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Abstract

Oropouche, Caraparu, Guama, Guaroa and Tacaiuma viruses (Orthobunyavirus genus) cause human febrile illnesses and/or encephalitis. To
achieve a therapeutical agent to prevent and/or treat these diseases we evaluated the antiviral action of Interferon-alpha (IFN-a) on these orthobun-
yaviruses. In vitro results showed that all the studied orthobunyaviruses are susceptible to antiviral action of IFN-a, but this susceptibility is limited
and dependent on both concentration of drug and treatment period. In vivo results demonstrated that IFN-« present antiviral action on Oropouche
and Guaroa viruses when used as a prophylactic treatment. Moreover, a treatment initiated 3 h after infection prevented the death of Guaroa virus
infected-mice. Additionally, mortality of mice was related to the migration and replication of viruses in their brains. Our results suggest that IFN-a
could be potentially useful in the prevention of diseases caused by Oropouche virus and in the prevention and/or treatment of diseases caused by

Guaroa virus.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The Oropouche (OROV), Caraparu (CARV), Guama
(GMAV), Guaroa (GROV) and Tacaiuma (TCMV) viruses
belong to distinct antigenic serogroups of the genus Orthobun-
yavirus in the Bunyaviridae family. These viruses are enveloped
with trisegmented single-stranded RNA genome of negative or
ambisense polarity, replicate in the cytoplasm and bud into the
Golgi apparatus (Elliot et al., 2000) or upon the plasma mem-
brane (Goldsmith et al., 1995).

OROV (Simbu serogroup) is transmitted mainly by the bit-
ing midge (Culicoides paraensis) and has been associated with
dengue-like acute febrile illness. OROV fever has emerged
over the past 40 years as a serious public health problem in
tropical and subtropical areas of Central and South America,
having caused at least 30 reported outbreaks involving more
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than half a million people (Watts et al., 1997; Pinheiro et al.,
2004). Clinical features of OROV fever include abrupt onset
of fever, chills, severe headache, dizziness, myalgia, arthral-
gia, nausea, and vomiting. About half of the patients have a
recurrence of symptoms within 2-10 days after they become
afebrile. Aseptic meningitis by OROV has been reported dur-
ing outbreaks. All ages and both sexes appear to be equally
susceptible to infection (LeDuc and Pinheiro, 1988). Simi-
larly to OROV, CARV (Group C serogroup), GMAV (Guama
serogroup), GROV (California encephalitis and Bunyamwera
serogroups) and TCMYV (Anopheles A serogroup) have also been
associated with febrile illness in humans. These viruses are trans-
mitted by mosquitoes and cause disease mainly in the South
America countries (Brinton et al., 1993; Tavares-Neto et al.,
2004; Jonkers et al., 1968; March and Hetrick, 1967; Travassos
da Rosa et al., 1997, Iversson et al., 1993; Iversson, 1994). An
antiviral therapy, if available, would be a very helpful inter-
vention, reducing symptoms and disease period of OROV fever
as well as of those febrile illnesses caused by other orthobun-
yaviruses. However, until the moment, there is not treatment or
vaccine for these viral diseases, and a recent study demonstrated


mailto:pink@rpm.fmrp.usp.br
mailto:Livonesi@zipmail.com.br
dx.doi.org/10.1016/j.antiviral.2007.01.158

122 M.C. Livonesi et al. / Antiviral Research 75 (2007) 121-128

that these viruses are resistant to antiviral action of the ribavirin,
a broad-spectrum antiviral drug (Livonesi et al., 2006).

The interferon (IFN) system is the first line of defense against
viral infection in mammals. This system is able to block the
spread of virus infection in the body, sometimes at the expense
of accelerating the death of the infected cells. Interferons are
divided into two types, type I and type II, both of which have
antiviral activity (Sen, 2001; Galligan et al., 2006). The type
I interferons include the IFN-a and -3 and they are secreted
by virus-infected cells, and exhibit multiple biologic properties
including antiproliferative, antiviral, and immunomodulatory
effects (Platanias et al., 1996; Stark et al., 1998; Goodbourn
et al., 2000). The type II interferon present only one member,
the IFN-v, which is not virus-inducible, but it is secreted by acti-
vated T lymphocytes and NK cells and shows antiviral activity
directly, through the induction of effector molecules (e.g. nitric
oxide), and indirectly, through enhanced antigen presentation
and the induction of apoptosis (Boehm et al., 1997).

