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A molecular survey of 16,057 mosquitoes captured in Southwest Germany during the summer of 2009
demonstrated the presence of Sindbis virus (SINV) in Culex spp. and Anopheles maculipennis sensu lato.
Phylogenetic analysis of the German SINV strains linked them with Swedish SINV strains, the causative agent
of Ockelbo disease in humans.

Sindbis virus (SINV), the prototype virus of the genus
Alphavirus within the family Togaviridae, is an arthropod-borne
(arbo), single-stranded RNA virus and the most widely distrib-
uted of all known arboviruses (16). SINV was first isolated
from a pool of 63 Culex pipiens and Culex univittatus mosqui-
toes collected in the Sindbis health district, near Cairo, in 1952
(15) and was further demonstrated to be the causative agent of
a febrile illness associated with maculopapular rash and joint
pain in humans in Africa, Eurasia (Ockelbo disease, Pogosta
disease, and Karelian fever), and Australia (8, 9, 13). In Eu-
rope, the vectors are ornithophilic mosquitoes of the species
Culex torrentium, C. pipiens, and Culiseta morsitans, as well as
Ochlerotatus spp. and Aedes spp. (5). Birds of the orders Pas-

seriformes and Anseriformes are counted among the main hosts
of the virus and have been shown to be responsible for the
geographic distribution of SINV and the possible introduction
of SINV to so-far-uninfested areas (5). Phylogenetic analysis of
the nucleotide sequence data of several SINV strains demon-
strated two distinct genetic lineages (paleoarctic/Ethiopian and
oriental/Australian) (7, 14). It was not known if SINV circu-
lates in Germany, and therefore, the natural vectors of SINV
and the geographic distribution of SINV in its vectors have
remained unknown as well.

Mosquitoes were trapped from July to September 2009 at
three sites in Southwest Germany (Fig. 1). The Kühkopf and
Waghäusel trapping sites are in the wildlife sanctuaries at these
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FIG. 1. Location of the study area (box) in Europe and locations of the study sites, Kühkopf (49°49�N, 8°24�E), Waghäusel (49°15�N, 8°31�E),
and Weinheim (49°33�N, 8°40�E). For each trapping site, the proportions of collected mosquitoes are given as a pie chart. Mosquitoes that assayed
positive for Sindbis virus were exclusively trapped at Weinheim (in bold and underlined).
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locations on the Rhine river; they get flooded regularly and
were chosen as trapping sites because of the great abundance
of mosquitoes and high occurrence of migratory birds. At these
two sites, the mosquitoes were trapped with CO2-baited EVS
(encephalitis vector surveillance) traps (BioQuip, Compton,
CA). The traps were set in the afternoon and retrieved the
following morning. A total of 12 traps were used at each site,
and they were placed in shaded positions that were sheltered
from wind and rain at a distance of about 1.5 m above ground.
The Weinheim trapping site is a small garden within the city of
Weinheim, which is in one of the warmest parts of Germany. The
average temperature during the summer is 19.6°C. The mosqui-
toes were trapped with gravid traps designed according to the

CDC gravid trap model 1712 (John W. Hook Company, Gaines-
ville, FL). The oviposition attractant was a hay infusion (11).

Mosquitoes collected at the study sites were frozen at
�70°C, transported to the laboratory, and identified on chill
tables according to species and sex using morphological char-
acteristics (1). Morphological species determination of pools
that tested SINV positive was confirmed by sequence analysis
of the internal transcribed spacer 2 region ribosomal DNA
according to a previously published protocol (4). After identi-
fication, the mosquitoes were pooled (25 specimens) according
to species, placed in sterile 2-ml cryovials, and then maintained
at �70°C until being assayed for virus. Each mosquito pool was
triturated in 500 �l of cell culture medium (high-glucose Dul-
becco’s modified Eagle’s medium [DMEM; Sigma-Aldrich, St.
Louis, MO] with 10% heat-inactivated fetal bovine serum, 100
U/ml penicillin, 100 �g/ml streptomycin, and 2.5 �g/ml am-
photericin B) with two stainless steel beads (5 mm; Qiagen,
Hilden, Germany) in a TissueLyser (Qiagen) for 2 min at 50
oscillation/s. The suspensions were clarified by centrifugation
(5,000 � g for 1 min), and the supernatant was used for RNA
extraction with a QIAamp viral RNA mini kit according to the
manufacturer’s protocol (Qiagen). For virus isolation, the su-
pernatant was centrifuged again (10,000 � g for 8 min). Twenty
microliters of the clarified supernatant were inoculated into a
well of a 48-well plate containing a confluent African green
monkey kidney (Vero) cell monolayer (17). Cells were incu-
bated for 1 h at 37°C, and after this, 200 �l of cell culture
medium was added and the cells were incubated at 37°C in the

FIG. 2. Bayesian phylogenetic tree based on partial structural polyprotein nucleotide sequences (length, 2,116 nucleotides) of Sindbis virus
strains. For each sequence used, the GenBank accession number, strain designation, and strain origin are shown. Phylogenetic analysis was
performed using MrBayes 3.0 (12) with a general time-reversible (GTR) substitution model. Posterior probabilities are shown on each node. Scale
bar indicates number of nucleotide substitutions per site. One partial structural polyprotein nucleotide sequence of Whataroa virus is used as an
outgroup.

