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Changes in immunoglobulin levels related to herpes
simplex virus type 1 brain infection in pregnant mice
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Disseminated herpes simplex virus type 1 (HSV-1) infection during pregnancy
is poorly described even though it is associated with high maternal and fetal
morbidity and neonatal mortality in humans. In a previous paper using mice as
a model, the authors demonstrated that HSV-1 is transmitted hematogenously
from mother to offspring, the virus colonizing the central nervous system and
provoking high mortality. In the present study, viral DNA levels in latently in-
fected mothers were investigated during pregnancy and after delivery in mice.
Samples from different organs were obtained before gestation (latency), three
times during pregnancy (17, 4.5, and 1 day before delivery), and four times after
delivery (1 day, 1 week, 1 and 2 months). A dramatic decrease in viral DNA con-
centration was observed during pregnancy, especially in the nervous system,
with postnatal recovery to latent levels. All the brain regions studied showed
similar trends. The viral copy numbers detected in mothers at delivery +1 day
were independent of viral inoculum size. The spread of the virus to the above
organs was examined immunohistochemically and, in general, more intense
viral staining was observed after delivery in each. Because immunoglobulin
levels can be modified by infections during pregnancy, the authors examined
the levels of specific HSV-1 antibodies. Variation in HSV-1 DNA concentration
was found to be associated with changes in the full spectrum of immunoglob-
ulins (but especially immunoglobulin M [IgM]) over pregnancy, whereas at
delivery −1 day a significant inverse relationship between immunoglobulins
and HSV-1 DNA was observed. IgGs provided protection during the postnatal
phase. Journal of NeuroVirology (2007) 13, 233–241.
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Introduction

Herpes simplex virus type 1 and 2 (HSV-1 and HSV-2)
can both cause genital infection and be transmitted
to the neonate, although HSV-2 is the more impor-
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tant one (>70% of cases) (Annunziato and Gershon,
1996). However, HSV-1 is a ubiquitous virus asso-
ciated with several human diseases such as fever
blisters, severe encephalitis (Meyer et al, 1960), and
Alzheimer disease (Itzhaki et al, 1997). HSV (type
1 and type 2) infections are common during preg-
nancy, where the manifestations vary from no symp-
toms to widely disseminated disease (Chiquet et al,
2003; Dupuis et al, 1999; Pardo et al, 2004; Peacock
and Sarubbi, 1983; Young et al, 1976). Fortunately,
severe cases are very rare, and generally HSV infec-
tion is mild or symptomless. The most serious com-
plication of HSV infection during pregnancy is trans-
mission of virus to the neonate, and this can have
devastating consequences. In fact, the prevalence of
infection with HSV during pregnancy has increased
during the past three decades (Brown et al, 1997).



HSV-1 infection and Ig level
234 JS Burgos et al

Figure 1 Quantification of HSV-1 DNA concentrations (by organ) in infected mothers at different perinatal time points. A group of female
mice (n = 69) was infected intraperitoneally with 1 × 106 PFU of HSV-1 (KOS strain), mated at 37 days post-infection with mock-infected
male mice, and sacrificed at several times: latency (LAT; previous to cross) and delivery −17, −4.5, −1, +1, +7, +30, and +60 days. The
bar graph represents the viral copy number detected in each organ expressed on a logarithmic scale. Values are the mean ± SEM of the
quantity of viral DNA (expressed as viral genomes and normalized with respect to the quantity of mouse genomes [in 100 nanograms of
host DNA by amplifying the β-actin housekeeping gene]). Fisher’s exact test was used to compare the values against latency (∗ P < .001).

Neonatal HSV infection most commonly results from
contact between the newborn and HSV that is present
in the birth canal of an asymptomatic mother dur-
ing labor and delivery (Brown et al, 1991; Prober
et al, 1988; Whitley et al, 1991). Recently, we demon-
strated in mice that HSV-1 is predominantly trans-
mitted by vertical hematogenous infection, the virus
specifically colonizing the nervous system of new-
borns (Burgos et al, 2006b). However, there have been
few studies of the frequency of HSV dissemination
at different times during pregnancy, and variations
in HSV-1 DNA in latently infected pregnant mothers
have never before been longitudinally analyzed.