Due to the antiviral properties of IFN-a, it has been used
clinically to treat chronic infections caused by hepatitis B and C
viruses (Davis et al., 1998; McHutchison et al., 1998) and in the
treatment of infections caused by HPV (Sen, 2001). Moreover,
in vitro and/or in vivo experiments have demonstrated that IFN-
a is able to inhibit the replication of many viruses as: sandfly
fever Sicilian (Crance et al., 1997), dengue (Diamond et al.,
2000), severe acute respiratory syndrome-related coronavirus
(SARS CoV) (Tan et al., 2004; Stroher et al., 2004; Galligan
et al., 2006), vaccinia (Liu et al., 2004), and ebola (Mahanty
et al., 2003). Thus, in an effort to characterize antiviral agents
that could attenuate infections caused by OROV, CARV, GMAYV,
GROV and TCMYV, we tested the in vitro and in vivo actions of
IFN-a on these viruses.

2. Materials and methods
2.1. Viruses

ORO (BeAn19991), GMA (BeAn277), GRO (BeH22063),
and TCM (BeAn73) viruses were kindly supplied by Dr. Pedro
Vasconcelos and Dr. Amélia Travassos da Rosa (Evandro Chagas
Institute, Brazilian Ministry of Health, Belém, Brazil and Uni-
versity of Texas Medical Branch, Galveston, TX, USA). CARV
(SPAn2049) was kindly supplied by Dr. Terezinha Lisieux
Coimbra (Adolpho Lutz Institute, Sdo Paulo, Brazil). Viral
stocks were obtained from the brains of intracerebrally infected
newborn mice. Brains were mixed with PBS (dilution 1:10,
w/v), macerated, and centrifuged at 2000 x g for 10 min at4 °C.
The supernatants were harvested and stored at —70°C until
use.

2.2. Cell culture

African green monkey kidney (Vero E6) cells were grown
in minimum essential medium (MEM, Cultilab, Brazil) supple-
mented with 10% inactivated, Mycoplasma-free, fetal bovine
serum (FBS, Cultilab, Brazil), 1% L-glutamine and 0.3% sodium
bicarbonate.

2.3. Compounds

Interferon-alpha-2a (IFN-a-2a) or Roferon®-A (Hoffmann-
LaRoche, USA) was used in the in vitro experiments. Recombi-
nant murine Interferon-alphaA (IFN-aA) (Sigma—Aldrich; St.
Louis, MO, USA) was prepared following the instructions of
manufacturer and was used in the in vivo experiments.

2.4. Animals

Swiss newborn mice were obtained from the laboratory ani-
mal facility of the University of Sdao Paulo (Ribeirdo Preto,
Brazil). The mice were maintained in microisolator cages in
the animal housing facility of the Center for Research in Virol-
ogy (University of Sao Paulo, Ribeirdo Preto, Brazil). The
experiments were approved by the ethical committee on ver-
tebrate animal experiments of the University of Sdo Paulo (no.
006/2004).

2.5. Invitro antiviral evaluation

In vitro antiviral evaluation was done with a plaque assay
(Livonesi et al., 2006). Vero E6 cells were seeded in 24-well
plates in MEM with 10% FBS, for 24 h at 37 °C and 5% CO,.
Medium was removed, serial 10-fold dilutions of viral stocks
diluted in MEM with 5% FBS were added (0.2 mL/well) in
quadruplicates, and the cells were incubated for 2h at 37 °C.
Subsequently, the viral inoculum was removed, and 1.0 mL of
a combination (v/v) of 1% low-melting-point agarose plus 2x
MEM (10% FBS) was added to each well; the plates were incu-
bated at 37 °C for 3 days for OROV and GMAY, 5 days for CARV
and GROV, and 9 days for TCMV. The plaques were visual-
ized after staining with a naphtol blue black solution (15 min)
(Morens et al., 1985), preceded of removal of the agarose plug.
The plaques were counted under an inverted microscope, and
the virus titer was determined as logjo PEUmL ™!,

IFN-a-2a was diluted in the medium and added to cells 24 h
before, or 2, 24, 48, 72h after viral infection. Comparisons
between the virus titers obtained from IFN-a-2a-treated and
non-treated cell cultures were done and the results were plotted
as percentage of inhibition on plaque formation (Table 1).

The IFN-a-2a was added to the cell cultures at the concen-
trations <100,000 IU mL ™!, because this concentration is not
toxic to Vero E6 cells as previously described (Tan et al., 2004).

