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Vaccinia fetalis, the vertical transfer of vaccinia virus from mother to fetus, is a relatively rare but often fatal
complication of primary vaccinia virus vaccination during pregnancy. To date there has been no attempt to
develop an animal model to study the pathogenesis of this acute viral infection in vivo. Here we report that
infection of gestating BALB/c mice by either intravenous or intraperitoneal routes with the Western Reserve
strain of vaccinia virus results in the rapid colonization of the placenta and vertical transfer of virus to the
developing fetus. Systemic maternal infections during gestation lead to the death of all offspring prior to or very
shortly after birth. Using in situ hybridization for vaccinia virus mRNA to identify infected cells, we show that
the virus initially colonizes cells lining maternal lacunae within the trophospongium layer of the placenta. The
study of this model will significantly enhance our understanding of the pathogenesis of fetal vaccinia virus
infections and aid in the development of effective treatments designed to reduce the risk of vaccinia virus-

associated complications during pregnancy.

Vaccinia virus, the prototypical member of the Orthopoxvirus
genus and a close relative of smallpox (variola) virus, was the
live viral vaccine used in the global variola eradication cam-
paign (8, 9). The recent decision to begin vaccinating civilian
health care workers against smallpox and the outbreak of mon-
keypox in the American Midwest have renewed interest in the
pathogenesis of acute poxvirus infections. According to
present medical standards, vaccinia virus has a relatively poor
safety profile and has the capacity to cause severe complica-
tions in pregnant women, very young children, and other im-
munocompromised individuals. An estimated 15 to 50 people/
million who receive primary vaccinia virus vaccinations will
experience potentially life-threatening side effects including
allergic reactions at the site of vaccination, spread of the virus
to other parts of the body, and infection of the central nervous
system (6). The potential for vaccine-associated complications
has led the U.S. advisory committee on immunization practices
to recommend that infants under 1 year of age and adults with
weakened immune systems or those with preexisting skin con-
ditions such as eczema or atopic dermatitis not be routinely
vaccinated in the absence of clear exposure to either smallpox
or monkeypox (3). In addition, the advisory committee has also
recommended against vaccinating pregnant women or women
who are attempting to become pregnant due to the potential
for vertical transmission of vaccinia virus from mother to fetus
(3, 4, 30). Currently there have been fewer than 50 docu-
mented cases in the medical literature of vertical transfer of
vaccinia virus during pregnancy, most of which resulted in the
death of the affected offspring (11-13, 20, 21, 29). Unfortu-
nately our knowledge of the pathological consequences of vac-
cinia virus infections during pregnancy has been limited by the
lack of an appropriate small animal model with which to study
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the pathogenesis of the virus in pregnant hosts. Of particular
interest to both the clinician and researcher would be the
pathways that the virus uses to cross the placenta and the in
vivo targets of viral replication within maternal reproductive
tissue and in the fetus.

In this study we examined the ability of a common laboratory
strain of vaccinia virus to successfully infect the murine pla-
centa and spread vertically to the fetus prior to birth. We show
that both intraperitoneal and intravenous delivery of the West-
ern Reserve strain of vaccinia virus (VVWR) can lead first to
placental infection and later to infection of the fetus. Surpris-
ingly, compared to intraperitoneal infection, intravenous de-
livery of virus did not hasten the kinetics of transplacental
transfer. In contrast, a moderate increase in the initial dose of
virus did result in a more rapid transfer of virus across the
placenta. The initial sites of virus replication in the placenta
were in cells lining large maternal blood vessels in the placental
trophospongium. At later time points discrete foci of infected
cells could be observed throughout the placenta. Neonatal
mortality studies carried out on infected dams revealed that
vaccinia virus infection during midgestation was completely
lethal to the developing fetus.

MATERIALS AND METHODS

Mice. Female BALB/c mice were harem bred and examined each morning for
evidence of a vaginal plug. The date on which a plug was observed was consid-
ered day 0.5, and females that were allowed to come to term invariably gave birth
between days 19 and 21. All animals were housed in specific-pathogen-free
environments and used in accordance with institutional and National Institutes
of Health guidelines governing the humane care and use of laboratory animals.

