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The majority of trigeminal ganglia (TGs) are latently
infected with �-herpesviruses [herpes simplex virus
type-1 (HSV-1) and varicella-zoster virus (VZV)].
Whereas HSV-1 periodically reactivates in the TGs,
VZV reactivates very rarely. The goal of this study was
to determine whether herpesvirus latency is linked to
a local immune cell infiltration in human TGs. T cells
positive for the CD3 and CD8 markers, and CD68-
positive macrophages were found in 30 of 42 exam-
ined TGs from 21 healthy individuals. The presence of
immune cells correlated constantly with the occur-
rence of the HSV-1 latency-associated transcript (LAT)
and only irregularly with the presence of latent VZV
protein. In contrast, uninfected TGs showed no im-
mune cell infiltration. Quantitative RT-PCR revealed
that CD8, interferon-� , tumor necrosis factor-� , IP-
10, and RANTES transcripts were significantly in-
duced in TGs latently infected with HSV-1 but not in
uninfected TGs. The persisting lymphocytic cell infil-
tration and the elevated CD8 and cytokine/chemo-
kine expression in the TGs demonstrate for the first
time that latent herpesviral infection in humans is
accompanied by a chronic inflammatory process at
an immunoprivileged site but without any neuronal
destruction. The chronic immune response seems to
maintain viral latency and influence viral reactiva-
tion. (Am J Pathol 2003, 163:2179–2184)

Herpes simplex virus type-1 (HSV-1) typically causes
infections of the oral mucosa and establishes a lifelong
persistence in the sensory ganglia neurons. Persistence
and latency have been demonstrated in human trigemi-

nal, facial, and vestibular ganglia.1–3 The reactivation of
the virus in these ganglia generally causes cranial nerve
disorders such as herpes labialis, Bell’s palsy, and ves-
tibular neuritis. A variety of stimuli (UV light, fever, stress,
immunosuppression, and other infections) can induce a
reactivation. The pathomechanism governing the transi-
tion of HSV-1 from latency to reactivation is not yet clear,
but T cells are believed to play a crucial role in the
interplay between the immune system and latent HSV-1.4

The cell-mediated immune response is the most impor-
tant immune defense mechanism against HSV-1 infection.5

Alterations in the T-cell-mediated immune response, mostly
caused by immunosuppression, are of particular relevance
for herpesviral reactivation.

The central and peripheral nervous systems (CNS and
PNS) are shielded by the blood-brain barrier (BBB) and
blood-nerve barrier (BNB). Because of these anatomical
barriers, as well as the non-expression of the typical
major histocompatibility complex (MHC), the absence of
regular lymphoid drainage and the lack of intraneurial
lymphatic channels,6 the CNS and PNS are traditionally
considered immunoprivileged organs. However, the CNS
permits entry to activated T cells, which play an important
role in immunological surveillance of the CNS.7 This is
also thought to be true for the PNS, since the BNB is even
more permeable than the BBB.8 The immunological sur-
veillance mechanism has never been studied at the la-
tency site of herpesviral infection in humans, namely the
sensory nerve ganglia. Studies from the HSV-1 mouse
model suggested that the immune system provides ac-
tive surveillance of HSV-1 latently infected neurons9–13

and that CD8� T cells play a crucial role in maintaining
the virus in a latent state.12 To test if this situation holds
true also in human TGs latently infected with HSV-1
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and/or VZV, we investigated whether immune cells are
present in relation to latently infected ganglia. The pres-
ence of chemokines that might attract immune cells and
of cytokines that could affect viral replication was deter-
mined by quantitative RT-PCR.

Materials and Methods

The use of autopsy samples for the present study was
approved by the Ethics Committee of the Medical Faculty
of the Ludwig-Maximilians University of Munich.

TGs on both sides were removed 6 to 24 hours after
death from 21 subjects whose ages ranged from 5 weeks
to 81 years. The cause of death of the subjects was
mainly related to trauma in adults and sudden infant
death in newborns (Table 1). The subjects neither had
lesions suggestive of an active orolabial herpes infection
nor a history of cranial nerve disorders.

Ganglia were embedded in Tissue Tek compound
(Sakura, Zoeterwoude, The Netherlands) and stored on
dry ice at �70°C until use. For paraffin processing the
tissue was first fixed in 4% buffered paraformaldehyde for
48 hours. Frozen sections were made of 8-�m thickness
and paraffin sections, of 4-�m thickness. The sections
were mounted on positively charged slides (SuperFrost/
Plus; Menzel, Braunschweig, Germany). Several tissue
sections (up to 10) from each TG were stained with
hematoxylin and eosin (H&E) for light microscopy exam-
ination. Brain paraffin sections from a 40-year-old man
who died of herpes encephalitis were used as positive
controls for the HSV-1 protein immunohistochemistry.

