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Summary
Recently there has been renewed interest in poxvirus pathogenesis, especially with regard to infection
via the respiratory route. Members of this family are known to produce a number of proteins that
have the potential to negatively regulate the immune response. Vaccinia virus (VACV) has been used
for a number of years as a model for the study of poxvirus infection. We have previously reported a
dose dependent decrease in virus-specific CD8+ T cells following respiratory infection with VACV.
In this study we have evaluated whether more generalized immunosuppressive effects are also
observed following infection with a high dose of VACV. We have found that mice infected
intranasally with a high, but non-lethal, dose of VACV exhibited significant weight loss as well as
decreased thymocyte number. Although these mice mounted an immune response, there was a
significant increase observed in bystander T and B cell apoptosis. While increased death was apparent
in both naïve and activated/memory T cells populations, naive T cells appeared more sensitive to
this effect. These findings are important for our understanding of poxvirus regulation of the immune
response and extends our previous understanding of VACV mediated immunosuppression to include
generalized apoptosis in the naïve and activated/memory repertoires.
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1. Introduction
While it has been decades since smallpox has been eradicated, there is still a justifiable concern
about its reemergence, either intentional or unintentional. Because the vaccination program
ended worldwide in 1980, many are left unprotected against this deadly virus, which has a 30%
mortality rate (Wollenberg and Engler,2004). Variola virus, which is normally transmitted via
the respiratory route (Baron,2003), is quite stable in aerosol form and one can envision that
during intentional release of aerosolized virus, individuals closest to the point of release would
be exposed to high infectious doses via the respiratory route (Harper,1961). For this reason, it
is important that we have a better understanding of the immune responses generated to high
and lethal dose virus infections of the respiratory tract.
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Vaccinia virus is the prototypic member of the poxvirus family and serves as the highly
effective vaccine against variola virus infection. VACV has been used as a model dissect the
cellular immune response to poxvirus infection, (e.g. (Belyakov et al.,2003; Harrington et al.,
2002; Reading and Smith,2003; Wyatt et al.,2004; Xu et al.,2004)). Our previous studies using
a recombinant vaccinia virus expressing the model antigen ovalbumin (VACV-Ova) revealed
a dose-dependent decrease in the number of virus-specific CD8+ T cells present on day 12
following i.n. infection of C57BL/6 mice (Parks and Alexander-Miller,2002). Such a decrease
was reported in another study following i.p. infection of BALB/c mice (Ramirez et al.,2000).
The purpose of the studies described herein was to determine whether the negative regulatory
effects observed for virus-specific CD8+ T cells extended to non-virus specific immune cells,
i.e. bystander cells. For example, generalized apoptosis in peripheral lymphocytes has been
reported following infection with a number of pathogens, including respiratory syncytial virus
(RSV), lymphocytic choriomeningitis virus (LCMV), Ebola, SARS, measles virus, and
influenza virus (Baize et al.,1999; Carrero et al.,2004; Hassan and Curtiss, III,1994; He et al.,
2005; McNally et al.,2001; Okada et al.,2000; Roe et al.,2004; Tumpey et al.,2000).

C57BL/6 mice were intranasally infected with a low, high, or lethal dose of VACV-Ova, the
virus construct used in our previous studies (Parks, G. D. and Alexander-Miller, M. A.,2002).
High and lethal doses of VACV-OVA were found to result in increased apoptosis of all
lymphocyte populations examined. These included CD4+ and CD8+ T lymphocytes as well as
B cells. Apoptosis was observed in both CD44high and CD44low populations and thus did not
correlate with the differentiation state of the cell. The loss observed with a high, but sublethal
dose, was a systemic effect and did not appear to be due to the presence of infectious virus and
was not a result of immunosuppressive glucocorticoids, fas/fasL interactions, type I IFN, IL-6,
or IFNγ. These findings suggest that high dose poxvirus infection of the respiratory tract has
the potential to result in a generalized loss of lymphocytes. Such a loss could potentially affect
not only the generation of the immune response to the poxvirus, but to other pathogens with
which the host may come into contact.

2. Materials and Methods
2.1 Mice

Female C57BL/6 mice (age 6–8 weeks) were purchased from Charles River Laboratories. All
mice were housed in a specific pathogen free facility. All research performed on mice in this
study complied with federal and institutional guidelines set forth by the Wake Forest University
Animal Care and Use Committee.

