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Abstract: A total of 662 samples (winter period: 469; summer period: 193 specimens)
of female mosquitoes of the genus Culex, Aedes and Anopheles were collected during
the period March 2000-April 2001 from the locality of Vysoké Mýto (Eastern Bohemia,
Czech Republic). They were examined by dark field microscopy for the presence of
spirochetes. The motile spirochetes were observed in 4.2% of all species of investigated
mosquitoes. One spirochetal strain out of the 8 isolation attempts (BRZ14) was obtained
(cultivation rate was 12.5%) and the spirochetal strain was then successfully cultivated
and identified using PCR for the presence of Borrelia burgdorferi s.l., and subsequently
with the RFLP as genomospecies Borrelia afzelii. This strain was derived from
overwintering Culex (Culex) pipiens biotype molestus female mosquitoe. This is
apparently one of the sporadic cases of the occurrence of pathogenic borreliae in
haematophagous arthropods, other than Ixodes ricinus complex ticks.
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INTRODUCTION
Spirochetes in blood-sucking arthropods have been
observed since the beginning of the 20th century [10, 21,
18]. In the Czech Republic, evidence for the presence of
spirochetes (including borreliae) has been reported by
several authors [4, 5, 6, 7, 8, 9, 11]. The first isolated
pathogenic strains of the genus Borrelia from culicine
mosquitoes Aedes vexans and Culex pipiens molestus
were noted in South Moravia, Czech Republic [6, 7].
Some authors, such as Hard [8], Doby [3] and Luger [14],
describe clinical cases of patients reporting typical
erythema migrans and antiborrelian antibodies after insect
bites. The diagnosis of lyme disease in some patients was
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proved. These facts open the discussion of whether
haematophagous insects (deer flies, black flies, biting
midges and mosquitoes) play a role in the ecology and
epidemiology of Lyme borreliosis [2, 3, 15].
MATERIAL AND METHODS
A total of 662 female mosquitoes (469 winter and 193
summer samples) collected in localities around the town
of Vysoké Mýto (Eastern Bohemia, Czech Republic)
during 2000-2001 were examined for the presence of
spirochetes. Using a “Winter” aspirator, mosquitoes were
collected in their typical shelters (e.g. cellars of buildings)
from November-March. Summer mosquitoes were collec-
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Table 1. The occurrence of spirochaetes in mosquitoes.
Species

DFM
positivity

% DFM
positivity

PCR Cultivation
positivity

Culex (C.) pipiens
molestus

0/1

0

0

-

Culex (Culex)
torrentium

0/2

0

0

-

Ochlerotatus
(Ochlerotatus)
communis s. l.

7/166

4.2

0

-

Aedes (Aedes)
cinnereus

0/10

0

0

-

Aedes (Aedimorphus)
cantans

0/4

0

0

-

Aedes (Aedimorphus)
vexans

0/7

0

0

-

Anopheles sp.

0/2

0

0

-

Culicidae g. sp.

1/1

100

0

-

8/193

4.1

0

0

Summer 2000

Total

PCR

Winter 2000
Culex (C.) pipiens
molestus

10/200

5.0

1/200

0/4

Culex (C.) pipiens
pipiens

1/17

5.9

0

0/1

1/1

100

0

-

12/218

5.5

1/218

0/5

Culex (C.) pipiens
molestus

7/220

3.2

0

1/3

Culex (C.) pipiens
pipiens

1/31

3.2

0

-

8/251

3.2%

0

1/3

Culiseta (Neoculex)
territans
Total
Winter 2001

Total

The isolated strain signed as BRZ 14 was then
characterized by 2 methods. One tube nested PCR [16]
and by PCR-RFLP methods.

