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Pooled human immunoglobulin (IgG) was evaluated as prophylaxis and treat-
ment of HSV-1 infection in mice. We compared the effects of IgG on the course
of acute infection and spread of virus through the nervous system, as well
as on the establishment, maintenance, and reactivation of virus from latency.
Balb/c mice received a single 3.75 mg intraperitoneal injection of IgG 24 h be-
fore or 24 h, 48 h, or 72 h after ocular infection with 106 pfu of HSV-1 strain
McKrae. Treatment with IgG protected against death in a time-dependent man-
ner (P < 0.001 for ¡ 24 h vs. + 48 h and + 72 h IgG treatment groups). Viral
shedding from the eyes was reduced more in mice treated with IgG at ¡ 24 h or
+ 24 h relative to animals treated at + 48 h. Viral titers in the eyes were reduced
in mice treated with IgG at +24 h, but not at + 48 h. In ganglia, virus recovery
was reduced (P < 0.05) in mice treated at ¡ 24 h, + 24 h, or +48 h relative
to untreated mice, or ones treated at +72 h. In brains, similar results were
observed in mice treated at ¡ 24 h, +24 h, or + 48 h relative to +72 h. Upon ex-
plantation, virus reactivated from all ganglia of all surviving mice regardless
of treatment group. DNA quantitation showed that mice pretreated with IgG
tended towards lower quantities of latent genome copies compared to +24 h
treatment and + 48 h treatment. UV irradiation induced reactivation in vivo
in 16/40 pretreated mice, 20/29 mice treated at +24 h, and in 8/8 mice treated
at +48 h (P = 0.03 and P = 0.004, for comparisons at ¡ 24 h vs. +24 h, and
¡ 24 h vs. + 48 h, respectively). Histopathological studies revealed that mice
pretreated and treated with IgG had milder encephalitis and reduced virus
spread compared to untreated mice. Pooled human IgG attenuates the spread
of, and morbidity from, HSV-1 if given before and within 2 days after ocular
infection. Journal of NeuroVirology (2002) 8, 35–44.
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Introduction

Infection with herpes simplex virus types 1 and 2
(HSV-1, HSV-2) involves viral replication at the site
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of entry followed by centripetal transit in sensory
nerves to the trigeminal or dorsal root ganglia where
they establish life-long latency (Whitley, 2001). Reac-
tivation from latency occurs when a stimulus triggers
renewed replication of virus with centrifugal spread
of progeny virions along neuronal axons to mucocu-
taneous sites at or near the initial portal of entry. In
the typical cycle of HSV infection, latency, and reac-
tivation in humans, there is little evident of spread of
virus to more distant tissues. When it does occur, dis-
seminated HSV involving the brain or other viscera
is associated with severe illness and death (Corey
and Spear, 1986). Fortunately, these are rare events
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in immunocompetent people. In small mammals in
which HSV did not evolve to co-exist, the infection
is more severe than in humans and is often a dissem-
inated and fatal one.

Lacking proven public health strategies or vac-
cines for preventing HSV infection, the major clinical
thrust has been the development of effective antiviral
drugs. An additional, although still incompletely de-
veloped, strategy entails the use of HSV-speci�c im-
munoglobulin G (IgG) or pooled IgG containing HSV
antibody for prophylaxis and treatment. Even before
the development of potent nucleoside drugs and re-
peatedly thereafter, IgG was proven to diminish the
mortality of HSV-1 in infected mice, if given before in-
fection (Akerfeldt et al, 1972, 1973). These early data
indicated that speci�c antibodies neutralize HSV in-
fectivity in the crucial period before it binds to and
enters cells.

Because HSV spreads from cell-to-cell and not via
extracellular �uids it had been assumed that IgG
would not attenuate HSV disease if administered af-
ter the onset of infection. Nonetheless, polyclonal
and monoclonal antibodies with high titers of HSV-
speci�c neutralizing activity (Oakes and Rosemond-
Hornbeak, 1978; Davis et al, 1979; McKendall et al,
1979; Simmons and Nash, 1985) and pooled human
immunoglobulin used for intravenous replacement
therapy (IVIG) (Erlich et al, 1987) showed signi�-
cant bene�t, even when given 1 to 2 days after in-
fection. These observations suggested that IgG could
block HSV spread after the onset of infection and
aroused some interests for considering its use not
only as a prophylactic agent but also as a therapeutic
one.

