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Abstract. Herpes simplex virus was frequently isolated from ipsilateral popliteal lymph nodes
after percutaneous inoculation of the dorsal face of the footpad, and from ipsi- and contralateral
submandibular lymph nodes after percutaneous inoculation of the cheek or the orofacial area of
mice. Virus was detected only on very rare occasion in nondraining lymph nodes (inguinal or
axillary) or in contralateral popliteal lymph nodes, but was frequently isolated in contralateral
lumbar lymph nodes after footpad inoculation. The presence of virus in lymph nodes paralleled
or followed the invasion of ipsilateral sensory ganglia and was associated with dissemination of
virus in contralateral sensory ganglia after unilateral inoculation. In older mice virus was detected
only occasionally in lymph nodes and dissemination of virus in contralateral sensory ganglia was
generally not observed. The results suggest that lymphatic spread may contribute to dissemination

of virus in contralateral sensory ganglia after unilateral inoculation of mice.
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The occurence of acute and latent herpes
simplex virus (HSV) infections in contralateral
sensory ganglia has been repeatedly observed
after unilateral inoculation of mice in the cor-
nea, flank, or footpad (1-5). Since there are
no direct synaptic connections between the left
and the right side sensory ganglia, the spread
of virus must be achieved by some unusual
pathway. We have shown that contralateral
spinal ganglia are colonized by virus 2 to 3
days after the ganglia of the inoculation site
(4). The speed of axonal migration of HSV is
about 2 to 10 mm/hr (6, 7) and this would
permit enough time for the virus to travel
along the decussated spino-thalamic tract and
return to the contralateral ganglia after reach-
ing the brain stem or the cortex. An alternate
to this so called “backdoor” route (8) is the
dissemination of virus through leakage into
lymphatic or blood vessels.

The regional distribution of lymph nodes
offers a good opportunity for the examination
of virus dissemination in experimentally in-
fected mice. In this study we show that HSV
can be consistently detected in regional lymph
nodes and that the pattern of lymphatic dis-
semination may explain colonization of con-
tralateral ganglia during the acute phase of ex-
perimental HSV infections in mice.

Materials and Methods. Virus. The S strain
of HSV type 1 was used in all experiments.
The maintenance of the virus, the preparation
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of stock virus, and the quantification of in-
ocula have been described in a previous pub-
lication (9).

Inoculation of mice. Female hairless mice
of the fully immunocompetent HRS/J strain,
and of the Swiss Albino strain were obtained
from Jackson Laboratories (Bar Harbor,
Maine) and used in the experiments at the age
of 8 to 10 weeks, unless otherwise stated.
Hairless mice were inoculated percutaneously
either in the median area of the snout or uni-
laterally on the cheek. Swiss Albino mice were
inoculated on the dorsal face of the footpad.
In all cases inoculation was done by rubbing
into the scarified skin a suspension containing
10° PFU/ml of HSV. Approximately 10* PFU
were applied in this way on the scarified skin
of each mouse.

Monitoring infectious virus in sensory gan-
glia and lymph nodes. At various intervals
postinoculation (pi), groups of mice were ex-
sanguinated by heart puncture under sodium
pentobarbital anesthesia. From mice inocu-
lated on the footpad the spinal ganglia, the
popliteal, lumbar, and inguinal lymph nodes
were removed. From mice inoculated in the
orofacial area or the cheek, trigeminal ganglia
and submandibular and axillary lymph nodes
were removed. In all cases specimens ipsi- and
contralateral of the inoculation site were col-
lected separately. During the removal of spec-
imens, special precautions were taken to avoid
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cross-contamination of organs harboring in-
fectious virus; i.e., separate surgical instru-
ments were used for each speciman, and the
removal order of specimens started with those
containing the least amount of virus (inguinal
or axillar lymph nodes) and ended with those
containing the highest amount of virus (sen-
sory ganglia). All specimens were homoge-
nized immediately by sonication (Branson
Sonifer Cell Disruptor 200) and clari-
fied by centrifugation. The supernatants were
screened for presence of infectious virus in
human fibroblasts (FS7 cells), and virus-con-
taining samples were titrated by a plaque assay
on Vero cells.

Results. Dissemination of HSV after footpad
inoculation. Infectious virus was detected in
ipsilateral spinal ganglia by the fourth day pi,
and in contralateral ganglia by the sixth day
pi. Between Days 5 and 7 pi virus was isolated
in 50% of the ipsilateral popliteal lymph nodes,
but was present only sporadically in ipsilateral
inguinal and lumbar lymph nodes. Virus was
not detected in contralateral inguinal lymph
nodes, and was isolated only once from con-
tralateral popliteal lymph nodes. However, on
Days 6 and 7 pi, infectious virus was detected
in 9 out of 15 contralateral lumbar lymph
nodes, as opposed to only two isolates from
the ipsilateral site. The difference is statistically
significant (P < 0.01, Fisher’s Exact Test).
These results are summarized in Table I.

