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Virulence variation among epidemic and non-epidemic strains of
Saint Louis encephalitis virus circulating in Argentina

Maria Elisa Rivarola/*, Laura Beatriz Tauro, Guillermo Albrieu Llinas, Marta Silvia Contigiani

Laboratorio de Arbovirus, Instituto de Virologfa Dr JM Vanella, Facultad de Ciencias Médicas,
Universidad Nacional de Cérdoba, Cérdoba, Argentina

Saint Louis encephalitis virus caused an outbreak of febrile illness and encephalitis cases in Cordoba, Argen-
tina, in 2005. During this outbreak, the strain CbaAr-4005 was isolated from Culex quinquefasciatus mosquitoes.
We hypothesised that this epidemic variant would be more virulent in a mouse model than two other non-epidemic
strains (78V-6507 and CorAn-9275) isolated under different epidemiological conditions. To test this hypothesis, we
performed a biological characterisation in a murine model, including mortality, morbidity and infection percentages
and lethal infection indices using the three strains. Mice were separated into age groups (7, 10 and 21-day-old mice)
and analysed after infection. The strain CbaAr-4005 was the most infective and lethal of the three variants, whereas
the other two strains exhibited a decreasing mortality percentage with increasing animal age. The strain CbaAr-
4005 produced the highest morbidity percentages and no significant differences among age groups were observed.
The epidemic strain caused signs of illness in all inoculated animals and showed narrower ranges from the onset of
symptoms than the other strains. CbaAr-4005 was the most virulent for Swiss albino mice. Our results highlight the
importance of performing biological characterisations of arbovirus strains likely to be responsible for emerging or
reemerging human diseases.
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Saint Louis encephalitis virus (SLEV) (genus Fla-
vivirus, family Flaviviridae), a member of the Japanese
encephalitis virus (JEV) complex, is widely distributed
throughout the Americas, from Canada to Argentina. In
South America, SLEV causes an emerging arbovirosis,
with febrile illness and encephalitis cases having been
reported in Argentina and Brazil (Monath 1980, Rocco
et al. 2005, Diaz et al. 2012).

SLEV reemerged in the central region of Argentina in
2002 (Spinsanti et al. 2003); since then, outbreaks were
reported in Cordoba (2005) (Spinsanti et al. 2008), Entre
Rios (2006), Buenos Aires (2010) and San Juan (2011)
(Seijo et al. 2011). In 2005, 47 laboratory-confirmed and
probable clinical cases of SLEV infection, including
nine fatalities, were reported in central Cordoba prov-
ince (Spinsanti et al. 2008).

In the United States of America (USA), the trans-
mission cycles of SLEV are maintained by mosquito
vector species of the genus Culex (Culex quinquefas-
ciatus, Culex tarsalis and Culex nigripalpus) and bird
host species, such as columbiformes (Mourning doves
- Zenaida macroura) and passeriformes (House finch-
es - Carpodacus mexicanus; House sparrows - Passer
domesticus). Although SLEV is widely distributed in
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the American continent, little is known about its ecol-
ogy outside the USA (Reisen 2003). In Argentina, it
was suggested that Cx. quinquefasciatus mosquito
would act as a main vector, whereas Picui ground dove
(Columbina picui) and Eared dove (Zenaida auriculata)
would be important hosts in urban and rural environ-
ments (Diaz et al. 2008, Diaz 2009). In addition, Sabat-
tini et al. (1998) postulated an alternative transmitting
rodent-mosquito cycle for SLEV strains isolated from
Mus musculus and Calomys spp mice.

SLEV shows a high genetic diversity throughout
the American continent (Bowen et al. 1980, Trent et al.
1980, Mitchell et al. 1983, Rodrigues et al. 2010). Based
on phylogenetic studies using the complete open read-
ing frame sequence (10,236 bp) and the envelope coding
gene, SLEV has been classified into eight genotypes,
each one with specific patterns of geographical distri-
bution (Rodrigues et al. 2010). In Argentina, different
strains have been isolated in endemic and epidemic sce-
narios. The endemic strains CorAn-9275 and CorAn-
9124 (genotype VII) were isolated from M. musculus
and Calomys spp rodents, respectively, in Cordoba prov-
ince in 1967 (Sabattini et al. 1998). The endemic strain
78V-6507 (genotype V) was isolated from Cx. quinque-
fasciatus mosquitoes in Santa Fe province in 1978 (Sab-
attini et al. 1998) and epidemic strains (CbaAr-4005 and
CbaAr-4006, both genotype I1I) were isolated from Cx.
quinquefasciatus mosquitoes collected from around the
house of SLEV-confirmed patients (Diaz et al. 2006),
during an unprecedented outbreak in 2005. Likewise,
SLEV shows an important biological variability, de-
scribed as differential neuroinvasiveness in monkeys and
rodents or viraemia in birds (Bowen et al. 1980, Monath
1980, Trent et al. 1980). No biological characterisation
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assays have still been performed using SLEV CbaAr-
4005, which was recently isolated during an outbreak in
Cordoba city.