Viral infections and plaque titrations. Stocks of VVWR and a recombinant
VVWR expressing the enhanced green fluorescent protein (eGFP) (a kind gift
from J. Yewdell and B. Moss) were grown and plaque titrated at 37°C on BSC40
cells in Dulbecco’s modified Eagle’s medium containing 10% fetal bovine serum,
50 U of penicillin G/liter, 50 pg of streptomycin/liter, and 20 mM L-glutamine
(complete Dulbecco’s modified Eagle’s medium; all from Gibco BRL, Rockville,
Md.) as previously described (5). The construction of the eGFP-expressing re-
combinant vaccinia virus has been previously described (23). Mice were infected
with 0.5 ml of virus diluted to the concentrations specified in the figure legends
in complete Dulbecco’s modified Eagle’s medium. At various times postinfection
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organs were removed and snap frozen in liquid nitrogen for later virus titration.
Vaccinia virus titers were determined by plaque assay on BSC40 cell monolayers
as previously described (5).

Histology and photomicroscopy. Placental and fetal tissues from virus-infected
and sham-infected pregnant female mice were fixed overnight in 10% neutral
buffered formalin prior to cryosectioning. For visualization of virally encoded
eGFP 15-pum sections were incubated for 5 min in a 300 nM solution of 4,6~
diamidino-2-phenylindole dimethyl sulfoxide (Molecular Probes, Eugene, Oreg.)
in phosphate-buffered saline. The slides were then rinsed and overlaid with
phosphate-buffered saline and observed using a Nikon Optiphot fluorescence
microscope. All images were acquired using a spot RT camera (Diagnostics
Instruments Inc.).

In situ hybridization. Placental tissues were removed and fixed overnight in
10% neutral buffered formalin. Paraffin-embedded cross sections (3 um) were
then processed for in situ hybridization as described previously (2). A **P-labeled
cRNA encoding a 316-nucleotide portion of the 5’ coding region of the vaccinia
virus early gene C11R (kindly provided by R. C. Condit) was used as a probe.
The construction and utilization of this probe have been previously described
(14, 18). After hybridization and posthybridization washes sections were exposed
for 96 h prior to fixation and development. All images were acquired using a spot
RT camera (Diagnostics Instruments Inc.).

Statistical analysis. Student’s ¢ test was performed to determine the statistical
relatedness of data from groups of nonpregnant mice infected with vaccinia virus
3 or 9 days before by using Microsoft Excel 2000 for Windows (Microsoft Corp.,
Redmond, Wash.).

RESULTS

Clearance of VVWR is delayed in reproductive tissue.
VVWR exhibits a strong tropism for murine ovarian tissue,
although the affinity of VVWR for other reproductive tissues
has not been well described (16, 17). In order to develop a
mouse model to study the pathological effects of vaccinia virus
infections during pregnancy, we first wished to assess whether
this strain could also replicate effectively in the uterus of non-
pregnant mice. We hypothesized that the ability of the virus to
grow well within the uterus might facilitate the infection of
the placenta and subsequent transplacental transfer of virus to
the developing fetus. Groups of three nonpregnant female
BALB/c mice were infected intraperitoneally with 2 X 10°
PFU of VVWR, and viral titrations were carried out on se-
lected organs at 3, 9, and 15 days postinfection. At 3 days
postinfection, virus was detectable in the spleens, livers, uterus,
ovaries, heart, and lungs of most mice (Fig. 1, top panel). A
single mouse also contained low but detectable levels of virus
in the brain. In two out of three mice the highest levels of virus
at 3 days postinfection were found in the ovaries and uterus,
and the geometric mean viral titers in these tissues were 3 logs
higher than that in the spleen. We conclude from these data
that at early times after intraperitoneal infection VVWR does
replicate well in both the ovaries and the uterus.

By 9 days postinfection virus had been largely cleared from
most internal organs except the reproductive tissues (Fig. 1,
middle panel). There were no statistically significant differ-
ences in the geometric mean titers of virus present at 3 com-
pared to 9 days postinfection in either the uterus (1.8 X 107
versus 2.0 X 10° PFU/g, P = 0.09) or the ovaries (8.0 X 107
versus 7.4 X 107 PFU/g, P = 0.19). Thus, following a low-dose
intraperitoneal infection nonpregnant, immunocompetent fe-
male hosts successfully control viral replication in most organs
within 9 days of infection. However, at this time point virus
continues to persist in both the ovaries and the uterus. By 15
days postinfection virus had been cleared from the uterus but
was still present in the ovaries of all three mice analyzed (Fig.
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FIG. 1. VVWR exhibits tropism for murine reproductive tissue.
Groups of three nonpregnant female mice were infected intraperito-
neally with 2 X 10° PFU of VVWR. Spleen (SP), liver (LV), uterus
(UT), ovary (OV), heart (HT), lymph node (LN), and brain (BR)
tissues were harvested 3, 9, or 15 days postinfection and assayed for
infectious virus as described in Materials and Methods. Each bar
represents vaccinia virus titers within a single organ. Similarly shaded
bars represent viral titers in tissues from individual mice.
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1, bottom panel). The inability of the host to rapidly eliminate
vaccinia virus within reproductive tissues may increase the
likelihood that the placenta, and eventually the fetus, will be
infected.

