of such transmission for this patient was high, considering
his close contact with his pets. Had the physicians suspected
Brazilian spotted fever when the boy was first admitted to the
hospital on day 3 of febrile illness, treatment with appropri-
ate antimicrobial drugs might have prevented his death (9).

This work was performed at the University of Sao Paulo, Prefeitura
de Sao Paulo, and Adolfo Lutz Institute, Sdo Paulo, SP, Brazil.

About the Author

Dr. Savani is an epidemiologist at the Sao Paulo City Board of
Health. Her research interests are epidemiology and control of
urban zoonoses.

References

1. Parola P, Paddock CD, Socolovschi C, Labruna MB,
Mediannikov O, Kernif T, et al. Update on tick-borne rickettsioses
around the world: a geographic approach. Clin Microbiol Rev.
2013;26:657-702. https://doi.org/10.1128/CMR.00032-13

2. de Oliveira SV, Guimaraes JN, Reckziegel GC, Neves BM,
Araujo-Vilges KM, Fonseca LX, et al. An update on the
epidemiological situation of spotted fever in Brazil. ] Venom
Anim Toxins Incl Trop Dis. 2016;22:22.4 https://doi.org/10.1186/
s40409-016-0077-4

3. Ogrzewalska M, Saraiva DG, Moraes-Filho J, Martins TF, Costa FB,
Pinter A, et al. Epidemiology of Brazilian spotted fever in the Atlantic
Forest, state of Sao Paulo, Brazil. Parasitology. 2012;139:1283-300.
https://doi.org/10.1017/S0031182012000546

4. Scinachi CA, Takeda GACG, Mucci LF, Pinter A. Association of the
occurrence of Brazilian spotted fever and Atlantic rain forest frag-
mentation in the Sao Paulo metropolitan region, Brazil. Acta Trop.
2017;166:225-33. https://doi.org/10.1016/j.actatropica.2016.11.025

5. Saraiva DG, Soares HS, Soares JF, Labruna MB. Feeding period
required by Amblyomma aureolatum ticks for transmission
of Rickettsia rickettsii to vertebrate hosts. Emerg Infect Dis.
2014;20:1504-10. PubMed https://doi.org/10.3201/eid2009.140189

6. dos Santos FC, do Nascimento EM, Katz G, Angerami RN,
Colombo S, de Souza ER, et al. Brazilian spotted fever: real-
time PCR for diagnosis of fatal cases. Ticks Tick Borne Dis.
2012;3:312-4. https://doi.org/10.1016/j.ttbdis.2012.10.027

7. Labruna MB, Whitworth T, Horta MC, Bouyer DH, McBride JW,
Pinter A, et al. Rickettsia species infecting Amblyomma cooperi
ticks from an area in the state of Sdo Paulo, Brazil, where Brazilian
spotted fever is endemic. J Clin Microbiol. 2004;42:90-8.
https://doi.org/10.1128/JCM.42.1.90-98.2004

8. Eremeeva ME, Bosserman EA, Demma LJ, Zambrano ML,
Blau DM, Dasch GA. Isolation and identification of Rickettsia mas-
siliae from Rhipicephalus sanguineus ticks collected in Arizona.
Appl Environ Microbiol. 2006;72:5569-77.
https://doi.org/10.1128/AEM.00122-06

9. Vilges de Oliveira S, Nogueira Angerami R. Timeliness in the
notification of spotted fever in Brazil: evaluating compulsory
reporting strategies and digital disease detection. Int J Infect Dis.
2018;72:16-8. https://doi.org/10.1016/].1jid.2018.04.4317

Address for correspondence: Marcelo B. Labruna, Universidade de
Sao Paulo, Departamento de Medicina Veterinaria Preventiva e Saude
Animal, Faculdade de Medicina Veterinaria ¢ Zootecnia, Av. Prof.
Orlando Marques de Paiva, 87 Cidade Universitaria, Sdo Paulo, SP
05508-270, Brazil; email: labruna@usp.br