2.2 Virus and Infections
VACV-Ova (WR strain) was a kind gift from J. Bennink (NIH) (Restifo et al.,1995). VACV-
Ova was generated by insertion of the ovalbumin gene under the control of the VACV P7.5
promoter into the VACV thymidine kinase gene by homologous recombination, resulting in
the generation of thymidine kinase-negative progeny as described previously (Chakrabarti et
al.,1985). Virus was expanded by infection of HeLa cell cultures, which underwent 3 freeze-
thaw cycles to release infectious virus. Virus was then pelleted and titered by plaque formation
on BSC-1 monolayers. For infections, mice were anesthetized intraperitoneally with avertin
(2,2,2-tribromoethanol). Mice were then infected intranasally with low (5×102 PFU), high
(5×104 PFU), or lethal (5×105 PFU) doses of VACV-Ova in 50µl PBS or 50µl PBS alone for
mock-infected mice.

2.3 Preparation of lymphocytes
Mice were weighed and then euthanized at the indicated time points postinfection by cardiac
puncture (to obtain plasma for inflammatory cytokine detection) followed by cervical
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dislocation. Thymus and spleen were harvested and processed in PBS. Following lysis of RBC,
cells were washed in PBS and counted.

2.4 Adoptive Transfers
Splenocytes from wild-type WT C57BL/6 or C57BL/6 IFNγR−/− mice, both positive for the
Ly5.2 antigen, were processed in PBS followed by RBC lysis. A total of 4.2×107 splenocytes
from WT or IFNγR−/− (Ly5.2+) mice were transferred i.v. into congenic C57BL/6 mice
expressing the Ly5.1 antigen.

2.5 Antibody Staining and Flow Cytometry
Cells were stained with anti-CD8 (clone 53-6.7), anti-CD4 (clone RM4-5), anti-CD19 (clone
1D3), and anti-CD44 (clone IM7) (all from BD Pharmingen, San Diego, CA except CD44
Pacific Blue which was purchased from BioLegend, San Diego, CA). For detection of
apoptosis, fixed and permeabilized cells were stained with anti-active caspase 3 (clone
C92-605) (BD Pharmingen, San Diego, CA). Donor cells in adoptive transfer experiments were
detected with an antibody to Ly5.2 (CD45.2) (eBioscience, San Diego, CA). After staining,
cells were fixed in 2% paraformaldehyde and events were acquired on a FACSCalibur flow
cytometer or a FACSAria cell sorter (BD, San Diego, CA). Debris was excluded on the basis
of forward and side scatter and data were analyzed using Cell Quest software (BD, San Diego,
CA).

2.6 Plasma Corticosterone Detection
Blood was drawn from mice by cardiac puncture between the hours of 7 and 9AM less than 5
minutes after perturbation of the cage. Plasma was obtained by centrifugation at 3000 rpm in
the presence of heparin and stored at −80°C until use. Plasma corticosterone was detected
by 3H radioimmunoassay per manufacturer’s instructions (MP Biomedicals, Solon, OH).
Corticosterone concentrations were determined by extrapolation from a standard curve.

2.7 Inflammatory Cytokine Detection
IL-12p70, tumor necrosis factor alpha (TNF-α), IL-10, IL-6, IFN-γ, and MCP-1 were detected
using the cytometric bead array (CBA) kit as per the manufacturer's instructions (BD, San
Diego, CA).

2.8 Virus Titers
Lung, spleen, thymus, MLN, and ovary homogenates were titrated for the presence of VACV-
Ova by plaque formation on BSC-1 monolayers as previously described (Buller et al.,1985).
The number of plaques was multiplied by the dilution factor to obtain the number of PFU/
tissue.

2.9 Statistics
Student’s t test was used to compare the means of responses.

3. Results
3.1 Infection of C57BL/6 mice with increasing doses of VACV resulted in significant weight
loss and thymocyte loss

C57BL/6 mice were infected i.n. with a low (5×102 PFU), high (5×104 PFU), or lethal
(5×105 PFU) dose of VACV-Ova and weight changes were monitored at various times
postinfection (Fig. 1A). Mice infected with a low dose of VACV experienced some weight
loss (10.9 ± 1.5%) but quickly recovered and went on to gain weight and maintain normal

Yates and Alexander-Miller Page 3

Virus Res. Author manuscript; available in PMC 2009 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



weight after day 2. Throughout the course of the infection, these mice had no apparent signs
of illness. High dose-infected mice however, had lost 20.8 ± 0.9% of their initial weight by
day 7 postinfection and eventually returned to their original weight by day 20 as they recovered
from the infection. These mice also had labored breathing and ruffled fur during the peak of
weight loss. Lethal dose-infected mice had lost 30.7 ± 0.3% of their initial weight by day 7
postinfection, when they were euthanized for humane reasons. These mice were hunched, had
significantly labored breathing, ruffled fur, and were minimally responsive to manipulation.

