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ABSTRACT

The gastrointestinal tract of vertebrates harbors one of the most complex ecosystems known in microbial ecology and this
indigenous microbiota almost always has a profound influence on host–parasite relationships, which can enhance or
reduce the pathology of the infection. In this context, the impact of the microbiota during the infection of several viral
groups remains poorly studied, including the family Poxviridae. Vaccinia virus (VACV) is a member of this family and is the
causative agent of bovine vaccinia, responsible for outbreaks that affect bovines and humans. To determine the influence of
the microbiota in the development of the disease caused by VACV, a comparative study using a murine model was
performed. Germ-free and conventional, 6- to 7-week-old Swiss NIH mice were infected by tail scarification and intranasally
with VACV. Moreover, immunosuppression and microbiota reposition were performed, to establish the interactions among
the host’s immune system, microbiota and VACV. The data demonstrate that the microbiota is essential for the effective
immune response of mice against VACV in intranasal inoculation and to control the virus at the primary site of infection.
Furthermore, this study is the first to show that Swiss conventional mice are refractory to the intranasal infection of VACV.
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INTRODUCTION

The human gastrointestinal tract harbors one of the most com-
plex ecosystems known inmicrobial ecology, with bacterial pop-
ulations reaching 1010–1012 viable cells per gram of contents in
its lower portions. In healthy hosts, the presence of this micro-
biota has a very large impact on various aspects of function and
metabolism, such as metabolic rate, gastrointestinal function,
specific and quantitative aspects of immune function, and the
many aspects of biochemical homeostasis. Only the predomi-

nant species have population levels that are sufficient to be con-
sidered responsible for the three main functions of the intesti-
nal microbiota that are particularly important for host health: (i)
colonization resistance, (ii) immunomodulation, and (iii) a nu-
tritional contribution to the host (Sekirov et al. 2010; Conlon and
Bird 2014; Marietta et al. 2015).

Currently available data also indicate that this indigenous
microbiota almost always has a profound influence on host–
parasite relationships during bacterial and protozoan infections
(Stecher and Hardt 2008). As examples, it is well known that
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the presence of the indigenous microbiota is essential for the
pathogenicity of some protozoa and helminthes (Phillips and
Wolfe 1959; Wescott and Todd 1964; Wescott 1968; Przyjalkowski
andWescott 1969; Visco and Barnes 1972; Johnson and Reid 1973;
Owen 1975; Rutter and Beer 1975; Gouet et al. 1984; Vieira et al.
1987; Torres et al. 2000). In contrast, the microbiota can reduce
the pathological consequences of other infectious diseases, as
described for experimental infections with protozoa, fungi and
helminthes (Salkowski et al. 1987; Silva et al. 1987; Martins et al.
2000) and almost all enteropathogenic bacteria (Wilson 1995).
There are very few cases where the indigenous microbiota has
no influence on the course of an infectious disease (Reide and
Botero 1967; Harleman and Meyer 1984).

The interrelationships between virus, indigenousmicrobiota
and the host immune system show differences in relation to
those observed with bacteria and protozoa (Wilks et al. 2013).
Where viruses come into contact with the local microbiota at
the beginning of their infectious processes on the host mucosal
surfaces, these microbial communities can modulate the viral
infection. However, information concerning the influence of the
indigenous microbiota on viral infections is scarce. Viruses and
commensal bacteria have co-evolved and some viruses are de-
pendent on the presence of the microbiota or its products. For
example, the host’s microbiota facilitates viral replication and
pathogenesis in poliovirus (Enterovirus C), Murine leukemia virus
and Mouse mammary tumor virus infections. (Kouttab and Jutila
1972; Isaak, Bartizal and Caulfield 1988; Kane et al. 2011; Kuss
et al. 2011). Conversely, as described above for pathogenic bac-
teria, fungi and protozoa, the microbiota can play a protective
role against viral replication and virally induced disease, as ob-
served for the influenza virus (Ichinohe et al. 2011; Abt et al.
2012). Additionally, Murine norovirus, a common murine enteric
virus, can replace the maturating function of commensal bacte-
ria when introduced into germ-free (GF) mice, reverting intesti-
nal morphology and lymphocyte function to phenotypes simi-
lar to those observed in conventional (CV) animals (Kernbauer,
Ding and Cadwell 2014). These data exemplify the different rela-
tionships between the host microbiota and diverse viral clades.
The study of the interaction between viruses,microbiota and the
host immunity system is an important field of research, which
might lead to the discovery of improved treatments and the
prevention of infectious diseases. Nevertheless, the impact of
the microbiota on infection by several viral groups, such as the
Poxviridae family, remains unknown.

