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Abstract: 	 The presence of Borrelia burgdorferi sensu lato (the agent of Lyme disease) in Ixodes ricinus ticks re-
moved from wild birds and questing ticks was investigated. A total of 345 ticks from 75 infested birds 
belonging to 10 species and 274 questing ticks collected from the surrounding vegetation were examined 
by PCR for Borrelia burgdorferi s. l. Pathogen DNA was found in 8.1% (28/345) of the bird-feeding ticks 
– 10.9% (11/101) in larvae and 7.0% (17/244) in nymphs. Prevalence of infection was 9.4% in ticks from 
the Eurasian blackbird (Turdus merula), 4.0% in ticks from the song thrush (T. philomelos) and 16.6% 
from the European robin (Erithacus rubecula). Detection of infected larvae (13.3%) collected from the 
Eurasian blackbird suggests that this species might contribute to the transmission to the vector I. ricinus. 
The overall prevalence of B. burgdorferi in the questing nymphs was 10.6%. This is the first report of B. 
burgdorferi s. l. infection in I. ricinus from wild birds in Bulgaria.
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Introduction
Lyme disease is a zoonotic disease and the most 
common tick-borne infection in temperate latitudes 
in the Northern Hemisphere. In Europe, Borrelia 
burgdorferi sensu lato, the causative agent of Lyme 
disease, circulates between the main blood-sucking 
vector Ixodes ricinus (L., 1758) and a number of 
vertebrate animals (Coipan & Sprong 2016, Hof-
meester et al. 2016). Some of I. ricinus hosts serve 
as competent reservoirs of B. burgdorferi that can 
infect the ticks. One of the methods to ascertain the 
infection transmission from hosts to vectors is by 

examining larvae fed (or feeding) from certain ver-
tebrate hosts (Gern et al. 1998). If the larvae (the 
first blood-sucking stage of ticks) are infected, they 
most likely have acquired borreliae from the host 
they have fed on, given that the frequency of trans-
ovarial B. burgdorferi transmission is considered 
an exceedingly rare event (reviewed in Richter 
et al. 2012, but see Rijpkema & Bruinink 1996, 
Hauck et al. 2020). Spirochete-positive larvae of 
Ixodes dammini found on two ovenbirds (Seiu-
rus aurocapilla L., 1766) from Saint Croix River 
Valley in Minnesota, USA, are among the first re-
ports for B. burgdorferi presence in larvae feeding 
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on birds (Weisbrod & Johnson 1989). A study in 
Switzerland found the Eurasian blackbird (Turdus 
merula L., 1758), the song thrush (T. philomelos 
Brehm, 1831) and the European robin (Erithacus 
rubecula L., 1758) as the avian species most fre-
quently infested with I. ricinus, largely in larval 
and nymphal stages. Moreover, the ticks infesting 
these bird species harboured the highest proportion 
of spirochete infections (Humair et al. 1993); the 
latter authors have found that the infection preva-
lence in engorged larvae (16.3%) was higher than 
in questing larvae (3.0%) in the studied area. Ex-
perimental studies based on xenodiagnosis proved 
that the Eurasian blackbird can be infected by 
spirochetes of Borrelia garinii, B. valaisiana and 
B. turdi, and later can infect naive I. ricinus lar-
vae in laboratory conditions (Humair et al. 1998, 
Norte et al. 2013). Similarly, common pheasants 
(Phasianus colchicus L., 1758) infected with B. 
burgdorferi s. l. proved to be infective for xeno-
diagnostic I. ricinus nymphs (Kurtenbach et al. 
1998). Borrelia burgdorferi has been detected also 
in bird-feeding I. ricinus larvae in Sweden (Olsén 
et al. 1995, Comstedt et al. 2006) and central Ger-
many (Thuringia) where the rate of infection has 
been unusually high at 29 % (Kipp et al. 2006). The 
authors of these studies suggested that the ticks be-
came infected while feeding on bird hosts. A more 
recent study covering a large geographical area in 
Europe reported that the prevalence of B. burgdor-
feri s. l. in ticks from birds increased with latitude 
(Norte et al. 2020). 

