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Abstract: 	 The combination of high parasite diversity and favourable environmental conditions may facilitate the 
emergence of novel host-pathogen associations. When parasites reach new hosts, they can establish a new 
host-parasite association, but they often fail to develop transmissible stages, such as blood infection stages 
in haemosporidian parasites, resulting in an abortive infection. To elucidate how the shared environment 
of avian communities may facilitate novel host-parasite interactions, we investigated the haemosporidian 
parasites of the Red-backed Shrike (Lanius collurio) and the Barred Warbler (Curruca nisoria), two avian 
species that inhabit a similar ecological niche and breed in close proximity, forming a nesting association. 
We observed high parasite prevalence in both species and detected three cytochrome b (cyt b) lineages in 
the Red-backed Shrike and six, including one new Haemoproteus lineage (h_SYNIS5), in the Barred War-
bler. A potential case of an abortive development of a specialised haemosporidian parasite, Haemoproteus 
lanii (lineage h_RBS2), typically found in the Red-backed Shrike, was identified in a phylogenetically 
distant host, the Barred Warbler. Furthermore, the lineages l_RS4 and p_SYCON02, belonging to the gen-
era Leucocytozoon and Plasmodium, respectively, were detected for the first time in the Barred Warbler. 
Further studies are needed to assess the potential for cross-species transmission with other potential hosts 
in the same area and to better understand the ecological dynamics of these host-parasite associations.
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Introduction
Avian haemosporidian parasites require both an 
invertebrate (vector) and a vertebrate (bird) host 
to complete their life cycle. In a competent avian 
host, Haemoproteus parasites invade erythrocytes, 
where the infection culminates in the development 

of gametocytes, which are responsible for further 
transmission (Valkiūnas 2005, Valkiūnas & Iezho-
va 2022, Santiago-Alarcon & Marzal 2024). While 
encountering a new host may allow a parasite to 
complete its life cycle and expand its host range 
(Antonovics et al. 2013), in incompatible avian 
hosts, erythrocytic development often fails to pro-
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duce gametocytes (Valkiūnas et al. 2013), resulting 
in infections without visible blood stages known as 
abortive development (Valkiūnas & Iezhova 2017). 
Haemosporidian sporozoites, which are injected 
into the peripheral blood by a vector, are usually rec-
ognised and eliminated by the host immune system 
before further development occurs (Valkiūnas et al. 
2009). However, standard PCR tests can confirm 
these infections by detecting parasite DNA, lead-
ing to a false positive detection of infection (Olias et 
al. 2011). Therefore, blood smear analysis remains 
essential for distinguishing active infections from 
abortive ones (Valkiūnas et al. 2008, Valkiūnas & 
Iezhova 2017).

High parasite diversity facilitates host switch-
ing and the potential formation of novel host-patho-
gen associations (Poulin & Mouillot 2005, De Fine 
Licht 2018). This is influenced by the number of 
host species used by the parasite, ranging from spe-
cialists to generalists. While specialists infect a lim-
ited range of phylogenetically closely related host 
species (Valkiūnas 2005), generalists are capable of 
completing their life cycle in a wide variety of ver-
tebrate hosts, often distantly related (Moens & Pé-
rez-Tris 2016). Traditionally, Haemoproteus species 
have been considered more host specific (Doussang 
et al. 2021), whereas Plasmodium and Leucocyto-
zoon species have been found to be more often host 
generalists (Huang et al. 2018, Ndlovu et al. 2024). 
However, host specificity is a dynamic trait, as some 
parasite lineages can switch among hosts of different 
families or between the two strategies depending on 
their geographical distribution (Bensch et al. 2000, 
Olias et al. 2011, Gupta et al. 2019). Environmental 
conditions also play a role in host specificity, which 
tends to increase in regions with seasonal rainfall 
fluctuations (Fecchio et al. 2019). Some patterns sug-
gest that parasites can act as specialists in certain en-
vironments and as generalists in others, as in the case 
of Haemoproteus species in South America (Moens 
& Pérez-Tris 2016).