The study of the epidemiology of HSV infections
in pregnant women has been complicated by the fact
that neither mother nor child may exhibit symptoms
and due to the lack of appropriate animal models of
investigation. For these reasons, the factors influenc-
ing transmission of HSV infection from the mother to
the fetus are not fully understood. An animal model is
required to study the complex epidemiology of HSV-1
during pregnancy. In this sense, the present study de-
scribes a model of infection to evaluate the viral shifts
during pregnancy in asymptomatic infected mice
that will be useful to investigate new therapeutical
approaches.

Placental transmission of antibodies from mother-
to-fetus forms the basis of passive immunity (Kohler
and Farr, 1966). Because maternal antibodies trans-
mitted to the fetus are of great importance during ges-
tation and early life, prenatal and postnatal maternal
levels of immunoglobulins were determined to pro-

vide insight into the risk of viral reactivation in both
mother and offspring. The aim of the present study
was to evaluate whether viral shedding in pregnant
mice varies during gestation, delivery, and the post-
natal phase, and whether this variation might be due
to variations in immunoglobulin levels.

Results

Detection and quantification of HSV-1 DNA during
the perinatal period
The results show a significant change in viral DNA
levels in every tested organ over gestation and the
postnatal stage (Figure 1). In general, viral copy num-
bers decreased consistently over pregnancy, but re-
covered after delivery. The nervous system had the
highest viral DNA level, the brain showing the great-
est concentration at every analysis time, followed by
the spinal cord and the trigeminal ganglia. The en-
cephalon showed a trend similar to that of the spinal
cord. Interestingly, the blood and the trigeminal gan-
glia showed similar trends in HSV-1 DNA concentra-
tion, the levels of both diminished further after de-
livery. The adrenal glands and ovaries showed the
lowest number of viral genomes, as well as similar
trends over time.

To determine whether the viral copy number vari-
ations detected in brain were restricted to a spe-
cific area or whether they were generalized, the
encephalon was subdivided into four subregions
and HSV-1 DNA levels determined (Figure 2). All
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Figure 2 Quantification of HSV-1 DNA concentrations in infected
mothers at different perinatal times in the midbrain, ventricles,
cortex, and cerebellum. A group of female mice (n = 69) was in-
fected intraperitoneally with 1 × 106 PFU of HSV-1 (KOS strain),
mated at 37 days post-infection with mock-infected male mice, and
sacrificed at latency (previous to cross) and delivery −17, −4.5,
−1, +1, +7, +30, and +60 days. The lines represent the viral copy
number detected in each brain region expressed on a logarithmic
scale. Values are the mean ± SEM for the quantity of viral DNA
expressed as viral genomes and normalized with respect to the
quantity of mouse genomes (in 100 ng of host DNA by amplifying
the β-actin housekeeping gene).

encephalic regions showed similar profiles—a con-
stant fall in viral DNA load during gestation and an
increase after delivery to recover latency levels.

With respect to the number of viral genomes
around the time of delivery (delivery −1 day com-
pared to delivery +1 day), only the spinal cord and
the brain showed a significant difference (P < .001),
with increases of 12.7- and 8.1-fold, respectively.
Both organs showed a parallel increment after deliv-
ery. The ovaries and adrenal glands also showed a
similar (but non-significant) increase. In contrast, the
blood and trigeminal ganglia showed a reduction in
viral DNA concentration. In brain, the midbrain was
the region with the highest increment (10.6-fold; P <
.001), followed by the ventricles (8.1-fold; P < .001)
and cerebellum (5.5-fold; P < .001). The cerebral cor-
tex showed the smallest increase in viral DNA con-
centration around delivery time (1.9-fold; P > .05).
These results indicate that the midbrain to be the re-
gion with the greatest variation in viral DNA around
delivery.