2.6. Determination of in vivo IFN-aA toxicity

The most frequent adverse reactions caused by administra-
tion of IFN-a in humans include fatigue, myalgia, arthralgia,
headache, fever, chills, anorexia, nausea, vomiting, diarrhea and
abdominal pain, and usually occur in patients treated with high
doses of IFN-a (The Italian Cooperative Study Group on CML,
1994; Schmutz et al., 2004; Marquez-Peiré et al., 2006). Thus,
the parameter chosen to evaluate the IFN-aA toxicity in mice
was a significant weight loss of IFN-aA-treated mice in compa-
ration with placebo-treated mice. The IFN-aA doses used were
1000, 10,000, and 100,000TU mL~! (30 wL per mouse/day).
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Table 1
Effect of IFN-alpha-2a on Orthobunyavirus replication in Vero E6 cell culture

123

Viruses Treatment of the cells (h)?
—24 +2 +24 +48 +72
Percentage of inhibition on plaque formation® (%)
OROV 99¢ 99¢ 0 0 -
CARV 100 100 65 0 0
GMAV 100 100 91¢ 0 -
GROV 100 100 68 0 0
TCMV 100 99° 944 72¢ 40

4 Treatment was initiated before (—) or after (+) cell infection.

b Percentage of inhibition on plaque formation by viruses in Vero E6 cells treated with 100,000 U mL~" of IFN-alpha-2a.
¢ Statistical test: analysis of variance, followed by the parametric Tukey—Kramer test, p <0.0005.

4 Statistical test: analysis of variance, followed by the parametric Tukey—Kramer test, p <0.001.

¢ Statistical test: analysis of variance, followed by the parametric Tukey—Kramer test, p <0.01.

The mice were treated intraperitoneally (i.p.) daily for 10 days.
The animal weights were determined daily and the concentra-
tion chosen of IFN-aA was 100,000 U mL !, because it was
well tolerated by mice, which presented an increase of weight
similar to the placebo-treated mice (Fig. 2). Furthermore, a dose
of 100,000 TU mL~! approximates to the highest levels of the
recombinant IFN-a given to humans (30 million units daily)
(Freireich et al., 1966).

2.7. Intraperitoneal challenge with viruses and
administration of IFN-aA

Three-day-old Swiss mice were infected i.p. with OROV (10
LDsp), CARV (1000 LDsg), GMAV (100 LDsp), GROV (100
LDsp), or TCMV (1000 LDsg) in a volume of 40 wLL per mouse.
The mice were treated i.p. with IFN-acA (100,000 TU mL~!) or
placebo in a volume of 30 nL per mouse. The treatment was
initiated 24 h before, or 3 or 24 h after infection and maintained
every day. The animals were monitored daily for mortality.

2.8. Determination of brain virus titers

Suckling mice infected i.p. with OROV, CARV, GMAY,
GROV and TCMYV usually die after development of encephalitis,
showing paralysis of forefoot, tremor and difficulty in eating, and
presenting high viral titers in the brain some days before death
(Figs. 3-5). Considering the brain as the principal target organ
to viral replication, the virus titers obtained in this organ were
used as parameter to demonstrate the efficacy of drug. Thus, the
brains of mice (two mice per group) were taken aseptically on
days 1, 2, 3, 5, 7, and 9 after infection. Brains were mixed with
PBS (dilution 1:10, w/v), macerated and centrifuged at 200 x g
for 10 min at 4 °C. Supernatants were harvested and stored at
—70°C before plaque assay on Vero E6 cells. Virus titers in
brain were expressed as logjo PFUmML ™!,

2.9. Statistical analysis
Analysis of variance followed by the parametric Tukey—

Kramer test was used in the in vitro experiments, while Fisher’s
Exact test was used in the in vivo experiments (INSTAT soft-

ware, GraphPad, San Diego, CA). A p value less than 0.05 was
considered to indicate statistical significance.

3. Results
3.1. Invitro antiviral effect of IFN-a-2a

Firstly, Vero E6 cells were treated with IFN-a-2a
(100,000 TU mL~") at different periods of the cell infection by
OROV, CARV, GMAYV, GROV and TCMV. Table 1 shows that
IFN-a-2a was able to inhibit the replication of all the studied
orthobunyaviruses when treatment occurred either 24 h before
or 2h after infection (p <0.0005). Moreover, IFN-a-2a pre-
sented a significant inhibitory activity on replication of GMAV
(»<0.01) and TCMV (p <0.001) when treatment was initiated
24 h after infection. Additionally, IFN-a-2a significantly inhib-
ited the TCMV replication when cell treatment was initiated
48 h after infection (p <0.01). These results show that IFN-a
present inhibitory effect on the OROV, CARV, GMAYV, GROV,
and TCMV replication, but this effect is dependent on timing of
the treatment.

Next, we verified whether doses lower than 100,000 [TU mL ™!
would have inhibitory effect on the replication of distinct
Orthobunyavirus. Thus, cells were treated 2 h after viral infec-
tion with IFN-a-2a doses <10,000 U mL~! or medium. Fig. 1
shows that the concentration of 10,000IUmL™! is able to
significantly inhibit CARV, GMAYV, GROV, and TCMV repli-
cation, but not of OROV. Furthermore, the concentration of
1000 IU mL~! produces a significant inhibitory effect on CARYV,
GROV and TCMV replication (Fig. 1), suggesting that antiviral
effect of IFN-a on these orthobunyaviruses is also dependent on
the concentration used.