Thymocyte loss has been noted in other models of virus infection (Adair,2000; Orange et al.,
1995; Rojko et al.,1996; Sanchez-Cordon et al.,2002). Thus we determined whether such an
effect occurred following vaccinia infection. The data presented in figure 1B show a dramatic
loss of thymocytes as a result of both high and lethal dose VACV-Ova infection. Loss of cells
was most apparent in the double positive (CD8+CD4+) population, but was also present in
single positive (CD4+ or CD8+) cells (Figure 1B). Loss of thymocytes was accompanied by
decreased tissue size and weight (data not shown). Of note, no loss of thymocytes was apparent
in low dose infected mice. Infection of these mice, however, had occurred as measured by the
generation of an adaptive immune response following infection with this dose ((Parks, G. D.
and Alexander-Miller, M. A.,2002) and data not shown). This dose-dependent loss of
thymocytes correlated with an increase in the percent and total number of thymocytes staining
positive for active caspase 3, suggesting that infection with high or lethal dose induced
apoptosis of these cells (data not shown). Thymocyte levels eventually recovered by day 40
postinfection in high dose-infected mice (data not shown). Together, these results indicated
that intranasal infection with a high or lethal dose of VACV-Ova, but not a low dose, resulted
in significant weight loss, thymocyte loss, and obvious signs of illness.

3.2 High and lethal dose VACV infection resulted in apoptosis of T cells in the spleen
We previously showed that intranasal infection with increasing doses of VACV-Ova resulted
in a reduction in the IFNγ-secreting antigen-specific CD8+ T cell response in the spleen (Parks,
G. D. and Alexander-Miller, M. A.,2002). This finding suggested the potential for negative
regulation of the immune response as a result of high doses of VACV-Ova. We hypothesized
that the immunoregulatory effects of vaccinia virus infection may extend to bystander
lymphocytes, i.e. those not specific for VACV antigens.

We initially tested this hypothesis by determining whether the level of apoptosis in T cells
increased in mice following intranasal infection with a low versus high or lethal dose of VACV-
Ova. Cells undergoing apoptotic death were identified by staining for the presence of active
caspase 3. Days 4, 7, 9, 12 and 15 postinfection were examined. No differences in the
percentage of cells that stained positive for active caspase 3 were found in the T cells present
at d4, 9, 12 or 15 (data not shown). However at d7 we observed an increase in the percent
CD8+ and CD4+ T cells undergoing apoptosis (Fig. 2 and 3). In CD8+ T cells, there was an
increase in the percentage of active caspase 3+ cells in both CD44lo and CD44hi population in
high dose and lethal dose infected mice compared to mock infected mice (Fig. 2). Dot plots
from a representative animal are shown in figure 2A and averaged data from multiple animals
in figure 2B. Interestingly the percentage of CD44hi cells that were positive for active caspase
3 was significantly reduced in mice infected with the low dose of virus compared to the baseline
of mock infected mice (Fig. 2). Given that CD44hi cells in infected mice were likely activated
effector cells as opposed to CD44hi cells in mock infected mice, which were presumably resting
memory cells, this finding may suggest that effector cells have a reduced rate of apoptosis
compared to memory cells. Whether this was the case is not known, as direct determination of
apoptosis in virus-specific cells in the spleen at this time was hampered by the low number of
these cells.

Yates and Alexander-Miller Page 4

Virus Res. Author manuscript; available in PMC 2009 November 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



CD4+ T cells also showed evidence of increased apoptosis in high and lethal dose infected
mice. As shown in figure 3, CD44lo CD4+ T cells from high dose infected mice exhibited a
significant increase in the percentage of cells that were positive for active caspase 3 compared
to those from mock infected mice (Fig. 3). Comparison of CD44hi T cell populations under
these two conditions did not reveal a significant increase in apoptosis. However, apoptosis in
CD44hi cells from high dose infected mice was significantly increased compared to low dose
infected mice. Thus there appeared to be increased apoptosis in effector cells in the context of
high compared to low dose infection. Increases in the percentage of both CD44lo and
CD44hi cells that were positive for active caspase 3 were observed following infection with
the lethal dose.