Effect of viral dose
To evaluate the influence of the injected viral dose on
viral DNA variation after delivery, experiments were
performed comparing mothers latently infected with
1 × 106 and 1 × 107 plaque-forming units (PFU); the
results for these animals at 1 day post delivery were
compared. Figure 3 shows the viral DNA concentra-
tions detected in several organs. The concentration in
each organ was essentially identical in both groups
(P > .05), suggesting that after reaching latency the
infective dose is irrelevant to subsequent phenom-
ena. Independent of the dose, the organs with the
highest viral DNA concentrations were again those of

Figure 3 Quantification of HSV-1 DNA concentrations with re-
spect to the viral dose injected in several organs. A group of fe-
male mice (n = 15) was infected intraperitoneally with two HSV-1
suspensions (KOS strain), 1 × 106 and 1 × 107 PFU, mated at
37 days post-infection with mock-infected male mice, and sac-
rificed at delivery +1 day; viral DNA concentrations were studied
in all mentioned organs. The bar graph represents the viral copy
number expressed on a logarithmic scale. The values are the mean
± SEM of the quantity of viral DNA (expressed as viral genomes
and normalized with respect to the quantity of mouse genomes
expressed in 100 ng of host DNA by amplifying the β-actin house-
keeping gene).

the nervous system (spinal cord, brain, and trigem-
inal ganglia), followed by the blood. However, al-
though both groups of infected mothers experienced
mating problems, all 1 × 106 PFU–infected mothers
(36 out of 36) obtained progenies, but 27.7% of them
(10 out of 36 mothers) had stillborns or pups that
died soon after birth. Five of the 23 (20.8%) mothers
infected with 1 × 107 PFU never gave birth. In addi-
tion, 55.5% of these mothers (10 out of 18) had some
stillborns or pups that died within a few days.

Perinatal viral immunodetection
Tissue sections of the main organs were studied at
delivery −1 day and +1 day, and HSV-1 was de-
tected immunohistochemically using anti-VP16 an-
tibody (Figure 4). At −1 day, HSV-1 was observed in
the adrenal glands, showing foci of infection (aster-
isk, Figure 4A) with low intensity staining, especially
in the zona reticulata. However, at +1 day, the num-
ber of foci and the intensity of staining were greater
(Figure 4B). Some foci were found in the zona fascic-
ulate (arrowhead). In the ovaries, before delivery, the
foci of infection were generally seen in the stromal
cells (arrow) and in some external thecal cells of the
graafian follicles (Figure 4C); this pattern was also ob-
served in the ovaries of mothers at delivery +1 day,
but the number of infected cells (arrow) and the in-
tensity of staining were greater (Figure 4D). HSV-1
was also immunodetected in the central nervous sys-
tem (CNS). The most infected area was the midbrain
(Figure 4E and F), although infection was also clear
in the spinal cord (data not shown). In the brains
of mothers at delivery −1 day, some ganglionar
cells of the mesencephalic trigeminal nucleus were
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Figure 4 Immunohistochemical detection of HSV-1 antigens in
different organs in mothers sacrificed at delivery −1 day compared
to delivery +1 day. A group of female mice (n = 10) were infected
intraperitoneally with 1 × 106 PFU of HSV-1 (KOS strain), mated
at 37 days post infection with mock-infected male mice, and sac-
rificed at delivery −1 or +1 day. The organs were then embedded
in paraffin wax and serially sectioned. Immunodetection was per-
formed using the anti-VP16 tegument viral protein and develop as
detailed in Materials and Methods. (A) Immunohistochemistry of
the adrenal gland from a mother at delivery −1 day. In this micro-
graph, some foci of infection (asterisk) can be observed (especially
in the zona reticularis of the adrenal cortex) but with a weak ex-
pression. (B) An adrenal gland from a mother at delivery +1 day.
The infection pattern was similar to that found in (A). However, the
number of infectious foci (asterisk) was higher and staining more
intense. Further, in this case, a number of infectious foci were de-
tected in the zona fasciculata of the adrenal gland (arrowhead). (C)
HSV-1 labeling in ovary from mother at delivery −1 day, showing
VP16 staining in the stroma (arrow) and in groups of thecal cells
from some follicles. (D) The pattern of staining in ovaries from
mothers at delivery +1 day was similar to that observed in those
at delivery −1 day. However, more infectious foci and stronger im-
munoreactions (arrow) were seen. (E) Sagittal section of brain from
mother at delivery −1 day. This micrograph shows some neuronal
cells (arrowhead) and several nervous fibers infected with HSV-1
in the midbrain. (F) As before but with a stronger expression. An
immunoreaction to VP16 in the brain of a mother at delivery +1
day; this occurred almost exclusively in neurons of the trigemi-
nal nucleus (arrowheads) of the midbrain neural soma and nerve
fibers. M, medulla; C, cortex; ZR, zone reticularis; CL, corpus lu-
teum; S, stroma; GF, Graafian follicle. Bar: 100 μm; inset: 30 μm.

