
LETTERS

Acknowledgments
We thank Olivier Bourry, José Gomez-

Peñate, and Hubert Bassene for their help 
during the conduct of field work, Jean-Paul 
Durand, and all the persons who contribut-
ed to the study, especially the French mili-
tary veterinarians. We thank also the team 
of the virology laboratory of the Institut de 
recherche biomédicale des armées (William 
Daries, Patrick Gravier, and Olivier Merle) 
for processing the samples.

Financial support was provided in part 
by the French Defense Medical Service.

Bernard Davoust,  
Isabelle Leparc-Goffart,  

Jean-Paul Demoncheaux, 
Raphaël Tine,  

Mamadou Diarra,  
Grégory Trombini,  
Oleg Mediannikov,  

and Jean-Lou Marié
Author affiliations: Groupe de Travail en 
Épidémiologie Animale du Service de San-
té des Armées, Toulon, France (B. Davoust, 
J.-P. Demoncheaux, G. Trombini, J.L. 
Marié); Unité de Recherche sur les Mala-
dies Infectieuses et Tropicales Émergentes 
(IRD 198), Dakar, Senegal (B. Davoust, O. 
Mediannikov); Centre National de Référence 
des Arbovirus–Institut de Recherche Bio-
médicale des Armées, Marseille, France (I. 
Leparc-Goffart); and Services Vétérinaires 
de la Gendarmerie Nationale, Dakar (R. 
Tine, M. Diarra)

DOI: http://dx.doi.org/10.3201/eid2008.130691

References

  1.	 Dauphin G, Zientara S, Zeller H,  
Murgue B. West Nile: worldwide current 
situation in animals and humans. Comp  
Immunol Microbiol Infect Dis. 2004;27: 
343–55. http://dx.doi.org/10.1016/j.cimid. 
2004.03.009

  2.	 Resnick MP, Grunenwald P, Blackmar D, 
Hailey C, Bueno R, Murray KO. Juve-
nile dogs as potential sentinels for West 
Nile virus surveillance. Zoonoses Public 
Health. 2008;55:443–7.

  3.	 Kile JC, Panella NA, Komar N, Chow CC, 
MacNeil A, Robbins B, et al. Serologic sur-
vey of cats and dogs during an epidemic of 
West Nile virus infection in humans. J Am 
Vet Med Assoc. 2005;226:1349–53. http://
dx.doi.org/10.2460/javma.2005.226.1349

  4.	 Cabre O, Grandadam M, Marié JL,  
Gravier P, Prangé A, Santinelli Y, et al. West  
Nile virus in horses, sub-Saharan Africa.  
Emerg Infect Dis. 2006;12:1958–60. 
http://dx.doi.org/10.3201/eid1212.060042

  5.	 Traore-Lamizana M, Zeller HG,  
Mondo M. Isolations of West Nile and 
Bagaza viruses from mosquitoes (Dip-
tera: Culicidae) in Center Senegal (Ferlo).  
J Med Entomol. 1994;31:934–8.

  6.	 Blackburn NK, Reyers F, Berry WL,  
Shepherd AJ. Susceptibility of dogs to 
West Nile virus: a survey and pathogenic-
ity trial. J Comp Pathol. 1989;100:59–66. 
http://dx.doi.org/10.1016/0021-9975(89) 
90090-X

  7.	 Levy JK, Lappin MR, Glaser AL, 
Birkenheuer AJ, Anderson TC, Edin-
boro CH. Prevalence of infectious dis-
eases in cats and dogs rescued follow-
ing Hurricane Katrina. J Am Vet Med 
Assoc. 2011;238:311–7. http://dx.doi.
org/10.2460/javma.238.3.311

  8.	 Ozkul A, Yildirim Y, Pinar D, Akcali A, 
Yilmaz V, Colak D. Serological evidence 
of West Nile Virus (WNV) in mam-
malian species in Turkey. Epidemiol 
Infect. 2006;134:826–9. http://dx.doi.
org/10.1017/S0950268805005492

  9.	 Paz S, Semenza JC. Environmental driv-
ers of West Nile epidemiology in Europe 
and Western Asia—a review. Int J Envi-
ron Res Public Health. 2013;10:3543–62. 
http://dx.doi.org/10.3390/ijerph10083543

Address for correspondence: Bernard Davoust, 
Unité de Recherche en Maladies Infectieuses et 
Tropicales Emergentes (URMITE) CNRS UMR 
7278 IRD 198 INSERM U1095 Aix-Marseille 
Université, Faculté de Médecine, 27 bd Jean 
Moulin, 13385 Marseille CEDEX 5, France; 
email: bernard.davoust@gmail.com

Severe Encephalitis 
Caused by Toscana 

Virus, Greece

To the Editor: In late June 2012, 
a previously healthy, 49-year-old 
woman was admitted to the emergen-
cy department of Trikala General Hos-
pital in Trikala, Greece, with confu-
sion and delirium. A few hours before 
admission, she had had a grand mal 
seizure; she had experienced gastroen-
teritis with fever (38°C) 5 days earlier. 
On admission, she was intubated and 
transferred to the intensive care unit, 
where she underwent mechanical ven-
tilation and sedation. 