Sympatric bird species that interact closely and 
have overlapping ranges may also share antipreda-
tor behaviours, thereby increasing their survival 
and reproductive rates (Marko 2008, Quinn & Ueta 
2008; Polak 2014). Furthermore, sympatric or para-
patric sibling species have also been shown to share 
haemosporidian parasites that are capable of cross-
species transmission within the contact zone (Reul-
lier et al. 2006, Jones et al. 2018), depending on mi-
crohabitat conditions, host resistance to pathogens 
transmitted by blood-sucking insect vectors (Ellis et 
al. 2015), and host-parasite co-evolutionary dynam-
ics (Antonovics et al. 2013).

In order to explore how shared habitat use in 
the form of nesting associations may give rise to 
new host-parasite relationships, we examined the 
haemosporidian parasites of the Red-backed Shrike 
and the Barred Warbler, two widespread long-dis-
tance migratory passerines that winter in the tropical 
regions of the south-eastern Africa (BirdLife 2016, 
Tøttrup et al. 2017). These sympatric species use 
similar habitats in Europe and exhibit strong breed-
ing philopatry (Pasinelli et al. 2007, del Hoyo et al. 
2006). In Serbia, both species were found to occur 
across a range of habitats, from lowland areas with 
overgrown pastures, steppes and neglected fields, to 
hilly and mountainous regions (Puzović et al. 2009).

We hypothesised that these species may share 
the same vectors and some of their parasites. Ac-
cording to the MalAvi database (Bensch et al. 2009), 
Red-backed Shrikes were found to be infected by 
all three haemosporidian genera and 15 different 
cyt b lineages, while Barred Warblers were found to 
harbour six unique lineages of Haemoproteus and 
Plasmodium species. We aimed to investigate the 
parasites present at their shared breeding site and to 
assess whether parasites from typically specialised 
parasite clades can infect phylogenetically distant 
hosts within the Red-backed Shrike – Barred War-
bler association.

Materials and Methods
Study sites and sample collection
Sampling took place at eight localities, predomi-
nantly in eastern and southern parts of Serbia, with 
one site each in western Serbia and Vojvodina (Fig. 
1). The study was conducted intermittently through-
out the breeding seasons (May/June) between 2009 
and 2019. During this time, most individuals of both 
species have settled to breed, even though some 
Red-backed Shrikes continue to migrate until mid 
and even late May.

We captured in total 36 birds in our study: 28 
Red-backed Shrikes (14 males, 13 females and one 
juvenile) and eight Barred Warblers (five males and 
three females) using mist nets and a sound lure. Fol-
lowing a standard protocol, each bird was ringed, 
aged and sexed and wing and tarsus length were 
measured in millimetres (Svensson 1992). Approxi-
mately 20 µl of blood was collected from each bird 
by puncturing the brachial vein. Two blood smears 
per bird were prepared from a small drop of blood, 
air-dried and fixed in 96% ethanol for 3 minutes 
(Valkiūnas 2005). Afterwards, the smears were 
stained with 10% Giemsa solution (Godfrey et al. 
1987). The remaining blood was stored in 96% etha-
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nol in the field refrigerator and then at -20˚C until 
molecular analysis. After the bleeding stopped, the 
birds were released.

Blood smear examination
Blood smears were examined under a LEICA DMLS 
light microscope equipped with LEICA DFC295 
digital camera. The parasitaemia was expressed as 
the percentage obtained by counting the number 
of parasites per 1,000 examined red blood cells in 
the case of a high parasitaemia or 10,000 examined 
red blood cells in the case of a low parasitaemia 
(Valkiūnas et al. 2008).