immunodetected (Figure 4E, arrowhead) with low in-
tensity staining. The same was seen in the midbrain
of mothers at delivery +1 day. In these last samples
(Figure 4F), the number of neurons stained (arrow-
heads) was higher and the immunoreactions more
intense.

Variation in immunoglobulins
The sandwich–enzyme-linked immunosorbent assay
(ELISA) technique was used to detect immunoglob-
ulins IgG1, IgG2a, IgG2b, IgG3, IgA, and IgM in
the blood of mice at different perinatal time points
(Figure 5). Compared to mock-infected mice, IgG1
and IgG2a showed significant increments at every
time point in infected mothers, indicating that both
are involved in HSV-1 infection (Figure 5, asterisks).
At delivery −1 day, IgG3 and IgM levels also in-
creased significantly in infected mothers compared
to mock-infected mice.

In infected mothers, IgM and IgG2a showed sig-
nificant increments at delivery −1 day and +60
days, respectively, compared to latently infected
mice (Figure 5, pounds). However, a general increase
in the immunoglobulins was usually observed at de-
livery −1 day. These results suggest that both im-
munoglobulins are mainly produced around deliv-
ery, IgM playing a role in the prenatal phase and IgG2a
becoming the most important during the postnatal
stage. Although they showed slight prenatal incre-
ments, no significant differences were found for IgA
and IgG2b in any comparison.

To determine whether the overall trend for im-
munoglobulin titers varied over perinatal time, a full
immunoglobulin comparison was undertaken. At de-
livery −1 day significantly higher titers were seen
than at all other perinatal sampling times (Figure 6).
The immunoglobulin peak (line) coincided with the
lowest viral copy numbers (bar graphs); the other
time points showed lower levels of immunoglobulin
and higher HSV-1 DNA levels. An inverse correla-
tion was found between increased blood concentra-
tions of immunoglobulin and CNS and blood viral
DNA concentrations. This was dependent only on
perinatal time in the infected mothers. The mock-
infected mothers showed no significant differences
in immunoglobulin levels at delivery −1 day and
+1 day (data not shown).

Discussion

Little is known about the effectiveness of prenatal im-
munity against HSV-1 infection in murine mothers
and newborns, and there is little direct evidence that
maternally derived antibodies actually provide any
protection. In earlier work we showed HSV-1 infec-
tion to be predominantly restricted to females (Burgos
et al, 2005) and that pure vertical transmission is
essentially due to hematogenous infection (Burgos
et al, 2006b). Neonatal herpes and its associated dis-
seminated disease have been adequately described
in humans (Brown et al, 1991), but no information
has been reported on clinical outcome in latently in-
fected asymptomatic mothers (candidates for devel-
oping herpes-associated diseases after critical stimuli
such as delivery). The dissemination of HSV-1 infec-
tion can occur even without evident clinical lesions.
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Figure 5 Quantification of immunoglobulin levels in blood. A group of female mice (n = 34) was intraperitoneally infected with 1 ×
106 PFU of HSV-1 (KOS strain), mated at 37 days post-infection with mock-infected male mice, and serum obtained through retro-orbital
bleeding at latency (previous to cross), delivery −1, +1, and +60 days. Immunoglobulins were measured individually by sandwich-
ELISA assays as described in Materials and Methods. The mock group was injected with PBS. The bar graphs represents the levels of
each immunoglobulin (IgG1, IgG2a, IgG2b, IgG3, IgA and IgM) detected over time (expressed as mean ± SD in arbitrary units, OD405 per
mg of protein). The one-tailed unpaired Student t test was used to compare immunoglobulin levels against mock (∗ P < .05) or against
latency groups (#P < .05).