The patient was a resident of 
Genesi village (350 m altitude), 22 
km west of Trikala in the Thessaly 
region. She had not traveled abroad 
or to other area of Greece. Results 
of blood and cerebrospinal fluid 
(CSF) laboratory testing were unre-
markable except slight leukocytosis 
(leukocytes 11,330 cells/mm3, 92% 
neutrophils) and slightly elevated se-
rum lactate dehydrogenase level (240 
U/L). Brain imaging showed edema 
(online Technical Appendix, http://
wwwnc.cdc.gov/EID/article/20/8/14-
0248-Techapp1.pdf), which resolved 
48 hours after admission. The pa-
tient was awakened on day 3 of hos-
pitalization and extubated on day 4. 
Treatment included anticonvulsants, 
mannitol, antimicrobial drugs (van-
comycin and ceftriaxone), acyclovir, 
and corticosteroids. The patient fully 
recovered and was discharged from 
the hospital on day 12 with short-
term antiepileptic medication.

Because West Nile virus (WNV) 
infections emerged in 2010 in Greece 
and outbreaks have recurred (1), 
serum and CSF samples from the 
patient were sent for testing to the 
National Reference Centre for Ar-
boviruses. Antibodies against WNV 
were not detected. Reverse transcrip-
tion nested PCR was conducted by 
using generic primers for flaviviruses,  
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enteroviruses, and phleboviruses. PCR 
for phleboviruses (2) resulted in a 
PCR product of the expected size, 
and the sequence was most closely 
related to those of isolates belong-
ing to the Sandfly fever Naples vi-
rus (SFNV) species (Figure). The 
sequence also had the highest ho-
mology (85%) with a Toscana virus 
(TOSV) strain belonging to lineage C 
that had been obtained from a patient 
with central nervous system infection 
in Croatia in 2008 (3). The TOSV 
sequence derived from the patient in 
this report was submitted to GenBank 
(accession no. KJ418710). On the ba-
sis of a partial sequence comparison 
(202 nt in the polymerase gene), we 
found that TOSV lineage C differs 
from lineages A and B by 29% and 
30%, respectively.

Forty-one days after symptom on-
set, a second serum sample was taken 
from the patient and tested in parallel 
with the first serum sample by indirect 
immunofluorescence to detect IgM 
and IgG antibodies against 4 phlebo-
viruses: TOSV, SFNV, sandfly fever 
Sicilian virus (SFSV), and Cyprus 
virus (Sandfly Fever Virus Mosaic 1; 
Euroimmun, Lübeck, Germany). The 
first sample yielded negative results, 

but the follow-up sample showed IgM 
and IgG against TOSV and SFNV 
(both belonging to SFNV serocom-
plex). Neutralization testing to differ-
entiate TOSV and SFNV was not per-
formed because PCR and sequencing 
confirmed the TOSV infection.

Sandfly-borne phleboviruses 
(family Bunyaviridae) are endemic 
in Mediterranean countries, and at 
least 3 serotypes are associated with 
disease in humans: TOSV, SFNV, 
and SFSV. Among these, TOSV is as-
sociated with neurotropism, a major 
cause of meningitis and encephalitis 
in the Mediterranean region (4). Re-
cent studies in Greece showed that 
the seroprevalence of TOSV (and 
antigenically related viruses) ranges 
from 0% to 60%; the higher levels are 
found in the islands and the coastal 
regions (5–7).

A study conducted in 2 Greek is-
lands (Lefkas and Corfu, where Corfu 
virus was isolated) showed that the 
sandfly species with the widest dis-
tribution was Phlebotomus neglec-
tus (31.2%), followed by P. similis 
(25.1%) and P. tobbi (15.3%) (8). In 
Thessaly region, where the case we 
report occurred, a faunistic study of 
sandflies showed that P. perfiliewi and 

P. papatasi (known vectors of TOSV) 
accounted for 83.4% and 3.93%, re-
spectively, of the sandflies collected 
(9). Another phlebovirus, Adria virus 
(belonging to the Salehabad serocom-
plex), which was initially detected in 
sandflies collected in Albania, was de-
tected in a febrile child with seizure in 
Thessaloniki in northern Greece (10). 
Concerning TOSV, however, although 
seroconversion has been previously 
observed in patients in Greece, RNA 
has not been detected.

For this patient, TOSV was de-
tected by using phlebovirus generic 
primers. The TOSV sequence found 
in Greece differs greatly from other 
TOSV sequences, even from the ge-
netically closer Croatian TOSV se-
quence (15%). To avoid false-nega-
tive results, the high genetic diversity 
among TOSV strains must be taken 
into consideration when using TOSV-
specific primers.