In endemic regions such as the Balkans, par-
ticularly Bulgaria, the role of birds in Lyme disease 
transmission is less investigated and requires ad-
ditional research. Records in Bulgaria revealed the 
highest prevalence of I. ricinus infestation on the 
Eurasian blackbird, the common nightingale (Lus-
cinia megarhynchos Brehm, 1831) and the common 
chaffinch (Fringilla coelebs L., 1758) (Ivanova-
Aleksandrova et al. 2021). This study aims to de-
fine the potential role of wild birds as reservoir hosts 
of B. burgdorferi s. l. 

Materials and Methods 
Study areas
The engorged ticks from wild birds and quest-
ing ticks were collected between 2020–2022 in 
two sites in Bulgaria: Sofia (capital) region in the 
city park “Borisova gradina” (42°40’12.65”N 
23°20’35.83”E) and Biological Experimental Sta-
tion Kalimok (44°00’42.4”N, 26°26’17.1”E) near 
Danube River.

Bird capture and tick collection
Birds were caught by mist nets, ringed, measured, 
weighed, identified to species and, if possible, sexed 
and aged (Svensson 1992). The bird’s head, neck, 
beak base and area around eyes and ears were ex-
amined carefully for ticks. Detected ticks were re-
moved with fine tweezers, placed in dry plastic 1.5 
ml tubes and stored in refrigerator at 4° C. All birds 
were released in their habitats immediately after the 
examination.

Questing ticks were collected from the vegeta-
tion by flagging-dragging method with a piece of 
white cotton flannel attached to a wooden dowel. 
Sampling was carried out at the same sites and tem-
poral periods (spring – summer), and all ticks were 
kept in the same conditions.

Ticks were identified at the species level based 
on external morphological characteristics (Estrada 
Peña et al. 2017). For laboratory testing, the ticks 
from birds were separated into pools – all larvae 
from an individual bird in one pool and all nymphs 
from an individual bird in another pool. Quest-
ing ticks were separated into two stadial groups 
(nymphs and adults) and placed by two to five in a 
pool. In both cases, we calculated the prevalence of 
B. burgdorferi as minimum infection rate (at least 
one larva, one nymph or one adult in the pool being 
spirochete-positive) using the formula: (p/N) × 100 
%, where “p” is the number of positive pools and 
“N” is the total number of ticks tested (Zubriková 
et al. 2020).

DNA extraction and PCR
DNA extraction was performed with a ready-to-use 
kit DNеasy blood & tissue (cat. no. 69506, QIA-
GEN) following the manufacturer’s instructions. 

For detection B. burgdorferi s. l. DNA, a nest-
ed polymerase chain reaction (PCR) was carried out 
to amplify an intergenic spacer region between the 
23S and 5S rRNA genes (Rijpkema et al. 1995). In 
the first PCR, a total volume of 25 μL consisting 2x 
PCR master mix PrimeSTAR® HS (Premix) (cat. 
no. R040A, Takara bio) including a DNA polymer-
ase, deoxynucleotide triphosphates and a reaction 
buffer, 18 μL of ddH2O, 1 μL of each primer (for-
ward – 23SN1 and reverse – 23SC1), and 5 μL of 
the sample was used. In the second/nested PCR the 
same volume was used with forward primer 23SN2 
and reverse primer 5SCB, 22 μL of ddH2O and 1 
μL of the product of the first PCR instead of sample 
(Rijpkema et al. 1995). Both positive and negative 
controls were included in each run of 7 samples. 
The positive control contained B. burgdorferi, strain 
B31 DNA and the negative control – nuclease-free 
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water, instead of template. Both PCR series were 
performed in a thermal cycler (Applied Biosystems 
2720) starting with denaturation at 98° C for 2 min, 
35 cycles at 98° C for 10 s, 56° C for 10 s, 72° C for 
30 s, followed by an elongation at 72° C for 5 min. 
Applied thermal profiles were modified according to 
manufacturer instructions of the 2x PCR master mix 
PrimeSTAR® HS (Premix). An 8 μL of the nested 
PCR product mixed with 2 μL loading dye of each 
sample was electrophoresed on 1.5% agarose gel 
stained with ethidium bromide visualized under UV 
transilluminator (Compact Digimage System, UVDI 
series; Major Science, USA). DNA Ladder (Bright-
MAX™, Canvax, L0011) was applied to the first gel 
start position to verify the obtained PCR products of 
225 bp for the positive samples.