However, the onset of some diseases caused by HSV-1
such as gingivostomatitis (Pardo et al, 2004) or en-
cephalitis (Dupuis et al, 1999) (usually associated
with seizures or neurological or psychiatric disor-
ders) have been documented in pregnant mothers.
Other manifestations of disseminated herpes infec-
tion during pregnancy includes hepatitis, pancreati-
tis, myocarditis, and retinal necrosis (Chiquet et al,
2003; Peacock and Sarubbi, 1983; Young et al, 1976).
Despite this putative association between pregnancy
and the dissemination of herpes, the specific predis-
posing factors remain poorly defined.

The mode of HSV transmission to the neonate
is usually from the maternal birth canal to the
fetus intrapartum; but occasionally hematogenous
transplacental infection can affect the developing fe-
tus months prior to birth (Corey and Flynn, 2000).
When HSV is transmitted transplacentally, dissemi-
nated hematogenous infection of the fetus can occur,
leading to severe systemic consequences (Mansour
and Nichols, 1993). Presence of virus in blood can
be anticipated by the high percentage of seropositive
pregnant women for HSV (Brown et al, 1985). Fur-
thermore, viremia with HSV-1 in adults was firstly
demonstrated in 1976 (Naraqi et al, 1976), and poly-
merase chain reaction (PCR) techniques have subse-
quently confirmed that viremia is common in neona-
tal HSV infection (Diamond et al, 1999; Kimura et al,
1991; Malm and Forsgren, 1999). These results to-

gether with our previous data (Burgos et al, 2006b)
indicate that the viral shedding occurs from the ma-
ternal bloodstream. In the present study, the HSV-1
DNA concentrations of the blood and trigeminal gan-
glia showed similar profiles during gestation, deliv-
ery, and postnatal phases, confirming results previ-
ously described (Burgos et al, 2005, 2006b, 2006c)
and indicating that the trigeminal ganglia are the vi-
ral reservoir in latently infected mice that supplies
significant quantities of virus to the blood. These re-
sults are in concordance with data showing a recov-
ery of HSV-1 from trigeminal ganglia in humans. In
fact, observations about the concept that latent infec-
tion of sensory ganglia may be the source of virus in
recurrent herpetic disease in man is known from the
early 1970s (Bastian et al, 1972).

Although animal models must be used and in-
terpreted with caution, they are highly desirable to
monitor longitudinal and observational phenomena.
The present results in mice show a general reduc-
tion in the number viral genomes during gestation,
followed by their postdelivery recovery, especially
in the CNS. The encephalon was the region where
the HSV-1 DNA level was highest and where varia-
tion in viral DNA concentrations was most dramatic.
Spinal cord showed similar trends, confirming the
neurotropic character of this virus. After dissecting
the brain into four regions and analyzing the variation
in viral copy numbers over perinatal time, identical
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Figure 6 Immunoglobulin levels compared with HSV-1 DNA con-
centrations in the CNS and blood. A group of female mice (n =
34) were intraperitoneally infected with 1 × 106 PFU of HSV-1
(KOS strain), mated at 37 days post-infection with mock-infected
male mice, bled, and sacrificed at latency (previous to mating),
delivery −1, +1, and +60 days. The solid line represents the to-
tal immunoglobulin level (expressed in arbitrary units, OD405 per
mg of protein) quantified by sandwich-ELISA assays (mock level
subtracted). The bar graphs represent the viral copy number de-
tected in blood and CNS (expressed on a logarithmic scale as
viral genomes normalized with respect to the quantity of mouse
genomes expressed in 100 nanograms of host DNA by amplifying
the β-actin housekeeping gene). Values are means and standard
deviation for immunoglobulin levels, whereas viral DNA levels
are expressed as means and standard errors. Comparisons against
latency group were performed using Fisher’s exact test for HSV-1
DNA concentrations (∗ P < .001) and the one-tailed unpaired Stu-
dent t test for immunoglobulin levels (#P < .05).

