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Genetic characterization of St. Louis encephalitis virus isolated
from human in S&o Paulo, Brazil

Cecilia Luiza Simdes dos Santos/*, Maria Anice Mureb Sallum™, Heitor Moreira Franco,
Fabiola Maiumi Oshiro, Iray Maria Rocco

Servigo de Virologia, Instituto Adolfo Lutz, Av. Dr. Arnaldo 355, 01246-902 S&o Paulo, SP, Brasil * Departamento de
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The molecular characterization of SPH253157, a new strain of . Louis encephalitis virus (SLEV), isolated in
2004 from the first case of human infection recognized in the state of S3o Paulo, Brazl, is reported. The patient,
presenting a febrile illness without neurological involvement, was hospitalized as a probable case of dengue fever.
Genomic RNA was isolated from the supernatant of C6/36 cells infected with acute phase-serum specimen of the
patient and the envelope gene was amplified by reverse-transcription-polymerase chain reaction. The complete
nucleotide sequence of the envelope gene of this isolate was directly sequenced from the amplified products and
compared with other Brazilian and American SLEV strains. Phylogenetic analyses were carried out under maxi-
mum likelihood criterion with outgroups both included and excluded. Outgroups comprised four flavivirus of the
Japanese encephalitis group. Phylogeny also included Bayesian analysis. The resultsindicated that the new SLEV
isolate belongsto lineage |11, being closely related to an Argentinean strain recovered from Culex sp. in 1979. Itis
concluded that there are at least 3 lineages of SLEV in Brazl.
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St Louisencephalitisvirus (SLEV) belongsto thefam-
ily Flaviviridae, genus Flavivirus, within the Japanese
encephalitis virus group (Calisher et a. 1989). The ge-
nome of flaviviruses contains a single-stranded positive
sense RNA, about 10,800 nucleotides long that encodes
10distinct proteinsin asingle reading frame (Chambers et
a. 1990). SLEV isthe etiologic agent of St. Louis en-
cephalitis, adisease of epidemiological importancein North
America. Thisviruswasfirstisolated inthe United States
of America (US) in 1933, during an outbreak, which oc-
curred in St. Louis and Kansas City, Mo. (Muckenfuss et
al. 1934). In the US intermittent and unpredictable epi-
demics have been occurring during the last decades. The
majority of SLEV infectionsissub clinical or resultinmild
illness. The severity of infections is strongly dependent
on the age of a patient, and the case fatality rate during
epidemics ranges from 2% in young adults to more than
22% in the elders (Monath & Heinz 1996). In spite of
being endemicin Central and South America, causing spo-
radic illness, occurrence of SLEV outbreaksis unknown
(Spence 1980, Monath & Heinz 1996).

Thebiological cycleof SLEV innatureinvolvesprima-
rily wild birds and several mosquito species; humansand
other mammals are considered to be incidental hosts
(Monath & Heinz 1996). Inthe US, Culicinae mosquitoes
and birds, Passeriformesand Columbiformes, areinvolved
inthedynamicsof SLEV transmission. Thetransmission
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cyclevariesregionally, depending on the biology of mos-
quito species, virulence of SLEV strains and susceptibil-
ity to infection of vertebrate hosts (Monath & Tsai 1987,
Day 2001, Reisen 2003). In Central and South America
SLEV transmission cycleis not well defined, but it may
include mosqguito species of the genera Culex, Manso-
nia, Haemagogus, and Sabethes. A variety of bird taxa,
including herons, egrets, and cormorant may bevirusres-
ervoirs(Spence 1980, Monath & Heinz 1996, Reisen 2003).

Theoccurrenceof SLEV in Brazil wasrecordedin 1953,
by the finding of antibodies to this virus in residents of
the Amazon Valley (Causey & Theiller 1958). A pool of
mosquito Sabethes belisarioi, captured along the Belém-
Brasilia highway, wasthe source for thefirst isolation of a
SLEV strain (Causey et al. 1964). Laterin 1970 and 1978
two strainswere recovered from human blood in Amazon
region. In both cases the patients developed a febrile
illness with jaundice, neither of them presenting neuro-
logical involvement (Pinheiro et al. 1981, Vasconcel os et
a. 1998). SLEV wasalsofound inthe Southeast region of
Brazil whereit wasisolated from wild birds, rodents, and
sentinel mice during asurveillance program on arbovirus
activity carried out in the state of S&o Paulo from 1967 to
1969 (Lopeset al. 1979).