Smallpox is a severe infectious disease caused by the Variola
virus (VARV), a member of the Orthopoxvirus (OPV) genus (Fen-
ner et al. 1988; Damon 2013). Considering only the 18th cen-
tury, smallpox caused the death of more than 400 000 people
annually in Europe. This highly lethal and contagious disease
was declared to have been eradicated in 1980, after an inten-
sive vaccination campaign promoted by the World Health Orga-
nization (WHO) (Fenner et al. 1988). Vaccinia virus (VACV), a virus
closely related to VARV that also belongs to the OPV genus and
can induce serological cross-reactivity against other OPV mem-
bers, was used in the WHO campaign (Fenner et al. 1988; Da-
mon 2013). Currently, species of the OPV genus have a great
impact on human and veterinary health, due to emerging and
re-emerging zoonotic agents around the world, such as Cowpox
virus (Kalthoff et al. 2014) in Europe,Monkeypox virus primarily in
Africa (Reynolds, Carroll and Karem 2012), and VACV in Asia and
SouthAmerica (Trindade et al. 2003; Singh et al. 2007; Franco-Luiz
et al. 2014; Kroon et al. 2011).

Vaccinia virus is the causative agent of bovine vaccinia (BV),
which is responsible for outbreaks that primarily affect bovines

and humans and cause economic losses and public health prob-
lems. This exanthematous disease starts with erythema, which
evolves to vesicles, papules and pustules, and finally forms
scabs. In cattle, these lesions occur primarily on the teats of
cows and on the nose and mouth of calves (Trindade et al. 2003;
Kroon et al. 2011). In humans, VACV infection is characterized
by the development of skin lesions, principally on the hands,
and systemic signs include headache, myalgia, fever and lym-
phadenopathy (Trindade et al. 2003; Kroon et al. 2011; Damon
2013). Virulence studies in a murine model using Balb/c showed
the existence of two distinct populations of Brazilian VACV; one
group caused disease and death, but the other did not cause any
clinical symptoms or death in infectedmice (Ferreira et al. 2008).

Despite the eradication of smallpox, bioterrorism and the
emergence of OPVs are concerns for the population worldwide.
Given the social and economic impact of the diseases caused by
OPV viruses and the unknown relationships between the host
microbiota and these pathogens, we evaluated the importance
of the host’s microbiota in VACV infection.

MATERIALS AND METHODS
Cells and viruses

African green monkey kidney BSC-40 (ATCC-CRL-2761) and Vero
cells (ATCC-CCL-81) were maintained in a 5% CO2 atmosphere
at 37◦C in Eagle’s minimum essential medium (MEM) (Gibco
BRL, Invitrogen, Carlsbad, CA, USA) supplemented with 5% fe-
tal bovine serum (Cultilab, Brazil), 25 μg/mL fungizone (Am-
photericin B) (Cristália, São Paulo, Brazil), 500 U/mL penicillin
(Cristália) and 50μg/mL gentamicin (Schering-Plough, São Paulo,
Brazil). Vero cells were used for viral replication. The BSC-40
cells were used for titration assays. The VACV Western Reserve
(VACV-WR) virus was kindly provided by Dr C. Jungwirth (Uni-
versität Würzburg, Würzburg, Germany) and was used for mice
assays. The viruswas purified on a sucrose gradient as described
elsewhere (Joklik 1962).

