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Abstract
Avian haemosporidians are vector-transmitted blood parasites that are distributed worldwide, abundant in many bird families 
and well studied across Europe and North America. Since avian haemosporidians have been poorly examined in the Palearctic 
migratory flyways of the Western Balkans, the goal of this study was to investigate which species of three haemosporidian 
genera, Plasmodium, Haemoproteus and Leucocytozoon, infect both resident and migratory passerines in Serbia. The preva-
lence, distribution and parasitaemia of avian haemosporidian infections were screened using both a nested PCR method and 
microscopy. Out of 202 birds sampled at seven localities, 66 were infected with haemosporidians, and the total prevalence 
was 32.7%. The great majority of infected birds (29 individuals) had moderate levels of parasitaemia. The most abundant 
haemosporidian genus was Haemoproteus at 26.1% prevalence. All infected birds were adults; none of the tested juveniles 
were infected. Mixed infection was only recorded in one bird. We identified 31 genetic lineages of haemosporidians. Two 
new cytochrome b lineages, of Plasmodium and Leucocytozoon, were identified and found in the hosts Common Chaffinch 
(Fringilla coelebs) and Golden Oriole (Oriolus oriolus), respectively. We identified three new host records for previously 
known lineages. The lineage GRW06 (Plasmodium elongatum) occurred in Common Chaffinch, while the lineages PARUS20 
and PARUS25 (Leucocytozoon sp.) were recorded in Willow Tit (Poecile montanus) and Crested Tit (Lophophanes cristatus), 
respectively. We found statistically significant differences in the prevalence of three haemosporidian genera among residents 
and partial migrants. The difference in mean parasitaemia was significant only between residents and partial migrants.
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Zusammenfassung
Diversität der Blutparasiten bei wildlebenden Sperlingsvögeln in Serbien unter besonderer Beachtung zweier neuer 
Abstammungslinien
Vogel-Hämosporidien, weltweit verbreitete Blutparasiten, die durch Vektoren übertragen werden, kommen bei vielen Vogel-
familien häufig vor und sind in Europa und Nordamerika gut untersucht. Da über Vogel-Hämosporidien im paläarktischen 
Zugkorridor auf dem westlichen Balkan jedoch nur wenig bekannt ist, war das Ziel dieser Studie, herauszufinden, welche 
Arten der drei Hämosporidien-Gattungen Plasmodium, Haemoproteus und Leucocytozoon nicht-ziehende und ziehende Sper-
lingsvögel in Serbien infizieren. Die Prävalenz, die Verbreitung und die Parasitämie von Vogel-Hämosporidien-Infektionen 
wurden mit Hilfe von verschachtelter PCR und Mikroskopie ermittelt. Von 202 Vögeln, die an sieben Standorten beprobt 
wurden, waren 66 mit Hämosporidien infiziert. Die Gesamtprävalenz betrug 32,7%. Der Großteil der infizierten Vögel 
(29 Individuen) wies moderate Parasitämiespiegel auf. Die häufigste Hämosporidiengattung war Haemoproteus mit einer 
Prävalenz von 26,1%. Alle infizierten Tiere waren Altvögel, wohingegen keine der untersuchten Jungvögel infiziert waren. 
Eine gemischte Infektion wurde lediglich bei einem Vogel festgestellt. Wir haben 31 genetische Abstammungslinien von 
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Hämosporidien-Parasiten identifiziert. Zwei neue Cytochrom b-Abstammungslinien von Plasmodium und Leucocytozoon 
wurden identifiziert und beim Buchfinken (Fringilla coelebs) und Pirolen (Oriolus oriolus) nachgewiesen. Zudem haben wir 
drei neue Wirte für zuvor bekannte Abstammungslinien identifiziert. Die Linie GRW06 (Plasmodium elongatum) kam bei 
Buchfinken vor, während die Linien PARUS20 und PARUS25 (Leucocytozoon sp.) bei Weidenmeisen (Poecile montanus) 
bzw. Haubenmeisen (Lophophanes cristatus) nachgewiesen wurden. Wir haben statistisch signifikante Unterschiede in der 
Prävalenz der drei Hämosporidiengattungen bei Standvögeln und Teilziehern gefunden. Der Unterschied in der mittleren 
Parasitämie war nur zwischen Standvögeln und Teilziehern signifikant.

