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Quantitative analysis of herpes simplex virus
in cranial nerve ganglia
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A susceptible individual exposed to herpes simplex virus (HSV) will develop
latent infection in multiple cranial nerve ganglia. There are a few quan-
titative studies of the viral load within the trigeminal ganglion, but none
that investigate other cranial nerve ganglia. In this study, human trigeminal,
geniculate, vestibular (Scarpa’s) and cochlear (spiral) ganglia were obtained
from willed body donors. Real time quantitative polymerase chain reaction
(PCR) analysis of the HSV DNA polymerase gene was performed on ipsilat-
eral ganglion sets from the same individual. Viral load, expressed as HSV
genomes per 105 cells, was significantly greater in the vestibular ganglion
(mean ± SD, 176705 ± 255916) than in the geniculate (9948 ± 22066), cochlear
(3527 ± 9360), or trigeminal (2017 ± 5578) ganglia. There was not a significant
correlation among ganglia from the same individual. The results support the
hypothesis that neuronal subpopulations have variable susceptibility to HSV
infection. Journal of NeuroVirology (2004) 10, 216–222.
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Introduction

The study of herpes simplex virus (HSV) in cra-
nial nerve sensory ganglia initially focused on de-
tection and prevalence studies (Bastian et al, 1972;
Baringer and Swoveland 1973; Warren et al, 1978).
As the sensitivity of detection methods improves,
prevalence figures are revised, leading to the con-
clusion that latent infection of cranial nerve ganglia
with HSV is a common event. Contemporary autopsy
studies in adult subjects define the prevalence of
HSV in the trigeminal ganglion to be approximately
70% (Mahalingham et al, 1992; Liedtke et al, 1993;
Pevenstein et al, 1999; Cohrs et al, 2000).

The trigeminal ganglion has been the focus of most
investigations for several reasons. First, it is easily ac-
cessible. Second, the clinical features of HSV reacti-
vation in the sensory distribution of the ganglion are
well recognized. Examples include herpetic kerati-
tis and herpes labialis. Finally, reliable, reproducible
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animal models have been developed that mimic hu-
man ocular herpes providing additional confirmation
of the viral etiology (Carr et al, 2001).

Other cranial nerve ganglia have received less at-
tention. Prevalence figures for HSV in the genicu-
late, cochlear, vestibular, and vagal ganglia are sim-
ilar to those seen in the trigeminal ganglion (Furuta
et al, 1992; Schulz et al, 1998; Vrabec and Payne,
2001). Although the clinical relevance of these find-
ings remains to be determined, viral infection of a
ganglion would be a prerequisite for any clinical
syndrome purported to result from HSV reactiva-
tion. More definitive evidence of viral reactivation
is obtained when replicating virus is isolated from
the ganglion of interest in concert with the clinical
symptoms. For example, isolation of HSV from the
geniculate ganglion during acute facial paralysis has
strengthened the association of HSV reactivation and
Bell’s palsy (Murakami et al, 1996).

Unfortunately, dissection or biopsy of most cra-
nial nerve ganglia during one’s lifetime is imprac-
tical. Thus, autopsy data revealing HSV DNA in the
vestibular and cochlear ganglia have intensified spec-
ulation that the virus is responsible for various oto-
logic clinical syndromes such as vestibular neuroni-
tis and Meniere’s disease (Gacek and Gacek, 2002;
Vrabec, 2003). In the same manner, HSV reactivation
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from the vagal ganglion is suspected in various laryn-
geal and gastroesophageal disorders, including gas-
troesophageal reflux, herpetic laryngitis, and gastric
ulcers (Gesser et al, 1995; Vrabec et al, 2000; Amin
and Koufman, 2001).

The neuron is the reservoir for latent HSV infec-
tion in animal models and human ganglion sections.
Initial reports were based on in situ hybidization
techniques (Croen et al, 1987; Tenser et al, 1982).
Subsequent confirmation was achieved using vari-
ous methods of cell separation, including dissocia-
tion and fractionation according to size and morphol-
ogy, or laser capture microdissection (Sawtell, 1997;
Chen et al, 2002; Cai et al, 2002). These methods also
confirm the absence of HSV DNA in supporting cells.