With this background, we sought to explore the ef-
fects of IgG in a murine model of HSV-1 infection
during acute and latent phases by administering hu-
man IgG 24 h before or 24, 48, or 72 h after infec-
tion. In these studies, we compared the survival rate
of infected mice, virus shedding in eyes, the titers
of virus in various tissues to which it spreads after
infection, the histopathology of the brain, quanti�ed
the number of genome copies that persisted in gan-
glia after infection (latent viral load), and determined
the capacity of virus to reactivate upon exposure to
ultraviolet (UV) light.

Results

Survival of animals during acute HSV-1 infection
To determine the effects of IgG on virus-induced mor-
tality, 5 animals were mock-infected or groups of
10 animals each were infected by bilateral corneal
scari�cation followed by inoculation with 1 £
106 p.f.u. of HSV-1 (McKrae). Mortality was scored
daily for the �rst 17 days p.i. None of mice treated
with IgG at 72-h postinfection survived beyond day 7.
Survival showed a clear association with time of
treatment (Figure 1). Speci�cally, mice given IgG

24 h before infection were more likely to survive
than mice treated at 48 or 72 h after infection (both
P < 0.001). Similarly, mice treated at C24 h were
more likely to survive than those treated at C48 h
(P D 0.04) or C72 h (P < 0.001).

Ocular virus shedding during acute infection
Corneal shedding of HSV-1 was monitored by taking
cultures on days 1, 3, 5, 7, 9, and 11 postinfection.
None of the mock-infected animals shed virus on any
day, as expected (Figure 2). During the �rst 5 days
postinfection, all infected mice shed virus. Because
none of the mice treated 72 h postinfection survived
beyond day 6, eye swabs could no longer be obtained
in that group. However, late virus shedding could be
ascertained in other groups of infected mice. Overall,
for any given day, a smaller proportion of infected
mice treated with IgG 24 h before and 24 h after in-
fection shed virus than treated at 48 h after infec-
tion, but sample sizes were too small to con�rm this
trend.

HSV-1 titers during acute infection
To further study the time dependence of IgG treat-
ment on HSV-1 spread in this mouse model, we quan-
ti�ed the virus load in the eyes, trigeminal ganglia
(TG), and brains on days 2, 4, 6, 8, and 10 postin-
fection. These tissues were harvested from groups of
three mice each per treatment arm at each time point
and the mean virus titers were determined. No un-
treated controls survived beyond day 6 postinfection.
In general, higher virus titers were detected in the
untreated group compared with IgG treated groups.
(Figure 3). On day 4 and to some extent on day
6 postinfection, the reduction in HSV-1 titers in gan-
glia and brains proceeded in a time-dependent fash-
ion, with the least virus in animals that had been pre-
treated with IgG. Treatment had a less obvious impact
on virus content in the eyes. Thus, the major impact
of IgG was on virus spread to, and within, the periph-
eral and central nervous systems.

Explant cocultivation of latently infected ganglia
HSV-1 establishes and maintains a latent infection
in the TG and can be reactivated in vitro by ex-
plant cocultivation. To detect any potential differ-
ences in relative rates of the establishment of latency
and of in vitro reactivation, an indicator of the quan-
tity of latent virus, HSV-1 infected, IgG-treated mice
were sacri�ced on day 40 postinfection, TG were har-
vested from 5 mock infected animals, 7 pretreated
animals, 10 animals treated at 24 h, and all 4 remain-
ing mice treated at 48 h postinfection. No animals
treated at 72 h postinfection survived to develop la-
tent infections. Explanted ganglia were cultured for
17 days, by which time ganglia from 100% of in-
fected mice yielded virus (data not shown). There
was no appreciable difference in the average time of
reactivation: all reactivated by 11 to 13 days after ex-
plantation. No virus reactivated from ganglia of the
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Figure 1 Survival after HSV-1 inoculation. Groups of 10 mice each were inoculated with a lethal dose (106 p.f.u.) of HSV-1 (McKrae)
using bilateral corneal scari�cation. Uninfected controls (5 mice) received PBS. Animals were given a single 0.5-ml dose IgG (pooled
human IVIG diluted 1:8 in PBS, 3.75 mg IgG/mouse) i.p. 24 h before or at 24 h, 48 h, or 72 h postinfection.