Low-dose intraperitoneal or intravenous infections in mid-
gestation result in rapid placental infection but delayed ver-
tical transfer of virus from mother to fetus. To evaluate if
maternal infection during pregnancy would result in successful
placental colonization and rapid vertical transfer of virus to the
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FIG. 2. Low-dose intraperitoneal infection of pregnant mice with
vaccinia virus leads to efficient placental infection but limited vertical
transfer within the first 4 days of infection. Pregnant mice were in-
fected by the intraperitoneal route with 2 X 10° PFU of VVWR on the
11th day of pregnancy, and placenta and fetal pairs were harvested 4
days later and plaque titrated on BSC40 cells as described in Materials
and Methods. The dotted horizontal line indicates the level of detect-
ability of the plaque assay (120 PFU/g of tissue). Asterisks indicate
samples in which no virus was detected.

fetus, three female mice were infected intraperitoneally on the
11th day of gestation with 2 X 10° PFU of vaccinia virus. Viral
titers in maternal placental-fetal pairs were then measured 4
days later on the 15th day of pregnancy. In total, 21 placentas
were analyzed, 16 of which were successfully infected by vac-
cinia virus. The titers of these placentas and the corresponding
fetuses are shown in Fig. 2. By this dose and route, only 19%
of fetuses (3 of 16) were infected by 4 days postinoculation.
Interestingly, there appeared to be no direct relationship be-
tween the titer of virus in the placenta and successful vertical
transfer of virus to the fetus. Similar experiments using an
intravenous dose of 2 X 10° PFU of vaccinia virus during
midgestation also resulted in the colonization of the placenta
but little vertical transfer to the fetus within the first 4 days of
the infection (data not shown).

The above infection conditions clearly led to efficient pla-
cental colonization but failed to result in detectable transpla-
cental transfer of virus to the developing fetus within the first
4 days of infection. To determine if vaccinia virus is able to
successfully cross the murine placenta at later time points, we
infected groups of gestating female mice either intraperitone-
ally on day 12 (Fig. 3A) or intravenously on day 9 (Fig. 3B)
postconception with 2 X 10° PFU of VVWR. Viral titers were
then measured in the uterus, placenta, and fetuses 7 days later
on the 19th and 16th days of pregnancy, respectively. By 1 week
postinfection, virus was readily detectable in 15 out of the 16
fetuses tested although in most cases fetal titers were much
lower than titers in the corresponding placenta. By 7 days
postinfection the route of virus administration had no discern-
ible affect on the overall efficiency of vertical transfer.

High-dose intravenous infections result in substantial pla-
cental infection and rapid vertical transfer of vaccinia virus to
the fetus. Our initial attempts to study the effects of vaccinia
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virus infection during gestation were encouraging. However, to
examine the effects of fetal vaccinia virus infections at discrete
gestational ages, we wished to develop a more reproducible
infection protocol, one which would lead to the successful
infection of all placentas and the rapid vertical transfer of virus
to the fetus. To do this, we increased the dose of virus three-
fold to 6 X 10° PFU and infected groups of female BALB/c
mice intravenously on days 13 to 14 of gestation. Maternal
tissues as well as placental-fetal pairs were again harvested 4
days later and plaque titrated. By use of this infection regimen,
vaccinia virus was detectable by plaque assay in the maternal
uteri and all placental-fetal pairs. Data from one representa-
tive pregnant female of three tested are shown in Fig. 4. Pla-
cental titers ranged from 1.5 X 10° to 1.5 X 10® PFU/g with a
mean geometric titer among all placentas of 5.6 X 10° PFU/g.
The titer of virus within the fetuses, which ranged from 1.4 X
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FIG. 3. Low-dose intraperitoneal or intravenous infections can re-
sult in efficient vertical transfer of virus to the fetus by 1 week postin-
fection. Pregnant female mice were infected intraperitoneally (A) or
intravenously (B) 9 or 12 days postconception, respectively, with 2 X
10° PFU of VVWR. Viral titers in the uterus, placenta, and fetuses
were determined 7 days postinfection by plaque titration as described
in Materials and Methods. The dotted horizontal line indicates the
limit of detectability of the plaque assay (120 PFU/g of tissue). The
maternal virus titer in the uterus is shown as a solid horizontal line.
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FIG. 4. The ability of vaccinia virus to rapidly cross the placenta is
dependent upon the initial dose of infection. Pregnant female mice
were infected intraperitoneally 14 days postconception with 6 X 10°
PFU of VVWR. Viral titers in the uterus, placenta, and fetuses were
determined 4 days later by plaque titration as described in Materials
and Methods. The dotted horizontal line indicates the limit of detect-
ability of the plaque assay (120 PFU/g of tissue). The maternal virus
titer in the uterus is shown as a solid horizontal line.