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 25, No. 12, December 2019

RESEARCH LETTERS

Phylogenetic Analysis of
Bird-Virulent West Nile
Virus Strain, Greece

George Valiakos, Konstantinos Plavos,
Alexandros Vontas, Marina Sofia,

Alexios Giannakopoulos, Themis Giannoulis,
Vassiliki Spyrou, Constantina N. Tsokana,
Dimitrios Chatzopoulos, Maria Kantere,
Vasilis Diamantopoulos, Angeliki Theodorou,
Spyridoula Mpellou, Athanasios Tsakris,
Zissis Mamuris, Charalambos Billinis

Author affiliations: University of Thessaly, Karditsa, Greece

(G. Valiakos, K. Plavos, A. Vontas, M. Sofia, A. Giannakopoulos,
T. Giannoulis, V. Spyrou, C.N. Tsokana, D. Chatzopoulos,

M. Kantere, Z. Mamuris, C. Billinis); Public Health Director,
Region of Peloponnese, Tripoli, Greece (V. Diamantopoulos);
Directorate-General for Regional Agricultural Economics and
Veterinary, Region of Peloponnese, Nafplio, Greece

(A. Theodorou); Bioefarmoges Eleftheriou LP—Integrated
Mosquito Control, Marathon, Greece (S. Mpellou); University of
Athens, Athens, Greece (A. Tsakris)

DOI: https://doi.org/10.3201/eid2512.181225

We report the full polyprotein genomic sequence of a West
Nile virus strain isolated from Eurasian magpies dying with
neurologic signs in Greece. Our findings demonstrate the
local genetic evolution of the West Nile virus strain respon-
sible for a human disease outbreak in the country that be-
gan in 2010.

West Nile virus (WNV) is the etiologic agent of an on-
going human disease outbreak in Greece since 2010.
Until 2014, successive yearly outbreaks occurred mainly in
central and northeastern Greece (/). After a 2-year hiatus,
during July—October 2017, an outbreak of the disease oc-
curred in the Peloponnese region in southern Greece that
resulted in 48 laboratory-confirmed cases and 5 human
deaths (2). In 2018, cases further expanded, with a total of
243 human cases and 50 deaths reported from various areas
of Greece (3).

In June 2017, one month before human cases occurred,
dead wild birds were reported in the Argolida regional unit
in the Peloponnese region of Greece. Through mid-July,
local residents noticed a reduction of the native wild bird
population, especially Eurasian magpies (Pica pica), hood-
ed crows (Corvus cornix), sparrows (Passer domesticus),
and Eurasian collared doves (Streptopelia decaocto). Our
team verified the presence of Eurasian magpies with neu-
rologic signs in the area; affected birds were lethargic and
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unable to fly, stayed low to the ground, and had no reaction
to external stimuli (i.e., human presence).

During July and August 2017, we collected a total of
29 dead Eurasian magpies in the study area (Appendix Fig-
ure, https://wwwne.cdc.gov/EID/article/25/12/18-1225-
Appl.pdf), as part of a monitoring program conducted and
supported by the local prefecture since 2016. Twelve of the
carcasses were in a condition appropriate for laboratory in-
vestigation.

We extracted brain tissue samples during necropsy for
inoculation in Vero cell culture. We vortexed brain homog-
enates in phosphate-buffered saline and centrifuged them
at 4,000 x g for 10 min at 4°C. We filtrated 1 mL of brain
tissue supernatant with 0.22-um filters, inoculated it in 75-
cm? flasks with 80% Vero cell confluence, and incubated it
at 37°C with 5% CO, in the appropriate growth medium.
We observed the monolayer daily. When we detected cyto-
pathic effect (in 8/12 samples) ~48 hours after infection, we
transferred the flasks to —20°C for 4 hours. After thawing
the supernatant and cells, we performed total RNA extrac-
tion using the PureLink RNA Mini Kit (Invitrogen, https://
www.thermofisher.com).