We hypothesised that in a mouse model the SLEV
epidemic variant CbaAr-4005 is more virulent than
two non-epidemic strains, 78V-6507 and CorAn-9275,
isolated under different epidemiological conditions.
To test this hypothesis, we performed biological char-
acterisations of the epidemic strain CbaAr-4005 and
non-epidemic strains CorAn-9275 and 78V-6507, using
Swiss albino mice. Qualitative and quantitative biologi-
cal markers of virulence were identified and compared
between the viral strains. Our study will help us to un-
derstand why strain CbaAr-4005 (and not CorAn-9275
neither 78V-6507) caused a disease outbreak in Cordo-
ba, Argentina, during 2005.

MATERIALS AND METHODS

Viruses - All SLEV isolates used in our study
(CbaAr-4005, 78V-6507 and CorAn-9275) are available
at the Laboratory of Arboviruses, in the Virology Insti-
tute of the National University of Cordoba, Argentina.
The SLEV strains used in this study were derived from
nine rounds of propagation through suckling mouse
brains. Seed stocks for these experiments were prepared
by suspending 10% w/v Swiss albino mice brain in Ea-
gle’s minimum essential medium (MEM) supplemented
with 10% foetal bovine serum and 1% gentamicin. Vi-
rus stock titres were determined by standard Vero cell
plaque assay and expressed as plaque forming units per
millilitres (p.f.u./mL) (Contigiani & Sabattini 1977).

Mice Rockefeller Swiss albino mice, strain W1 (R-W1),
of seven, 10 and 21 days of age were used; all experiments
were performed in animal biosafety level 2 facilities.

Analyses of morbidity and mortality - R-W1 mice
(5-10, depending on availability for each treatment)
were inoculated by dorsal injections of 3,000-5,000
p.fu./0.1 mL with the SLEV strains mentioned above,
in three independent experiments. Animals inoculated
with 100 uL phosphate buffer saline were used as con-
trol. All mice were observed during three weeks for (i)
mortality percentage (%M), (ii) morbidity percentage
(%Mo), taking different signs of illness (excitability,
tremor, laterality on gait and convulsion) as indicators,
(iii) infection percentage (%), calculated based on brain
titration of dead mice and neutralising antibodies from
sera of surviving animals, (iv) time range of death, i.e.,
period between first and last recorded deaths, (v) mean
time to death (MTD) measured in days, (vi) time range
from the onset of symptoms (TROS), period of symp-
tom manifestation in inoculated animals, and (vii) mean
time from the onset of symptoms (MTOS), expressed in
days. Infection of dead animals was confirmed by the
detection of viral particles via standard Vero cell plaque
assays (Contigiani & Sabattini 1977). The blood of all
surviving mice was collected and sera (1:5 in MEM) and
were tested for neutralising antibodies using the plaque-
reduction neutralisation test (Early et al. 1967).

Lethal infection indices (LI) - Groups of five R-W1
mice (10 and 21-day old) were inoculated by dorsal subcu-

taneous injections with serial dilutions of SLEV in 0.1 mL
of MEM (from pure stock to 1 x 10°). Animal mortality
was recorded during 19 consecutive days to calculate the
LI [expressed as log,, PFU/50% lethal dose (LD, )], which
expresses the logarithm of p.fu. required to cause 50%
death in the animals inoculated (Bradish et al. 1971).

Statistical analyses - Differences between propor-
tions (normal approximation) were tested to compare
%M, %Mo and %I among age groups; the tests were
made for each individual viral strain and among strains.
The ¢ test for differences between means was performed
to detect significant differences (p < 0.05) in the MTD
and in the MTOS among age groups (within each strain)
and among strains (within each age group). All the ana-
lyses were performed using the Stata 12.0 software pack-
age (StataCorp 2009).

The association between the variables “strain” and
“age” was evaluated using the Pearson’s chi-square test.
LI were estimated for the three SLEV strains using the
Reed and Muench (1938) mathematical method.

Ethics - All procedures were carried out following
the guidelines of the Institutional Committee for the
Care and Use of Laboratory Animals from the School
of Medicine of the National University of Coérdoba, in
accordance with the National Institutes of Health (USA)
Guidelines for the Care and Use of Laboratory Ani-
mals and the European Economic Community Direc-
tive 86/609. The Institutional Committee approved the
experimental procedures involving animals described in
our study (identification 02/13-674/09).