Statistical analysis
To assess the epidemiological role of the blackbirds 
as reservoirs, we compared the B. burgdorferi s. l. 
infection rate between the nymphs from the Eura-
sian blackbirds and the questing nymphs using an 
interactive calculator (Preacher 2001) for χ2 (chi-
square) test. Calculations were made with degrees of 
freedom (2-1) * (2-1) = 1, and a p-value < 0.05 was 
chosen as the critical value of the significance level.

Results
Borrelia burgdorferi s. l. in ticks feeding on birds
A total of 345 I. ricinus ticks (101 larvae and 244 
nymphs) from 75 individual birds belonging to 10 
species were tested for B. burgdorferi presence (Ta-
ble 1). The rate of infestation was calculated for 
those bird species whose sample size exceeded 20 
individuals. The prevalence of B. burgdorferi infec-
tion in engorged ticks was 8.1% (28 of 345 ticks). 
Among these ticks, 10.9% (11 of 101) of larvae and 
7.0% (17 of 244) of nymphs were infected.

Infected ticks were harboured by 24 individual 
birds: 22 (out of 44 infested) Eurasian blackbirds 
(18 from Sofia and 4 from Kalimok), 1 (out of 3 in-
fested) song thrush in Sofia and 1 (out of 4 infested) 
European robin in Kalimok Station. 

The prevalence in the ticks from the song thrush 
was 4.0% (1 of 25) – one positive nymphal pool. 
Only one out of six tested ticks from the European 
robin was infected (one positive larval pool). The 
Eurasian blackbird was the most commonly infested 
bird species. Sixty-nine percent of the blackbirds 
(44 of 64) were infested with I. ricinus ticks and B. 
burgdorferi DNA was found in 9.4% (26 of 276) 
of the ticks. Among larvae and nymphs, the mini-
mum infection rate was 13.3% (10 of 75) and 8.0% Ta
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(16 of 201), respectively. Ten individual blackbirds 
harboured infected larvae: eight from Sofia and two 
from Kalimok Station. Four individuals harboured 
infected larvae and nymphs, four had infected lar-
vae and uninfected nymphs and two carried infected 
larvae only.

Borrelia burgdorferi s. l. in questing ticks

We tested a total of 274 questing I. ricinus nymphs 
and adult ticks (Table 2). The larval stage was not 
available during the sampling. The minimum infec-
tion rate was 10.6% both, in the nymphs and adults. 
There was no significant difference in the preva-
lence of infection between engorged nymphs from 
the Eurasian blackbirds and questing nymphs (χ2 = 
0.47, p = 0.5). 

Discussion 
Wild birds are recognised as important hosts for 
maintaining I. ricinus populations (Kaiser & Hoog-
straal 1974), including infected I. ricinus (Olsén 
et al. 1995). However, the biological relationships 
between different species of birds, ticks and patho-
gens are poorly investigated (Buczek 2020). 

For Lyme disease, tick xenodiagnosis is the 
best approach to assess the reservoir status of ver-
tebrate hosts, especially small rodents (Gern et al. 
1998). However, it is more challenging for birds 
due to the difficulties of maintaining them in captiv-
ity. Detection of B. burgdorferi DNA in bird-feed-
ing ticks, especially larvae, is an alternative method 
commonly applied (Kipp et al. 2006, Dubska et al. 
2009, Heylen 2016, Hauck et al. 2020, Rataud et 
al. 2022). As far as we know, this study reports for 
the first time I. ricinus ticks, infected with B. burg-
dorferi s. l. from wild birds in Bulgaria. We found 
Borrelia burgdorferi s. l. spirochaetes in I. ricinus 
obtained from three species of ground-foraging pas-
serine birds of the families Turdidae and Muscicap-
idae, identified as potential reservoirs of Borrelia 
burgdorferi s. l. in earlier studies from other parts 
of Europe (Humair et al. 1993, Olsén et al. 1995, 
Comstedt et al. 2006, Kipp et al. 2006, Norte et 
al. 2020). The highest infection prevalence among 

the ticks from the Eurasian blackbird was not a 
surprise because this bird species was frequently 
infested with I. ricinus (Ivanova-Aleksandrova 
et al. 2021). Borrelia burgdorferi prevalence 
(9.4%) among the ticks from Eurasian blackbird 
in our study was in accordance with the results of 
Gryczyńska & Welc-Falęciak (2016) from NE 
Poland who reported a prevalence of 9.8% 