In Situ Hybridization (ISH)

The probe for the HSV-1 latency-associated transcript
(LAT) was generated from the ATD19 plasmid kindly
provided by Dr. T. Margolis.14 The ISH protocol used was
described in detail in a previous work.3 After visualization
of the ISH signal by incubation in nitroblue tetrazolium
(NBT) and X-phosphate (BCIP 5-bromo-4-chloro-3-in-
dolyl-phophate) staining solution, the sections were
washed in PBS, fixed in 0.5% paraformaldehyde for 10
minutes, and immunostained with anti-CD3 or anti-CD68
antibodies.

A oligonucleotide probe was used to detect the VZV
transcript 62.15 The probe was synthesized and labeled
with digoxigenin (MWG-Biotech AG, Ebersberg, Germa-
ny). In situ hybridization was carried out at 37°C overnight
in a formamide-free hybridization buffer. Signal visualiza-
tion was done as described above.

Immunohistochemistry (IHC)

Immunohistochemical stainings were done with primary
antibodies against T-cell markers and an antibody (anti-
CD68) that reacts with a lysosomal protein present in
macrophages: rabbit anti-human CD3 (1:1000), rabbit
anti-human CD68 (1:1000), mouse anti-human CD4 (1:
100), and mouse anti-human CD8 (1:80; DAKO, Ham-
burg, Germany). For the detection of HSV-1- and VZV-
specific antigens, the following antibodies were used:
rabbit anti-HSV-1 (1:000; DAKO), mouse anti-HSV-1 im-
mediate early protein ICP4 (1:500), mouse anti-HSV-1
immediate early protein ICP0 (1:1000; East Coast Biolog-

Table 1. Tissue Sample Overview Used for IHC and ISH: Presence of LAT Signal, T-Cell Antigen, and VZV Antigen in
Human TGs

Subject Age/gender Cause of death
LAT (ISH)

positive neurons
CD8 (IHC)

positive T cells
VZV 62 (IHC)

positive neurons

1 5 weeks Sudden infant death 0 0 0
2 11/2 mo/f Sudden infant death 0 0 0
3 8 mo/f Sudden infant death 0 0 0
4 9 mo/m Sudden infant death 0 0 5
5 4 yr/m Car accident 9 64.3 4.6
6 5 yr/f Central paralysis 0 0 0
7 7 yr/m Murder 0 8 0
8 8 yr/m Drowning 4 47.3 6.3
9 11 yr/m Drowning 6 52 7.3

10 18 yr/m*† Drug abuse 28 64 ‡

11 29 yr/m Not known 5 36.6 0
12 37 yr/m Suicide 13 43 8
13 38 yr/m Not known 10 32.3 ‡

14 39 yr/m Murder 14 30 2.5
15 40 yr/f Drug abuse 6 25 0
16 51 yr/m† Natural death 23 28 3
17 59 yr/m*† Haemorrhage 8 38.3 3
18 59 yr/f† Not known 16 64 ‡

19 61 yr/m Murder 12 64.3 0
20 78 yr/f† Suicide 44 37 ‡

21 81 yr/f Natural death 5 26.6 0

*Only paraffin sections available; †no RNA sample available; ‡positive signal by VZV 62 ISH.
yr, year; mo, month; f, female; m, male.
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ics, North Berwick, ME), and mouse anti-VZV protein 62
(1:100; Chemicon, Hofheim, Germany).

Frozen tissue sections were thawed, dried at 37°C for
15 minutes, fixed in acetone for 10 minutes, and then
washed in phosphate-buffered saline (PBS). Paraffin sec-
tions were dewaxed, rehydrated, and then washed in
PBS. For the immunostainings with anti-CD3 and -CD68
antibodies, paraffin sections were incubated with trypsin
(Sigma, St. Louis, MO) for 30 minutes. For staining with
the mouse anti-ICP4, paraffin sections were heated in
citrate buffer (pH 6.0). Frozen and paraffin sections were
then sequentially incubated with 3% hydrogen peroxi-
dase for 10 minutes, 5% normal donkey serum (when

monoclonal antibodies were used), or 5% normal goat
serum (when polyclonal antibodies were used) for 30
minutes. The diluted primary antibodies were applied to
the sections and left to incubate overnight at 4°C or for 1
hour at 37°C.