ted using a clap-net. The samples were kept alive under
cool (5ºC) and humid (r. h. 90%) conditions until
processing. Mosquitoes were dissected and their abdomen
content triturated individually on a slide in a drop of
saline solution. Specimens were examined for the
presence of spirochetes by dark-field microscopy (DFM)
at 400× magnification. The spirochetes in DFM positive
samples - 28 ex., (Tab. 1.) were counted. The highly
infected ones (with more than 100 spirochetes - 8 ex.,
(Tab. 1.)) were immediately inoculated into BSK-H
medium (Sigma) supplemented with 5% rabbit serum
(Sigma) and antibiotics (rifampicin 50 µg/ml,
phosphomycin 100 µg/ml) for isolation attempts.
Inoculated tubes were incubated at 33ºC and inspected in
5-day intervals for at least 6 weeks. Only one of isolation
experiments was successful. The spirochetes tolerate the
rifampicin, fosfomycin, sulfametoxazol, trimetoprin and
nalidixid acid in the doses used for suppression of
contamination similar to those of Borrelia burgdorferi s.l.

DNA was isolated from all 28 positive samples by
using a DNA isolation kit Nucleospin tissue nucleospin
tissues (Macherey - Nagel, Germany). Single-tube nested
PCR based on specific flagellin sequence amplification
for detection of Borrelia burgdorferi sensu stricto, B.
afzelii and B. garinii was performed. Primers and PCR
conditions were described previously [19]. PCR product
of specific length 276 bp was compared to the length of
positive PCR product control in 2% agarose gel stained
with ethidium bromide.
Polymerase chain reaction (PCR) and restriction
fragment length polymorphism (RFLP). DNA purification, PCR assay and Restriction analysis steps were
made as previously described in Žákovská et al. [24].
Computer sequence analysis. The flagelin gene (fla)
sequences of Borrelia burgdorferi sensu stricto
(Accession No.: X56334), Borrelia afzelii (Accession
No.: X75202) and Borrelia garinii (Accession No.:
ABO17479) were gathered from the GeneBank database
(National Centre for Biotechnology Information - NCBI).
A search for the primer target sequence homology was
made by the BLAST algorithm [1]. Multiple alignments
by the CLUSTALW programme were also performed
(Thomson, Higgens and Gibson, 1994). The RFLP
patterns, obtained after Alul endonuclease digestion, were
predicted using the WEBCUTTER ver. 2.0. program.
Prevention of false positive and false negative
results. The system of positive and negative controls,
internal competitive standard and uracyl DNA glycosylase to control false positive or negative results, were
used. Isolation of DNA from samples, PCR and detection
of amplified products, were performed in 3 different
rooms.
Control of false positive results. Sterile water was
used as isolation-negative control. Sterile TE buffer was
added to the reaction as a PCR negative control. To avoid
possible false-negative results due to the presence of PCR
inhibitors in the samples, the internal competitive standard was used.
Control of false negative results. The amount of 102
copies of plasmid construct with a Borrelia flagellin gene
as a positive PCR control was used.
Isolation-positive control. A suspension of Borrelia
burgdorferi cells (6 × 102 cells/ml) was isolated with ever
group of samples, and the same amount of isolate was
added to the PCR.
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To prevent contamination by amplicons from previous
reaction, dUTP and uracyl DNA glycosylase were used in
each reaction.
Restriction analysis of amplified PCR products was
performed by AluI endonuclease digestion (New England
BioLabs). The restriction DNA fragments were analysed
by agarose gel electrophoresis through 2% agarose gel,
visualized by ethidium bromide staining, detected using
UV transillumination (312 nm), and analysed by ULTRA
LUM gel detection and analysis system (Ultra-lum, Inc.).
RESULTS
Motile spirochetes were detected in 28 of all 662
examined samples (4.2% positivity). From summer
specimens (193 mosquitoes), 8 ex. were positive (4.1%),
from mosquitoes collected in winter 2000 (218
mosquitoes), 12 samples were positive for the presence of
spirochetes (5.5%), in winter 2001 the occurrence of