Figure 2 Ocular virus after HSV-1 infection. Groups of 5 mock-infected or 10 mice each infected with HSV-1 (McKrae) and treated with
IgG i.p., as described in Figure 1. On the indicated days, corneal swabs were taken for virus isolation. Each point represents the data for
5 (mock infected) or 10 (treated groups) mice.
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Figure 3 HSV-1 titers in the eyes, ganglia, and brains during acute
infection. Mice were infected with HSV-1 (McKrae) and adminis-
tered IgG as described in Figure 1. On the indicated days, the eyes
(panel A), pooled TG (panel B), and brain (panel C) were harvested
and virus titers determined by plaquing on Vero cells. Each point
represents the log value of the arithmetic mean§SD for three ani-
mals. Log values shown as zero actually re�ect undetectable levels
of virus. Untreated controls did not survive beyond day 6 p.i. The
asterisks (¤) indicate signi�cant differences as compared with un-
treated animals.

5 mock-infected mice. Thus, treatment with IgG did
not entirely prevent establishment of HSV-1 latent
infection.

In vivo reactivation of HSV-1 after UV exposure
Typically, HSV does not reactivate spontaneously
from latently infected mice. Therefore, reactivation
must be induced. Using UV irradiation as a stressor
(Laycock et al, 1991; LeBlanc et al, 1999), we deter-
mined whether there would be differences in rates of

Table 1 UV-induced reactivation of HSV-1 in latently infected
mice

UV-induced Spontaneous
No. of mice reactivated/ No. of mice reactivated/

Group Total no. of mice Total no. of mice

Mock infected 0/10 0/10
(¡) 24 h IgG 16/40 1/20
(C) 24 h IgG 20/29 0/16
(C) 48 h IgG 8/8 1/4

in vivo reactivation among the treatment groups, an-
other indicator of the presence and quantity of latent
virus. After latency was established (day 46 postin-
fection), the animals were exposed to UV light for
1 min per eye (360 mJ/eye). TG were harvested 48 h
later, homogenized, and plated onto monolayers of
Vero cells. As expected, no virus was recovered from
UV-exposed, mock-infected mice. We observed sig-
ni�cant differences in the proportion of animals re-
activating virus in IgG pre- and posttreated groups
(Table 1). Although 40% (16/40) of mice pretreated
with IgG yielded virus, 70% and 100% of mice
treated with IgG 24 h and 48 h after infection, respec-
tively, showed reactivation (P D 0.03 and P D 0.004
for ¡24 h compared to C24 h and C48 h, respec-
tively). Only 5% (2/40) of all infected mice showed
HSV-1 reactivation without UV-exposure.

The latent viral DNA load in TG
To determine the quantity of latent HSV-1 genomes
in the TG, we used real-time PCR (LeBlanc et al,
1999). Groups of 8 HSV-1 latently infected animals
from each treatment arm were sacri�ced on day
30 postinfection and individual ganglia were har-
vested for DNA extraction and subsequent PCR. By
comparing the PCR results to a standard curve run
simultaneously on triplicate serial dilutions of IgG-1
plasmid DNA, we estimated the genome copy num-
ber in test samples (Figure 4). Although the dif-
ferences in the latent DNA copy numbers among
the 3 IgG-treated groups were small and not sta-
tistically signi�cant, there was a rise in viral DNA
load with treatment after infection compared with
pretreatment. The geometric mean copies of HSV-1
DNA in ganglia from animals treated at 24 h and
48 h p.i. were 2 to 3 times greater than pretreated
mice.