Animal assays

Ethical aspects
The present study was approved by the Animal Ethics Com-
mittee (Comitê de Ética no Uso Animal; CEUA), of the Univer-
sidade Federal de Minas Gerais (UFMG), Brazil, protocol number
207/2011.

Germ-free and conventional mice
Six-week-old germ-free (GF) NIH Swiss mice were obtained
from Taconic Farms (Germantown, NY, USA) and were main-
tained in flexible plastic isolators (Standard Safety Equipment,
McHenry, MD, USA) using classical gnotobiology techniques
(Pleasants 1974). Conventional (CV) NIH Swiss mice are derived
from GF matrices and are considered to be CV only two gener-
ations after conventionalization. Water and a commercial auto-
clavable diet (Nuvilab, Nuvital, Curitiba, PR, Brazil) were steril-
ized by steam and administered ad libitum. For experiments, an-
imals were maintained in micro-isolators (UNO Roestvaststaal,
The Netherlands) located in a ventilated animal caging system
(Alesco Ltd, Campinas, SP, Brazil) with controlled lighting (12 h
light–12 h dark), humidity (60–80%) and temperature (22 ± 1◦C).

Immunosuppression
For immunosuppression experiments, dexamethasone
(Decadron, ACHÉ Laboratorios LTDA, Guarulhos, SP, Brazil)

D
ow

nloaded from
 https://academ

ic.oup.com
/fem

sec/article/92/2/fiv147/2484551 by U
niv Fed M

inas G
erais Bibliothek C

entrale D
FD

A user on 23 January 2025



Lima et al. 3

was administered intraperitoneally (i.p.) at a dose of 10
mg/kg/day, for 15 days in CV mice.

Conventionalization
Conventionalization was performed both by intragastric inocu-
lation of diluted feces from CV donors (Day 0) and co-housing
with CV mice for 21 days, as previously described (Pleasants
1974). Conventionalized (CVZ) animals were maintained in the
same conditions as described above. After 21 days, CVZ ani-
malswere submitted to intranasal VACV infection or phosphate-
buffered saline (PBS) inoculation, as described below. To assess
whether microbiota colonization had occurred, a thioglycollate
test was performed on feces from CVZ mice.

VACV infection by intranasal inoculation
The mice of all groups were anesthetized by i.p. injection of ke-
tamine and xylazine (3.2 mg and 0.16 mg per mouse, respec-
tively, in 0.9% PBS) before the procedure (dose: 80–120 mg/kg).
The mice were inoculated intranasally with 10 μL of viral sus-
pension containing 106 plaque-forming units (pfu) of VACV and
the negative control group was inoculated with 10 μL of PBS as
previously described (Ferreira et al. 2008). Mice were weighed
daily, and other clinical signs were recorded for 10 days post-
infection (p.i.). Mice were sacrificed on Day 10 p.i.

VACV infection by tail scarification
Micewere anesthetized as described above, and 10 scarifications
were made with a 26 G syringe, 1 cm from the base of the tail,
avoiding bleeding, as previously described (Melamed et al. 2007).
Then, 10μL of PBS containing 106 pfu VACVwas spotted onto the
area; PBS was inoculated in the same way for the control group
after scarification.

Bronchoalveolar lavage
For bronchoalveolar lavage (BAL), mice were sacrificed with an
overdose of ketamine–xylazine solution. Subsequently, a 1.7mm
catheterwas inserted into the trachea and 1mLPBSwas inserted
into the lungs and then re-aspired three times.