Current data suggest infection of all neurons within
a ganglion does not occur and that the number of vi-
ral genome copies per cell is not uniform. The per-
centage of infected neurons and the number of viral
copies per cell directly correlate with efficiency of
reactivation in animal models (Maggioncalda et al,
1996; Sawtell, 1998; Sawtell et al, 1998). Factors
important in determining viral load include infect-
ing inoculum titer, virus strain, and viral replica-
tion within the ganglion (Sawtell, 1998; Sawtell et al,
1998; Thompson and Sawtell, 2000). To date, these
observations have not been verified in a human pop-
ulation; however, one could postulate that individ-
uals with more frequent clinical symptoms of viral
reactivation harbor a greater viral load in their gan-
glia. Therefore, considerable interest exists in defin-
ing percentage of infected neurons and viral genome
copies per cell in human ganglia.

Results

Twelve sets of HSV positive ganglia were evaluated
by quantitative analysis. The data are summarized in
Table 1. The mean HSV genome copy number per
105 cells in the vestibular ganglion was significantly
greater than in the other ganglia (analysis of vari-
ance [ANOVA], P = .01). There was no significant
difference in viral load among the other ganglia. The

Table 1 HSV copy number per 105 cells

Subject 5 7 C V

1 875 4526 32864 19777
2R 121 4904 5450 198912
2L 20257 633 217 158631
3R 100 4545 101 21524
3L 54 8859 189 283301
4R 2206 1273 1397 16499
4L 263 3034 395 4453
5 44 311 109 367955
6R 78 732 575 6144
6L 125 79518 807 8121
7 54 4087 139 890217
8 30 6956 86 144921

5 = trigeminal; 7 = geniculate; C = cochlear; V = vestibular.

Table 2 Average copy number and concentration/sample

Ganglion HSV RNase P DNA concentration

Trigeminal (N = 50) 229 40382 133.3 ng
Geniculate (N = 47) 142 4311 14.2 ng
Cochlear (N = 46) 84 10536 34.8 ng
Vestibular (N = 47) 391 969 3.2 ng

N = number of samples tested.

median HSV genome copy number per 105 cells (and
range) for each ganglion are as follows: vestibular
83222 (4453–890217); geniculate 4307 (311–79518);
cochlear 306 (86–32864); and trigeminal 111 (30–
20257).

The cycle threshold measurements for a given spec-
imen displayed little variation on repetitive testing,
producing consistent relative estimates of viral load.
The measured RNase P gene copies per specimen
did vary among the different ganglia (Table 2). The
trigeminal ganglion had substantially greater cellu-
lar RNase P gene copies per specimen than the other
ganglia (P < .001). For all ganglia, there was no sig-
nificant correlation (r = −.1, P = .5) between RNase
P copy number per specimen and HSV copy num-
ber per specimen, indicating a lack of competition or
interference between the HSV and RNase P assays.
A significant correlation would imply a relationship
between the amount of input DNA and the ability to
detect HSV.

There was no correlation of HSV viral load between
ganglia from the same individual. Bivariate linear re-
gression among all possible ganglion pairs showed
variable positive and negative correlations though
none were significant (all P > .4). This lack of asso-
ciation suggests viral load within a given ganglion is
independently determined and not linked to a pre-
requisite high viral load in another ganglion.

Discussion

Study of HSV in human ganglia requires considera-
tion of host-virus interaction over the course of one’s
lifetime. In contrast to animal models, exposure to
HSV in humans will occur on multiple occasions,
including autoinoculation in those individuals that
manifest reactivation of latent virus. HSV is an ef-
ficient neuronal tracer and can be recovered from
various central nervous system (CNS) sites after pe-
ripheral inoculation in animal models (Sugita et al,
1995). In human subjects, decades pass between in-
oculation and eventual study of ganglia or CNS tis-
sue. Thus, one would expect that the virus could trace
multiple neuronal pathways. Infection of the vestibu-
lar ganglion is postulated to occur via vestibulo-
facial anastomoses (Hirata et al, 1993; Vrabec and
Payne, 2001). HSV has been recovered from both
the vestibular nuclei and labyrinth, indicating fur-
ther spread from this location (Arbusow et al, 2000,
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2001). Involvement of the cochlear ganglion could
either be via efferent projections from the brainstem
or by direct inoculation of cochlear tissues via the
labyrinthine fluids.