In the summer of 2004, after more than two decades of
thelast human Brazilian report, aclinical case of infection
by SLEV was detected in the state of S&o Paulo. Epide-
miologic dataabout the SLEV casewasfully detailed by
Rocco et a. (2005). Briefly, apatient, suffering from se-
vere uncharacterized febrile illness without neurol ogical
involvement, was hospitalized as a probabl e case of den-
gue fever. Serological tests detected antibodies to fla-
vivirus but were negative in tests specific for Dengue
virus(DENV). Theviruswasisolated in cellsculturein-
oculated with patient acute phase serum and identified
by reverse-transcription-polymerase chain reaction (RT-
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PCR) and sequencing (Rocco et a. 2005). SPH 253157 is
thefirst strain of SLEV isolated from human reported in
the state of S&0 Paulo and the third onein Brazil.
InBrazil, the genetic diversity of SLEV hasbeen poorly
explored and only afew strains have been characterized
at molecular level. In the present study, we determined
the entire nucleotide sequences of the Envelope (E) gene
of SPH 253157 strain. In addition, representative E se-
quencesof SLEV lineagesaswell aspreviously published
E sequences of Brazilian SLEV were downloaded from
GenBank (Kramer & Chandler 2001) and included in the
study for comparison with SPH 253157 strain. Themain
objectives of this study are: (1) to estimate genetic rela-
tionshipsamong SPH 253157 and several previously col-
lected Brazilian strainsand other SLEV American isolates;
(2) to characterize genetic lineage of SPH 253157 isolated
from ahuman patient infected in the state of S&o Paulo.

MATERIALS AND METHODS

Viruses - The SLEV SPH 253157 strain was isolated
from acute phase-serum specimen of a patient in mono-
layer cultures of clone C6/36 cells of Aedes albopictus
(Roccoet al. 2005). Vira strains, locations, years of isola
tion, and GenBank accession numbers of the E sequences
utilized in the phylogenetic analysesarelisted in Tablel.
Sequences from Japanese encephalitis virus (JEV) (Ac-
cession #M55506 (Nitayaphan et al. 1990); West Nilevi-
rus (WNV) Accession # M12294 (Castle et al. 1985);
Kunjinvirus (KUNV) Accession # D000246 (Coia et al.
1988), and Murray Valley encephalitisvirus(MVEV), Ac-
cession # X03467 (Dalgarno et a. 1986) were used as
outgroups in the phylogenetic analysis.

RT-PCR and nucleotide sequencing - Viral RNA was
isolated from first passage cell culture supernatant using
the QIAmp Viral RNA Extraction Kit (QIAGEN, Vaencia,

TABLE |
St. Louis encephalitis virus strainsincluded in phylogenetic analysis of envelope gene