Afterward, tissue sections were incubated for 30 min-
utes in biotinylated donkey anti-mouse IgG antibody (1:
500; Dianova, Hamburg, Germany) or biotinylated goat
anti-rabbit IgG antibody (1:300; DAKO). The sections
were incubated with peroxidase-conjugated streptavidin
(DAKO) for 30 minutes, followed by a final wash, and then
incubated with diaminobenzidine (DAB) (DAKO) for up to
10 minutes.

Expression of LAT, CD8, and VZV62 antigen was eval-
uated in TG sections of both sides from each individual.
Since LAT ISH gives a very clear signal in the neuronal
nucleus, all positive neurons in each tissue section were
counted at magnification of �100. To assess the CD8
expression, three representative fields with the most
abundant distribution of CD8� cells were selected on
each section and counted at magnification of �200. The
expression of VZV protein 62 was determined in the same
way as CD8. The average number of CD8� cells and
VZV protein 62 neurons is shown in Table 1.

Quantitative Real-Time RT-PCR and LAT
RT-PCR

RNA was extracted and reverse transcribed as described
previously.3 Primer and TaqMan probes for the chemokines
RANTES/CCL5, IP-10/CXCL10, interleukin (IL)-6, and nerve
growth factor (NGF) were designed using the primer
express software (RANTES: 5�-GAGTATTTCTACACCAGT-
GGCAAGTG, 3�-TCCCGAACCCATTTCTTCTCT, probe
CCCAGCAGTCGTCTTTGTCACCCGA; IP-10: 5�-ATC-
GAAGGCCATCAAGAATTTACT, 3�-GCTCCCCTCTG-
GTTTTAAGGA, probe AAAGCAGTTAGCAAGGAAAT-
GTCTAAAAGAT; IL-6: 5�-TCCAGGAGCCCAGCTATGAA,

Figure 1. Representative photomicrographs of tissue sections from human
TGs latently infected with HSV-1 and/or VZV, which were stained by IHC
with anti-CD3, anti-CD8, and anti-CD68 antibodies. Neuron encircled by
several rows of CD3-positive T cells (arrow, a) and clusters of CD3-positive
T cells among ganglionic neurons (arrow, b). Infiltrating T cells stained
positive with anti-CD8 antibodies. The pattern of staining was similar to that
of CD3-positive T cells. CD8-positive T cells surrounding single neurons
(arrow, c; encircled, d). Only a few T cells stained positive with anti-CD4
antibodies (encircled, e; arrowheads point to CD4-positive cells scattered
among the ganglionic neurons). T cells were also present as clusters among
nerve fibers: CD3-positive cells in a sagittal section (encircled, f) and
CD8-positive cells in a transverse section of nerve fibers (encircled, g).
When LAT ISH was combined with IHC (h) some CD3-positive T cells
(arrowheads) were found occasionally around LAT-positive neurons (ar-
rows). Single cells or clusters of cells among the neurons showed CD68 posi-
tivity (encircled, i). Small clusters of CD68-positive macrophages (encircled, j)
were found in the vicinity of LAT-positive neurons (arrows). Neurons positive
for VZV-protein 62 (k, arrowheads) from a child who died of sudden infant
death and who showed no HSV-1 and no T-cell infiltration. Neurons positive for
VZV-protein 62 (l, filled arrowheads) from a young man who was latently
infected with HSV-1 and showed T-cell infiltrates (arrows, l) around VZV-free
neurons. Some neurons showed brown lipofuscin granules near the plasma
membrane (open arrowheads, l) distinguishable from the VZV protein that
usually fills up the whole cytoplasm. Photomicrographs of a to c, f, and h to l
were taken from paraffin and photomicrographs of d, e, g from frozen tissue
sections. Magnification, �400. Tissue sections from a, b, d, e, g, k, and l were
slightly counterstained with hematoxylin.
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3�-CCCAGGGAGAAGGCAACTG, probe TCCTTCTCCA-
CAAGCGCCTTCGGT; NGF: 5�-CAGTTTTACCAAGGGAG-
CAGCTT, 3�-CGCCTGTATGCCGATCAGA, probe CAA-
CATGGACATTACGCTATGCACCTCAGT). Sequences of
primers and TaqMan probes for CD8, interferon (IFN)-�,
and tumor necrosis factor (TNF)-� were taken from the
literature.16–18 All these primers were intron-spanning. Cy-
clophillin D primers and TaqMan probes were purchased
from Applied Biosystems (Foster City, CA). The TaqMan
PCR was performed using the GeneAmp 5700 Sequence
Detection System. Data were analyzed with GeneAmp5700
SDS software. Each measurement was done in triplicate.
The y axis in Figure 2 represents the relative transcript
number of the gene of interest compared to the housekeep-
ing gene cyclophillin. The relative transcript number was
calculated from the formula 2 � �Ct x 105, where �Ct stands
for the difference between the threshold cycle number of
the housekeeping gene and the respective gene of interest.
Data from the TaqMan were assessed statistically using the
Mann-Whitney U-test for small sample numbers without
standard distribution. The LAT RT-PCR was performed as
described in a previous work.3