Prior estimates of the percentage of HSV infected
neurons in human ganglia are no greater than 5%
(Croen et al, 1987; Cai et al, 2002). In contrast, animal
models displaying efficient reactivation may have
30% or more of neurons testing positive for HSV
(Sawtell, 1998; Chen et al, 2002). However, it is dif-
ficult to directly compare the data from human and
animal studies for many reasons. In contrast to the
controlled laboratory setting, examination of autopsy
subjects introduces variables such as different virus
strain, inoculum titer, history of clinical reactivation,
and time between initial infection and removal of the
ganglia. Additional error can be introduced by incor-
rect assumptions needed to extrapolate data to the
cellular level, including percentage of infected neu-
rons, and ratio of neurons to supporting cells.

Prior studies of human trigeminal ganglia us-
ing quantitative polymerase chain reaction (PCR)
methods reached similar estimates of HSV viral
load (Pevenstein et al, 1999; Cohrs et al, 2000). In
each, spectrophotometry was used to standardize an
amount of template DNA for each sample. A mea-
sured quantity of viral copies is then expressed rela-
tive to the amount of template DNA. Pevenstein et al
(1999) estimated the amount of DNA per cell to be
15.6 pg based on their experimental data. In this re-
port, we use the theoretical amount of DNA/diploid
cell of 6.6 pg (Si et al, 2003). Thus, to compare our
data with Pevenstein et al (1999), a correction factor
(6.6/15.6) is applied to their reported mean of 2902
copies per 105 cells, giving a new estimate of 1227
HSV copies per 105 cells (estimated range 22–4320).
To compare our data to Cohrs et al (2000), multi-
ply the number of HSV copies per 100 ng DNA in
their report by 6.6 to derive a mean of 1343 HSV
copies per 105 cells (range 151–5009). Finally, Cai
et al (2002) defined a range of 2 to 50 copies of
HSV per infected neuron, and detected HSV in 3%
of neurons analyzed. To extrapolate these numbers
to copies per 105 cells, we assume a 100:1 ratio of
supporting cell/neuron (LaGuardia et al, 2000). This
gives a range of 60 to 1500 HSV copies per 105 cells.
Our data for the trigeminal ganglion (mean 2017 HSV
copies per 105 cells, range 30–20257) display con-
siderable overlap with the reported measurements of
HSV viral load. Alternatively, direct comparison is
possible between the trigeminal ganglia in this report
and the HSV positive ganglia in Cohrs et al (2000),
finding no significant difference in HSV copies per
105 cells (t test, P = .58). The reports cited all find
wide variations in viral load within human ganglia,
often over 2 orders of magnitude.

The estimation of viral load using the quantita-
tive PCR technique described here will understate the
amount of viral copies per ganglion cell because cell
types are not differentiated in this method. Therefore,

supporting cell DNA is included in the denominator
when expressing the viral load per human genome
equivalent in this study. Correction for this effect is
difficult, as the number of supporting cells per neuron
is probably different among the ganglia examined.
The average neuronal cell count in cranial nerve gan-
glia is well established. Estimates for each ganglion
are as follows: trigeminal, 27000; geniculate, 2100;
cochlear, 35000; and vestibular, 20000 (Ball et al,
1982; Gacek, 1998; Velazquez-Villasenor et al, 2000;
Tang et al, 2002). However, the number of supporting
cells per neuron is uncertain. In the trigeminal gan-
glion, it is estimated that there are 100 supporting
cells per neuron (LaGuardia et al, 2000). There are
no published estimates for the other ganglia, there-
fore some assumptions must be made. The geniculate
ganglion is similar to the trigeminal in that it contains
sensory and motor neurons, therefore a supporting
cell/neuron ratio of 100:1 seems plausible. If the sup-
porting cell ratio is the same, there is no significant
difference in viral load between the geniculate and
trigeminal ganglia. The vestibular and cochlear gan-
glia appear to have fewer supporting cells on light mi-
croscopy. The supporting cell/neuron ratio in these
ganglia may be as low as 3:1. Thus, a difference in
supporting cell ratios cannot be excluded as an ex-
planation for the difference in viral load among gan-
glia. Comparative studies in human ganglion speci-
mens are relatively rare. A difference in prevalence of
viral DNA in trigeminal versus spinal ganglia in hu-
mans has been reported (Mahalingham et al, 1992).
But no other quantitative studies comparing different
ganglia are available to corroborate the differences re-
ported here.