Tissue collection and processing, and viral titration

On Day 10 after VACV infection, three mice per group (GF, CV,
CVZ) were sacrificed, and the spleen, lungs, ileum and blood
were collected in pre-weighed 2.0-mL tubes (Axygen, USA). The
tubes were weighed again to determine tissue weight and were
then frozen at −80◦C. On the day of processing, the tissues were
thawed and macerated in MEM (Gibco, USA) and centrifuged at
20 000 g for 3 min, at 4◦C. Supernatant fluids from macerated
organs were collected and the virus titer (pfu/g) was determined
by a plaque-forming assay in BSC-40 (Campos and Kroon 1993).

Plaque reduction neutralization test

For the plaque reduction neutralization test (PRNT), serum sam-
ples were heat-inactivated at 56◦C for 30 min, serially diluted
in a 1:20 ratio in MEM and incubated at 37◦C for 16 h with the
same volume of MEM containing 150 pfu of VACV-WR. At the
same time, the viral suspension was also incubated with a 1:20
dilution of MEM to serve as a virus control. Following this, 400
μL of this mixture was added to BSC-40 cells seeded in six-well
plates, which were incubated for 1 h at 37◦C and 5% CO2 atmo-
sphere. Then, 2 mL of themediumwas added to each well and it
was further incubated in the same conditions for 48 h. The cells
were then stainedwith a solution of crystal violet for 20min and

the viral plaques were counted. The results are expressed as the
highest serum dilution that was able to neutralize at least 50%
of viral plaques (PRNT50).

Molecular assays

The BAL was tested using an OPV-specific PCR reaction that am-
plified the C11R gene, which encodes the viral growth factor
(vgf). The PCR conditions were 94◦C for 10 min, 30 cycles of 94◦C
for 30 s, 50◦C for 30 s and 72◦C for 30 s, followed by 72◦C for 10
min.

Statistical analysis

All results were plotted using GraphPad Prism (GraphPad Soft-
ware, La Jolla, CA, USA) and compared using Student’s two-tailed
t-test, one-way ANOVA, two-way ANOVA using the Bonferroni
method and the Logrank test. In all tests, P values <0.05 were
considered statistically significant.

RESULTS
Effect of microbiota determined by comparing CV and
GF mice infected with VACV by intranasal inoculation

To determine the effect of the indigenous microbiota on VACV
infection, CV mice and GF mice were infected with 106 pfu of
VACV via an intranasal route. These animals were monitored
for 10 days p.i. to evaluate clinical symptoms and survival rates
(Fig. 1). All GF animals presented clinical symptoms and 60%
of the animals died on the eighth day p.i. (Fig. 1A). Initial clini-
cal symptoms, such as periocular alopecia and closed inflamed
eyes, appeared in all animals on Day 5 p.i. (Fig. 1E), followed by
the ruffling of fur, an arched back and labored breathing on Day
7 p.i. The infection in these animals was associated with se-
vere weight loss starting on the fifth day p.i. (Fig. 1B). No clinical
symptoms or death was observed in CV or control mice. All an-
imals were sacrificed on the 10th day p.i. and their organs were
collected, to investigate viral tropisms. Viral infectious particles
were detected only in the lungs and spleen from GF mice. In
these organs, viral titers were approximately 104 pfu/g (Fig. 1C
and D). No viral infectious particles were detected in organs col-
lected from CV and control mice (Fig. 1C and D). Blood was col-
lected on the 10th day p.i. and sera were used to perform PRNT.
Serum neutralizing activity was only detected in sera collected
from the GF group (titers >1/40). Viral inoculation in CV animals
was confirmed after viral DNA detection by qPCR performed in
BAL collected from these animals (data not shown).

