG). A LR mu-
tant virus that does not express two LR proteins is unable to reactivate from
latency following dexamethasone treatment. Increased infiltration of inflam-
matory cells occurs in TG of calves acutely infected with the LR mutant virus.
Throughout acute infection, wild-type BHV-1 DNA is detected in neurons sur-
rounded by mononuclear infiltrates and in non-neuronal cells comprising the
infiltrate. Conversely, LRmutant DNA is only detected in neurons near the end
of acute infection, suggesting LR gene products promote virus spread in TG.
Journal of NeuroVirology (2006) 12, 392–397.
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Bovine herpesvirus 1 (BHV-1) is an important
pathogen that causes respiratory and genital dis-
ease, abortion, conjunctivitis, and multisystemic in-
fection in neonate calves (Tikoo et al, 1995). Like
other members of the alphaherpesvirinae subfam-
ily, BHV-1 establishes latent infection in ganglionic
neurons of the peripheral nervous system after ini-
tial infection of mucosal surfaces. Viral reactiva-
tion and spread to other susceptible animals can oc-
cur after glucocorticoid-induced stress (Jones, 1998,
2003; Rock et al, 1992). During latency, viral gene
expression is restricted to the latency-related (LR)
gene (Jones, 1998, 2003; Rock et al, 1992) and
ORF-E gene (Inman et al, 2004). The LR gene en-
codes at least two proteins (Hossain et al, 1995,
Jiang et al, 2004) whose expression correlates with
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inhibiting apoptosis (Ciacci-Zanella et al, 1999;
Lovato et al, 2003), and reactivation from latency (In-
man et al, 2001, 2002).
To study the role of LR gene products during the

latency-reactivation cycle, a BHV-1 LR mutant virus
strain containing three stop codons at the 5′ termi-
nus of the LR transcript was constructed (Inman et al,
2001, 2002). The LR mutant, wild-type (wt) BHV-1 or
the LR-rescued virus have similar growth characteris-
tics in cell culture. However, calves infected with the
LR mutant virus have reduced ocular shedding and
diminished clinical symptoms compared to calves
infected with wt BHV-1 or the LR-rescued virus (In-
man et al, 2001; Perez et al, 2005). Lower levels of
infectious virus were also detected in trigeminal gan-
glia (TG) homogenates from the LR mutant–infected
calves, and less viral DNA is present in TG of calves
latently infected with the LR mutant (Inman et al,
2002). Finally, the LR mutant virus does not reacti-
vate from latency after dexamethasone treatment (In-
man et al, 2002).
Following infection of calves with BHV-1, foci of

infiltrating lymphocytes are detected during acute in-
fection (Winkler et al, 2002). Several studies have
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concluded that a cell-mediated immune response
persists in TG of mice latently infected with herpes
simplex virus (HSV)-1 (Cantin et al, 1995; Halford
et al, 1996; Liu et al, 1996; Shimeld et al, 1995,
1996, 1997) or rodents (mice or guinea pigs) latently
infected with HSV-2 (Milligan et al, 2005). In hu-
man TG that harbor latent HSV-1, there is also a
chronic inflammatory response, which appears sim-
ilar to what is seen in rodents latently infected with
HSV-1 or HSV-2 (Theil et al, 2003). Persistence of
immune cells in TG is important for maintaining la-
tency because CD8+ T cells that produce interferon-
γ can prevent reactivation from latency in sensory

Figure 1 Mononuclear cell infiltrates in TG of wt BHV-1– and LR mutant–infected calves. Thin sections were prepared and stained
with H&E as described previously (Winkler et al, 2002). A and B: TG sections from LR mutant and wt BHV-1–infected calves at 6 days
post infection (dpi), respectively (magnification of 200× and 100×, respectively). C and D (magnification 200×): TG sections from LR
mutant and wt BHV-1–infected calves at 14 dpi, respectively. E and F (magnification 200×): TG sections prepared from calves latently
infected (60 dpi) with the LR mutant or wt BHV-1. The results for wt BHV-1 and the LR-rescued virus were identical (data not shown).
The respective panels are representative of many sections that contain inflammatory infiltrates.