We amplified the WNV genome by PCR using a set
of 14 primer pairs, newly designed or preexisting from re-
lated studies targeting overlapping sequences in the WNV
genome (Appendix). Amplicons underwent bidirectional
sequencing using the fluorescent BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, https://www.
thermofisher.com), followed by fragment separation with a

3730x1 DNA Analyzer (Applied Biosystems). We verified
all nucleotide changes from other WNV strains detected in
the 8 positive WNV RNA culture extracts by PCR using the
corresponding primers on the tissue extracts. We submitted
the consensus sequence, obtained by alignment and assem-
bling in MEGA version 7 software (4), to GenBank (acces-
sion no. MH549209) and named it Argolida-Greece-2017.
Results of BLAST sequencing (https://blast.ncbi.nlm.
nih.gov/Blast.cgi) showed that the Argolida-Greece-2017
strain had the highest sequence similarity (99.79%) to the
Nea Santa-Greece-2010 strain (5) responsible for the larg-
est WNV human disease outbreak since 2010. Phylogenetic
analysis confirmed this closer relatedness to the Nea Santa
strain than to other strains within the Hungary/04 cluster
(Figure). Our findings indicated possible introduction of
the Nea Santa strain in the area of southern Greece and the
local genetic evolution that took place before reemergence.
The Argolida-Greece-2017 has a total of 23 nt substi-
tutions (3 of them in the 3’ untranslated region of the viral
genome) and 4 amino acid changes compared with the phy-
logenetically closer Nea Santa strain. Amino acid changes
include the I159M in the envelope gene near the NYS gly-
cosylation motif, the H22Y and A298V in the nonstructural
(NS) 1 gene, and the K805R mutation in NS5 gene. We
predicted that all amino acid changes in the polyprotein
gene are tolerated in accordance with the Sorting Tolerant
From Intolerant algorithm (6). Although these changes do
not seem to affect genetic determinants of virulence as was
previously reported (7), further investigation is needed.

76 MH549209 Southern Greece Argolida 2017

HQ537483.1 Northern Greece Nea Santa 2010
100  KJ883348.1 Northern Greece Kavala 2013
KJ883343.1 Northern Greece Xanthi 2013
KF179639.1 Northern Greece Kavala 2012
KC496015.1 Hungary 2010
MH021189.1 Belgium 2017

56 KC407673.1 Serbia 2012
100 — KC496016.1 Sebia 2010

51

100

100 ——— KT359349.1 Hungary 2014
L DQ116961.1 Hungary 2004

EF429197.1 South Africa 1989
%2 @2&7&1 Uganda 2009
100 LC318700.1 Zambia 2016

DQ318019.1 Senegal 2005

HM147824.1 Congo 1958

99

4100'7 EF429200.1 South Africa 1958
98 DQ318020.1 Central African Republic 1982

FJ425721.1 Russia 2007

—
100 [: KJ934710.1 Romania 2013
98 KT207791.1 ltaly 2014

—
0.0050

HM147823.1 Madagascar 1988

Figure. Phylogenetic tree of West Nile virus lineage 2 strains from a Eurasian magpie in Greece (bold) compared with reference strains.
Each strain is listed by GenBank accession number, geographic origin, and collection date. Bootstrap values are shown as percentages

at each tree node. Scale bar indicates substitutions per site.
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The presence of proline at the 249 aa position of the NS3
gene is a mutation related to increased viremia potential
and virus transmission rates in corvids (§).

In a recent study, Jiménez de Oya et al. performed
experimental infection of Eurasian magpies with 2 WNV
strains currently circulating in Europe; they found magpies
to be highly susceptible to WNV infection, with low sur-
vival rates for both strains (9). No WNV-associated bird
death had been reported in Greece previously, which could
be attributed to the lack of an organized wild bird surveil-
lance system in the country. Nevertheless, mass deaths of
Eurasian magpies showing neurologic signs, 1 month ear-
lier than a human neuroinvasive outbreak in the area, dem-
onstrate that monitoring sick birds (e.g., using oral swabs
or feather pulp) or carcasses of dead wild birds, in an ac-
tive and passive surveillance system, could benefit public
health by recognizing areas in which prevention measures
could be implemented to minimize the impact of WNV hu-
man disease outbreaks.

The study was funded by the Prefecture of Peloponnese
(Peloponissos A.E.), in the context of project “Monitoring the
levels of infectious agents’ circulation and investigating the
effect of environmental-hydrological parameters on vectors
breeding sites.”
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In Russia, 131,590 cases of hemorrhagic fever with renal
syndrome caused by 6 different hantaviruses were reported
during 2000-2017. Most cases, 98.4%, were reported in
western Russia. The average case-fatality rate was 0.4%,
and strong regional differences were seen, depending on
the predominant virus type.
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