3.3 High and lethal dose VACV infection resulted in apoptosis of B cells in the spleen
Finally we determined whether increased apoptosis following infection with high or lethal
doses of VACV-Ova also occurred in B cells. CD19+ cells present at d7 postinfection had a
significant reduction in active caspase 3+ cells following infection with the low dose of virus
compared to mock infected animals (Fig. 4), suggesting a protective effect in cells during the
course of an optimal immune response as is the case with the low dose infection. When
compared to low dose infected mice, there was a statistically significant increase in the
percentage of active caspase 3+ B cells in the high dose infected animals. As with T cells,
infection with the lethal dose resulted in a significant increase in active caspase 3+ B cells (Fig.
4). Together these results, along with those above, suggest a generalized increase in death of
lymphocyte populations following intranasal infection with high and lethal doses of VACV-
Ova. The increased apoptosis in T and B cells in high and lethal dose compared to low dose
infected mice correlated with a decrease in the total number of lymphocytes recovered (data
not shown).

3.4 Virus spread following infection with VACV
One potential explanation for the generalized loss of lymphocytes was direct cytopathic effects
as a result of high level virus replication in the spleen following high or lethal dose infection.
To test for this possibility, C57BL/6 mice were infected intranasally with the various doses
and lungs, MLN, spleen, thymus and ovary were harvested and titered for the presence of
VACV-Ova. In mice infected with a low dose of VACV-Ova, the only tissue with detectable
virus was the lung, and even then only about half of the mice had detectable virus in that tissue
(Fig. 5). However, the failure to detect virus in these mice did not mean that they had not been
infected, since mice developed a vaccinia-specific immune response despite not having
detectable virus (data not shown). In contrast, high dose infection resulted in high levels of
VACV-Ova in the lungs, with virus levels peaking at day 4 and eventual clearance by day 15
in all mice. Some high dose infected mice (4/5 at day 4 and 2/5 at day 9) also had detectable
virus in the MLN, though at levels barely above the limit of detection. Also, in some high dose-
infected animals, virus was also detected in the ovaries, a tissue that is highly permissive for
replication of the WR strain of VACV. Importantly, however, titratable VACV was not found
in the spleen or thymus of high dose infected mice.

In contrast, virus was detected in all of the tested tissues of mice infected with the lethal dose,
with the highest levels present in the lung. These results show that, while in some cases high
dose i.n. infection with VACV-Ova resulted in virus spread to the ovary and MLN, significant
levels of virus were never found in the thymus or spleen, sites where a high level of cell death
was detected. This, along with unpublished data from our lab showing that VACV only
minimally infects thymocytes and splenic T cells in vitro, suggested that lymphocyte and
thymocyte apoptosis after high dose infection was not a result of direct cytopathic effects.
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3.5 Infection with lethal, but not high doses of VACV resulted in increased plasma
corticosterone levels during infection

Others have shown that the A44L gene of VACV encodes for a 3-β-hydroxysteroid
dehydrogenase, which is an enzyme necessary for the production of glucocorticoids (GC)
(Moore and Smith,1992; Reading et al.,2003; Sroller et al.,1998). GC are steroids normally
produced in response to stress and have broadly immunosuppressive effects, including cell
death (Blotta et al.,1997; Kim et al.,2001; Piemonti et al.,1999; Zacharchuk et al.,1990). Thus
infection with VACV virus has the potential to significantly increase the amount of
immunosuppressive GC that are produced. To determine if the systemic lymphocyte apoptosis
that occurred in the spleen was the result of high levels of virus induced GC, corticosterone,
the main GC in rodents, was measured following infection with the low, high, or lethal dose
of virus. The only condition that resulted in a significant increase in plasma corticosterone was
lethal dose infection (Fig. 6). Systemic corticosterone levels in low and high dose infected mice
remained at or near baseline levels and were not significantly different from one another. These
results suggested that GC do not play a role in lymphocyte apoptosis in the spleen during high
dose infection with VACV. However we cannot rule out the possibility that high GC levels
contributed to the loss of cells in mice infected with the lethal dose of virus.