3.2. Prophylactic administration of IFN-oA

We firstly examined whether IFN-aA treatment beginning
1 day before viral infection would be effective on preventing
lethal encephalitis caused by OROV, CARV, GMAYV, GROV,
and TCMV. Intraperitoneal administration of the maximum non-
toxic dose of IFN-a.A (100,000 U mL~") (Fig. 2) prevented the
death of all mice infected by OROV or GROV (Table 2). These
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Fig. 1. Concentrations lower than 100,000 UI mL~! of IFN-a-2a have antiviral action on CARV, GMAV, GROV and TCMYV, but not on OROV. Vero E6 cells cultured
in 24-well plates were treated with medium only (M) or medium added of IFN-«-2a at different concentrations 2 h after infection by OROV, CARV, GMAYV, GROV
and TCMV. The overlay was removed soon after the detection of the cytopathic effect, followed by cell staining with naphtol blue black, and counting of the plaque
forming units (PFU). The scale bars represent the mean & S.D. of PFUmL™! obtained from duplicate cultures. Similar results were obtained in a second experiment.
*p<0.01.

Table 2
Effect of the administration of IFN-alphaA initiated 24 h before mice infection (i.p.) with distinct Orthobunyavirus
Viruses Survived/total (percent survival) MTD? £ S.D. (days)

Placebo IFN-aA Placebo IFN-aA
OROV 0/16 16/16 (100%)° 85+35 >20
CARV 2/16 (12%) 6/16 (37%) 8.0 £28 9.0+2.8
GMAV 0/16 0/16 6.0+0 95+£35
GROV 0/16 16/16 (100%)° 6.0+ 0 >20
TCMV 0/16 0/16 6.5 £3.5 10.0+2.8

4 Mean time to death.
b p<0.001; Fisher’s Exact test.
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Fig. 2. Concentrations <100,000 U mL~! of IFN-aA are not toxic to suckling
mice. Groups of Swiss mice were treated daily with placebo or with different
concentrations of IFN-aA (1000, 10,000, or 100,000 IU mL’l), for 10 consec-
utive days. Treatment was initiated on 2-day-old mice (black arrow) and was
maintained for 10 days. The animals were weighed before treatment and daily
for 10 days. Values represent the mean of mouse weights of each group. Similar
results were obtained in a second experiment.
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high survival rates were associated with the inhibition of viral
migration and replication in brains of the mice (Fig. 3). How-
ever, treatment of CARV-, GMAV- or TCM V-infected mice with
IFN-aA did not result in an increase in survival or prolongation
of the mean time to death and did not prevent virus replication
in the brain of animals (Table 2 and Fig. 3, respectively).

3.3. Therapeutic administration of IFN-aA

Next, the effect of administration of IFN-aA initiated 3 h
after infection of animals by OROV or GROV was analysed.
Table 3 shows that treatment with IFN-aA was either unable to
increase the survival time or inhibit the viral replication in the
brain tissue of the mice infected by OROV (Fig. 4). On the other
hand, IFN-aA-treated-GROV-infected mice had a survival rate
of 88% (Table 3), which was associated with inhibition of viral
replication in the brain tissue of mice (Fig. 4).

Treatment with IFN-aA initiated 24 h after mice infection by
GROV was unable to inhibit either the death of animals or the
viral replication in the brain (Table 3 and Fig. 5, respectively).
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Fig. 3. IFN-a-treated OROV- or GROV-infected mice did not show virus replication in the brain when treatment was initiated 24 h before infection. Groups of sixteen
3-day-old Swiss mice were infected i.p. with OROV, CARV, GMAYV, GROV, or TCMV and they were treated i.p. with IFN-a (100,000 IU mL’l) or placebo. Mouse
brains (two mice per group) were taken on days 1, 2, 3, 5, 7, and 9 after infection. The virus titer in the brain was measured by plaque assay. The scale bars represent

the mean of PFUmL ™. Similar results were obtained in a second experiment.
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Table 3

Effect of the administration of IFN-aA initiated 3 or 24 h after mice infection (i.p.) with OROV or GROV