behavior was seen in each. This indicates this is a
general phenomenon occurring in the whole brain,
and is not restricted to any specific region of the
encephalon.

The present study shows that asymptomatic in-
fected mothers vary the virus levels around delivery.
The immunohistochemical approach of the present
work confirmed there to be differences in virus infec-
tivity around the critical date of delivery. In general,
the main organs of infected mothers at delivery +1
day showed ever more intense foci of infection and
stronger immunoreactions than at delivery −1 day.
The present results also show that the inoculum size
is irrelevant in the establishment of maternal virus
levels; the perinatal time of sacrifice is more impor-
tant. Although no reactivation was studied, the gen-
eral behavior of the viral DNA concentrations around
delivery suggests that no important viral reactivation
occurred. In fact, reactivation from neuronal tissues
should be restricted to the nervous system. However,
our data show general variation in the whole ani-
mal, suggesting a systemic phenomenon involving all
organs, especially when reactivation is restricted to
specific areas such as the trigeminal ganglia (Cabrera
et al, 1980; Steiner and Kennedy, 1995). One of the
main disadvantages to study the HSV-1 reactivation
is that the induction of this phenomenon is noto-
riously difficult to achieve in experimental animals
(Harbour et al, 1983; Openshaw et al, 1979; Shimeld
et al, 1990), especially for the KOS strain (Sawtell

and Thompson, 1992). However, we have previously
showed that HSV-1 reactivates in fetal neurons after
hyperthermia (Burgos et al, 2006b), and it has been
described that transmitting mothers shed virus at de-
livery but have subclinical HSV-1 infection (Brown
et al, 1991). Although focal spontaneous molecular
reactivations (Feldman et al, 2002) cannot be dis-
carded, shifts in specific molecules could explain the
two log increase in viral copy number observed after
delivery. In this sense, two types of molecule are can-
didates for regulating virus levels around delivery:
hormones and immunoglobulins. Although the po-
tential increase in immunoglobulins should reduce
viral loads, hormones should have an opposite effect,
especially because it has been shown that an increase
in female hormones cause an increase in HSV levels
(Bujko et al, 1988; Yirrell et al, 1987).

It has been described that, in the prenatal stage,
an increase in immunoglobulin production occurs to
protect the fetus (Hitti et al, 1997), and that an im-
balance in the ability to produce HSV-specific IgG,
IgA, and IgM may be responsible for recurrent her-
pes lesions (Tokumaru, 1966). On the contrary, other
authors have documented a decrease in serum im-
munoglobulin levels during pregnancy, especially
IgG (Benster and Wood, 1970; Studd, 1971). The
present serological studies in mice showed a gen-
eral increase in immunoglobulins during gestation,
correlating with a reduction of virus levels in the
mother. In fact, the highest immunoglobulin levels
(delivery −1 day) coincided with the lowest viral
DNA concentration. The present results also show
that the increase in antibody levels was across the
spectrum, although IgM appears to play a role in
this protective response in the mother. Maternal IgG1
and IgG2a increased not only prenatally but also
postnatally, whereas IgG3 and IgM showed a signif-
icant peak at delivery −1 day, after which they de-
creased in number. These results in animals agree
with the results of clinical studies in which serolog-
ical tests have found IgM antibodies against HSV-1
(Pardo et al, 2004), and with those of experiments
in mice where infection with a variety of live viruses
led to a preferential increase in IgG2a (Coutelier et al,
1987). In agreement with previous results obtained
in HSV-2–infected mice, IgA and IgM levels fell dur-
ing the postnatal phase, whereas IgG levels increased
after delivery (Hayashi et al, 1983). These results
indicate that maternal IgG, acquired prenatally and
transmitted to the offspring postnatally via the breast
milk, plays an important role in protecting newborn
mice against HSV-1 infection. In fact, the mortal-
ity in newborn mice intraperitoneally infected with
HSV-2 is reduced when such pups are fed the milk
of immunized mothers (Hayashi et al, 1983). These
studies indicate that maternal immunoglobulins, ac-
quired not only postnatally but also prenatally, play
an important role in protecting newborns against
HSV infection. This agrees with several studies on
larger numbers of animals where equivalent maternal
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and neonatal antibody levels of HSV-1 were found
(Gotlieb-Stematsky et al, 1983; Smith and Hanna,
1974).