Molecular identification of haemosporidian 
parasites

DNA was extracted using the ammonium ac-
etate protocol (Richardson et al. 2001), quantified 

and subsequently diluted to approximately 25 ng/
μl. The DNA served as the template for amplifying 
a 478 bp fragment of the mitochondrial cyt b gene 
of haemosporidian parasites using a nested PCR 
protocol (Hellgren et al. 2004). Primers HaemNFI/
HaemR3N were used to amplify all three haemos-
poridian genera, while the nested PCR involved 
primers HaemF/HaemR2 for Haemoproteus and 
Plasmodium and HaemFL/HaemR2L for Leuco-
cytozoon. Each run included two positive controls 
and one negative control for every sixteen samples. 
The amplification was evaluated by running 2.5 μl 
of the final PCR products on a 2% agarose gel. Dur-
ing gel preparation, 5 µl GelRed was added to aga-
rose solution for staining. The first and the last wells 
of each row were loaded with DNA ladder, while 
the wells in between were filled with our samples 
(PCR reaction mixed with stopmix). Once electro-

Fig. 1. Sampling sites: 1. Deliblatska peščara sands, 2. Mala Vrbica fishpond, 3. Tara mt., 4. Krivi vir, 5. Kopaonik 
mt., 6. Veliki Suvodol, 7. Vlaške mt., 8. Pčinja river (Google Earth (2025): Map of Serbia [Satellite imagery]. Google. 
Retrieved April 13, 2025, from https://earth.google.com).
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phoresis had been finished, the gels were examined 
under UV light using the Typhoon imaging system 
in order to identify DNA fragments approximately 
478 bp in length. Positive samples were sequenced 
from both directions using primers HaemF/HaemR2 
(for Haemoproteus-Plasmodium spp.–positive sam-
ples) and HaemFl/HaemR2L (for Leucocytozoon 
spp.–positive samples) (Hellgren et al. 2004), then 
edited and aligned using BioEdit program version 
7.2 (Hall 1999) and ClustalW algorithm in MEGA 
version 6 (Tamura et al. 2013). Co-infections were 
recognised by double peaks in the sequence elec-
tropherograms (Perez-Tris & Bensch 2005). Two 
PCR reactions under identical temperature profiles 
and bidirectional sequencing were performed for 
each sample to enable the identification of multiple 
infecting lineages. In addition, when double peaks 
were observed within a single reaction, sequences 
were manually decomposed, i.e. phased to the mini-
mum possible number of lineages known to infect 
the corresponding host species, following the ap-
proach described in Fecchio et al. (2023). In cases 
of double peaks, the initial sequence (appearing af-
ter BLAST) usually showed the highest similarity 
to the BLAST hit corresponding to the clean signal 
sites. This was used as a possibly involved lineage 
and mixed-signal peaks were compared to it. As this 
lineage corresponded to one of the signals among 
the mixed peaks (and was found to be probable for 
the corresponding host species), the residual base 
calls from double peaks were isolated and edited 
within a second putative sequence which was likely 
co-infecting. Finally, sequences were identified us-
ing the BLAST algorithm in the MalAvi (Bensch 
et al. 2009) and GenBank databases (Benson et al. 
2014). To exclude possible contamination (Bensch 
et al. 2021), we confirmed the host species of the 
two samples from Barred Warblers, where h_RBS2 
lineage was found, using conserved primers L14841 
and H15149 targeting the vertebrate cyt b gene, fol-
lowing standard protocol (Kocher et al. 1989).

Results
Parasite prevalence, based both on molecular and 
morphological investigation, was particularly high 
in both species, reaching 71.4% in Red-backed 
Shrikes (20 out of 28 examined individuals were 
infected) and 87.5% in Barred Warblers (seven out 
of eight examined individuals were infected). Out 
of 36 sampled birds, blood smears were available 
for only 25. Parasites were detected in 22 of these 
smears (Table 1). Unfortunately, of the 11 birds 
without slides, five had tested positive for haemos-

poridian infections. The average infection intensity 
was 2.8% in the Red-backed Shrike and 0.2% in the 
Barred Warbler. The highest parasitaemia values 
were observed in Red-backed Shrikes. 