neurons of mice latently infected with HSV-1 (Liu
et al, 2001, 2000). Two independent studies have also
concluded that interferon-α and interferon-γ gontrol
recurrent herpetic lesions (Cunningham and Mik-
loska, 2001; Mikloska and Cunningham, 2001). Col-
lectively, these studies suggest that establishment of
latency by α-herpesviruses results in chronic infil-
tration of immune cells within the peripheral ner-
vous system. Because the BHV-1 LR gene is abun-
dantly expressed during latency, we hypothesized
that the LR gene may regulate the inflammatory re-
sponse to ensure that latency is established and/or
maintained.
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To test whether the LR gene influenced infiltra-
tion of inflammatory cells into TG, we compared TG
of calves infected with the LR mutant virus versus
wt BHV-1 using hematoxylin eosin (H&E) staining.
At 6 days post infection (dpi), small foci of infiltrat-
ing lymphocytes were detected inwt BHV-1–infected
TG, but not in TG from LR mutant–infected calves
(Figure 1A andB). At 14 dpi, TGprepared from calves
infected with the LR mutant contained large foci of

Figure 2 LCM of neurons from wt BHV-1– and LR mutant–infected TG. A and B: Sections from TG of wt BHV-1–infected calves at 6
days post infection (6 dpi) before (A) and after (B) LCM of neurons. C–E: Sections from TG of LR mutant–infected calves at 14 dpi before
(C and E) and after (D and F) LCM of neurons. Microdissection of cells was performed using a PixCell apparatus (Arcturus Engineering,
MountainView, CA).

inflammatory cells (Figure 1C). It was also noted that
more foci were typically found in thin sections pre-
pared from TG of calves infected with the LR mu-
tant virus relative to calves infected with wt BHV-1
(Figure 1C and D). At 60 dpi (latency), the inflam-
matory response had diminished, and there was lit-
tle difference between samples obtained from calves
infected with the LR mutant (Figure 1E) versus wt
BHV-1 (Figure 1F). Regardless of the virus used for
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infection, high levels of apoptotic cells were present
in foci of infiltrating cells at 6 or 14 dpi (data not
shown). In general, infiltration of inflammatory cells
in TG of calves infected with wt virus correlates with
viral gene expression in TG (Schang and Jones, 1997).
With respect to calves acutely infected with the LR
mutant, infiltration of inflammatory cells did not cor-
relate with viral gene expression or production of in-
fectious virus in TG.
A previous study demonstrated that lower levels

of viral DNA were detected in TG following infec-
tion with the LR mutant virus (Inman et al, 2002).
Although this study suggested that the LR gene in-
fluenced establishment of latency, it did not provide
information about differences between the LR mu-
tant virus versus wt BHV-1 in TG of acutely infected
calves. For example, if the LR gene were impor-
tant for establishing latency, one would predict that
viral replication or spread would be different. Be-
cause we were unable to detect BHV-1+ neurons
in TG of calves acutely infected with the LR mu-
tant using in situ hybridization (Inman et al, 2002),
laser capture microdissection (LCM) was used to iso-
late neurons surrounded by inflammatory infiltrates,
and then polymerase chain reaction (PCR) performed
with viral specific primers. Procedures were devel-
oped inwhichwe could reproducibly “pick” neurons
from sections that were hematoxylin stained, and re-
move these neurons from the slide (for representative
before LCM and after LCM, see Figure 2). DNA was
then extracted from the cells picked by LCM, andPCR
performed. For these studies, we used gC-specific
primers to detect viral DNA, and bovine growth hor-
mone primers to verify that samples contained DNA
(for representative PCR results, see Figure 3).
LR mutant DNA was not detected in neurons or

non-neural cells comprising the inflammatory infil-
trate at 2, 4, or 6 dpi (Table 1 andFigure 3A).However,
sensory neurons from TG collected at 10 dpi consis-
tently contained viral DNA. In calves infected with
the LR mutant, viral DNA was not readily detected

Table 1 Summary of the detection of wild-type (wt) BHV-1 or LR
mutant DNA in bovine TG cells by LCM

wt BHV-1 LR mutant

Days post infection N SC N SC

2 − + − −
4 + + − −
6 + + − −
10 + + + −
14 − − − −

Note. Tissue sections were processed and stained as described for
Figures 1 to 3. Detection of viral DNA was performed with BHV-
1-gC–specific primers, as described in Figure 3. +: presence of
viral DNA; −: absence of viral DNA. N refers to neurons and SC
to surrounding cells. For these studies, two calves were used for
each time point (LR mutant virus or the wt virus). From 2 to 6 dpi,
four slides were examined/calf. For 10 and 14 dpi, two slides were
examined for each calf.