Results

LAT in Situ Hybridization and
Immunohistochemical Findings

Using ISH we detected LAT in the TGs on both sides in 15
of 21 individuals. The negative finding in six individuals
was verified with the more sensitive LAT RT-PCR. IHC
was performed on consecutive sections using antibodies
to T-cell markers. CD3� T cells were found in both TGs of
the 15 LAT-positive individuals. The vast majority of T
cells in the TGs were CD8�. Only a few CD4� T cells
were present among the lymphocytic infiltrates and scat-
tered among the nervous tissue fibers (Figure 1f).

The intensity of the T-cell infiltrates varied among the
individuals (Table 1). There were occasionally a very few
CD8� T cells in the interstitial tissue of the non-infected
TGs. The pattern of expression of the CD68 marker was
also assessed. LAT-positive TGs showed a strong stain-
ing with an obvious increase in number of the CD68�
cells (Figure 1, i and j). In contrast, the LAT-negative TGs
barely stained for the CD68 marker. When LAT ISH was
combined with CD3 IHC staining, CD3-positive cells gen-
erally occurred in the near vicinity of the LAT-positive
neurons or occasionally surrounded them (Figure 1h).
The same pattern of staining was observed when LAT
ISH was combined with CD68 IHC. Some of the LAT-
positive neurons were surrounded by agglomerates of
CD68-positive cells (Figure 1j).

To exclude the possibility that the presence of T cells
was due to reactivation of HSV-1, tissue sections from all
individuals were immunostained with a polyclonal HSV-1
antibody that merely interacts with late viral proteins.
None of the tissue sections showed a positive staining
with the HSV-1 antibody, although an intensive staining
was present in the brain sections of a subject who had
died of HSV-1 encephalitis (data not shown). None of the
tissue sections showed a positive staining for the imme-
diate early genes ICP0 and ICP4, whereas brain sections
of an HSV-1 encephalitis case showed prominent stain-
ing (data not shown).

Positive staining for VZV-protein 62 was found in eight
of 21 cases (Figure 1, k and l). Four more subjects were
found to be positive by VZV62 ISH (subjects 10, 13, 18,
20). All in all, positivity for latent VZV was found in 12 of 21
subjects. Eleven of these 12 individuals had been latently
co-infected with HSV-1 and VZV, and showed abundant
T-cell infiltrations. No T cells were found in one of the
subjects positive for VZV protein 62 but negative for
HSV-1 (Figure 1k). In contrast, the TGs of four individuals
who were latently infected only by HSV-1 were found to
be infiltrated by abundant CD8� T cells (Figure 1a was
taken from the TG of subject 19). These findings show
that the presence of T cells correlated constantly with the
presence of latent HSV-1 and only irregularly with the
presence of latent VZV.

Systematic examination by light microscopy showed
that VZV-positive neurons were not surrounded by lym-
phocytic cells (Figure 1l).

Histological examination of H&E-stained sections from
the TGs tested revealed no neuronal damage. Four se-

Figure 2. Quantification of CD8, cytokine, and chemokine mRNA expression
by real-time RT-PCR. Each diagram shows the comparison of 12 HSV-1
negative TGs (neg) with 15 HSV-1 positive TGs (pos). The y axis represents
the relative transcript number of the gene of interest compared to the
housekeeping gene. Dots represent mean values, boxes represent SEM, and
whiskers represent 1.96 � SEM.
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lected specimens with prominent inflammatory infiltrates
were also tested for the presence of apoptotic cells. Only
a very few apoptotic cells were detected and identified to
be satellite or immune cells in these TGs (unpublished
observation I. Paripovic).

Quantitative Real-Time RT-PCR

The expression of IFN-�, TNF-�, IL-6, RANTES, IP-10,
and NGF was compared by quantitative RT-PCR in 15
TGs of nine individuals who had been latently infected
with HSV-1 and 12 TGs of six individuals negative for
HSV-1 (Figure 2). There was a significant induction of
CD8 (P � 0.005), IFN-� (P � 0.005), TNF-� (P � 0.0005),
RANTES (P � 0.00005), and IP-10 (P � 0.005) in HSV-1
latently infected TGs versus HSV-1 free TGs. There was
no difference in NGF and IL-6 expression between in-
fected and uninfected TGs. IL-6 was elevated in one
latently infected and in one uninfected TG.