Treatment (after infection) Viruses Survived/total (percent survival) MTD?® £ S.D. (days)
Placebo IFN-aA Placebo IFN-aA
ih OROV 1/9(11%) 3/9 (33%)b 5.0+£28 6.5+2.1
GROV 0/9 8/9 (88%) 6.5+ 21 >20
24h GROV 0/9 2/9 (22%) 7.0 £2.8 7.0+2.8
2 Mean time to death.
® »<0.001; Fisher’s Exact test.
These results also show that the in vivo antiviral activity
_ 10E+10 OROV of IFN-a on OROV and GROV is dependent on timing of the
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g drug (Fig. 1). In vivo experiments confirmed the antiviral activ-
£ ity of IFN-a on OROV and GROV, but not on CARV, GMAV and
& 1,0E+05 - TCMYV, being that this antiviral activity was dependent on the
% administration period of the drug (Tables 2 and 3). The antivi-
= ral effect of IFN-a observed in vivo was related to its ability
1,0E+00 L | to inhibit viral replication in the brain tissue of infected mice
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Fig. 4. IFN-a-treated GROV-infected mice did not show virus replication in the
brain when treatment was initiated 3 h after infection. Groups of sixteen 3-day-
old Swiss mice were infected i.p. with OROV or GROV and they were treated
with IFN-a (100,000 TU mL~") or placebo. Mouse brains (two mice per group)
were taken on days 1, 2, 3, 5, and 7 after infection. The virus titer in the brain
was measured by plaque assay. The scale bars represent the mean of PFUmL ™.
Similar results were obtained in a second experiment.
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Fig. 5. IFN-« treatment initiated 24 h after infection did not inhibit replication
of GROV in the brain tissue of mice. Groups of nine 3-day-old Swiss mice were
infected with GROV and treated with IFN-a (100,000 TU mL~") or placebo. The
treatment was initiated 24 h after infection. Mouse brains (two mice per group)
were taken on days 1, 2, 3, and 5 after infection. The virus titer in the brain
was measured by plaque assay. The scale bars represent the mean of PFUmL ™.
Similar results were obtained in a second experiment.

(Figs. 3-5). The antiviral action of exogenous IFN-a observed
in vitro was probably due to its ability to induce an antiviral state
on cells through the secretion of proteins that ultimately inhibit
viral replication. For instance, the dsSRNA-dependent protein
kinase (PKR) leads to phosphorylation of elF2a with a conse-
quent blockade of translation of most cellular and viral mRNAs;
the 2',5’-oligoadenylate synthetases (OAS), which are also acti-
vated by viral dsRNA, produces 2/,5'-oligoadenylates that in
turn activate the Rnase L, resulting in the degradation of viral
and host RNAs; and the Mx proteins, GTPases of the dynamin
family, whose mechanisms of action and functions await elu-
cidation (Stetson and Medzhitov, 2006). Similarly, the antiviral
effect observed in vivo after administration of exogenous IFN-a
might have been either due to the above-mentioned cell-intrinsic
mechanisms of this cytokine or the actions of type I IFNs on
the immune system. In fact, type I IFNs are able to enhance the
expression of MHC class I proteins on cells and thereby promote
CD8™* T cell response (Goodbourn et al., 2000). Moreover, type
I IFNs play an essential role in the differentiation and function
of effector CD8* T cells (Stetson and Medzhitov, 2006). Type
I IFNs are also able to enhance the cytotoxicity of NK cells by
up-regulating the levels of perforins, and can stimulate the pro-
liferation of NK cells to a limited degree (Stetson and Medzhitov,
2006). Ordinarily, CD8" T and NK cells can eliminate infected
cells, defending the host against intracellular infections (Stetson
and Medzhitov, 2006). However, the mechanisms through which
the exogenous IFN-o performed its functions were not analysed
in the present study.
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In vitro and in vivo results showed that IFN-a was able to
prevent viral replication in a limited manner, exerting antiviral
effect only when administrated early and in high doses, suggest-
ing that OROV, CARYV, GMAYV, GROV and TCMYV present some
escape mechanism from antiviral actions of the [FN-a.

Resistance to the IFN system was previously described for
three members of Bunyaviridae family, CARV (Brinton et al.,
1993), Rift Valey fever virus (Bouloy et al., 2001), and Bun-
yamwera virus (Weber et al., 2002; Léonard et al., 2006). Brinton
et al. (1993), corroborating the results obtained by us, observed
that CARV resisted antiviral action of immmunomodulators,
such as IFN-a and IFN-3. However, the escape mechanism of
CARV was not studied by the authors. Rift Valey fever and
Bunyamwera viruses presented resistance to the IFN system
associated with the non-structural protein NSs which is encoded
during viral replication. This protein showed to be able to block
the production of IFNa/[3 through the inhibition of transcription
factors (Bouloy et al., 2001; Weber et al., 2002). Additionally, a
recent study has demonstrated that the NSs protein is also able to
inhibit the IFN response through the interaction with the MEDS8
component of Mediator, a protein complex necessary for mRNA
production (Léonard et al., 2006). In our study, both cells and
mice received high doses of exogenous IFN-a and a possible
inhibition of the production of endogenous IFN-a by orthobun-
yaviruses would not be sufficient to block the antiviral effects
derived from exogenous IFN-a. Moreover, it is known that Vero
E6 cells have an IFN I gene deficiency and thus they are unable
to express endogenous type I IFN (Mosca and Pitha, 1986).
However, the IFN-dependent pathways are functional and can
be activated by exogenously provided IFN (Mosca and Pitha,
1986). Thus, it is possible that the studied orthobunyaviruses
present a escape mechanism similar to that recently described for
Bunyamwera virus (Léonard et al., 2006), being able to inhibit
the responses produced by IFN after association with the cell
surface receptor. It would be interesting to further elucidate the
escape mechanisms used by different bunyaviruses, especially
those etiologically related to human diseases.