Effect of IgG treatment on CNS pathology
To characterize the effect of treatment with pooled
human IgG on the distribution and severity of in-
�ammation and virally initiated cell death, brains
from three groups of infected mice were evaluated
histopathologically in a blinded fashion (Figure 5).
In our earlier tissue studies (Figure 3C) substantive
quantities of virus were �rst detected in the brain at
day 4 postinfection, with peak levels at day 6 and
resolution of the infection by day 10. Accordingly,



IgG effects in HSV-1 infection

SK Dalai et al 39

Figure 4 Quantitation of HSV-1 DNA load in the trigeminal ganglia of latently infected mice. Groups of eight mice each administered
IgG at ¡24 h or C24 h or C48 h were sacri�ced on day 30 p.i., and individual ganglia were harvested for DNA extraction. Each point
represents the log value of the mean copy number for three replicate PCR determinations per pooled TG from each animal. The horizontal
line along the width of each data “diamond” indicates the combined mean HSV-1 DNA copy numbers for all eight mice per group. The
shorter horizontal lines above and below this line indicate the 95% con�dence intervals around the mean.

we chose to accrue histopathological data at each
of these three time points from infected but un-
treated mice, from mice that had been given IgG 24 h
before infection, and from mice treated 24 h after
infection.

By day 4, minimal histopathological changes were
evident in the brains, with no de�nite differences
among representatives of the untreated and treated
groups. Speci�cally, all three untreated mice had
mild acute encephalitis, minimal necrosis, and few
viral intranuclear inclusion bodies, restricted to the
medulla in the region of the trigeminal tracts. One
mouse that had been pretreated with IgG had mini-
mal focal encephalitis evident in the mesencephalon,
whereas the other two such mice manifested mini-
mal to mild encephalitis restricted to the medulla,
with necrosis of few scattered cells. Among animals
treated 24 h after infection, one showed no evidence
of encephalitis, yet the other two had mild acute en-
cephalitis restricted to the medulla, with minimal
cell necrosis.

By day 6 postinfection, all untreated mice exhib-
ited anatomically widespread areas of disease, with
mild-to-severe necrosis and minimal to mild en-
cephalitis. Mice of both treated groups had mild-to-

moderate acute encephalitis. It involved the medulla
in all mice, but also the hypothalamus in two pre-
treated and one posttreated mice, and the mesen-
cephalon in two pretreated mice and all three post-
treated mice. With the exception of one mouse treated
at 24 h after infection, all treated mice had substan-
tially less cellular necrosis than found in any of the
untreated mice.

None of the untreated mice survived to day 10, in
accord with our earlier data (Figures 1–3). Changes
in treated mice were largely similar and included
mild encephalitis involving the thalamus (one pre-
treated and three posttreated), the hypothalamus
(two pretreated), mesencephalon (one pretreated,
two posttreated), and the medulla (all six treated
mice), with mild multifocal perivascular lympho-
cytic cuf�ng and limited necrosis of individual
cells. Thus, the lesser degrees of necrosis and in�am-
mation evident in the treated mice by day 10 rela-
tive to what had been observed on day 6 indicated
that the infection and in�ammatory responses were
resolving.

The cumulative histopathological �ndings showed
that the encephalitis in both treated and untreated an-
imals centered �rst in the medulla and then spread
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Figure 5 Hematoxylin and eosin-stained sections of mouse brain-medulla. Groups of three mice were sacri�ced on the indicated days
and brains were harvested, �xed, embedded, sectioned, and stained for histopathological studies. (A) Untreated infected mice. (B) Mice
treated with IgG 24 h before infection. (C) Mice treated with IgG 24 h after infection. Original magni�cation, 5£.

rostrally, presumably along deep brain tracts to the
cortex. These observations are consistent with ear-
lier report (Martin et al, 1991). Histopathological
changes in the medulla, by animal groups and study
day, are shown in Figure 5. We attribute the occa-
sional early involvement of the olfactory and frontal
lobes in some animals to dissemination of the virus
inoculum from the nasal mucosa, via the olfactory
nerves.