Effect of microbiota by comparing CV and GF mice
infected with VACV by tail scarification

To investigate whether CV mice remained refractory by an-
other route of infection, CV and GF mice were infected with
106 pfu VACV by tail scarification. These animals were moni-
tored 10 days p.i. to evaluate clinical symptoms, survival rates
and lesions. All animals presented lesions at the inoculation
site, but no systemic clinical symptoms such as fur ruffling, an
arched back or periocular alopecia were observed (Fig. 2A and
B). All mice survived to infection, and no significant difference
in weight was observed between the analyzed groups (Fig. 2C).
However, the lesions at the inoculation site showed differences
in appearance andweremore inflamed in CV than in GFmice on
Day 10 p.i. No clinical signals or weight loss was observed in CV
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Figure 1. Intranasal infection of germ-free and conventional mice with Vaccinia virus. (A–D) Survival (A), relative mean weight (B) and viral titers in the spleen (C) and
lungs (D) of the experimental and control groups (n = 10) of CV and GF mice inoculated with 106 pfu of VACV or PBS, respectively, via an intranasal route. The error
bars indicate the standard deviations. For viral titers in lungs and spleens, organs (n = 3) were collected on Day 10 p.i. and were titrated. (E) Clinical aspects of mice

on Day 5 p.i. (F) Facial edema and periocular alopecia (red arrows) were observed on Day 10 p.i., as well as fur ruffling and arching of the back. CV: conventional; GF:
germ-free; ND: not detected; PBS: phosphate-buffered saline; VACV: Vaccinia virus. Asterisks indicate a statistically significant difference: ∗P < 0.05, ∗∗P < 0.01, ∗∗∗P <

0.001 and ∗∗∗∗P < 0.0001.

or GF mice inoculated with PBS. The viral titers in lesions were
similar for CV and GF groups 10 days p.i. (∼106 pfu/g) (Fig. 2D).
Sera collected by Day 10 p.i. from CV and GF mice infected with
VACV and submitted to PRNTwere able to neutralize at least 50%
of viral plaques (titers >1/40).

Effect of immunosuppression on the resistance of CV
mice to VACV infection

To evaluate the role of the immune system in the resistance of
CV mice to VACV infection, 10 animals were submitted to im-
munosuppression by using dexamethasone (DEX) for 5 days at
a dose of 10 mg/kg/d. An equal number of mice received PBS in
the same period as a control group. After this treatment, ani-
mals were infected with 106 pfu of VACV and continued to re-
ceive the respective treatment with DEX and PBS until the end
of the experiment. These mice were monitored for 10 days p.i.
to evaluate clinical symptoms and survival rates (Fig. 3). Clinical
symptoms such as fur ruffling, arching of the back and labored
breathing were observed in all DEX-treated animals inoculated
with VACV at 5 days p.i. (Fig. 3D). Twomice died on Day 8 p.i. and
a severe weight loss was observed on Days 5 and 6 p.i. (Fig. 3A

and C). In contrast, no clinical symptoms were observed in the
control groups. All animals were sacrificed on Day 10 p.i. and
their organs were collected for viral tropism analysis. Viral in-
fectious particles were detected in the lungs of all animals and
in the spleen of twomice from the immunosuppressed group in-
oculated with VACV. In these lungs, viral titers were ∼104 pfu/g
(Fig. 3B), whereas in spleens, the titers ranged from 102 to 103

pfu/g. No viral infectious particles were detected in any of the
organs from mice of the control groups.

Effect of conventionalization of GF mice on the
susceptibility to VACV infection

To confirm the influence of the indigenous microbiota on the
susceptibility to VACV infection, GF mice were conventionalized
both by intragastric inoculation of diluted feces of CV donors
(Day 0) and by co-housing with CV mice for 21 days, with the
aim of acquiring the skin and mucosal microbiota. The CVZ
mice were then infected with 106 pfu VACV via an intranasal
route .These mice were monitored for an additional 10 days
p.i. to evaluate clinical signs and survival rates (Fig. 4). All ani-
mals inoculated with VACV presented clinical symptoms, but as
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Figure 2. Tail scarification infection of germ-free and conventional mice with Vaccinia virus. Clinical aspects of CV (A) and GF (B) mice, relative mean weights (C) and
viral titers in lesions (D) on Day 10 p.i. of CV and GF mouse groups (n = 5) inoculated with 106 pfu of VACV or PBS, respectively, by tail scarification. For viral titers in

lesions, samples (n = 5) were collected on Day 10 p.i. and were titrated. CV: conventional; GF: germ-free; PBS: phosphate-buffered saline; VACV: Vaccinia virus. There
were no significant differences in (C) and (D).