10° to 1.1 X 10° PFU/g (mean geometric titer of 9.3 X 10%),
was again substantially lower than that observed in the corre-
sponding placentas. No attempt was made to determine the
titers in individual fetal organs; therefore, in this experiment,
as in the experiment shown in Fig. 3, we cannot compare the
relative affinities of VVWR for placental and for fetal tissue.
However, these data do demonstrate that a relatively moderate
increase in the initial dose of vaccinia virus delivered intrave-
nously during midgestation can result in the rapid vertical
transfer of virus from the placenta to the fetus.

Maternal vaccinia virus infections during pregnancy result
in complete fetal mortality. To determine what effect a mater-
nal vaccinia virus infection has on the survival of the fetus,
groups of four pregnant mice were injected intraperitoneally
with either 2 X 10° PFU of vaccinia virus or medium alone on
the 12th day of pregnancy. Females were then allowed to come
to term, and the number of births for each individual mother
was recorded. Neonatal survival was also assessed in the same
experiment by comparing the number of births to the number
of pups that survived until 3 weeks of age. The results of this
experiment are shown in Table 1. A total of 22 mice were born
to sham-infected mothers, 18 of which (83%) survived till
weaning at 3 weeks of age. In contrast, no live births were
observed among any of the vaccinia virus-infected mice. Unlike
higher mammals in which the prenatal death of the fetus re-
sults in abortion, the premature termination of pregnancy in
mice is often followed by reabsorption of fetal and placental
tissues by the mother. The lack of any evidence of births in
most of the infected females is consistent with the idea that
most fetuses were reabsorbed prior to birth. We therefore
conclude from these data that maternal infections during mid-
pregnancy lead to complete fetal mortality in utero, a phenom-
enon most likely due to the active infection of the fetus by
vaccinia virus.

Vaccinia virus initially infects placental cells lining mater-
nal vessels in the trophospongium. The above data clearly
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indicate that vaccinia virus infections initiate first within the
placenta and later spread to the fetus. To determine what
tissues within the placenta are the initial targets of the virus,
mice were either infected intravenously with 2 X 10° PFU of
VVWR or sham injected with medium alone on the 12th day
of pregnancy. Placentas were harvested 4 days postinfection
and subjected to in situ hybridization with a probe specific for
a viral mRNA corresponding to the vaccinia virus early gene
CI11R. At 4 days postinfection vaccinia virus transcripts were
detected exclusively in placental cells that line, or are adjacent
to, large maternal blood vessels within the trophospongium
layer of the placenta (Fig. 5B and C). The presence of virus on
the maternal side of the placenta and the lack of any detectable
viral RNA within labyrinthine trophoblasts at 4 days postin-
fection are entirely consistent with the observations made in
Fig. 2, namely, that at this time point the virus is confined to
the maternal side of the placenta and has not yet had time to
spread appreciably to the fetus.