We identified eight haemosporidian lineages: 
five of Haemoproteus, two of Plasmodium and one 
of Leucocytozoon (Table 2). The Red-backed Shrikes 
were exclusively infected with three Haemoproteus 
lineages, all as single infections, with the most fre-
quent being h_RBS2 (Fig. 2a), which was found in 
12 individuals.

The Barred Warblers were infected with a total 
of six haemosporidian lineages (Table 2). Interestin-
gly, the lineage h_RBS2, belonging to the specia-
lised haemosporidian parasite, Haemoproteus lanii, 
commonly infecting Red-backed Shrikes, was also 
identified in two male Barred Warblers, although 
blood development stages were not confirmed on 
the slides (Fig. 2b).

A sequence designated as h_SYNIS5 of 
Haemoproteus sp., isolated from a male Barred War-
bler, was deposited in GenBank (accession number 
OP917926) and in the MalAvi database (Bensch et 
al. 2009) as a new and unique lineage differing by 
1% from the closest previously described lineage h_
SYNIS1. Following the phasing approach described 
by Fecchio et al. (2023), three co-infections were 
detected in Barred Warblers: in two birds, the mixed 
peaks could be best explained by a co-infection of 
p_SGS1 of Plasmodium relictum and h_RBS2 of 
Haemoproteus lanii, while one Barred Warbler ap-
peared to be infected with l_RS4 of Leucocytozoon 
sp. in combination with h_SYNIS1 of Haemopro-
teus parabelopolskyi.

Discussion
In the present study, we examined the extent to 
which two highly sympatric but phylogenetically 
distant bird species, the Red-backed Shrike and the 
Barred Warbler, appear to share blood parasites in 
one region of their breeding distribution. 

So far, Red-backed Shrikes have been found to 
be infected by all three haemosporidian genera (Shu-
rulinkov & Golemansky 2003; Hellgren et al. 2007; 
Dimitrov et al. 2010). Previous investigations into 
the Red-backed Shrike have demonstrated a notably 
high prevalence of blood parasites, with rates reach-
ing 73.8% (Votýpka et al. 2003), which are similar 
to the observations in our study. Our study identified 
a very high prevalence of haemosporidian parasites 
also in the Barred Warbler, which is consistent with 
findings of the prevalence in the family Sylviidae be-
ing very high (Hellgren et al. 2007; Dimitrov et al. 
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2010; Valkiūnas et al. 2014). 
To date, the Red-backed Shrike has been 

found to host nine Haemoproteus lineages (RB1, 
RBS07, RBS1, RBS2, RBS3, RBS4, RBS5, SFC4, 
TURDUS2), four Plasmodium lineages (COLL4, 
GRW09, GRW11, LZFUS01) and two Leucocyto-
zoon lineages (BT2 and BT5) (MalAvi database, 
accessed on 21.10.2022 (Bensch et al. 2009)). In 
the current study, we found only Haemoproteus 
lanii lineages in Red-backed Shrikes – h_RB1, 

h_RBS2 and h_RBS4. The h_RBS2 lineage ap-
peared to be the most abundant, present in the 
vast majority of the localities. The h_RBS4 (Fig. 
2b) lineage has been previously detected in only 
three Red-backed Shrike individuals, which origi-
nated from three geographically distant locations 
throughout Europe and Asia (Bensch et al. 2009). 
In our study, the h_RB1 lineage was often the only 
lineage detected at a given locality, in contrast to 
its regular occurrence alongside other lineages in 

Table 1. Parasitaemia found in Red-backed Shrikes (Lanius collurio) and Barred Warblers (Curruca nisoria) according 
to slide screening.