Figure 3. Intranasal infection of conventional immunosuppressed mice with Vaccinia virus. Relative mean weights (A), survival (B), viral titers in lungs (C) and clinical
aspects (D) of experimental and control groups (n = 5–10) of CV immunosuppressed mice inoculated with 106 pfu of VACV or PBS, respectively, via an intranasal route.
Mice were immunosuppressed by daily dexamethasone administration for 15 days. The control group was treated with PBS. For viral titers in lungs, organs (n = 5) were
collected on Day 10 p.i. and were titrated. In red, data from Fig. 1 for GF mice intranasally infected with VACV are shown Asterisks indicate a statistically significant

difference: ∗P < 0.05, ∗∗P < 0.01 and ∗∗∗∗P < 0.0001. CV: conventional; DEX: dexamethasone; GF: germ-free; PBS: phosphate-buffered saline; VACV: Vaccinia virus.

expected, the lethality rate was lower in CVZ (12.5%) than GF
mice (40%). All animals were sacrificed on Day 10 p.i. and their
organs were collected for viral tropism analysis. Viral particles
were detected in lungs from only two CVZ mice (ranging from
102 to 103 pfu/g), whereas all GF animals contained ∼104 pfu/g
VACV in their lungs. No viral infectious particles were detected
in the organs of animals from the control group.

DISCUSSION

Previous studies have established varied interactions between
the host’s immune system, microbiota and viruses (Wilks
et al. 2013). Similar to pathogenic bacteria and protozoa, the
microbiota can potentially facilitate or hinder viral infections
(Wilks et al. 2013), and each different virus studied to date shows
diverse interactions with the host microbiota (Kouttab and Jutila
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Figure 4. Intranasal infection of conventionalized mice with Vaccinia virus. Relative mean weights (A) and survival (B) of experimental and control groups (n = 5–10) of
CVZ mice inoculated with 106 pfu of VACV-WR or PBS, respectively, via an intranasal route. In red, data from Fig. 1 for GF mice intranasally infected with VACV are
shown. CVZ: conventionalized; GF: germ-free; PBS: phosphate-buffered saline; VACV: Vaccinia virus. Asterisks indicate a statistically significant difference: ∗∗∗P < 0.001

and ∗∗∗∗P < 0.0001. There were no significant differences in the survival curves in (B).