The virus titer in any of the 27 infected
lymph nodes was low; in two-thirds of the
specimens less than 10 pfu and only in two

samples more than 100 pfu were detected.
Relative higher titers (10 to 100 pfu) were
found among the popliteal lymph nodes of the
ipsilateral site and the lumbar nodes of the
contralateral site. Virus titers in the ipsilateral
spinal ganglia were on the average 10 to 100
times higher than titers in contralateral spinal
ganglia (data now shown).

Mice used in the above experiments were
between 8 and 10 weeks old. Animals from
the same lots were inoculated in the same way
at the age of 17 weeks or more. As can be seen
in Table II, the frequency of virus isolation
from the ipsilateral spinal ganglia was similar
in young and older mice. However, the fre-
quency of virus isolation from the contralateral
spinal ganglia of older mice was significantly
lower (P < 0.02). Likewise, in older mice col-
onization of ipsilateral spinal ganglia was not
associated with virus dissemination in ipsilat-
eral popliteal lymph nodes, and the absence
of virus in contralateral spinal ganglia was
paralled by absence of virus in contralateral
lumbar lymph nodes.

Dissemination of HSV after cheek inocu-
lation. After unilateral cheek inoculation virus
was detected in all ipsilateral trigeminal ganglia
from the second through the last day of the 7-
day observation period. Infectious virus was
isolated on Day 3 pi from the contralateral
trigeminal ganglia, and was present in 50 to
75% of the ganglia through Day 7 pi. Infectious
virus, in both ipsi- and contralateral lymph
nodes, was detected 1 day after the appearance
of virus in ipsilateral trigeminal ganglia. The

TABLE I. DISSEMINATION OF HERPES SIMPLEX VIRUS IN SPINAL GANGLIA AND LYMPH NODES AFTER
UNILATERAL FOOTPAD INOCULATION OF SWISS ALBINO MICE

Frequency of virus isolation

Ipsilateral side

Contralateral side

Days after Lymph nodes Lymph nodes
virus Spinal Spinal
inoculation ganglia Popliteal Inguinal Lumbar ganglia Popliteal Inguinal Lumbar
3 0/4 0/4 0/4 0/4 0/4 0/4 0/4 0/4
4 4/4 1/4 0/4 1/4 0/4 0/4 0/4 0/4
5 6/7 3/7 0/4 0/7 0/7 0/7 0/4 0/7
6 8/8 5/8 2/4 2/8¢ 3/8 0/8 0/4 5/8¢
7 777 3/7 0/4 0/74 6/7 /7 0/4 474

¢ The probability that the difference between the frequency of virus isolation from ipsi- and contralateral lumbar
lymph nodes is due to chance is less than 0.01. (Calculated for Days 6 and 7 after virus inoculation.)
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TABLE II. ROLE OF AGE IN THE DISSEMINATION OF HERPES SIMPLEX VIRUS IN SPINAL GANGLIA AND LYMPH
NODES OF SWISS ALBINO MICE AFTER UNILATERAL FOOTPAD INOCULATION

Frequency of virus isolation (Days 6 and 7 pi)

Ipsilateral side

Contralateral side

Age of Lymph nodes Lymph nodes
mice Spinal Spinal
(weeks) ganglia Popliteal Lumbar ganglia Popliteal Lumbar
10 or less® 15/15 8/15 2/15 9/15 1/15 9/15
16 or more 11/13 2/13% 0/13 2/13% 0/13 0/13%

2 Data from Table 1.

b The frequency of virus isolation is statistically significantly lower in ipsilateral popliteal lymph nodes (P < 0.04),
contralateral spinal ganglia (P < 0.02), and contralateral lumbar lymph nodes (P < 0.001) of older than younger mice

(Fisher’s Exact Test).

virus remained detectable in lymph nodes up
to Day 6 pi. The highest proportion of virus-
positive submandibular lymph nodes was ob-
served between Days 4 and 6 pi (67% on the
ipsilateral site, 42% on the contralateral site).
In the nondraining axillary lymph nodes, in-
fectious virus was isolated only from a single
sample on Day 7 pi. These results are shown
in Table III.

As can be seen in Table IV, the frequency
of virus-containing samples is after symmet-
rical inoculation of in the middle of the oro-
facial area of the hairless mouse is similar in

left and right side trigeminal ganglia and
lymph nodes.