Strain Location Year Host GenBank Acc. no.
TexU1193 Texas, US Unknown Unknown AF205510
98V-3181 Texas, US 1998 Culex quinquefasciatus AF205500
PV7-3389 Texas, US 1987 Culex quinquefasciatus AF205491
83V-4953 Texas, US 1983 Culex quinquefasciatus AF205498
Texas 1955 Texas, US 1955 Human AF205512
Parton St Louis, US 1933 Human AF205509
Fort Washington Maryland, US 1977 Culex pipiens AF205504
FL79-411 Florida, US 1979 Culex nigripalpus AF205467
69M-1143 Florida, US 1969 Procyon |otor AF205460
TBH-28 Florida, US 1962 Human AF205469
GHA-3 Florida, US 1962 Human AF205505
72V-4749 Colorado, US 1972 Culextarsalis AF205497
Coav 750 Cdlifornia, US 1998 Culextarsalis AF205456
CHLV 374 Cdlifornia, US 1991 Culextarsalis AF205464
Imp 1311 Cdlifornia, US 1991 Culextarsalis AF205461
Kern 217 Cdlifornia, US 1989 Culextarsalis AF205465
SOUE 135 Cdlifornia, US 1985 Culex stigmatosoma AF205458
1V-824 California, US 1978 Culextarsalis AF205457
E22924 Cadlifornia, US 1970 Culextarsalis AF205453
BFS-4772 California, US 1963 Culextarsalis AF205454
BFS-1750 Cdlifornia, US 1953 Culextarsalis AF205455
65V-310 Mexico 1965 Butorides virescens AF205470
Tr 9464 Trinidad 1955 Psorophora ferox AF205486
GML 903797 Panama 1983 Sentinel chicken AF205487
GML 902612 Panama 1973 Haemagogus equinus AF205475
PanAr 902745 Panama 1973 Haemagogus ucifer AF205476
PanAn 902604 Panama 1973 Cormorant AF205471
GML 900968 Panama Unknown Unknown AF205488
75D-90 Peru 1975 Mosquito sp. AF205479
SpAn 9398 S&o Paulo, Brazil 1968 Akodon sp. AF205472
BeAr 242587 Belém, Brazil 1973 Culex declarator AF205478
BeAn 246407 Belém, Brazil 1973 Hylophylax poecilonota AF205482
BeAn 248398 Belém, Brazil Unknown Unknown AF205480
BeH 203235 Belém, Brazil 1971 Human AF205484
BeAn 246262 Belém, Brazil 1972 Didelphis marsupialis AF205483
79V-2533 SantaFé, Argentina 1979 Culex sp. AF205490
78V-6507 SantaFé, Argentina 1978 Culex pipiens AF205481
CorAn 9275 Cordoba, Argentina 1967 Mus musculus AF205474
CorAn 9124 Cordoba, Argentina 1966 Calomys musculinus AF205473
SPH 253175 S&o Paulo, Brazil 2004 Human DQ022950 &

a: this study
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CA, US), according to the manufacturer’s instructions.
Primers designed to amplify the complete E gene se-
guence, described by Kramer and Chandler (2001), were
used in RT-PCR and sequencing reactions. RT-PCR was
performed with the SuperScript™ One-Step RT-PCR with
PlatiniumR Taq System (Invitrogen/Life Technologies, CA,
US) inthe presenceof 4 ul of viral RNA and 10 picoMal of
each primer. RT-PCR products were directly sequenced
using the “ABI PrismR Big DyeM Terminator Cycle Se-
guencing Ready Reaction Kit” (PE Applied Biosystems,
Foster City, CA, US), according to the manufacturer’s pro-
tocol. Sequenceswere determined in 377 ABI sequencer
(PE Applied Biosystems). The E gene sequence of SPH
253157 isdeposited in GenBank DataL ibrariesunder ac-
on number DQ022950.

Phylogenetic analysis - Sequence alignment was per-
formed using the multiple sequence alignment method
implementedin CLUSTALX (Thompson et al. 1997). Ac-
curacy of nucleotide sequence alignment was examined
using amino acid sequence alignment. Maximum likeli-
hood (ML) analyseswere performed using PAUP 4.0b10
(Swofford 2003). The best model in PAUP was chosen
using Model Test 3.06 (Posada & Crandall 1998). This
program uses both a hierarchical Likelihood Ratio Test
(hLRT) and the AIC (Akaike Information Criterion) to
choose among available models; whenthe hLRT and AIC
disagreed the simpler model was chosen. Maximum likeli-
hood searches started with a neighbor-joining tree, on
which we then optimized parameters and fixed the values
for those parameters for branch swapping on that tree.
For each bootstrapped data set PAUP did TBR branch-
swapping, and only one tree was saved in each replicate
(multrees = no). Support for each clade generated for
unpartitioned data sets was assessed by 1000 bootstrap
replicates using PAUP.  For Bayesian analysis, we used
the program MrBayes (Huelsenbeck & Ronquist 2001).
Since the kinds of models availablein this program have
limited overlap with those in PAUP*, Bayesian analysis
was carried out using GTR plussite-specific model. Pro-
gram default valuesfor prior probabilitieswereused. The
Markov Chain Monte Carlo (MCMC) was 1,000,000 gen-
erationslong, sampling every 100 generations, for atotal
of 10,001 samples. Of these, thefirst 1000 were discarded
as burn-in, which iswell past the point where the likeli-
hood plot reached a plateau.