Sample 
number Species Place Sex Genus Parasitaemia

1. Curruca nisoria Krivi vir F Haemoproteus 0.04
2. Curruca nisoria Krivi vir M Haemoproteus 0.02
3. Curruca nisoria Krivi vir F Haemoproteus 0.02
4. Curruca nisoria Krivi vir F Negative  
5. Curruca nisoria Krivi vir M Plasmodium 0.03
6. Curruca nisoria Krivi vir M Haemoproteus 0.02
7. Curruca nisoria Krivi vir M Haemoproteus 0.6
8. Curruca nisoria Krivi vir M Leucocytozoon 0.8
9. Lanius collurio Krivi vir M Negative  
10. Lanius collurio Krivi vir M Haemoproteus 4.2
11. Lanius collurio Krivi vir F Negative  
12. Lanius collurio Krivi vir F Haemoproteus 0.9
13. Lanius collurio Veliki suvodol F No slide available  
14. Lanius collurio Krivi vir F Haemoproteus 5.3
15. Lanius collurio Krivi vir F Haemoproteus 0.3
16. Lanius collurio Krivi vir M Haemoproteus 1.1
17. Lanius collurio Krivi vir M Haemoproteus 7.5
18. Lanius collurio Krivi vir F Haemoproteus 6.2
19. Lanius collurio Krivi vir M Haemoproteus 2.7
20. Lanius collurio Krivi vir F Haemoproteus 1.6
21. Lanius collurio Krivi vir M Haemoproteus 3.7
22. Lanius collurio Krivi vir M Haemoproteus 1.1
23. Lanius collurio Krivi vir F Haemoproteus 1.2
24. Lanius collurio Ribnjak Mala Vrbica M Haemoproteus 4.8
25. Lanius collurio Tara F Haemoproteus 0.7
26. Lanius collurio Kajtasovačka pustara F Haemoproteus 0.6
27. Lanius collurio Pčinja M No slide available  
28. Lanius collurio Vlaške planine F No slide available
29. Lanius collurio Vlaške planine M No slide available
30. Lanius collurio Vlaške planine M No slide available
31. Lanius collurio Vlaške planine F No slide available
32. Lanius collurio Vlaške planine M No slide available
33. Lanius collurio Vlaške planine F No slide available
34. Lanius collurio Kopaonik F No slide available
35. Lanius collurio Kopaonik M No slide available
36. Lanius collurio Kopaonik M No slide available  
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Fig. 2. Haemoproteus lanii and its lineages found in the blood smears of the Red-backed shrike (Lanius collurio): h_
RBS2 (a) and h_RBS4 (b); and Haemoproteus parabelopolskyi with a lineage h_SYNIS1 (c) and Plasmodium relictum 
with a lineage p_SGS1 (d) found in the Barred Warbler (Curruca nisoria).

Table 2. Number of infections of each parasite cytochrome b lineage, with GenBank accession number, found in male 
(M) and female (F) Red-backed Shrikes (Lanius collurio) and Barred Warblers (Curruca nisoria). Co-infections are 
marked with an asterisk (*); parasite lineages detected for the first time in Barred Warbler are marked with two asterisks 
(**), while the new parasite lineage is marked with three asterisks (***).

Parasite species cytochrome b 
lineage

GenBank  
Accession No.

Lanius collurio Curruca nisoria

M F M F

Haemoproteus lanii
RB1 DQ060768 2 3

RBS2* DQ368359 6 6 2
RBS4 DQ630012 3

Haemoproteus parabelopolskyi SYNIS1 DQ368367 1 2

Haemoproteus sp. SYNIS5*** OP917926 1

Plasmodium relictum SGS1* AF495571 2

Plasmodium sp. SYCON02** KP688296 1
Leucocytozoon sp. RS4** DQ847231 1
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Red-backed Shrikes elsewhere (Valkiūnas et al. 
2013). Accordingly, potentially due to temporal 
fluctuations within localities, some Haemoproteus 
and Plasmodium lineages appeared more common 
(Ellis et al. 2015).