It is important to mention that the cytokines tested in this
study are part of a large group of existing IFNs-a (Foster and
Finter, 1998; Yeow et al., 1998). Therefore, we cannot affirm
whether other IFNs-a would present a similar antiviral activity
to that observed here. For instance, Tan et al. (2004) evaluated
the in vitro antiviral activity of four types of IFN-a, Roferon®-
A (IFN-a-2a), Intron A (IFN-a-2b), Wellferon (IFN-a-nl) and
Alferon (IFN-a-n3), on SARS Coronavirus (SARS-CoV) and
observed that only two out of them, Wellferon and Alferon,
were able to inhibit the cytophatic effect caused by this virus
in Vero E6 cell cultures. Mechanisms for explaining these dif-
ferences in activity of IFNs-a are unknown. We may suppose
that it could be related to distinct IFN-a sources because some
preparations are derived from human lymphoblastoid or leuko-
cyte cells, while other preparations are recombinantly produced
in Escherichia coli or mammalian cell culture (Foster and Finter,
1998). In particular, the IFNs-a used in our experiments were
the Roferon®-A and the IFN-aA, both produced in E. coli.

In conclusion, our results demonstrated that the IFN-o
presents in vitro antiviral activity on CARV, GMAV and TCMYV,

but this activity is limited and was not confirmed by in vivo
experiments. Therefore, IFN-a-2a could not be considered a
suitable therapeutic drug for illnesses caused by these viruses.
However, IFN-a presented in vitro and in vivo prophylac-
tic antiviral activities on OROV and GROV and also showed
therapeutic antiviral action on GROV. Thus, IFN-a-2a could
be potentially useful in the prevention of diseases caused by
Oropouche virus and in the prevention and/or treatment of dis-
eases caused by Guaroa virus, mainly during epidemics or after
occurrence of a laboratory accident.

Acknowledgements

We thank Dr. Pedro Vasconcelos, Dr. Amélia Travassos da
Rosa, and Dr. Terezinha Lisieux Coimbra for kindly supply
viruses used in this paper.

This work was supported by a FAPESP grant to Luiz T.M.
Figueiredo (no. 03/03682-3) and by a fellowship from CAPES
to Marcia C. Livonesi.

References

Boehm, U., Klamp, T., Groot, M., Howard, J.C., 1997. Cellular responses to
interferon-gamma. Annu. Rev. Immunol. 15, 749-795.

Bouloy, M., Janzen, C., Vialat, P., Khun, H., Pavlovic, J., Huerre, M., Haller,
0., 2001. Genetic evidence for an interferon-antagonistic function of Rift
Valley fever virus nonstructural protein NSs. J. Virol. 75 (3), 1371-1377.

Brinton, M.A., Gavin, E.I., Lo, W.K., Pinto, A.J., Morahan, P.S., 1993.
Characterization of murine Caraparu Bunyavirus liver infection and
immunomodulator-mediated antiviral protection. Antiviral Res. 20 (2),
155-171.

Crance, J.M., Gratier, D., Guimet, J., Jouan, A., 1997. Inhibition of sandfly fever
Sicilian virus (Phlebovirus) replication in vitro by antiviral compounds. Res.
Virol. 148, 353-365.

Davis, G.L., Esteban-Mur, R., Rustgi, V., Hoefs, J., Gordon, S.C., Trepo, C.,
Shiffman, M.L., Zeuzem, S., Craxi, A., Ling, M.H., Albrecht, J., Inter-
national Hepatitis Interventional Therapy Group, 1998. Interferon alfa-2b
alone or in combination with ribavirin for the treatment of relapse of chronic
hepatitis C. N. Engl. J. Med. 339, 1493-1499.

Diamond, M.S., Roberts, T.G., Edgil, D., Lu, B., Ernst, J., Harris, E., 2000.
Modulation of dengue virus infection in human cells by alpha, beta, and
gamma interferons. J. Virol. 74 (11), 4957-4966.