Evidence for recombination events - Recombination
exploratory tests were performed using the SimPlot pro-
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gram, version 2.5 (Loleet al. 1999). Bootscanning analy-
sis (Salminen et a. 1995) was used to evaluate genetic
rel atedness between the query sequence and a panel con-
sisting of 39 sequences from SLEV lineages used in the
study. A sliding window of 400 bp was moved acrossthe
alignment in 20 bp steps, with gap strip on. The genetic
distance among sequences in each window, based on
neighbor-joining method under Kimura 2-Parameters
model was estimated using 100 bootstrap replicates.

RESULTS

Nucleotide and amino acid sequences analyses -
Comparison of the nucleotide and amino acid E sequences
determined for the strain SPH 253157 with those from rep-
resentative SLEV American isolates showed ahigh level
of identity. The paired identity ranged from 89.4 to 100%
(nucleotide) and 97.4 to 100% (amino acid) (MEGALIGN,
DNASTAR, Inc.). Thestrain with the highest percent of
nucleotide similarity in relation to SPH 253157 was 79V-
2533, an Argentinean isolate recoveredin 1979 from Culex
Sp. mosquitoes.

Phylogenetic analysis - Considering both theingroup
and outgroups, the alignment of the E gene sequences
generated 1503 sites. The number of constant and vari-
able sites when the outgroups were both included and
excluded arein Tablell. Alignments are available on re-
guest.

A primary objective of this study wasto characterize
thelineage of the strain SPH 253175 and consequently to
test how many phylogenetic lineages exist whitin the group
(SLEV). Sincethe outgroup was quite divergent we sus-
pected that it might cause us to choose inappropriate
models or be responsible for long branch effects. To test
this, al the analyses were conducted with and without
the outgroups.

Phylogenetic analysis with the outgroups excluded -
ML (Fig. 1) and Bayesian (not shown) topologies were
generally the same. They recovered all 40 sequencesin-
cluded in data set into seven phylogenetic lineages, gen-
erally according to their geographic origin. These lin-
eagesare similar to thoseidentified by Kramer and Chan-
dler (2001). ML analyseswerecarried under the TrNef + G
model suggested by ModelTest. The ML topology is
showninFig. 1. SPH 253175 sequence clustered together
with 79V-2533 strain of lineage 11 of Kramer and Chandler
(2001). Bootstrap support for the split leading to lineage
I11is99%. Thislineageis clustered in a major, weakly

TABLE I
Number of constant and variable sites when the outgroups were excluded and included in the data set

Without outgroup

With outgroup

Position Constant Varigble Constant Variable

n % n % n % n %
Position 1 433 41.2 68 15.1 286 42.1 215 26.1
Position 2 480 45.6 21 4.6 368 54.1 133 16.2
Position 3 139 13.2 362 80.3 26 3.8 475 57.7
Total 1052 100 451 100 680 100 823 100
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supported group consisting of lineages | and 1l (Table
I11). ML bootstrap support for separate groups was gen-
erally moderate to strong, however the split leading to
lineages 1V and VI isweakly supported (= 50%) and the
branch separating the entire lineage | from lineage 1 is

TABLE Il

Maximum likelihood (ML) bootstrap and Bayesian supports
for St. Louisencephalitisviruslineages|-VII