To identify sites of virus replication within the placenta at
later time points, a vaccinia virus recombinant expressing the
eGFP was used. This virus (eGFPVV) contains the eGFP
gene, under the transcriptional control of a vaccinia virus 7.5K
early-late promoter, inserted into the viral thymidine kinase
locus. Thymidine kinase-negative vaccinia viruses are some-
what attenuated in vivo (1). To ensure that the placenta was
adequately infected by eGFPVV, we increased the initial dose
of virus accordingly and inoculated a pregnant female (day 12
postconception) intravenously with 107 PFU of eGFPVV. Pla-
centas were then examined 7 days later on the 19th day of
pregnancy (Fig. 6). At this time point, virally encoded eGFP
was detected in cells lining blood vessels within the uterine
decidua and the placental trophospongium as well as in laby-
rinthine cells on the fetal side of the placenta directly adjacent
to the chorionic plate. Thus, by 7 days postinfection vaccinia
virus has spread from the maternal blood spaces within the
trophospongium throughout the placenta.

DISCUSSION

The ability of vaccinia virus to be transmitted vertically to
the fetus makes pregnancy one the major contraindications for
primary vaccination with this virus (3). Although in utero
transmission of vaccinia virus in humans is relatively rare, the
related orthopoxvirus variola virus, the causative agent of
smallpox, is a significant fetal pathogen. Rao, who has col-
lected the most extensive epidemiological data on the effects of
smallpox during pregnancy, has reported that 60% of women
infected after the fetus has become viable (between the 25th

TABLE 1. Fetal mortality rates among vaccinia virus-infected
pregnant mice

Infected Uninfected
Female
No. of births % Survivors No. of births % Survivors
1 0 0 6 67
2 3¢ 0 6 83
3 0 0 4 100
4 0 0 6 83

“ Pups born dead.
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FIG. 5. The initial sites of vaccinia virus replication in the placenta
are in cells lining maternal blood spaces in the trophospongium. Fe-
males were sham infected or infected intravenously with 2 X 10° PFU
of VVWR on the 12th day of pregnancy. Placentas were harvested 4
days later, embedded in paraffin, subjected to in situ hybridization with
a vaccinia virus-specific probe for the viral early gene C11R, and
counterstained with hematoxylin and eosin as described in Materials
and Methods. (A) Representative uninfected placenta (magnification,
X5). (B) Infected placenta showing viral mRNA in cells lining mater-
nal blood spaces within the trophospongium layer of the placenta
(magnification, X5). (C) Higher magnification (X20) of the area
within the box outlined in panel B. Arrows indicate infected cells.
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and 36th week of gestation) terminated their pregnancies pre-
maturely. Over half of the infants born alive to infected moth-
ers died within the first 2 weeks of life, although less than 10%
exhibited clinical evidence of infection, i.e., dermal pox lesions
on the face and trunk. Because most infant deaths occurred
within 72 h of birth, these children may actually have been
infected in utero but succumbed before exhibiting clear signs
of smallpox (25). Although the obstetrical complications asso-
ciated with both maternal smallpox and vaccinia virus vaccina-
tion in pregnant humans have been well known for over 3
decades, there have been very few attempts to examine the
pathogenesis of either virus in pregnant hosts. The purpose of
this study was to develop a small animal model with which to
investigate the pathogenesis of poxvirus infections contracted
during pregnancy. We chose VVWR because it has been pre-
viously reported to exhibit a strong tropism for murine ovaries,
and we hypothesized that this tropism may also extend to other
tissues within the female reproductive tract. Indeed, our results
confirm that immunocompetent, nonpregnant mice readily
clear VVWR from most internal organs with the exception of
the ovaries and the uterus. The inability of the host’s immune
system to rapidly control virus replication within the reproduc-
tive tract may be a crucial factor in enabling vaccinia virus to
infect the placenta and spread to the fetus.

The results in pregnant mice suggest that systemic infections
with VVWR during mid- to late gestation can lead to the
efficient colonization of the murine placenta and the eventual
transfer of the virus to the fetus. These data complement
earlier studies that have documented fetal infections in labo-
ratory mice infected with ectromelia (mousepox) and in vac-
cinia virus-infected baboons and humans and a cowpox-in-
fected African elephant (15, 22, 26, 31). One of the issues
raised by the present data is that if VVWR is so efficient in
colonizing the murine placenta and spreading to the fetus, why
is the incidence of fetal infection among vaccinated pregnant
humans so low? During the smallpox era most women would
most likely have been vaccinated during childhood, prior to
reaching sexual maturity. Revaccination during pregnancy
would therefore occur in a host with some level of preexisting
anti-vaccinia virus immunity. This immunity could very well
limit the ability of the virus to effectively spread systemically
within the host and colonize the placenta. In support of this
hypothesis, previous studies failed to find any evidence of ei-
ther placental pathology or fetal infection among women who
were revaccinated with a vaccine strain of vaccinia virus during
various stages of pregnancy (27, 28). If immunity to vaccinia
virus is a crucial factor in protecting the fetus from infection,
then, in today’s society where few women of reproductive age
have been previously vaccinated, one could expect the inci-
dence of in utero infection to be significantly higher than
previously reported. Other possibilities that may account for
the low incidence of congenital vaccinia virus infections are
that the vaccine strains used in the eradication program have a
reduced tropism for the placenta or that the scarification pro-
cess used to inoculate vaccinees fails to provoke a viremia of
sufficient strength to allow the virus to effectively colonize the
placenta. All of these possibilities are now testable by using this
murine model and will undoubtedly be the focus of much-
needed research in the future.