Altogether, these results in mice suggest that anti-
body transfer across the placenta is an active and se-
lective process, and that the relative efficiency of im-
munoglobulin transfer might be responsible (at least
in part) for the varied susceptibility of newborns and
their mothers to infection. Inefficient maternal pro-
duction of antibodies may pose a bona fide risk to
newborns. Immunization of the mother would appear
to be a potential therapeutic strategy for interrupting
neonatal HSV infection and consequent maternal dis-
semination. We have previously demonstrated that
after reducing maternal viremia with acyclovir, viral
infection can be prevented in the offspring (Burgos
et al, 2006b).

This report in mice provides several new obser-
vations concerning maternal changes in HSV-1 load,
the anatomical sites of viral shedding, and the in-
volvement of immunoglobulins in the regulation of
the virus during the perinatal phase. Clinical and ex-
perimental studies are needed, however, if we are to
obtain a better understanding of the pathological role
of HSV-1 both in mothers and infants, and if the ca-
pacity of maternal antibodies to prevent to herpes-
related diseases is to be determined.

Materials and methods

Inoculation and dissection
Experiments were performed in accordance with the
guidelines of the European Community Animals Act
(Scientific Procedures) of 1986. HSV-1 (KOS strain;
kindly supplied by Dr. L. Carrasco) was propagated
and titrated by plaque assay in confluent monolayers
of Vero cells (Burgos et al, 2002a). C57BL/6 female
mice were inoculated intraperitoneally with 1 × 106

or 1 × 107 plaque-forming units (PFU) as previously
described (Burgos et al, 2002a, 2003, 2005, 2006a,
2006b, 2006c). Viral and mouse strains were selected
in order to compare the results from this study with
already published data (Burgos et al, 2002a, 2003,
2005, 2006a, 2006b, 2006c) and also because KOS
can be considered a prototypic laboratory strain of
HSV-1. Doses of inoculation were selected from our
previous results (Burgos et al, 2006c). Because overt
infection subsides 2 weeks after inoculation and all
HSV-1 present is a latent state by 4 weeks after inoc-
ulation (Miller et al, 1998), these animals were sepa-
rated into two groups at 37 days post infection (when
latent infection was assured in these experimen-
tal conditions (Burgos et al, 2006c)); a small group
(n = 6) was sacrificed (taken to represent latent infec-
tion or time 0 with respect to delivery and defined as
LAT), while a second group (n = 96) was mated with
mock-infected male mice. These females were then
sacrificed at different time points; delivery −17 days
(or 1 day after the appearance of the postvaginal plug

[PVP]), delivery −4.5 days (PVP +13.5 days), delivery
−1 day (PVP +17 days), and at 1, 7, 30, or 60 days
after delivery. Mock-infected animals were used as
controls. The mice used (n = 102; all survivors of
infection) remained free of clinical disease until the
end of the experiment. The viral DNA concentrations
of the whole blood, adrenal glands, ovaries, spinal
cord, trigeminal ganglia, and brain were determined.
For more precise analyses, the brain samples were
subdivided into four regions as previously described
(Burgos et al, 2006b): midbrain, ventricles, cerebral
cortex, and cerebellum.