Immunohistochemical staining was performed on
the tissue sections from all areas of brain at each of
the study days to assess the presence and spread of
HSV-1 antigen. Figure 6 shows antigen staining in the
medulla. Here and elsewhere in the brain, the den-
sity of antigen staining ranged widely. The heaviest
concentrations of antigens were observed at day 6
in untreated mice (scored 4C on a scale of 0 to 4).
Although antigen staining in pretreated mice usually
scored only 1 to 2C in any brain segments examined,
posttreated mice showed varying and occasionally
intense antigen staining (Table 2).

Discussion

This study sought to explore the effects of IgG action
as prophylaxis and treatment in a mouse model of

HSV-1 infection using an array of virological, molecu-
lar, and histopathological tools. The cumulative data
indicate that prophylaxis or early treatment with
IgG attenuates early events in HSV-1 infection suf-
�ciently to reduce virus spread, viral-induced dis-
ease, the quantity of latent virus, and its subsequent
potential for reactivation. Animals receiving IgG tol-
erated a lethal dose of HSV-1 in a time-dependent
manner (Figure 1). Although the infected mice pre-
treated with IgG survived best, the protective effect of
IgG was observed even when its administration was
delayed until day 2 postinfection. Ocular virus shed-
ding was observed for fewer days among smaller pro-
portions of mice treated with IgG at 24 h before and
24 h after infection, compared to mice treated at or
after 48 h p.i. (Figure 2). IgG treatment was also effec-
tive in limiting HSV-1 spread to the peripheral and
central nervous system in a time-dependent manner
(Figure 3). IgG pre- and posttreatment had less impact
on viral titers in the eye than the nervous system. This
might re�ect the fact that the primary inoculum was
to the eyes, or that IgG may not translocate into the
eye until they are in�amed, which requires a day or
two in HSV infection. These observations are consis-
tent with earlier reports on the ef�cacy of prophylac-
tic IgG on HSV-1 infection (Erlich and Mills, 1986;
Erlich et al, 1987).
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Table 2 Relative intensity of HSV-1 antigen staining in anatomical segments of the of mouse brain

Day postinfection Animal no. No treatment (¡) 24 h IgG (C) 24 h IgG

Day 4 1 Hypothalamus, 3C¤ None detected None detected
Mesencephalon, 3C
Medulla, 3C

2 Olfactory, 2C Medulla, 1C Cerebrum, 1C
Mesencephalon, 3C Pons, 1C
Medulla, 3C Medulla, 2C

3 Cerebrum, 1C Mesencephalon, 3C Mesencephalon, 1C
Medulla, 3C Medulla, 2C Medulla, 2C

Day 6 1 Not done Thalamus, 1C Olfactory, 4C
Mesencephalon, 1C Cerebrum, 3C
Medulla, 2C Mesencephalon, 2C

Medulla, 3C
2 Olfactory, 4C Thalamus, 2C Medulla, 2C

Cerebrum, 3C Mesencephalon, 2C
Mesencephalon, 2C
Medulla, 4C

3 Olfactory, 4C Medulla, 2C Olfactory, 2C
Cerebrum, 3C Cerebrum, 1C
Thalamus, 1C Mesencephalon, 3C
Hypothalamus, 3C Medulla, 3C
Mesencephalon, 3C
Medulla, 4C

Day 10 1 Dead Medulla, 1C Medulla, 1C
2 Dead None detected Not done
3 Dead Medulla, 1C Medulla, 1C

¤The antigen staining intensity was scored as none, 1C for minimal and highly focal, 2C for moderate and focal in distribution, 3C for
moderate and more widespread, 4C for intense and widespread throughout the sections.