A difference in viral load according to ganglion
supports the concept of variable susceptibility of
diverse neuronal populations to viral infection, la-
tency, and reactivation. The neurons in these cranial
nerve ganglia differ in function, cellar architecture,
and neurotransmitters both within and among gan-
glia (Grigaliunas et al, 2002). Expression of cellular
factors that modulate HSV infection represents an-
other way to distinguish between neurons and define
an “HSV-sensitive” phenotype. For example, latency-
associated transcript expression, indicating latent
HSV infection with a cell, is enhanced in neurons im-
munoreactive to monoclonal antibodies SSEA3 and
A5, whereas those immunoreactive to KH10 enhance
productive infection (Yang et al, 2000). The receptor
nectin-1, a putative mediator of HSV entry into the
cell, is expressed strongly in sensory neurons and
much less in motor neurons (Mata et al, 2001). Ex-
pression of nuclear cdk2 is associated with increased
potential for HSV reactivation (Schang et al, 2002).
Finally, distinct neuronal populations are capable
of activating HSV immediate-early genes ICP0 and
ICP27 even in the absence of viral infection, includ-
ing neurons in the vestibular nuclei (Loiacono et al,
2002). These studies indicate that multiple cellular
factors can influence the course of HSV infection
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within a given neuron. Consequently, it is naı̈ve to
assume that the distribution of “HSV-sensitive” neu-
rons will be the same in all cranial nerve ganglia.

Surveys from autopsy subjects can provide popula-
tion estimates of prevalence of infected neurons and
viral load within a ganglion. The hypothesis that vi-
ral load is a determinant of reactivation is appealing,
but expects a direct correlation between viral load
and probability of reactivation (Sawtell, 1998). The
present study finds viral load varying over several
orders of magnitude within each ganglion and be-
tween different cranial nerve ganglia. Of particular
interest is the lack of correlation of the HSV viral
load among ganglia from the same individual. Pre-
sumably, if infecting strain and inoculum titer were
critical to determining viral load in a ganglion, an
individual exposed to a particularly virulent strain
of HSV in an unusually high titer would reflect this
in all ganglia surveyed. Thus, the lack of correlation
suggests that viral strain and inoculum titer are less
significant than neuronal phenotype in determining
the course of HSV infection.

Human subjects with clinical symptoms of HSV
reactivation display wide variations in age of onset,
frequency of symptoms, and ganglion involved. Re-
activation within the distribution of the trigeminal
nerve is the most commonly recognized, presenting
as herpes labialis or herpetic keratitis. If viral load
were the most important factor in predicting reac-
tivation in humans, one would expect to find the
highest viral load in the trigeminal ganglion. This
study seems to contradict the correlation between
viral load and reactivation demonstrated in animal
models. There are several potential explanations for
this discrepancy. First, assumptions about support-
ing cell ratios could be incorrect resulting in a statis-
tical error. Second, HSV reactivation within the dis-
tribution of the vestibular ganglion may be clinically
under-ascertained. This is quite possible, as there are
no routine clinical techniques to visualize, culture,

Figure 1 Performance of HSV standards. The graph on the left displays the amplification plots at HSV concentrations from 1× 10e0 to
1× 10e5. The graph on the right displays correlation between HSV concentration and measured cycle threshold.

or image the inner ear in a manner that could con-
firm HSV reactivation. Finally, the molecular mecha-
nisms that determine latency and reactivation could
be independent, allowing speculation that trigeminal
neurons contain greater levels of cellular factors nec-
essary for reactivation than those in the vestibular
ganglion. Future studies are needed to demonstrate
a distinct difference in reactivation efficiency among
neurons from the various ganglia.

In summary, HSV viral load varies significantly
among cranial nerve ganglia and is greatest in the
vestibular ganglion. The present study matched gan-
glia within the same individual, thus the differences
imply that susceptibility to HSV infection is deter-
mined at the cellular level. Future investigation is
directed at further characterization of differences in
neuronal populations among cranial nerve ganglia
with regard to HSV infection and reactivation.