Our data confirmed the results reported in ear-
lier studies that the Eurasian blackbirds harbour 
mainly immature stages of I. ricinus (i.e. larvae 
and nymphs). According to the criteria for reservoir 
competence, the vertebrate host has to be parasitized 
by both larvae and nymphs (Richter et al. 2000). 
Birds probably acquire B. burgdorferi from infected 
nymphs and subsequently infect larval ticks, which 
attach to them later in the summer (McLean 1993). 
Ixodes ricinus infected larvae from Eurasian Black-
birds were 13.3%. In the cases of the Eurasian black-
birds with infected larvae and nymphs, it is difficult 
to distinguish the mode of transmission to the larvae 
– from birds via spirochetemia in the avian blood or 
co-feeding with infected nymphs. There is a sugges-
tion that co-feeding transmission occurs in European 
systems of Lyme borreliosis (Voordouw 2015). For 
bird individuals bitten by infected larvae and unin-
fected nymphs or by infected larvae only, we could 
assume that the transmission occurs directly between 
hosts and larvae. The successful transmission of spi-
rochete from blackbirds to feeding larvae suggests 
their competence as reservoirs of Lyme borreliosis 
(Humair et al. 1998, Norte et al. 2013). Regrettably, 
we were not able to calculate the prevalence of B. 
burgdorferi s. l. in the questing larvae since this im-
mature stage was lacking in our sample. 

In an urban area such as Sofia city parks, the 
birds might contribute to human infections with 
Lyme borreliosis via tick and pathogens dissemi-
nation. According to a recent study, large parks in 
Sofia are places where people are often exposed to 
the risk of infected I. ricinus ticks (Gladnishka et 
al. 2022). We cannot rule out the probability that 
a certain amount of infected questing nymphs and 
adults which attack animals and humans may have 
developed from infected larvae and nymphs fed on 

Table 2. Number (%) of questing ticks infected by B. burgdorferi s. l. Legend: No. of ticks examined / No. of pools 
examined / No. of positive pools (Minimum infection rate)

Study site Females Males Total adults Nymphs Total ticks
Sofia 18/6/1 (5.5) 12/3/2 (16.7) 30/9/3 (10) 95/19/10 (10.5) 125/28/13 (10.4)
Kalimok Field Station 22/6/4 (18.2) 14/5/0 36/11/4 (11.1) 113/23/12 (10.6) 149/34/16 (10.7)
Total 40/12/5 (12.5) 26/8/2 (7.7) 66/20/7 (10.6) 208/42/22 (10.6) 274/62/29 (10.6)
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blackbirds. It is known that the life cycle of ticks un-
dergoes incomplete metamorphosis, which allows 
transstadial transmission of B. burgdorferi from a 
larva to a nymph as well as from a nymph to an adult 
(Mullen & Durden 2019). 

Our results, showing that the infection rates in 
the blackbird-engorged and questing nymphs had 
similar values, do not confirm the reservoir compe-
tence of the Eurasian blackbird. Furthermore, the 
lack of sequencing of the positive ticks prevents the 
identification of Borrelia species in circulation and 
their pathogenicity and assessment the epidemiolog-
ical role of birds regarding this disease.

Because the song thrush in our dataset car-
ried only infected nymphs and the European robin 
carried a single infected larva, we could not assess 
their reservoir capacity. The song thrush deserves 
more attention in future studies considering the 
prevalence of infected larvae from this avian spe-
cies in other European countries (Humair et al. 
1993, Taragel’ová et al. 2008, Pajoro et al. 2018, 
Gryczyńska & Kowalec 2019). Despite the small 
tick sample size from the European robin in our 
study, our results seem to follow the clear tendency 
of low infection rates in I. ricinus from robins as 
reported in other studies (Mannelli et al. 2005, 
Norte et al. 2020, Pedersen et al. 2020).

The Eurasian blackbird is a common passerine 
bird in Bulgaria, widespread in both natural forest 
habitats and city parks, and further research on its 
role as a reservoir for Lyme disease transmission is 
needed. Full community dynamics at a local level 
should be regarded when evaluating birds, or any 
other host, as a potential B. burgdorferi s. l. reser-
voir (Lilly et al. 2022). Further extensive research 
of B. burgdorferi presence in avian blood or other 
tissues and sequencing the positive samples, in par-
allel with relevant research on the primary Lyme 
disease reservoirs – the small mammals – would 
contribute to the clarification of the role of birds in 
the epidemiology of Lyme disease in Bulgaria. 
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