Elliot, R.M., Calisher, C.H., Goldbach, R., Moyer, J.T., Nichol, S.T., Pettersson,
R., Plyusnin, A., Schmaljohn, C.S., 2000. Bunyaviridae. In: Fauquet, C.M.,
van Regenmortel, M.H.V., Bishop, D.H.L., Carstens, E.B., Estes, M.K.,
Lemon, S.M., Maniloff, J., Mayo, M.A., McGooch, D.H., Pringle, C.R.,
Wickner, R.B. (Eds.), Virus Taxonomy. Seventh Report of the International
Committee on Taxonomy of Viruses. Academic Press Inc., San Diego, CA,
pp. 599-621.

Foster, G.R., Finter, N.B., 1998. Are all Type I human interferons equivalent? J.
Viral Hepatitis 5, 143-152.

Freireich, E.J., Gehan, E.A., Rall, D.P, Schmidt, L.H., Skipper, H.E.,
1966. Quantitative comparison of toxicity of anticancer agents in mouse,
rat, hamster, dog, monkey and man. Cancer Chemother. Rep. 50,
219-244.

Galligan, C.L., Murooka, T.T., Rahbar, R., Baig, E., Majchrzak-Kita, B., Fish,
E.N., 2006. Interferons and viruses: signaling for supremacy. Immunol. Res.
35, 27-29.

Goldsmith, C.S., Elliot, L.H., Peters, C.J., Zaki, S.R., 1995. Ultrastructural char-
acteristics of Sin Nombre virus, causative agent of hantavirus pulmonary
syndrome. Arch. Virol. 140, 2107-2122.

Goodbourn, S., Didcock, L., Randall, R.E., 2000. Interferons: cell signalling,
immune modulation, antiviral responses and virus countermeasures. J. Gen.
Virol. 81, 2341-2364.



128 M.C. Livonesi et al. / Antiviral Research 75 (2007) 121-128

Iversson, L.B., 1994. Current status of the eco-epidemiological knowledge on
arboviruses pathogenic to humans in the Atlantic Forest region of the State
of Sdo Paulo. Rev. Inst. Med. Trop. Sdo Paulo 36, 343-353.

Iversson, L.B., Silva, R.A.M.S., Travassos Da Rosa, A.P.A., Barros, VL.R.S.,
1993. Circulation of Eastern Equine Encephalitis, Western Equine
Encephalitis, Ilhéus, Maguari, and Tacaiuma viruses in equines of the
Brazilian Pantanal, South America. Rev. Inst. Med. Trop. Sao Paulo 35,
355-359.

Jonkers, A.H., Spence, L., Olivier, O., 1968. Laboratory studies with rodents
and native to Trinidad. Am. J. Trop. Med. Hyg. 17, 299-307.

LeDuc, J.W., Pinheiro, F.P,, 1988. Oropouche fever. In: Monath, T.P. (Ed.), The
Arboviruses: Epidemiology and Ecology, vol. IV. CRC Press, Boca Raton,
FL, pp. 1-15.

Léonard, V.H.J., Kohl, A., Hart, T.J., Elliot, R.M., 2006. Interation of Bun-
yamwera Orthobunyavirus NSs protein with mediator protein MEDS:
a mechanism for inhibiting the interferon response. J. Virol. 80 (19),
9667-9675.

Liu, G., Zhai, Q., Schaffner, D.J., Wu, A., Yohannes, A., Robinson, T.M.,
Maland, M., Wells, J., Voss, T., Bailey, C., Alibek, K., 2004. Prevention of
letal respiratory vaccinia infections in mice with interferon-a and interferon-
v. FEMS Immunol. Med. Microbiol. 40, 201-206.

Livonesi, M.C., Moro de Sousa, R.L., Badra, S.J., Figueiredo, L.T.M., 2006. In
vitro and in vivo studies of the ribavirin action on Brazilian Orthobunyavirus.
Am. J. Trop. Med. Hyg. 75 (5), 1011-1016.

Mahanty, S., Gupta, M., Paragas, J., Bray, M., Ahmed, R., Rollin, P.E.,
2003. Protection from lethal infection is determined by innate immune
responses in a mouse model of Ebola virus infection. Virology 312,
415-424.

March, R.W., Hetrick, EM., 1967. Studies on Guaroa virus. Am. J. Trop. Med.
Hyg. 16, 191-195.

Mairquez-Peir6, J.F., Pérez-Peird, C., Carmena-Carmena, J., Jiménez-Torres,
N.V., 2006. Identificaciéon de oportunidades de mejora del tratamiento de
la hepatitis C. Farm. Hosp. 30 (3), 154-160.

McHutchison, J.G., Gordon, S.C., Schiff, E.R., Shiffman, M.L., Lee, W.M.,
Rustgi, V.K., Goodman, Z.D., Ling, M.H., Cort, S., Albrecht, J.K., Hepatitis
Interventional Therapy Group, 1998. Interferon alfa-2b alone or in combi-
nation with ribavirin as initial treatment for chronic hepatitis C. N. Engl. J.
Med. 339, 1485-1492.