Recent research has shown that Barred War-
blers harbour four Haemoproteus lineages (SYNIS1, 
SYNIS2, SYNIS3, CWT4) and two Plasmodium 
(GRW11 and SGS1) (Bensch et al. 2000). In our 
study, Barred Warblers were infected not only with 
the Haemoproteus parabelopolskyi (SYNIS1) and 
Plasmodium relictum (SGS1) lineages (Fig. 2 c-d), 
but also with the Leucocytozoon sp. (RS4) lineage. 
This lineage l_RS4 has previously been identified 
in the Blackcap Sylvia atricapilla and the Common 
Whitethroat Curruca communis (Hellgren et al. 
2007, Stanković et al. 2019), but in our study, it was 
found in a co-infection with h_SYNIS1. 

A sequence h_SYNIS5, isolated from a male 
Barred Warbler, has been deposited in GenBank as 
a new lineage. Plasmodium relictum, represented 
by the lineage p_SGS1, was previously detected in 
breeding Barred Warbler (Dimitrov et al. 2010). This 
is the first time that the p_SYCON02 lineage has 
been detected in Barred Warbler. Previously, this lin-
eage had only been found in the Spectacled Warbler, 
Curruca conspicillata, in Spain (Illera et al. 2015). 

Importantly, we identified sequences of the lin-
eage h_RBS2 of Haemoproteus lanii, in two Barred 
Warblers, for the first time, even though this para-
site tends to be host-specific in Red-backed Shrikes 
Lanius collurio. The presence of h_RBS2 was only 
detected by PCR, with no confirmation of gameto-
cyte presence in Barred Warbler blood smears. As 
suggested by Valkiūnas et al. (2013), these findings 
could be interpreted as a case of partial or abortive 
parasite development. There are several potential 
biological and procedural explanations for how and 
why a haemosporidian parasite of non-related spe-
cies is barcode-detected in a non-related sympatric 
species. In the case of experimental co-infections, p_
SGS1 has been shown to suppress the development 
of p_GRW4 (Palinauskas et al. 2022). It is therefore 
possible that this could also be the case in our study, 
given that the h_RBS2 infection was discovered in a 
co-infection with the Plasmodium lineages p_SGS1. 
Furthermore, although the parasites of the genus 
Haemoproteus are generally considered to be rather 
host-specific, some species in this genus may exhibit 
lower specificity. For example, H. majoris has been 
found to parasitise birds belonging to four different 
families (Križanauskienė et al. 2006). Additionally, 
non-erythrocytic stages of early infections, such as 
sporozoites may be detected through the very sensi-

tive nested PCR protocols which amount more than 
55 amplification samples. Thus, detection may occur 
even after a simple bite of an infective vector whether 
this leads to the first developmental stages of an in-
fection which will later abort or not (Valkiūnas et al. 
2009). Additionally, despite our best efforts to han-
dle samples separately and cleanly in the field and in 
the lab, contaminations always remain a grave risk 
to studies of parasite specificity which rely on bar-
coding. Therefore, additional independent sampling 
of this system is warranted and further examination 
of such cases using more elaborate methods, such as 
NGS sequencing of amplicons and in-situ hybridisa-
tion detection and metabarcoding of host DNA, will 
be needed to provide more solid support for success-
ful or abortive cross-infection between these sympa-
tric host species.

Conclusion
Living in close proximity may result in sharing the 
same vectors and possibly parasites, as suggested 
by our results. However, we acknowledge that our 
sample size was limited. Further studies should inc-
lude additional individuals of the studied species to 
assess whether Haemoproteus lanii can expand its 
host spectrum toward new, phylogenetically distant 
host species. Furthermore, screening for parasites of 
other bird species living in the same locality would 
provide stronger evidence of potential local oppor-
tunistic transmission. 
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