In conclusion, a novel variant of 
TOSV has been detected in Greece. 
Further studies are needed to obtain 
a whole-genome sequence of the 
Greek TOSV strain and to identify 
the vector(s) of the virus. TOSV is a 
highly variable neurotropic phlebo-
virus, a characteristic that must be 
taken into account by laboratory sci-
entists. Clinicians should be aware 
of the possibility of phlebovirus in-
fections in Mediterranean countries 
and should include these viruses in 
the differential diagnosis of febrile 
illnesses observed during the warm 
seasons, especially in patients who 
exhibit neurologic symptoms.
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Figure. Neighboring-joining tree constructed on the basis of a 202-bp fragment of the large 
RNA segment of sandfly-borne phleboviruses. Black circle indicates Toscana virus strain 
detected in this study in a patient in Greece; asterisks (*) indicate phleboviruses detected in 
Greece. The percentages of replicate trees in which the associated taxa clustered together 
in the bootstrap test (1,000 replicates) are shown next to the branches. Evolutionary 
analyses were conducted in MEGA5 (http://www.megasoftware.net). Scale bar indicates 
substitutions per nucleotide position.
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Phylogenetic  
Analysis of  

West Nile Virus  
Genome, Iran

To the Editor: West Nile virus 
(WNV) is a single-stranded, positive-
sense RNA virus (≈11 kb) that is taxo-
nomically classified within the family 
Flaviviridae, genus Flavivirus. WNV 
is found in Africa, Eurasia, Australia, 
and North America (1).

Comprehensive studies on phy-
logenetic relatedness of WNV strains 
have showed that WNV can be 
grouped into 5 lineages. Lineage 1 
contains WNV strains from different 
regions, including northern, west-
ern, and central Africa; southern and 
eastern Europe; India; and the Middle 
East. Lineage 1 is subdivided into 3 
clades. Clade 1A contains strains from 
Europe, northern Africa, the United 
States, and Israel, clade 1B contains 
Kunjin virus from Australia.  Lineage 
2 contains isolates from west, central, 
and eastern Africa and Madagascar. 
There is evidence that lineage 2 cir-
culates in some regions of Europe 
(e.g., Italy, Austria, and Greece) (2,3). 
Lineage 3 contains Rabensburg virus 
97–103, which was isolated in 1997 
from Culex pipiens mosquitoes in 
South Moravia in the Czech Repub-
lic. Lineage 4 contains a new variant 
of WNV (strain LEIVKrnd88–190), 
which was isolated in 1998 from Der-
macentor marginatus ticks in a valley 
in the northwestern Caucasus Moun-
tains of Russia. Lineage 5 contains 
an WNV isolate from India (strain 

804994) (4,5). In this study, we com-
pared the phylogenetic relationships 
of WNV circulating in Iran to other 
WNV strains by using a partial WNV 
sequence isolated from an Iranian pa-
tient.

WNV was obtained from a blood 
sample from an Iranian patient who 
had encephalitis and was hospital-
ized in 2009 in Isfahan in the central 
highlands of Iran. The patient reported 
no history of animal contact, insect 
bites, blood transfusions, transplanta-
tions, and travel. He exhibited fever, 
headache, hypertension, and vomit-
ing. On initial examination, he had a 
body temperature of 40°C. Laboratory 
investigations on the day of admission 
showed a leukocyte count of 240 cells/
mL, a protein level of 52 mg/dL, and 
a glucose level of 50 mg/dL in a cere-
brospinal fluid sample.

Further examinations were un-
dertaken, and samples were sent to 
the Arboviruses and Viral Hemor-
rhagic Fevers Laboratory at Pasteur 
Institute of Iran in Teheran. For an 
IgG ELISA, wells in test plates were 
coated overnight with mouse hyper-
immune ascitic fluid. Native antigen 
was added, and wells were incubated 
and washed. Test samples and per-
oxidase-labeled anti-human or anti-
animal immunoglobulin were added. 
After incubation for 10 min, optical 
densities were read (6).

Viral RNA was extracted by using 
the QIAmp Viral RNA Mini Kit (QIA-
GEN, Hilden, Germany) from serum 
of the patient. A reverse transcription 
PCR was conducted by using a One-
Step RT-PCR Kit (QIAGEN). Sam-
ples were subjected to 1 cycle at 50°C 
for 30 min to synthesize cDNA; 95°C 
for 15 min; and 95°C for 30 s, 54°C 
for 30 s, and 72°C for 60 s; and a final 
extension at 72°C for 5 min (6). The 
serum sample was positive for IgG 
against WNV. Molecular tests showed 
positive results for WNV.

The PCR product was sequenced 
by using the Big Dye Terminator 
V3.1 Cycle Sequencing Kit (Applied  
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