Virus titers in the trigeminal ganglia of
symmetrically inoculated mice were also sim-
ilar and of the same order of magnitude as
virus titers in ipsilateral trigeminal ganglia of
unilaterally inoculated mice, whereas the virus
titers in contralateral trigeminal ganglia were
50 to 100 times lower (Table V). Virus titers
in submandibular lymph nodes were low, but
higher than in lymph nodes colonized by virus
after footpad inoculation: 53% of the lymph
nodes contained more than 10 pfu of HSV

TABLE III. DISSEMINATION OF HERPES SIMPLEX VIRUS IN TRIGEMINAL GANGLIA AND LYMPH NODES AFTER
UNILATERAL CHEEK INOCULATION OF HAIRLESS MICE

Frequency of virus isolation

Ipsilateral side

Contralateral side

Days after Lymph nodes Lymph nodes
virus Trigeminal Trigeminal
inoculation ganglia Submandibular Axillar ganglia Submandibular Axillar
1 0/4 0/4 0/4 0/4 0/4 0/4
2 4/4 0/4 0/4 0/4 0/4 0/4
3 4/4 1/4 0/4 1/4 1/4 0/4
4 4/4 3/4 0/4 2/4 1/4 0/4
5 4/4 2/4 0/4 3/4 2/4 0/4
6 4/4 3/4 0/4 3/4 2/4 0/4
7 3/4 0/4 1/4 2/4 0/4 0/4
Total days,
3to7 197204 9/20 1/20 11/20¢ 6/20 0/20

¢ The frequency of virus isolation from ipsilateral trigeminal ganglia was significantly higher than in contralateral

trigeminal ganglia (P < 0.025, x 2 test).
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TABLE IV. DISSEMINATION OF HERPES SIMPLEX VIRUS IN TRIGEMINAL GANGLIA AND SUBMANDIBULAR LYMPH
NODES AFTER MEDIAN OROFACIAL INOCULATION OF HAIRLESS MICE

Frequency of virus isolation

Left side Right side
Days after
virus Trigeminal Submandibular Trigeminal Submandibular

inoculation ganglia lymph nodes ganglia lymph nodes

3 2/4 1/4 3/4 0/4

4 4/4 2/4 4/4 3/4

5 4/4 1/4 4/4 3/4

6 4/4 3/4 4/4 1/4

7 4/4 1/4 4/4 1/4
Total days,

3t07 18/20 8/20 19/20 8/20

and two submandibular lymph nodes con-
tained over 10° pfu of HSV after orofacial in-
fection. A summary of virus titers in lymph
nodes is given in Table V1.

Discussion. The results obtained in this se-
ries of experiments showed that invasion of
regional lymph takes place consistently after
percutaneous inoculation of mice with HSV.
Nondraining lymph nodes (inguinal after
footpad inoculation, and axillary after orofa-
cial or cheek inoculation) are involved only
in very rare instances. Colonization of lymph
nodes parallels or follows virus invasion, but
was not observed before the invasion of sen-
sory ganglia with virus. After subcutaneous
inoculation of HSV type 2 in the footpad of
guinea pigs virus was detected in all popliteal
lymph nodes as soon as 6 hr pi, and before
the isolation of virus from spinal ganglia (10).
This would suggest a direct invasion of lymph

nodes after subcutaneous infection, circum-
venting the axonal transport of virus.

The highest frequency of virus isolation
from lymph nodes was observed 4 to 6 days
after virus inoculation. However, only up to
75% of the lymph nodes contained virus on
any one day pi, and virus titers were low in
the majority of cases: 88% of the specimens
contained less than 100 pfu and one-third less
than 10 pfu of HSV.

As expected, after symmetrical inoculation
of the orofacial area, HSV was detected at the
same frequency in the left and the right side
submandibular lymph nodes and trigeminal
ganglia. However, after unilateral inoculation
of the cheek HSV was detected only slightly
less frequently in the contralateral than in the
ipsilateral lymph nodes. On the other hand,
the frequency of virus isolation in trigeminal
ganglia from days 3 to 7 pi is significantly

TABLE V. VIRUS TITERS IN TRIGEMINAL GANGLIA OF HAIRLESS MICE AFTER SYMMETRICAL (MEDIAN) OR
UNILATERAL (CHEEK) HERPES SIMPLEX VIRUS INOCULATION

Mean virus titers in trigeminal ganglia®

Median symmetrical

Days after inoculation Unilateral inoculation
virus
inoculation Right Left Ipsilateral Contralateral
4 3.23+0.62 3.76 £0.59 3.77+0.85 2.04 £0.50
5 3.56 +0.16 3.42+0.74 3.57+0.69 1.35+0.45
6 2.92+0.55 2.17+0.95 2.46 = 1.20 1.23+0.48
7 1.38 £0.59 1.71+£0.27 1.23+0.13 0.30