TABLE 1. Maximum likelihood estimates of infection rates (per
1,000 Culex mosquitoes) of Sindbis virus, found exclusively at

the Weinheim trapping site

Collection
time

Infection
ratea 95% CI

July 1–15 4.9 1.8–10.8
July 16–31 1.4 0.1–6.7
August 1–15 2.1 0.5–5.8
August 16–31 0 0
September 1–10 0 0

Total 2.3 1.1–4.2

a Values were calculated using the software program PooledInfRate per the
instructions of the software author (3).
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presence of 5% CO2 for 1 week and observed daily for evi-
dence of cytopathology. Cell cultures showing a cytopathic effect
(CPE) were frozen at �70°C for later virus identification studies.
The extracted RNA was analyzed by a newly designed SINV-
specific real-time reverse transcription (RT)-PCR using the prim-
ers SIND F (5�-CACWCCAAATGACCATGC-3�; nucleotide
[nt] position 161 to 178 [the nt positions are given according to the
numbering in the SINV reference strain Edsbyn, GenBank ac-
cession number M69205]) and SIND R (5�-KGTGCTCGGAA
WACATTC-3�; nt position 277 to 294) and probe SIND P (5�-F
AM-CAGAGCATTTTCGCATCTGGC-BHQ-1-3�; nt position
185 to 205 [FAM, 6-carboxyfluorescein; BHQ-1, black hole
quencher 1]) to target a 134-nucleotide region of the nonstruc-
tural protein 1. Real-time RT-PCR was performed with a Quanti-
Tect probe RT-PCR kit according to the manufacturer’s protocol
(Qiagen).

A total of 16,057 female mosquitoes were collected from
July to September 2009. With the CO2-baited EVS traps, 4,111
(25.6%) mosquitoes were trapped at Kühkopf and 7,889
(49.1%) were trapped at Waghäusel. With the gravid traps,
4,057 (25.3%) mosquitoes were trapped in Weinheim. The
mosquitoes represented 10 of the 46 known mosquito species
in Germany (2). The floodwater mosquito Aedes vexans was the
most abundant mosquito (99%) trapped at Kühkopf (Fig. 1).
In contrast, the species diversity was greatest at Waghäusel,
and the most common mosquitoes were Anopheles claviger
(46%) and Ochlerotatus sticticus (14%) (Fig. 1). The mosqui-
toes most frequently trapped with the gravid traps in Wein-
heim were Culex spp. (99%) (Fig. 1).

Overall, 643 pools were assayed (cell culture and real-time
RT-PCR) for the presence of SINV. Ten SINV RNA-positive
pools, all originating from Weinheim, were detected by real-
time RT-PCR. Eight pools included mosquitoes of the species
Cx. torrentium (pools 3.3, 3.4, 4.2, 4.5, 21.3, 28.9, 32.10, and
34.4), one included mosquitoes of the species Cx. pipiens (pool
3.5), and another one included mosquitoes of the species com-
plex Anopheles maculipennis sensu lato (pool 5.3). Maximum
likelihood estimates of mosquito infection rates were calcu-
lated using the software program PooledInfRate, version 3.0
(3) and revealed that the highest infection rate (4.9) in the
Culex mosquitoes trapped in Weinheim was in the beginning of
July (Table 1). Three (pools 3.3, 5.3, and 28.9) of 643 pools
caused virus-like CPE in Vero cells after 48 h. All three pools
previously tested positive for SINV-specific RNA by real-time
RT-PCR, and SINV-specific RNA was also detected by real-
time RT-PCR in the supernatants of the infected cell cultures

after 5 passages. Moreover, electron microscopy of the in-
fected cell cultures demonstrated enveloped viral particles
measuring 65 nm in diameter (data not shown). For extensive
phylogenetic analysis, the partial SINV structural polyprotein
coding sequences (nt position 8122 to 10696; refers to SINV
strain Edsbyn, GenBank accession number M69205) from 6
pools (Fig. 2) were amplified by RT-PCR in 4 overlapping
fragments using the primers listed in Table 2. The overall
nucleotide identities between the German SINV strains and
the Swedish SINV strains were 99.4 to 99.6%. Phylogenetic
analysis by Bayesian inference revealed a close relationship of
the newly described SINV strains from Germany with the
SINV strains (Ockelbo-Edsbyn and 95M116) circulating in
Sweden (Fig. 2).

In conclusion, the first molecular survey of SINV in Ger-
many demonstrated the presence of SINV in three different
mosquito species (Cx. torrentium, Cx. pipiens, and An. maculi-
pennis sensu lato). The ornithophilic C. torrentium and C. pipi-
ens mosquitoes are the principal vectors for SINV in Sweden
(5) and are responsible for hundreds of human SINV infec-
tions in Fennoscandia (6, 13). In contrast, the zoophilic An.
maculipennis sensu lato was previously not identified as a vec-
tor for SINV. In line with the results of a previous study (10),
it was demonstrated that the floodwater mosquito Ae. vexans is
not a vector for SINV in Germany. The close phylogenetic
relationship of German SINV strains with Swedish SINV
strains suggests that migratory birds serve as a host for the
virus, allowing the dissemination of SINV over large areas
within a short period of time. Future studies will investigate the
risk of human SINV infections in Germany in areas with high
SINV infection rates in mosquitoes.
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