Methods

The trigeminal, geniculate, vestibular (Scarpa’s), and
cochlear (spiral) ganglia were collected from 20
willed-body donors frozen within 48 h of death by
protocol. Each side of the head is counted as a sin-
gle dissection, offering the potential for 40 sets of
ganglia. In four instances, a complete set of ganglia
was not obtained, leaving 36 sets for study. The clin-
ical history regarding symptoms of HSV-mediated
disease is unknown in all cases. Dissections were
performed following variable storage intervals. Af-
ter dissection, ganglia were stored at −80◦C. DNA
was extracted from each specimen using the QIAamp
DNA Mini Kit, according to manufacturer’s guide-
lines (Qiagen). Initial screening for the presence of
HSV used previously published methods (Vrabec and
Payne, 2001). Overall, the prevalence of HSV DNA ac-
cording to ganglion was trigeminal, 50%; geniculate,
57%; vestibular, 81%; and cochlear, 85%. Twelve
ganglion sets included in this study displayed HSV
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Figure 2 Performance of RNase P standards. The graph on the left displays the amplification plots at RNase P concentrations from
3× 10e0 to 3× 10e4. The graph on the right displays correlation between RNase P concentration and measured cycle threshold.

DNA in the trigeminal, geniculate, vestibular, and
cochlear ganglia on the same side in the same individ-
ual. Matching the ganglia in this manner controls for
inoculum titer and host susceptibility across each set.

A duplex reaction was designed to quantify HSV
genome copy number and the amount of cellu-
lar DNA in each well. Custom made primers and
probes are directed at the HSV DNA polymerase
gene (UL30). The sequence of the primer/probe set
is as follows: forward 5′-TCCTCACCGCCGAACTGA-
3′; reverse 5′-CCAGGCGCTTGTTGGTGTA-3′; and
probe 5′-AGACACCCGCGCGC-3′. A commercially
available primer/probe set for amplification of the
single-copy cellular RNase P gene is used to quan-
tify the amount of genomic DNA per sample (Ap-
plied Biosystems). The two probes are labeled with
different reporter dyes, allowing differentiation of
PCR products according to emission wavelength.
The reaction mixture is composed of 1 μl of sam-
ple DNA, 2× TaqMan Universal PCR Master mix,
250 nM of the HSV primers and probe, and 1× of
the RNase P primers and probe. Specimens were
run on the ABI 7000 sequence detection system
(Applied Biosystems). Cycling parameters are 95◦ for
10 min, followed by 45 cycles of 95◦C for 15 s, and
60◦C for 60 s. Each specimen was tested at least three
times. Multiple negative controls were included in
each run, consisting of HSV-free genomic DNA and
multiple wells containing the master mix only.

Table 3 Mean cycle thresholds

HSV copies 105 104 103 102 101 100

HSV (N = 11) 26.29 30.24 34.32 38.07 40.19 41.56
Standard deviation 1.06 1.27 1.16 1.62 1.84 1.9
RNase P copies 104 103 102 101 100

DNA (N = 11) 25.05 28.64 31.96 36.34 39.67
Standard deviation 1.64 1.54 1.41 1.95 2.15

HSV=HSV standards; DNA= genomic DNA standards; N= num-
ber of trials.

Quantitative viral standards are composed of puri-
fied viral DNA (HSV 17 syn+ strain) diluted in hu-
man genomic DNA. Serial dilutions of the stock HSV
DNA results in standards containing 105 to 100 copies
of the HSV genome mixed with 10 ng/μl of genomic
DNA. Genomic DNA standards are created with serial
dilutions of Epstein-Barr virus (EBV)-transformed

Figure 3 (A) HSV standards with constant 10 ng/μl human DNA
added. (B) DNA standards with constant 100 copies HSV added.
Both graphs show reproducible cycle thresholds for the constant
despite wide variation in the competing template.
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lymphocyte DNA (ATCC) to produce reference sam-
ples containing 3×104 to 3×100 copies of the RNase P
gene. A linear correlation is expected between cycle
threshold and log concentration for each set of stan-
dards (r2 > .95). Runs that do not exhibit adequate
correlation between standards or that include posi-
tive results in negative controls are discarded. The
assay described is capable of detecting less than 10
copies of both HSV and RNase P (Figures 1 and 2).

Primer concentrations for the duplex assay were
chosen to provide the most efficient (lowest) cy-
cle thresholds for HSV and DNA standards. Mul-
tiple combinations of HSV primer amounts rang-
ing from 50 to 500 nM and RNase P primers from
0.2× to 1× were tested in order to select the most
robust mix. Cycle thresholds in the duplex assay
were comparable to those obtained when running
each primer set independently. Standards showed
minimal variability in absolute cycle threshold on
repetitive trials, as depicted in Table 3. Accuracy
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