Although it is clear that infection of the placenta is a pre-
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FIG. 6. At late times postinfection virus is present in both the trophospongium and the placental labyrinth. A pregnant female was infected
intravenously on day 12 postconception with 107 PFU of eGFPVV. Placentas were harvested 7 days later, fixed in neutral buffered formalin
overnight, embedded, cryosectioned, and observed by fluorescence microscopy (X15) as described in Materials and Methods. White arrows
indicate virus-infected cells within the uterine decidua and placental trophospongium. The black arrows identify clusters of infected cells within

the placental labyrinth. UT, uterus; PL, placenta.

requisite step prior to the congenital transmission of cytomeg-
alovirus, human immunodeficiency virus, and now vaccinia vi-
rus, we know very little about how these and other viruses
actually cross the placenta (reviewed in reference 19). The
placenta, which is composed of the decidua, the trophospon-
gium, and the labyrinth, is a dynamic organ whose structure
evolves considerably throughout the course of pregnancy. Em-
bedded within the wall of the uterus are fetal and maternal
cells that make up the decidua. The decidua is connected to the
placental disk by the trophospongium, a multicell thick layer of
fetal trophoblasts that separate the decidua from the labyrinth.
The labyrinth makes up the bulk of the placenta and consists of
a fine network of fetal capillaries, each of which is surrounded
by a single layer of labyrinthine trophoblast cells. Most nutrient
and gas exchange between the mother and fetus occurs within
the labyrinth. The trophoblast cells that comprise the placental
labyrinth are bathed directly in maternal blood and serve as the
final barrier between the fetal and maternal blood supplies (7,
10). Our initial results showed that following a low-dose infec-
tion virus is not detectable by plaque assay in most fetuses
within the first 4 days; therefore, it is unlikely that the virus has
penetrated to the labyrinth trophoblasts at this stage, as infec-

tion of these cells would put the virus in close contact with the
fetal blood supply. A histological examination of infected pla-
centas by in situ hybridization for a vaccinia virus early mRNA
confirmed that at these early time points vaccinia virus is con-
fined to cells surrounding maternal blood spaces located be-
tween the outer surface of the uterine decidua and the placen-
tal trophospongium. However, later in infection we were able
to detect evidence of a virally encoded protein (eGFP) within
the placental labyrinth. Somewhat surprisingly, at 7 days post-
infection we did not detect more substantial involvement of the
internal layers of the trophospongium; virus-infected cells still
seemed to be largely confined to areas surrounding maternal
blood spaces. This may suggest that vaccinia virus reaches the
labyrinth by the sequential infection of cells surrounding the
maternal lacunae rather than through productive infection of
trophospongium trophoblasts. Although primary human tro-
phoblast cell lines derived from the labyrinth of term placenta
can be productively infected with vaccinia virus in vitro, it is
unclear if trophospongium trophoblasts are also susceptible to
infection (24). A more thorough examination of the cellular
pathways that vaccinia virus utilizes to gain access to the fetus
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from the murine placenta may very well provide insight into
how this and other viruses are congenitally transmitted.

The successful elimination of congenitally transmitted viral
infections will require the development of both vaccines and
antiviral drugs that can be safely applied during pregnancy. In
addition to providing us with a wealth of new data on the
biology of poxvirus infections during pregnancy, the model that
we have described here will also be very useful both in deter-
mining if any of the new, more attenuated smallpox vaccines
currently under development have retained the ability to cause
congenital infections and in the preclinical testing of antiviral
chemotherapies.
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