RESULTS AND DISCUSSION

Positive infection, signs of morbidity and animal
mortality were assayed after the inoculation of seven,
10 and 21-day-old mice with the SLEV strains CbaAr-
4005, 78V-6507 and CorAn-9275. The uninfected control
animals showed no abnormal signs throughout the entire
observation period. In general, animals inoculated with
the different SLEV strains showed a differential response
to infection. Infection was confirmed in all the animals
inoculated with strain CbaAr-4005 (A in Figure). Strain
78V-6507 reached higher %l in seven-10-day-old animals
than in 21-day-old mice (p = 0.00701), whereas strain
CorAn-9275 showed differences between seven-10-day-
old (p < 0.00001) individuals and between seven and 21-
day-old ones (p = 0.0095). Although genetic differences
(Rodrigues et al. 2010) were reported for the studied
strains, we cannot strongly associate this polymorphism
with variations in their biological behaviour. However,
differences could also be explained in terms of the ge-
netically determined host vulnerability (Mashimo et al.
2002, Kimura et al. 2010). In addition, it is known that
virus survival and ability to cause disease in mammalian
hosts depend on the virus ability to avoid recognition and
escape from the host immune response (Diamond 2009,
Ye et al. 2012). Future studies are needed to identify the
viral and host factors that determine the differential viru-
lence among SLEV strains. Strain CbaAr-4005 showed
the narrowest ranges from the TROS of the three strains
and all the animals inoculated with strain CbaAr-4005
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exhibited signs of illness, with no significant differences
among age groups in MTOS (Table I). By contrast, 21-
day-old animals inoculated with strain CorAn-9275 did
not exhibit symptoms at all and a remarkably low percent-
age was observed for strain 78V-6507. For strain CorAn-
9275, the onset of symptoms in seven-day-old mice was
recorded later than in 10-day-old animals (p < 0.00001).
The ¢ test means comparison of the three strains within
each age group showed that seven-day-old (p = 0.0473)
and 10-day-old (p < 0.00001) individuals had earlier
manifestation of symptom with strains CbaAr-4005 and
78V-6507 than with CorAn-9275.

In addition, strain CbaAr-4005 produced the high-
est %Mo of the three strains (p < 0.00001) and no sig-
nificant differences among age groups were observed
(B in Figure). For strain 78V-6507, a higher percentage
of morbid animals was detected within seven and 10-
day-old mouse groups than in 21-day-old individuals (p
< 0.00001), whereas the highest morbidity with strain
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Percentages of infection (A), morbidity (B) and mortality (C) per age
group. Mice were infected with Saint Louis encephalitis virus strains.
Seven, 10 and 21-day-old animals were inoculated with 3,000-5,000
plaque forming units per millilitres. Data are representative of at least
three independent experiments.

CorAn-9275 occurred in seven-day-old animals (p =
0.0003). In accordance with the %Mo, strain CbaAr-
4005 caused 100% of mortality in the three age groups,
whereas this %M tended to decrease with increasing age
of animals infected with the other two strains (C in Fig-
ure). The fact that the %Mo was lower than the %M in
10-day-old animals inoculated with CbaAn-9275 may be
due to the occurrence of undetectable symptoms. The in-
fluence of age on the development of arboviral infections
has been documented in previous studies using different
models. Overall, it was observed that older animals gen-
erated lower viraemias than younger animals (Andersen
& Hanson 1974, Trent et al. 1980, Reisen 2003). Bowen
et al. (1980) observed that sparrows six-10 days of age
were generally more susceptible to viraemic infection
with SLEV than adult birds. In addition, Mahmood et
al. (2004) demonstrated that nestling mourning doves in-
oculated with SLEV produced higher viraemia titres than
adult doves that showed minimal viraemia responses af-
ter inoculation. In our study, for strains 78V-6507 and
CorAn-9275, significant differences were detected be-
tween seven-10-day-old mice (p = 0.0032 and p = 0.0435,
respectively) and between seven-21-day-old animals (p
< 0.00001 for both strains), with CorAn-9275 being the
least lethal one. Our results are in agreement with those
obtained by Monath et al. (1980), who conducted biologi-
cal characterisation assays of SLEV in rodents. The au-
thors observed that strain 78V-6507 caused much higher
virulence than strain CorAn-9275. It is remarkable that in
our assays, strain CbaAr-4005 caused the highest mortal-
ity in 10 and 21-day-old individuals of the three strains (p
<0.00001). This is in agreement with the results obtained
by Diaz et al. (2011), who demonstrated that the epidemic
strain CbaAr-4005 was more viraemogenic in an avian
model than other non-epidemic SLEV strains.