Without outgroup With outgroup

moderately supported (85%) (Table 111). Bayesian 50%  -Ineage ML PP ML PP
majority rule consensustree (not shown) issimilartoML | 100 100 97 100
topology generated under TrNef + G model. Posterior Il 100 100 <50 93
probabilities for relationships among SLEV lineages are :U 188 188 188 188
generally higher than ML bootstrap values (Table11). vV 100 100 s -
Phylogenetic analysis with the outgroups included - VI - - - -
For the ML analysis, Model Test suggested the TrNef + G~ VI 100 100 100 100
model, the same model suggested when the outgroups  pp: posterior probability
Coran 9275
Vil 78V-6507
BeAn 246407
BeAn 248398
BeAr 242587
75D-90 \"
Tr 9464
L: BeAn 246262
BeH 203235
_|:79V-2533 ]!
SPH 253175
SpAn 9398
Texas 1955
TexU1193
—— 69M-1143
PanAn 902604
65V-310
TBH-28
Kern 217
CHLV 374 Il
Imp 1311
n FL79-411
Fort Washington
GHA-3
83V-4953
98V-3181
—— Parton
BFS-1750
_[‘ BFS-4772
E22924
IV-824 I
SOUE 135
Coav 750
4|;|{_LTV7-3389
72V-4749
[T GML 900968
| _I PanAr 902745 v
il GML 902612
GML 903797 VI
CorAn 9124

— 10 changes

Fig. 1: the single tree identified by maximum likelihood analysis of 40 envelope sequences of St. Louis encephalitis virus data under the
TrNef + G model of nucleotide substitution. Outgroups were excluded from the analysis. The lineages are labeled according to the scheme

of Kramer and Chandler (2001).

Log likelihood of — 6809.61103.
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were excluded. The position of the root has 99% boot-
strap support. However, maximum likelihood support for
thesplitsleadingtolineages|l and V isweak (Fig. 2). For
the Bayesian analysis, a site-specific model was used.
The settings were as described above for the data with-
out the outgroups. The support for relationships among
the sequences of eachingroup lineage wasgenerally lower
when the outgroupswereincluded in both ML and Baye-
sian analyses than when the outgroups were excluded
(Tablelll).

Evidence for recombination events - A search for re-
combination events, in the strain SPH 253157 was per-
formed by bootscanning analysis (Salminen et al. 1995)
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over the E sequence. The results failed to revea any
recombinant segmentsin that genome region (results not
shown).

DISCUSSION

All our results revealed that the strain SPH 253157
recovered from a human patient in the 2004 summer is
digtinct fromall six previoudy characterized Brazilian SLEV.
It clustersin lineage I11 of Kramer and Chandler (2001),
which includesArgentinean 79V-2533 strain. Other Bra-
zilian strainsisolated from distinct hosts from 1968 until
1973 grouped with other South American and Trinidad
samplesinlineage V. One Brazilian strain isolated from
Akodon sp. clustered with several US isolatesin lineage

MVEV

JEV

KUNV

— 10 changes

L

WNV
| Coran 9275
I Coran 9124
|: 79V-2533
SPH 253175
SpAn 9398
Texas 1955
TexU1193
69M-1143
GHA-3
Parton
PanAn 902604
65V-310
TBH-28
Kern 217
CHLV 374
Imp 1311
FL79-411
Fort Washington
__|—_83V-4953
98V-3181
BFS-1750
BFS-4772
E22924
V- 824 |
SOUE 135
Coav 750
PV7-3389
72V-4749
GML-900968
v

PanAr-902745
GML 903797 VI

Vil

GMIL902612
_E BeAn 246262
BeH 203235
Tr 9464
BeAn 248398

BeAr 242587

{[ 75D-90

— BeAn 246407
78V-6507

Fig. 2: the single tree identified by maximum likelihood analysis of 40 envelope sequences of St. Louis encephalitis virus data under the
TrNef + G model of nucleotide substitution. Outgroups were included in the analysis. The lineages are labeled according to the scheme of

Kramer and Chandler (2001). Log likelihood of — 11452.76425.
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I1. Consequently, three distinct lineages of SLEV have
been reported in Brazil, suggesting that the virusiscircu-
lating and dispersing throughout the Americas. This hy-
pothesis is supported by a recent finding of Twiddy and
Holmes (2003) who demonstrated strain GM 094, isolated
in Guatemala, to be arecombinant of South (CorAn 9124,
Cordoba, Argentina) and North (TNM-711K, Tennessee,
US) American strains.