Discussion

The persisting lymphocytic cell infiltration (CD8� T cells,
CD68� macrophages) and the elevated levels of cyto-
kine transcripts, which affect viral replication (IFN-�, TNF-
�), and chemokines, which attract immune cells (IP-10,
RANTES) in human TGs, demonstrate for the first time
that latent herpesviral infection is accompanied by a
chronic inflammatory process at an immunoprivileged
site but without any neuronal destruction.

Our findings are consistent with animal experiments
showing that latent HSV-1 infection induces a chronic
immune response.9–13 It has been hypothesized that this
may be the consequence of low-level expression of im-
mediate early (IE) and early (E) viral genes during laten-
cy.19 More recently, it was found that only a very few
neurons in latently infected murine sensory ganglia ex-
pressed high levels of HSV-1 lytic cycle transcripts, and
these neurons were surrounded by lymphocytic cells.20

We could not demonstrate expression of the HSV-1 IE
proteins ICP0 and ICP4 in the latently infected TGs by
means of immunohistochemistry. However, the CD8� T
cells might have been retained in the TGs by persisting
MHC class I viral peptide complexes that were below our
detection limits. This is supported by the finding of induc-
ible MHC class I expression in neurons.21 The newly
described anti-LAT transcript is capable of encoding a
protein with antigenic potential and could be involved in
the inflammatory process.22 Viral antigens could possibly
be presented to the CD8� T cells by infected neuronal
cells or professional antigen-presenting cells (APCs) dur-
ing the process of cross-presentation.23

Contrary to animal models, human TGs are frequently
dually infected with HSV-1 and VZV.24 Since VZV IE pro-
teins are produced during VZV latency,25,26 one can
speculate that VZV proteins are the antigenic factor at-
tracting T cells to the TGs. In our study inflammatory cell
infiltration was not detected in the TGs of an individual
infected only with VZV, but it was abundantly present in
the TGs latently infected only with HSV-1. Mahalingam

and colleagues26 did not observe inflammatory infiltrates
in multiple human ganglia that expressed immediate
early protein 63 of VZV. Moreover, reports from the VZV
animal model did not mention occurrence of lymphocytic
infiltration.

A possible explanation for why HSV-1 rather than VZV
latency induces chronic inflammation might be con-
nected with the frequent reactivation of HSV-1. It is es-
sential that the host tightly controls HSV-1 latency. Infil-
trates in HSV-1 positive cases could be left from previous
episodes of reactivation and inflammation.

CD8� T cells are able to control virus infections via
non-cytolytic mechanisms involving cytokines.27 Such a
mechanism is likely to occur in response to persistent
viruses prone to reactivate frequently, because it pro-
vides a survival advantage for both host and virus. In our
study we found that the level of IFN-� and TNF-� tran-
scripts were elevated in latently infected but not in unin-
fected TGs. It has been demonstrated that TNF-� syner-
gizes with IFN-� to block HSV-1 replication in vitro and in
vivo.28,29 Further, animal models have shown that preven-
tion of HSV-1 reactivation from latency by CD8� is me-
diated at least in part by IFN-� without destroying the
neurons.30,31 Very high levels of RANTES in the latently
infected TGs suggest that it is a key molecule in the
recruitment of immune cells to the site of infection. This
finding agrees with in vitro studies demonstrating that
HSV-1 selectively induced expression of RANTES in mac-
rophages.32 High levels of RANTES and IP-10 have also
been detected in human microglia cells during nonpro-
ductive HSV-1 infection.33 The authors of the study dem-
onstrated that IP-10 possesses direct antiviral activity in
human neurons.

Persisting CD8� T cells might interact with macro-
phages or directly with infected neurons. The latter is
supported by a recent study on the HSV-1 mouse mod-
el.34 Using in situ tetramer staining, the authors observed
TCR polarization on many CD8� T cells near the T-cell-
neuron junction. The interaction of CD8� T cells with
macrophages or neurons most likely depends on low-
level expression of viral antigens during latency; as a
consequence, cytokines and chemokines are produced,
which can inhibit viral replication and spread.

The immune cells (CD8� T cells and CD68� macro-
phages) inside the HSV-1 latently infected TGs and the
increased cytokine levels that affect HSV-1 replication
(IFN-�, TNF-�, IP-10) might provide the morphological
background for the clinical observation that immunosup-
pression can cause viral replication in the cranial nerve
ganglia.
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