No differences were observed in the MTD of ani-
mals inoculated with CbaAr-4005 and 78V-6507, in any
of the three studied ages. By contrast, for strain CorAn-

TABLE I
Analyses of morbidity and mortality

Miceage TROS MTOS RTD MTD

Strain (days) (DPI) (DPI) (DPI) (DPI)
78V-6507 7 5-10 6 6-11 804
10 5.0 59 612 912

21 12 12 713 9

CorAn-9275 7 6-13 79 620 124
10 10-15 125 13-19 15

21 - - - -

CbaAr-4005 7 6-7 6.5 89 8.5
10 5-6 5.7 6-9 7.6

21 5-9 64 711 78

data are representative of at least three independent experiments.
DPI: day post-inoculation; MTD: mean time to death; MTOS:
mean time from the onset of symptoms; TRD: time range of
death; TROS: time range from the onset of symptoms.
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TABLE 11

Lethal infection indices (LI) in 10 and 21-day-old mice inoculated with Saint Louis encephalitis virus (SLEV) strains

CbaAr-4005 78V-6507 CorAn-9275
10 days 21 days 10 days 21 days 10 days 21 days
LI 0.02 0.30 1.75 3.99 3.90 5.08
log,, pfu./LD,, 5.30/5.28 5.30/5.00 6.07/4.32 6.07/2.08 6.30/2.40 6.30/1.22
Antilog LI (p.fu.) 1.0471 1.9998 56.23 9772.3 7943.28 120226.4

the LI were obtained by Reed and Muench (1938) analysis and is expressed as the titre of the stock divided by the dilution needed

to reach a 50% lethal dose (LD, ). p.f.u.: plaque forming units.

9275, seven-day-old animals showed a lower MTD than
10-day-old animals (p = 0.0007). The comparison of
the three strains together showed that the highest MTD
was observed in seven and 10-day-old mice inoculated
with strain CorAn-9275 (p < 0.00001). Of the two strains
that caused mortality in 21-day-old animals, 78V-6507
showed the highest MTD (p = 0.0102) (Table I).

Table 11 shows the calculated values of LI (LD, ) of
10 and 21-day-old animals inoculated with the SLEV
three strains (7-day-old mice were not included because
no mortality/morbidity differences were observed within
this group). It was necessary to inoculate only 1 p.fu.
and 2 p.fu. in 0.1 mL (in 10 and 21-day-old mice, respec-
tively) to cause 50% mortality with the epidemic strain
CbaAr-4005, which proved to be the most lethal of the
three variants. The number of p.fu. for a LD, increased
with increasing age of the animals, when inoculated with
the other two strains. These results are in agreement with
those obtained in the essays of mortality and morbidity
and they prove a strong association between the physical
effects caused by SLEV strains and the age of inoculated
animals. The number of p.f.u for LD, was markedly high-
er with CorAn-9275 than with any of the other strains.

Although the silent circulation of SLEV (genotypes
II, V and VII) in Cérdoba city was confirmed prior the
2005 outbreak (Diaz et al. 2012), only the newly intro-
duced strain CbaAr-4005 (genotype III) was isolated
during the mentioned outbreak (Spinsanti et al. 2008). In
the present study we found that SLEV CbaAr-4005 was
the most virulent strain for Swiss albino mice. It is well
known that the introduction and geographical spread of
new strains can cause the emergence and reemergence of
mosquito-borne viruses in different regions (Mackenzie
et al. 2004). It is worth pointing out that this study is
dependent on single isolate that may or may not be repre-
sentative of all the circulating variants of each genotype.
In such scenario, our results highlight the importance
of performing biological characterisations of circulating
arbovirus strains that could be responsible for emerging
or reemerging human diseases. However, in a compre-
hensive epidemiological evaluation, other aspects, such
as amplification capacity in avian hosts, should be con-
sidered carefully. Diaz et al. (2012) showed that SLEV
CbaAr-4005 reached higher titres in 24-h-old chicken
than CorAn-9275 and 78V-6507. Moreover, variations in

competence among different hosts for SLEV have direct
implications in the quantity of virus ingested by mosqui-
to vectors from the viraemic avian host, determining the
transmission rates by the vector. Future studies of our
research group will analyse the contribution of rodents
to the maintenance cycle of different SLEV strains. We
will also perform detailed analyses concerning neuro-
invasiveness and viraemia levels during the course of
infection, using a murine model. Molecular tools, such
as infectious clones, are necessary to study the possible
genetic determinants involved in differential pathogen-
esis of the different strains.
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