Results of the present phylogenetic analyses corrobo-
rate Kramer and Chandler’s (2001) hypothesis that the
lineagesof SLEV virus, which arecirculating in the Ameri-
cas, belong to distinct lineages, and that exists a geo-
graphic specificity. Conseguently the dynamicsof SLEV
transmission may bedistinct, with theinvolvement of dis-
tinct vectors and virusreservoirs. Results of studies car-
ried out in the Brazilian Amazon region found Culex de-
clarator and Culex coronator to be infected with SLEV.
Additionally, members of the families Formicariidae
(Formicarius analis, Conopophaga aurita, Tham-
nomanes caesius and Hylophylax poecilonota), Pipiridae
(Chiroxiphia pareola) and Columbidae (Geotrygon
montana) were sources of viral isolates and could be in-
volved in the maintenance of the SLEV cyclein that re-
gion. Furthermore, monkeys, armadillos, and marsupias
may be vertebrate amplifying hosts (Vasconcelos et a.
1998). Regarding to the dynamics of the transmission of
SPH 253157 strainisolated in S&o Paulo, it remainsunclear
because no virus was isolated either from birds or mos-
quitoesduring the eco-epidemiological studiescarried out
in that region where the patient was probably infected
(Roccoet al. 2005).

It isimportant to emphasize that infection caused by
SLE virus, as well as several arboviruses that affect the
central nervous system, presents diverse symptoms that
are hardly diagnosed unlessin cases of epidemics. Few
physicians suspect initially of the disease even in en-
demic areas (Reisen 2003). In the present human case of
SLEV infection, it was first suspected as a dengue case.
The following epidemiological investigation included
clinical and laboratorial studieswhich led to the success-
fully identification of SLEV astheetiological agent. The
lack of systematic epidemiological surveillance activities
toward arboviruses of minor importance compared to Yel-
low fever, Dengue fever, and Rocio encephalitis, for in-
stance, may partially explain the few number of clinical
cases of Saint Louis encephalitis reported both in Brazil
and tropical America. Othersfactorsincluding the attenu-
ation of viral strains that was observed in rodent strains
isolated in S&o Paulo and Argentina (Monath et al. 1980)
and the early acquisition and accumulation of human im-
munity, revealed among residents in the Amazon region
(Pinheiro et al. 1986, Vasconceloset a. 1998) and in differ-
ent areas of the state of S&o Paulo (Iversson et al. 1981,
Romano-Lieber & lversson 2000) as well as in several
Argentinacounties (Sabattini et a. 1998) may bea so con-
sidered.

Finally, a particular concern is relative to WNV, an-
other member of the Japanese encephalitis group, which
transmission cycle involves wild birds and Culex mos-
quitoes. WNV caused an outbreak of encephalitisin New
York in 1999 and SLEV was initially suspect to be the

etiological agent (Brieseet al. 1999, Campbell et al. 2002).
Lillibridgeet a. (2004) reported that in Harris County, Texas,
an endemic region for SLEV, WNV appeared and spread
rapidly throughout the area. Surveillance dataindicated
that SLEV and WNV can coexist, despite their ecologic,
antigenic and genetic similarities and both viruses will
probably persist in Harris County. Consequently, it is
important to emphasize the necessity of robust surveil-
lance program for arboviruses, which are generally weak
or eveninexistent in several countries (Gubler 2002). Fur-
thermore, to reduce the risk of epidemics, health profes-
sionals, especially in cases of hardly recognized viral in-
fections, should carry out exhaustive clinical, epidemio-
logical and laboratorial investigations. Diagnostics meth-
ods as those represented by reverse-transcription ampli-
fication techniques, including the recent real time-PCR
procedure (Mackay et a. 2002) are specially recommended
to ensurerapid identification of the viral agent and allow
aprompt surveillance action by health authorities.
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