1972; Isaak, Bartizal and Caulfield 1988; Kane et al. 2011; Kuss
et al. 2011; Ichinohe et al. 2011; Abt et al. 2012; Wilks and
Golovkina 2012; Wilks et al. 2013; Kernbauer, Ding and Cadwell
2014). However, such correlations between commensal bacteria
andmany viral families such as the Poxviridae remain unknown.
For this reason, the effect of the indigenous microbiota on VACV
infection in this study was evaluated by using and comparing
CV and GF mouse models. Additionally, the influence of two
different routes of VACV administration (intranasal inoculation
and tail scarification) was evaluated, bearing in mind that the
intranasal route is considered the primary route of smallpox
transmission in humans and the secondary route of trans-
mission for monkeypox (Damon 2013). It has been already
described that the intranasal inoculation of VACV causes
systemic infections and lethality, which vary according to the
dose and mouse lineage (Turner 1967; Hayasaka, Ennis and
Terajima 2007; Ferreira et al. 2008). In this study, CV NIH Swiss
mice were totally resistant to VACV administration, whereas
this viral infection has been demonstrated to be lethal for
Balb/c mice in another report (Turner 1967). No clinical signals
or viral titers were observed in organs of these mice. On the
other hand, all GF mice displayed expressive clinical symptoms
and only 60% survived. Moreover, high viral titers were found in
the lungs and spleen (104 pfu/g) of these animals. These results
suggest an influence of the indigenous microbiota on VACV
infection in NIH Swiss mice. Although NIH Swiss is not the
standard breed used for OPV infections, this refractory model
made clear the differences caused by absence of the microbiota.
This role of the microbiota on the susceptibility of mice to
VACV infection might occur by direct interactions between
components of the microbiota and the virus or by an indirect
effect via the immune system; indeed, it is well known that
GF animals have immature secondary lymphoid tissues (Wilks
et al. 2013). The intestinal mucosa of GF animals is characterized
by fewer intra-epithelial lymphocytes (IELs) and lamina propria
lymphocytes. Furthermore, Peyer’s patches are less developed
and lack a fully developed germinal center. The indigenous
microbiota has also been shown to influence the development
of CD4+CD8+α+ IELs by an extra-thymic pathway. Moreover,
both α–β and γ –δ IELs fromGFmice showed a lower proliferation
rate than that of CV animals (Kamada and Núñes 2014).

Since GF and CV mice exhibited a different response via the
intranasal route, tail scarification was used to evaluate the ef-
fects of VACV infection by another route. Infection via tail scar-
ification in mice provides a useful model of VACV inoculation,

since it simulates the immunological and virological parameters
of human smallpox vaccination (Melamed et al. 2007; Mota et al.
2011). In the present study, the cutaneous lesions showed dif-
ferences in appearance and inflammation level between GF and
CV mice, which can be associated with a microbiota-dependent
regulation of inflammatory responses (Souza et al. 2004). How-
ever, PRNT and viral titers in the lesions showed similarities be-
tween GF and CV mice. Furthermore, these results showed that
contrary to intranasal inoculation, CV mice are not refractory to
VACV infection through the tail scarification route.

To confirm the importance of the immune system in the NIH
Swiss murine strain infected by VACV, CV animals were im-
munosuppressed using daily DEX doses. In these animals, the
clinical symptoms, lethality rate and viral titers in the lungs
were similar to those observed in GF mice, even if the spleen
presented slightly lower viral titers (102 pfu/g and 103 pfu/g) than
those of GF mice. However, considerable DEX-induced changes
in lymphocytes from the spleen might explain this variation
(Ahmed and Sriranganathan 1994). These results demonstrate a
similarity between the immature and the suppressed immuno-
logical systems of GF and DEX-treated murine models, respec-
tively, and reinforce the indirect influence of the indigenous mi-
crobiota on VACV infection in Swiss NIH animals.

To determine whether conventionalization of GF mice could
restore resistance to VACV, probably by maturing the immune
response, CVZ animals were intranasally inoculated with VACV.
The CVZ animals showed a lower lethality rate (12.5%) than GF
mice infectedwithVACV, but all showed clinical symptoms,with
substantial variations among the infected animals in the group.
Thismight be due to an incorrectmaturation of the immune sys-
tem due to a conventionalization that occurred at an adult stage
instead of soon after birth, as occurs naturally. The results ob-
tained fromGFmice conventionalized in adulthood showed fail-
ures in immune maturation compared with animals colonized
at birth. Therefore, a time window exists (soon after delivery)
for an effective immune modulator effect due to microbiota col-
onization (El Aidy et al. 2013).

In conclusion, data from the present study demonstrate that
the microbiota is essential to mice to instigate an effective im-
mune response against VACV in a model of systemic infec-
tion (intranasal). This response includes controlling the virus at
the initial site of infection (lung) and the generation of an im-
mune memory. These results raise new questions concerning
how variations in the microbiota between individuals or during
episodes of dysbiosis might influence OPV infections.
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