Figure 6 Immunohistochemical localization of HSV-1 antigen in sections of mouse brain medulla. The �xed brains, described in Figure 5,
was also sectioned and stained for HSV-1 antigens. Original magni�cation, 5£.
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Because the protective effect of IgG on survival
and early spread of HSV-1 were observed predomi-
nantly in pretreated rather than posttreated mice, we
thought that it may also result in a lower latent viral
load. Explant cocultivation is fairly insensitive to vi-
ral load, so it was not surprising that virus could be
recovered from all ganglia. The quantitative PCR data
showed 2- to 3-fold fewer HSV-1 genome copies in
pre-treated mice (Figure 4). These data contrast with
those of Birmanns et al (1993), who reported paradox-
ical rises in levels of latent HSV-1 DNA in ganglia of
mice pretreated with IgG. The in vivo induction of
reactivation using UV light, however, clearly showed
that mice pretreated with IgG had lower rates of reac-
tivation compared to posttreated animals (P < 0.05)
(Table 1). The direct correlation between rates of reac-
tivation and latent viral DNA load is concordant with
prior reports (Maggioncalda et al, 1996; Lekstrom-
Himes et al, 1998; Sawtell, 1998; Sawtell et al, 1998).
Thus, the cumulative data suggest that IgG treatment
impairs spread of virus to the ganglia and results in
reduced latent viral loads.

The most dramatic effects of IgG we observed were
on the survival of mice from HSV-1 infection. Because
HSV-1-related death in mice appears due primarily to
the encephalitis, we wanted to test whether IgG treat-
ment could reduce the extent of in�ammation and
necrosis in different areas of brain. The histopatho-
logical studies (Figure 5) showed that those mice that
received IgG treatment 24 h before or 24 h after in-
fection had minimal if any encephalitis, whereas un-
treated mice showed severe encephalitis. Similarly,
HSV-1 antigen density (Figure 6, Table 2) was intense
(4C in score) in untreated mice in contrast to mice
treated with IgG (scores of only 1 to 2C). These �nd-
ings agree with earlier reports that antibody plays an
important role in prevention of encephalitis (Davis
et al, 1979; Beland et al, 1999).

That IgG attenuates the spread of HSV-1 from the
initial site of infection is consistent with its ability
to neutralize a cell-free inoculum. Neutralization
may also limit spread within the nervous system of
virus released from necrotic cells. Neutralization,
however, is not suf�cient to explain all of the
present �ndings. Recognizing that HSV requires
only an hour or less to bind to and enter cells, how
does the administration of IgG 24 to 48 h postin-
fection ameliorate encephalitis and subsequent
mortality? IgG has additional activities that could
explain reduced virus levels in the ganglia and brain
(Figure 3B, C) and, hence, attenuate encephalitis
(Figure 5). Binding of IgG to free virions enhances
phagocytosis by neutrophils and macrophages.
Moreover, IgG participates in antibody-dependent
cellular cytotoxicity (ADCC), and antibody-
dependent complement-mediated cytolysis
(ADCMC) (Simmons and Nash, 1985; Mester
et al, 1991). Levine et al (1991) demonstrated that
antibody mediates clearance of alphaviruses in a
murine encephalomyelitis model by restricting viral

gene expression within infected neurons. Sanna and
his colleagues (1996) postulated that the effects of
IgG on replication of virus in neurons explained, in
part, the ability of a human monoclonal antibody
to enhance survival when given to nude mice after
HSV-1 infection.

Disseminated infection is not a usual �nding in
immunologically competent people. It is, however,
a feature of severely immunocompromised patients,
especially neonates. The epidemiology and morbid-
ity of disseminated neonatal herpes, even with nu-
cleoside analog treatment (Whitley, 2001), renders it
a promising setting in which to consider IgG as an ad-
junctive modality for expectant or early therapeutic
intervention.