spirochetes was observed in 8 samples of 251 examined
mosquitoes (3.2%). Positive mosquito samples belonged
to the species Ochlerotatus (Ochlerotatus) communis s.l.,
Culex (Culex) pipiens molestus, C. (C.) p. pipiens,
Culiseta (Neoculex) territans (Tab. 1); 8 samples
harboured more than 100 spirochetes (28.6%) of the
positive samples, and 1.2% of all examined mosquitoes.
During isolation attempts, we obtained just 1 spirochetal
strain of (Tab. 1), signed BRZ 14 being cultivable in the
BSK - H medium. This strain was identified as Borrelia
afzelii using the PCR and PCR-RFLP method. The strain
was isolated from overwintering Culex (C.) pipiens
biotype molestus female mosquito.
DISCUSSION
The findings of spirochetes in haematophagous
arthropods appeared in some works from the early
beginning of the 20th century [10, 21, 18] and also later in
Europe [15, 17]. The presence of spirochetes in
haematophagous diptera was mostly observed in
mosquitoes. Some mosquito species were examined
recently in southern Moravia (Czech Republic) [6]. The
authors reported a positivity rate from 0.7-7.6% in Aedes
cantans, A. vexans, Culex pipiens and C. p. molestus. The
similar positivity of Sanogo’s report [20] fluctuated from
1.9 to 5.1% in the same species of mosquitoes. Žákovská
[23] documented 1.5% of spirochete positivity from a
locality in northern Moravia, Czech Republic, in the
species Ochlerotatus (Ochlerotatus) communis s.l. and A.
(Aedes) cinereus. Further findings by the same author
were proved by examining mosquitoe larvae (Culex (C.)
pipiens s.l.); from the total number of 498 1.6% [8] were
positive for the presence of borrelian DNA [24].
Spirochetes were also detected in 1.1% of Aedes spp. and
0.3% of Culex spp. in north-eastern Poland [22]. The next
2 works proved positive for spirochetes in Aedes spp.
collected near Szczecin in north-western Poland.
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Obtained prevalence was 1.25% in 2001 [12] while in a
longer period, including the previous year, it was 0.8%
[13]. The presence of B. burgdorferi in the mosquito head
and digestive tract was observed after experimental
infection in Aedes aegypti, A. atropalpus, A. triseriatus
[16]; in other works A. canadensis, A. stimulans and A.
triseriatus have also been repeatedly infected with
borreliae [17]. In our paper, the total spirochetal positivity
was 4.2%. Spirochetes were detected by using DFM
method in species Ochlerotatus (Ochlerotatus) communis
s. l., Culex (C.) pipiens molestus, C. p. pipiens and
Culiseta (Neoculex) territans, which corresponds to the
positivity findings of previously cited Czech authors.
Spirochetes were detected also in the New World in 7-8%
of Aedes spp. mosquitoes in Connecticut, USA [15].
The study for finding and isolating Borrelia afzelii - an
agent of Lyme borreliosis disease in Culex pipiens
molestus mosquito - is not the first reference for the
presence of pathogenic borreliae in insects. The first
isolations of Borrelia afzelii from mosquitoes of genus
Aedes vexans, Culex pipiens molestus were announced in
[5, 6], identified using PCR – RFLP method.
In this work, 2 samples were detected with PCR as
Borrelia burgdorferi sensu lato. This is 0.3% of all
examined mosquitoes (Tab. 1). One of these positive
samples was successful in an isolated attempt, cultivated
under laboratory conditions, and then detected using PCR
– RFLP method as Borrelia afzelii. In our other results
with mosquitoe adults [23], obtained by using PCR
method, just 5 of 12 positive samples were pathogenic
Borrelia burgdorferi s.l., which was 0.77% of all
examined mosquitoes. The low incidence of pathogenic
Borrelia burgdorferi s.l. in mosquitoes indicates that
mosquitoes seem to be only sporadic carriers of the Lyme
disease causative agent. Spirochetes found in most of the
previous observations were not proven to be pathogenic
species. So far, the transmission of Borrelia burgdorferi
via mosquitoes has not been demonstrated, despite reports
of patients. It is possible, however, that Lyme disease
patients could be infected with mechanical transmission
by insects.
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