4 PFU per milliliter (log,, units) + SD.
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TABLE VI. ViruS TITERS IN LYMPH NODES DURING
THE ACUTE PHASE OF HSV INFECTION IN MICE

Number of lymph nodes with virus
titers (pfu) of

Lymph nodes <10 10-10>  10-10° >10°
Popliteal 10 (67)° 3(20) 2(13) 0
Lumbar 8 (67) 4 (33) 0 0
Submandibular 15 (47) 12 (38) 3(9) 2 (6)
All lymph nodes 33 (56) 19 (32) 5(9) 2 (3)

“In parentheses frequencies expressed as percentages.

higher in the ipsilateral (19/20) than in the
contralateral (11/20) site (P < 0.025, x? test).

It is likely that the colonization of the con-
tralateral trigeminal ganglion is the result of
natural propagation of the cutaneous skin in-
fection. Grooming of the oral area may have
contributed also to the spread of infection to
skin areas innervated by the contralateral tri-
geminal ganglion. These mechanisms are less
efficient than the artificial inoculation done
on the cheek and resulted therefore in a sig-
nificantly lower rate of contralateral ganglionic
infections. The detection of virus in subman-
dibular lymph nodes is a consequence of the
local infection and is not related to coloniza-
tion of trigeminal ganglia with HSV.

The results obtained after unilateral footpad
inoculation suggest several interesting conclu-
sions and observations. In the first place we
were able to confirm our previous data, indi-
cating that contralateral spinal ganglia are reg-
ularly invaded by HSV after unilateral footpad
inoculation (4). Second, we found infectious
virus consistently in draining popliteal lymph
nodes of the inoculation site, but virus was
isolated only occasionally from nondraining
inguinal lymph nodes, or from popliteal lymph
nodes of the noninoculated footpad. The most
interesting observation is the significantly
higher frequency of virus isolation from the
contralateral than the ipsilateral lumbar lymph
nodes. The detection of virus in contralateral
lumbar lymph nodes was always associated
with isolation of virus from contralateral spinal
ganglia.

The draining area of lumbar lymph nodes
includes the lumbosacral segment of the spinal
cord. Virus detected in contralateral lumbar

lymph nodes could originate therefore from
virus which has migrated in the spinal cord
after the initial colonization of the ipsilateral
spinal sensory ganglia. The leakage of HSV in
extraneural space might be explained in the
following way: virions which migrate axonally
from the inoculation site to the neurons of
sensory ganglia become established rapidly in
alatent form (11). However, continuous virus
supply from the inoculation site will lead not
only to further virus migration by neural
pathways to the spinal cord and brain, but also
to leakage of virus in extraneural space of the
spinal cord, which might then be drained by
lymphatic vessels to the lumbar lymph nodes.
The frequent isolation of HSV from contra-
lateral lumbar lymph nodes during the later
phase of the acute infection supports the like-
lihood of such a mechanism. Contralateral
spinal ganglia may then become colonized by
HSYV either through the network of lymphatic
vessels, or by migration of virus along efferent
sympathetic fibers innervating the lymph
nodes (12).

Further support for a role of lymphatic dis-
semination in the colonization of contralateral
spinal ganglia by virus comes from the results
observed in older mice. In these animals, the
frequency of colonization of ipsilateral spinal
ganglia after footpad inoculation is not differ-
ent from that observed in younger mice, but
contralateral spinal ganglia become colonized
by virus at a statistically significant lower rate.
The absence of virus in contralateral spinal
ganglia was associated with a statistically sig-
nificant lower rate of virus isolation from ip-
silateral popliteal lymph nodes and the absence
of virus isolation from contralateral lumbar
lymph nodes. Since the dissemination of virus
in contralateral spinal ganglia was always as-
sociated with a relative high rate of virus iso-
lation from ipsilateral popliteal and contra-
lateral lumbar lymph nodes, it appears that
leakage and lymphatic spread play a role in
the pathogenetic mechanism of HSV infec-
tions in younger mice.

HSV was isolated also from human blood
lymphocytes (13, 14), but it appears that virus
isolation in the lymphatic system was not sys-
tematically investigated. Recently, HSV-like
capsids were observed in giant cells of an in-
guinal lymph node from a patient with lym-
phadenitis (15). Our data suggest that lym-
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phatic dissemination might be more restricted
in older than in younger mice. The possibility
of lymphatic dissemination is relevant to the
treatment of primary HSV infections, espe-
cially in the newborn. The presence of virus
in regional lymph nodes during the acute
phase of infection may elicit and maintain
strong local immune responses, able to fend
off reinfections occurring at the site of the pri-
mary inoculation. Some of these aspects are
currently being investigated in our laboratory.
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