Morens, D.M., Halstead, S.B., Repik, PM., Putvatana, R., Raybourne, N.,
1985. Simplified plaque reduction neutralization assay for dengue viruses
by semimicro methods in BHK-21 cells: comparison of the BHK suspension
test with standard plaque reduction neutralization. J. Clin. Microbiol. 22 (2),
250-254.

Mosca, J.D., Pitha, P.M., 1986. Transcriptional and posttranscriptional regula-
tion of exogenous human beta Interferon gene in simian cells defective in
Interferon synthesis. Mol. Cell Biol. 6, 2279-2283.

Pinheiro, E.P., Travassos Da Rosa, A.P.A., Vasconcelos, P.F.C., 2004. Oropouche
fever. In: Feigin, R.D. (Ed.), Textbook of Pediatric Infectioius Diseases. W.B.
Saunders Co., Philadelphia, pp. 2418-2423.

Platanias, L.C., Uddin, S., Domanski, P., Colamonici, O.R., 1996. Differences
in interferon o and B signalling. J. Biol. Chem. 271, 23630-23633.

Schmutz, J.L., Barbaud, A., Trechot, P., 2004. Side effects of interferon alpha2a
and b. Ann. Dermatol. Venereol. 131, 422.

Sen, G.C., 2001. Viruses and interferons. Annu. Rev. Microbiol. 55, 255-281.

Stark, G.R., Kerr, L M., Williams, B.R., Silverman, R.H., Schreiber, R.D., 1998.
How cells respond to interferons. Annu. Rev. Biochem. 67, 227-264.

Stetson, D.B., Medzhitov, R., 2006. Type I interferons in host defense. Immunity
25, 373-381.

Stroher, U., DiCaro, A., Li, Y., Strong, J.E., Aoki, F., Plummer, F,, Jones, S.M.,
Feldmann, H., 2004. Severe acute respiratory syndrome-related Coronavirus
is inhibit by interferon-ca. J. Infect. Dis. 189, 1164-1167.

Tan, E.L.C., Ooi, E.E., Lin, C., Tan, H.C., Ling, A.E., Lim, B., Stanton, L.W.,
2004. Inhibition of SARS coronavirus infection in vitro with clinically
approved antiviral drugs. Emerg. Infect. Dis. 10 (4), 581-586.

Tavares-Neto, J., Freitas-Carvalho, J., Nunes, M.R., Rocha, G., Rodrigues, S.G.,
Damasceno, E., Darub, R., Viana, S., Vasconcelos, P.F., 2004. Serologic
survey for yellow fever and other arboviruses among inhabitants of Rio
Branco, Brazil, before and three months after receiving the yellow fever
17D vaccine. Rev. Soc. Bras. Med. Trop. 37 (1), 1-6.

The Italian Cooperative Study Group on CML, 1994. IFN-a2a as compared with
conventional chemotherapy for the treatment of chronic myeloid leukemia.
N. Engl. J. Med. 330, 820-825.

Travassos da Rosa, A.P.A., Travassos da Rosa, J.F.S., Pinheiro, F.P., Vas-
concelos, PEC., 1997. In: Le3o, R.N.Q. (Ed.), Doencas Infecciosas e
Parasitarias—Enfoque Amazonico. CEJUP, Belém, pp. 207-241.

Watts, D.M., Phillips, 1., Callahan, J.D., Greibenow, W., Hyams, K.C., Hayes,
C.G., 1997. Oropouche virus transmission in Amazon river basin of Peru.
Am. J. Trop. Med. Hyg. 56, 148-152.

Weber, E., Bridgen, A., Fazakerley, J.K., Streitenfeld, H., Kessler, N., Randall,
R.E., Elliott, R.M., 2002. Bunyamwera bunyavirus nonstructural protein
NSs counteracts the induction of alpha/beta interferon. J. Virol. 76 (16),
7949-7955.

Yeow, W., Lawson, C.M., Beilharz, M.W., 1998. Antiviral activities of indi-
vidual murine IFN-alpha subtypes in vivo: intramuscular injection of IFN
expression constructs reduces Cytomegalovirus replication. J. Immunol.
160, 2932-2939.



	In vitro and in vivo studies of the Interferon-alpha action on distinct Orthobunyavirus
	Introduction
	Materials and methods
	Viruses
	Cell culture
	Compounds
	Animals
	In vitro antiviral evaluation
	Determination of in vivo IFN-alphaA toxicity
	Intraperitoneal challenge with viruses and administration of IFN-alphaA
	Determination of brain virus titers
	Statistical analysis

	Results
	In vitro antiviral effect of IFN-alpha-2a
	Prophylactic administration of IFN-alphaA
	Therapeutic administration of IFN-alphaA

	Discussion
	Acknowledgements
	References