Materials and methods

Cells, virus, and animals
HSV-1 strain McKrae was grown in Vero (African
green monkey kidney) cells in EMEM:199 medium
(Quality Biologicals, Inc., Gaithersburg, Maryland)
with 10% FBS (Life Technologies Gibco BRL,
Gaithersburg, Maryland) and 1% Glutamine-
Streptomycin-Penicillin (Life Technologies Gibco
BRL). The McKrae strain was used because of its
marked neurovirulence compared with strains pas-
saged multiple times in the laboratory that typically
are attenuated. The virus dose chosen for inoculation
was based on our earlier studies (LeBlanc et al, 1999),
which showed that to study latency and reactivation,
a suf�cient quantity of input virus is needed. Given
the virulence of HSV-1 strain McKrae, the inoculum
required to reproducibly yield reactivable virus in
the presence of antiviral treatment proved 100%
fatal in absence of IgG treatment.

Female BALB/c mice, 4 to 6 weeks old, were
obtained from HSD (Harlan Sprague-Dawley, Indi-
anapolis, IN), housed in NIH facilities accredited by
the American Association for Accreditation of Labo-
ratory Animal Care, International, and studied under
an IACUC-approved animal research protocol.

Inoculations and treatments
Mice were anesthetized with a 0.5-ml intraperitoneal
(IP) injection of a mixture of ketamine/xylazine in
PBS. Both corneas were scari�ed using a 25-gauge
needle, and 5 ¹l of virus inoculum were applied per
eye for a total of 1 £ 106 plaque forming units (PFU)
per mouse. Control mice received 5 ¹l of PBS per
scari�ed eye. Animals assigned to IgG treatment were
given a single 0.5-ml dose of pooled human IgG (pre-
pared for intravenous administration) (Abbott Labs,
Chicago, IL) diluted 1:8 in PBS (3.75 mg IgG/mouse)
IP before 24 h, or at 24 h, 48 h, or 72 h after infection
(LeBlanc et al, 1999).

Survival and ocular shedding
Mice were infected using bilateral corneal scari�ca-
tion and were observed daily for mortality up to day
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17. Concurrent with monitoring survival, the num-
ber of animals shedding virus from the cornea was
determined. On the indicated days, both eyes were
swabbed with a moistened Dacron polyester-tipped
applicator (Baxter Healthcare Corporation, Deer�eld,
Illinois). The swab collection and observation of cy-
topathic effects (CPE) were done as per our earlier
study (LeBlanc et al, 1999).

Virus titers in tissues
On days 2, 4, 6, 8, and 10 postinfection, the eyes,
brain, and trigeminal ganglia (TG) were removed
from animals using aseptic techniques and placed
into separate tubes containing 1 ml of medium each.
Organs were ground using a Tekmar Tissue homoge-
nizer (VWR Scienti�c, McGaw Park, Illinois) and the
homogenates were diluted serially and then plated in
duplicate on Vero cell monolayers. After 1 h incuba-
tion at 37±C on a rocking platform, cells were over-
laid with media containing 0.5% pooled human IgG
(Abbott Labs) and then placed in a humidi�ed 37±C
CO2 incubator for 48 h. Then, the dishes were
stained with crystal violet and plaques were counted
(LeBlanc et al, 1999).

Explant cocultivation
Animals that survived the acute HSV-1 infection
were housed for more than 30 days postinfec-
tion. Whole trigeminal ganglia (TG) from different
groups of latently infected mice were aseptically har-
vested, and each pair of TG was placed onto sep-
arate Vero cell monolayers with media containing
0.1% N,N0-hexamethylene-bis-acetamid e (Sigma, St.
Louis, Missouri) and 2% FBS. Explant cultures were
kept in a 37±C humidi�ed CO2 incubator. The ex-
plants were checked daily for CPE, and they were
carefully transferred onto fresh monolayers weekly,
if necessary.

In vivo reactivation
The protocol used for inducing HSV reactivation in
vivo was as reported (LeBlanc et al, 1999). Brie�y,
animals were anesthetized and placed on top of a
TM-20 transilluminator (UVP Inc., Upland, CA) so
that one side of the head was exposed to UV light for
1 min. Then, they were turned to expose the con-
tralateral eye. Some infected animals were not ex-
posed to serve as “unstressed” controls. Forty-eight
h post-UV exposure, the pair of TG from each animal
was harvested, ground in 1 ml of media, and plated
on Vero cells. Monolayers were incubated at 37±C and
checked daily for CPE.