HSV-1 DNA quantification from tissue homogenates
DNA from homogenized samples was extracted by
conventional methods (High Pure PCR template
preparation kit, catolog no. 1 796 828; Roche,
Germany). The concentration of HSV-1 DNA in sev-
eral organs was then quantified using real-time quan-
titative PCR as previously described (Burgos et al,
2002a, 2002b, 2003, 2005, 2006a, 2006b, 2006c). An
appropriate concentration range of virus was used
for the optimization of the standard curve, and the
viral DNA concentration expressed in terms of viral
copy numbers. PCR calibration was performed using
the β-actin housekeeping gene (results expressed as
nanograms of host DNA) (Burgos et al, 2002a, 2002b,
2003, 2005, 2006a, 2006b, 2006c). Real-time PCR was
performed using a LightCycler rapid thermal cycler
(Roche Diagnostics, Lewes, UK) and a LightCycler
FastStart DNA Master SYBR Green I kit (catalog no. 3
003 230; Roche, Germany). All experiments were per-
formed in triplicate. Melting curve analyses, agarose
and acrylamide gel electrophoresis, restriction anal-
ysis and nested-PCR confirmed the specificity of the
products (Burgos et al, 2002b, 2006b).

ELISA determination of IgG, IgA, and IgM
Total maternal blood was collected and stored at
−80◦C and tested for immunoglobulins. The total
titer for all subclasses of immunoglobulins was deter-
mined by sandwich-ELISA using the Mouse MonoAB
ID kit (HRP; Zymed Laboratories, San Francisco, CA)
with minor modifications. Prior to ELISA, proteins
from blood samples were extracted by incubation
in 1% Triton X-100 and protease inhibitor cocktail
(Roche Diagnostics, Germany) in phosphate-buffered
saline (PBS) for 30 min in an ice-water bath, fol-
lowed by separation by centrifugation at 1870 × g
for 15 min at 4◦C. Protein quantification was per-
formed by the BCA method (Pierce, Illinois, US) (100
to 150 μg protein/well). Immunoplates were coated
with 50 μl of diluted goat anti-mouse IgGAM anti-
body and incubated overnight. Later, the immuno-
plates were incubated for 1 h at 37◦C with 200 μl
of blocking solution, and samples were bound to
the IgGAM in microtiter plates for 30 min at 37◦C.
These immunoplates were then washed three times
in PBS–Tween 20. Primary antibodies (rabbit anti-
mouse IgG1, IgG2a, IgG2b, IgG3, IgA, and IgM) were
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then applied and incubation allowed to proceed for
1 h at 37◦C. After washing, horseradish peroxidase
(HRP)-goat anti-rabbit IgG (H+L) was added and incu-
bation allowed to proceed for 45 min at 37◦C. Ready-
to-use ABTS was added as a substrate for the reaction.
The reaction was terminated at 30 min and results
taken. At least five animals were evaluated for each
time point and comparisons with mock-infected mice
were made. Each experiment was performed in trip-
licate. The quantity of specific immunoglobulins was
expressed as arbitrary units of absorbance at 405 nm
per mg of protein.

Histological procedures and immunodetection
of viral antigens
The tegument viral protein VP16 was used as the tar-
get antigen. The ovaries, adrenal glands, and brains
belonging to 10 (5 mice at delivery −1 day and 5 at
delivery +1 day) latently infected mothers were ex-
amined for immunoreactive evidence of HSV-1 in-
fection. The organs were washed with 10 ml of PBS
and fixed in formaldehyde 10% in phosphate buffer,
dehydrated, and embedded in paraffin wax. Sections
(6 μm thick) were processed using the avidin-biotin
complex methods. To retrieve the antigen, sections
were deparaffinated, hydrated, and incubated with
0.1 M citrate buffer (pH 6) for 1 min in a conven-
tional pressure cooker. After rinsing in Tris-buffered
saline (TBS), the sections were incubated with block-
ing solution (3% normal donkey serum [NDS] in TBS
containing 0.05% Triton X-100) for 30 min to pre-
vent nonspecific binding of the primary antibody.
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