3.6 Infection with the high and lethal doses of VACV resulted in increased systemic levels of
inflammatory cytokines

Cytokines such as TNFα and IFNγ have been shown to induce lymphocyte apoptosis
(Alexander-Miller et al.,1998; Badovinac et al.,2000; Chan et al.,2003; Dalton et al.,2000;
Florido et al.,2005; Martins et al.,1999; Speiser et al.,1996). Thus we determined plasma
cytokine levels throughout the course of infection with low, high, and lethal doses of VACV-
Ova (Fig. 7). In low dose infected mice there was a slight increase in circulating IFNγ at day
7, but all other cytokines tested were not at levels significantly above mock-infected mice. In
contrast, high dose infection resulted in a greatly elevated amount of IFNγ which peaked at d4
p.i. at a level 50-fold higher than mock-infected mice. Significant increases in MCP-1 and IL-6
were also detected. A similar set of cytokines were increased in mice infected with the lethal
dose. Here, a large increase in IFNγ was present as early as d2 p.i., peaking at d4 with a level
500-fold above mock infected mice. IL-12p70, MCP-1, and IL-6 also increased in lethal dose
infected mice. Thus high (and lethal) dose infected mice exhibit a significantly altered cytokine
profile compared to low dose infected mice.

4. Discussion
Poxviruses have acquired an impressive arsenal of weapons with which to combat the immune
response (Dunlop et al.,2003; Haga and Bowie,2005). In support of this we previously observed
a dose-dependent decrease in the virus-specific CD8+ T cell response generated following
intranasal infection (Parks, G. D. and Alexander-Miller, M. A.,2002). In this report we tested
the hypothesis that the negative regulation of the immune system extended to other lymphocyte
populations. These studies were focused on the possibility that there was a systemic effect of
infection that extended to lymphocyte populations other than those directly responding to
infection. We found that a high, but non-lethal, virus dose resulted in a significant increase in
the percent of lymphocytes staining positive for active caspase 3 in the spleen. While caspase
3 activation has been shown to occur during T cell activation in the absence of apoptosis (Alam
et al.,1999; Miossec et al.,1997; Sabbagh et al.,2004; Wilhelm et al.,1998), our findings argue
against this interpretation as 1) there was a considerable decrease in CD4+, CD8+ and B cell
numbers in the spleen in high versus low dose infected mice and 2) there was an increase in
active caspase 3+ cells within the naïve T cell populations. Thus our data support the
interpretation that the active caspase 3 detected following infection with high dose virus is a
marker for cells undergoing apoptosis. In support of this we see increased staining for 7AAD
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in mice receiving the high dose of virus (data not shown). The increased apoptosis in
lymphocytes following high dose i.n. vaccinia virus infection was not restricted to the spleen
as a similar effect was observed in the mediastinal lymph node (data not shown). We note that
we have not ruled out a contribution of differential trafficking to the reduced number of
lymphocytes found in the mice infected with a high dose. However, we do not favor this
hypothesis given the detection of death by two approaches in lymphocyte populations in these
mice.

One possibility to explain cell death was a direct cytopathic effect of infection. However, our
data suggest that this is not the case as increased death in the spleen occurred in the absence
of detectable virus in this tissue. Further following intranasal infection with a high but non-
lethal dose of a recombinant vaccinia virus expressing eGFP, which resulted in increased
apoptosis and reduced cell recovery from the spleen, we found that cells undergoing apoptosis
did not express eGFP (data not shown). Together these results suggest that direct cytopathic
effects as a result of infection were not responsible for death in these cells.