Figure 3 Detection of viral DNA in neurons and cells surround-
ing neuronal bodies in trigeminal ganglia (TG) of cattle acutely
infected with wt BHV-1 or the LR mutant strain. As described in
Figure 2, LCM was used to collect TG cells. Twenty-five to 50 neu-
ronal cells surrounded by inflammatory infiltrates were selected
and captured on thermoplastic caps (CapSureMacro; Arcturus En-
gineering) using a laser beam 5 to 15 μm in diameter. When less
than 25 neurons were present in the area of infiltration, neuronal
cells distant from these areas were also collected. Cells surround-
ing neurons were captured in a separate cap. Because inflamma-
tory infiltrates were not readily evident at 2 dpi, neuronal cells
were randomly selected for capture. Caps with cells were then
placed in Eppendorf tubes containing 55 μl of lysis buffer (PicoP-
ure DNAextraction kit; Arcturus Engineering). Sampleswere incu-
bated overnight at 65◦C. The reactionwas stopped by incubation at
98◦C for 8min. PCR for detection of viral DNAwasperformedusing
BHV-1 gC-specific primers (+5′-GAGCAAAGCCCCGCCGAAGGA-
3′and–5′-TACGAACAGCAGCACGGGCGG-3′). Bovine growth hor-
mone (GH) was used as an internal control for the presence
of amplification products. The primers for GH were (+ 5′-
GCTTTCGCCCTGCTCTGCC and–5′-TCCTGCCTCCCCACCCCTA-
3′). PCR was performed as previously described (Perez, 2005). A:
PCR for detection of LR mutant DNA in TG neurons and cells sur-
rounding neuronal bodies captured by LCM. B: PCR for detection
of wt BHV-1 DNA in TG neurons and cells surrounding neuronal
bodies captured by LCM. Numbers above gels indicate days post
infection. DNA from BHV-1– and mock-infected MDBK cells were
used as positive (C+) and negative (C−) controls, respectively, for
PCR reactions.

in non-neuronal cells surrounding infected neurons
at any time point tested (Table 1 and Figure 3A). In
TG prepared from calves infected with wt BHV-1, vi-
ral DNA was detected in neurons and surrounding
cells at 4, 6, and 10 dpi (Figure 3B). In non-neuronal
cells, viral DNA was detected at 2, 4, 6, or 10 dpi.
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By 14 dpi, neurons or cells present around neuronal
bodies did not contain detectable levels of wt or LR
mutant DNA (Table 1 and Figure 3). However, DNA
prepared from total TG contained detectable levels of
viral DNA regardless of the virus used to infect calves
(Inman et al, 2002).
The results in this study suggested that follow-

ing infection of calves with wt BHV-1, neurons
surrounded by infiltrating immune cells and adja-
cent non-neuronal cells were consistently infected
throughout acute infection. It was not possible to dis-
cern whether viral DNA in non-neuronal cells was
present in infiltrating immune cells and/or satellite
cells. In contrast, we only detected viral DNA in TG
neurons at 10 dpi following infection with the LR
mutant. These findings were consistent with the pre-
vious observation demonstrating that lower levels of
viral DNA were detected in TG of calves latently in-
fected with the LR mutant virus (Inman et al, 2001,
2002). Surprisingly, viral DNA was detected in non-
neuronal cells, but not in neurons, at 2 dpi following
infection with wt BHV-1. Although one could argue
that the non-neuronal cells were contaminated with
neurons, there is precedence that BHV-1 can infect
non-neural cells in TG. For example, we have de-
tected anoccasional non-neuronal cell during latency
that is BHV-1 positive (Winkler et al, 2002).
In general, it is believed that infiltration of immune

cells into TG following acute infection with BHV-1
or HSV-1 inhibits viral replication, and consequently
promotes establishment of latency (Khanna et al,
2004; Khanna et al, 2003; Liu et al, 1996, 2000, 2001;
Prbhakaran et al, 2005; Winkler et al, 2002). These
studies also indicated that infiltration of immune
cells into TG is a result of viral gene expression and
replication. Because the LR mutant virus produces
less infectious virus and viral DNA in TG (Inman
et al, 2002), the results we obtained were not ex-
pected if infiltration of lymphocytes correlates exclu-
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