Quantitative real-time PCR
The protocol used to quantitate the latent viral
genome copy number in ganglia was as reported
(LeBlanc et al, 1999). Brie�y, TG pairs from latently
infected mice were dissected, separated, and rinsed
three times each in PBS. DNA was isolated separately

from each ganglion using the Puregene DNA isolation
kit (Gentra Systems, Minneapolis, Minnesota). After
extraction, the DNA from both ganglia from an ani-
mal was pooled. The number of copies of latent HSV-
1 DNA was quanti�ed by real-time �uorescence PCR
using the Taqman System, ABI Prism 7700 Sequence
Detector (PE Applied Biosystems, Perkin-Elmer, Fos-
ter City, California) with primers and probe speci�c
for glycoprotein G of HSV-1 (gG1) (LeBlanc et al,
1999). Each reaction of 100 ng TG DNA was done
in triplicate. A positive-control plasmid containing
the gG1 segment (cloned into PCRTM 2.1, Invitrogen)
was used to develop a standard curve ranging from
3 £ 100 to 3 £ 105 copies.

Histopathologic evaluation of the brain
To characterize the effects of the pre- and postexpo-
sure IgG treatment on the in�ammatory response and
dissemination of the virus within the brain, we in-
fected three groups of mice each with 1 £ 106 p.f.u.
HSV-1 (McKrae) via corneal scari�cation. Group A
mice received no prophylactic treatment. Group B
mice received pooled human IgG 24 h prior to inoc-
ulation, yet group C mice received IgG 24 h postin-
fection. Mice were sacri�ced by carbon dioxide in-
halation at 2, 4, 5, 6, 7, 8, and 10 days postinfection.
The brains were harvested, �xed with Z-Fix (Anat-
ech Ltd.), trimmed, routinely processed, and embed-
ded in paraf�n. Five-micron sections were cut and
stained with hematoxylin and eosin. Sections of ol-
factory lobes, cerebrum, thalamus, mesencephalon,
medulla, and cerebellum were coded and evaluated
histopathologically without knowledge of the ani-
mal group or date of sacri�ce. The in�ammatory re-
sponse was characterized as none, minimal, mild,
moderate, or severe, based on the relative number of
acute in�ammatory cells and the extent of the brain
parenchyma involved. Likewise, necrosis was char-
acterized based on the relative number of necrotic
cells observed and the extent of the parenchyma
involved.

Immunohistochemical staining for HSV antigen
To detect HSV-1 antigen in the brain, tissue sections
from uninfected mice and from each of the three
groups of mice (A, B, C, as before) were stained.
To do so, the sections were quenched for endoge-
nous peroxidase activity with 0.3% hydrogen perox-
ide for 30 min followed by several PBS washes. Then,
normal goat serum (1:50) was applied for 30 min
as a blocking reagent, followed by the use of an
avidin/biotin blocking kit (Vector). Following fur-
ther washes with PBS, primary rabbit anti-HSV-1
antibody (a gift from Dr Gary Cohen, University of
Pennsylvania, Pennsylvania) was applied for 1 hr
at a dilution of 1:1,000. After further PBS washes,
a biotinylated goat anti-rabbit secondary antibody
(Vector) was applied to the tissue sections for 30 min.
Next, an avidin-HRP kit (Vector) and a DAB substrate
kit (Vector) were used to detect the viral antigen.
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Finally, the sections were counterstained with hema-
toxylin and covered with glass, and evaluated in a
blinded manner.

Statistical analysis
Analyses were done using JMP software from the
SAS Institute (Cary, North Carolina). Comparisons
between the Kaplan-Meier survival estimates were

done using the log-rank test. Nonparametric meth-
ods were done to analyze the data. Arithmetic
means and one-way analysis of variance with log-
transformed numbers were used to analyze results
from acute phase tissue virus titers and quantitative
PCR. The proportions of samples reactivating by UV
stress were compared by the two-tailed Fisher exact
test.
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