Peripheral lymphocyte apoptosis is a common sign of disease progression resulting from
infection not only with certain viruses (among them is respiratory syncytial virus (RSV),
lymphocytic choriomeningitis virus (LCMV), Ebola, SARS, measles, influenza) but also a
number of bacteria (Salmonella typhimurium, Listeria monocytogenes), e.g. (Baize, S. et al.
1999; Carrero, J. A. et al. 2004; Hassan, J. O. and Curtiss, R., III,1994; He, Z. et al. 2005;
McNally, J. M. et al. 2001; Okada, H. et al. 2000; Roe, M. F. et al. 2004; Tumpey, T. M. et al.
2000). In some cases death was found to be mediated by IFNγ (Dalton, D. K. et al. 2000;
Florido, M. et al. 2005; Schwacha and Eisenstein,1997). Death in these models is often
observed even at very early times postinfection, i.e. d3 p.i. However we saw no evidence of
increased death at this time. The death in our model was evident at d7, a time that correlates
with peak virus titers, just prior to the initiation of clearance as measured by reduced virus
titers in the lung. This may suggest the requirement for high levels of a viral protein or a soluble
mediator produced as a result of high virus titers. Our cytokine analyses revealed increased
levels of IFNγ and IL-6 in mice infected with the high dose of virus. We tested a potential role
for these cytokines in the apoptosis observed using mice deficient in IL-6 or IFNγ receptor
(data not shown). We found that lymphocyte apoptosis was unchanged, suggesting that neither
was involved in apoptosis. Further we have also evaluated the contribution of type I IFN.
However, apoptosis remained unchanged in the absence of type I IFN signaling (data not
shown).

Given that none of the cytokines tested were responsible for lymphocyte death, we tested the
possibility that fas/fasL interactions or high level systemic glucocorticoid production
contributed to the death of lymphocytes in our system. The latter seemed an attractive candidate
given a previous report where deletion of the A44L gene, which produces a 3β-HSD
homologue, resulted in decreased levels of plasma GC, reduced signs of illness and an increased
number of T cells in the lung (Moore, J. B. and Smith, G. L.,1992; Reading, P. C. et al.
2003; Sroller, V. et al. 1998). However, the lack of increased GC levels in mice infected with
the high (but non-lethal) dose of vaccinia virus did not support this hypothesis. It remains
possible that high levels of GC play a role during lethal infection, but this has not been tested.
The fas/fasL pathway also did not appear to be involved (data not shown). Thus the mediator
responsible for the increased apoptosis remains elusive.

Interestingly there was evidence for increased apoptosis in both naïve and memory/activated
T cell populations. However, naïve cells seemed to have an increased susceptibility to this
effect, as CD4+ and CD8+ naïve cells from high dose infected mice had a 3.8-fold and 9.2-fold
increase in active caspase 3+ cells compared to low dose infected mice. While also increased
in the CD44hi population, the extent of the increase was not as great, 1.5-fold for CD4+ cell
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and 2.9-fold for CD8+ cells. This could reflect increased resistance to this effect in activated
cells. A difference in the susceptibility to death between naïve and activated/memory cells has
been observed in other infections, i.e. LCMV (Bahl et al.,2006; McNally, J. M. et al. 2001),
however, the pattern differs from our results with vaccinia virus infection. In contrast to our
findings, while naïve cells showed some increased death following infection with LCMV,
memory (CD44hi) CD8+ T cells were the most affected (McNally, J. M. et al. 2001). These
data suggest that the mechanism responsible for the apoptosis in these two viral models may
be distinct.

It is clear that from our studies that once the viral burden reaches a significant level (as was
the case for high dose infected animals), a significant amount of apoptosis occurred in the
systemic lymphocyte population, which appeared not to be due to direct infection with virus.
Whether this loss of lymphocytes is impacting the rate of vaccinia virus clearance in these
animals is unknown, although it is certainly possible that this is the case. In addition it has
often been observed that one infection predisposes the infected individual to a secondary
infection. In the case of vaccinia virus infection of the respiratory tract, this may occur by a
number of mechanisms. For example, the damage that occurs during infection is likely to
increase the ability of a second pathogen to infect via the epithelial surface. Compounding the
issue, the increased apoptosis observed in naïve lymphocyte populations when high vaccinia
viral burdens are reached could decrease the individual’s ability to mount an immune response
to the second pathogen.

In summary the studies presented here show that a high, but non-lethal dose of VACV
administered via the respiratory route resulted in apoptosis of naïve and activated T cells and
B cells, as well as single positive and double positive thymocytes. Our findings suggest that
direct cytopathic effects, GC, fas/fasL, IFNγ, IL-6, or type I IFN were not responsible for
triggering death in these populations. These findings have important implications for our
understanding of poxvirus pathogenesis and provide insights into how the immune response
is negatively regulated as virus burden increases.
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Figure 1. Dose dependent weight loss and decreased thymocyte number in C57BL/6 mice following
infection with VACV-Ova
C57BL/6 mice were infected i.n. with low, high, or lethal doses of VACV-Ova or were mock-
infected (PBS). A) Changes in body weight for mock-infected mice (circles) or mice infected
with low (squares), high (triangles), lethal (diamonds) doses were calculated as a percentage
of initial body weight. B) Thymocyte numbers were calculated by determining percentage of
the population that was double positive (CD8+CD4+) and single positive (CD8+ or CD4+) at
day 7 p.i. and multiplying by the total number of recovered cells. Percentages were obtained
following gating on the live lymphocyte population. Each data point or bar represents the mean
of 5 mice ± SEM. * P < 0.05 compared to low dose-infected mice.
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Figure 2. Infection with a high or lethal dose of VACV-Ova resulted in increased apoptosis in naïve
and activated CD8+ T cells in the spleen
C57BL/6 mice were infected i.n. with low (5×102), high (5×104), or lethal (5×105) dose of
VACV-Ova or were mock-infected (PBS) and spleens harvested at day 7. A) Representative
flow cytometric data showing active caspase 3 staining of CD44lo and CD44hi cells following
gating on CD8+ T cells. Numbers above the dot plot are the percentage of cells in each quadrant.
The numbers in the quadrants are the percentage of CD44lo (upper left) or active CD44hi (upper
right) cells that are active caspase 3+ positive. B) Averaged data showing the percent of
CD44lo or CD44hi CD8+ T cells staining positive for active caspase 3. * = significant increase,
p<0.05; # = significant decrease, p<0.05.
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Figure 3. Infection with a high and lethal dose of VACV-Ova resulted in increased apoptosis in
naïve and activated CD4+ cells in the spleen
C57BL/6 mice were infected i.n. with low (5×102), high (5×104), or lethal (5×105) dose of
VACV-Ova or were mock-infected (PBS) and spleens harvested at day 7. A) Representative
flow cytometric data showing active caspase 3 staining of CD44lo and CD44hi cells following
gating on CD4+ T cells. Numbers above the dot plot are the percentage of cells in each quadrant.
The numbers in the quadrants are the percentage of CD44lo (upper left) or active CD44hi (upper
right) cells that are active caspase 3+ positive. B) Averaged data showing the percent of
CD44lo or CD44hi CD4+ T cells staining positive for active caspase 3. * = significant increase,
p<0.05; # = significant decrease, p<0.05.
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Figure 4. Infection with a high and lethal dose of VACV-Ova resulted in increased apoptosis in B
cells in the spleen
C57BL/6 mice were infected i.n. with low (5×102), high (5×104), or lethal (5×105) dose of
VACV-Ova or were mock-infected (PBS) and spleens harvested at day 7. A) Representative
flow cytometric data showing active caspase 3 staining of CD19+ cells. The number in the dot
plot is the percentage of CD19+ cells that stained positive for active caspase 3+. B) Averaged
data showing the percent of CD19+ cells staining positive for active caspase 3. * = significant
increase, p<0.05; # = significant decrease, p<0.05.
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Figure 5. VACV-Ova was not detectable in the spleen following high dose infection
C57BL/6 mice were infected i.n. with the low (black squares), high (gray triangles), or lethal
(open diamonds) dose of VACV-Ova. Lung, spleen, MLN, thymus, and ovary were harvested
at the indicated timepoints and VACV-Ova titers from each whole tissue determined. Each
symbol represents one mouse, with numbers in parentheses indicating the number of mice with
organ titers below the limit of detection (103 PFU).
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Figure 6. Lethal, but not high, dose VACV-Ova infection resulted in elevated plasma corticosterone
levels
C57BL/6 mice were infected i.n. with the low, high, or lethal dose of VACV-Ova or were
mock-infected. Plasma corticosterone levels were determined at the indicated times
postinfection by radioimmunoassay. Each bar represents 5 mice ± SEM. * =p <0.05 compared
to low dose-infected mice.
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Figure 7. High and lethal dose VACV-Ova infection resulted in elevated levels of inflammatory
cytokines
C57BL/6 mice were infected i.n. with the low (squares), high (triangles), or lethal (diamonds)
dose of VACV-Ova or were mock-infected (circles). The level of inflammatory cytokines
(IL-12p70, TNFα, IFNγ, MCP-1, and IL-16) in the plasma at the indicated timepoints was
determined by CBA (see Materials and Methods). Each data point represents 5 mice ± SEM.
* = p < 0.05 compared to low dose-infected mice.
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