Introduction

Haemosporidians (phylum Apicomplexa) are distrib-
uted worldwide, from tropical and temperate to subpo-
lar climates, with the exception of Antarctica where cold 
weather prevents the development of insect vectors for 
these parasites (Bennett et al. 1993). Avian haemosporidi-
ans have been well studied across parts of Europe (Western 
and Northern Europe and Eastern Balkans) (Bensch et al. 
2000; Waldenström et al. 2002; Bensch and Åkesson 2003; 
Scheuerlein and Ricklefs 2004; Ventim et al. 2012) and 
North America (Ricklefs et al. 2005; Fallon et al. 2006), 
but the distribution of avian haemosporidians in wild birds 
of the Balkan Peninsula has been examined only in Bul-
garia (Valkiūnas et al. 1999; Shurulinkov and Golemansky 
2003; Zehtindjiev et al. 2009; Dimitrov et al. 2010). The 
prevalence of haemosporidians and parasitaemia in birds 
used to be studied by light microscopy. Using this meth-
odology, the prevalence of the genera Haemoproteus and 
Plasmodium in Bulgaria was estimated to be 6.3% and 
9.5%, respectively (Valkiūnas et al. 1999; Shurulinkov and 
Golemansky 2003) and 1.3% for the genus Leucocytozoon 
(Shurulinkov and Golemansky 2003). However, the recent 
development of efficient protocols for the amplification of 
a specific part of the mitochondrial cytochrome b (Cytb) 
gene (Bensch et al. 2000; Hellgren et al. 2004) has allowed 
scientists to conduct more detailed studies on the diver-
sity, distribution and evolution of avian haemosporidians 
(Fallon et al. 2003; Bensch et al. 2007; Zehtindjiev et al. 
2009). Using a nested PCR protocol, Dimitrov et al. (2010) 
showed that, of all examined birds in Bulgaria, 43% were 
positive for Plasmodium and 48% for Haemoproteus.

Since there is no information about the distribution of 
avian haemosporidians in Serbia, our aim was to obtain 
primary information on the occurrence of blood parasites 
in wild birds there. As part of the African-Eurasian Fly-
way, the Western Balkans and Serbia are important for 
breeding populations of several species of long-distance 
migrants that winter in tropical Africa. In this study, our 
objective was to investigate the distribution, prevalence 
and parasitaemia of the genera Haemoproteus, Plasmo-
dium and Leucocytozoon among different migratory and 
resident passerines in Serbia. We consider that the results 

obtained are valuable for planning further experimental 
research on avian malaria.

Methods

Using both a nested PCR method and light microscopy, we 
screened a total of 202 individuals of 43 species of 21 fami-
lies of passerines for the presence of Haemoproteus spp., 
Plasmodium spp. and Leucocytozoon spp. Birds were caught 
with mist nets during the breeding season (April–July). All 
birds were identified, ringed, aged as juveniles or adults 
and measured using a standard protocol (Svensson 1992). 
Sampled birds were divided into three groups based on 
their migratory status: residents (remaining in their ter-
ritory all year round), migrants (annually migrating) and 
partial migrants (some individuals are migratory, some are 
not) (Berthold 1996). Bird nomenclature follows del Hoyo 
and Collar (2014). A small amount of blood (approximately 
20 μl) was collected from each bird by puncturing the bra-
chial vein, and a drop of this used for the preparation of 
blood smears (one smear per bird). The remaining blood was 
saved for the DNA analysis. We obtained blood smears for 
199 individuals (one smear per bird) and 134 blood samples 
(one blood sample per bird). Both blood smears and blood 
samples were obtained for 134 birds.

Data were collected from seven localities in Ser-
bia, of which four are wetlands [Ludaš Lake (46°06′N 
19°49′E), Ponjavica (44°44′N 20°45′E), Mala Vrbica fish-
pond (44°36′N 22°40′E) and Gruža reservoir (43°57′N 
20°41′E)]; one is Pannonic semidesert steppe [Deliblat-
ska Sands (44°51′N 21°06′E)]; and two are mountains [Mt 
Tara (43°54′N 19°30′E) and Mt Rtanj (43°48′N 21°50′E; 
foothills)]. Samples were collected in 2007 only at Gruža 
reservoir, and from 2011 to 2016 from the other localities. 
The majority of blood samples (48.5%) were collected from 
birds at Mt Tara.

The blood slides were air dried, fixed in 96% ethanol 
for 3 min in the field and stained with Giemsa in the labo-
ratory. Blood films were examined with a Leica DMLS 
light microscope for about 10 min at low magnification 
(× 400), and then at least 100 fields were studied at high 
magnification (× 1000), as described by Valkiūnas et al. 
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(2008a). The intensity of infection was estimated as the 
percentage of parasite counts per 1000 or 10,000 erythro-
cytes, as recommended by Godfrey et al. (1987).

The DNA was extracted by a standard ammonium ace-
tate method (Richardson et al. 2001) and quantified by 
NanoDrop (Implen Nano photometer P330). The DNA 
was diluted to a standard concentration of approximately 
25 ng/μl and used as a template for amplification of a 
479-base pair fragment of the mitochondrial Cytb of para-
sites by nested polymerase chain reaction (PCR) assay 
(Hellgren et al. 2004). The initial PCR was carried out 
with the primers HaemNFI/HaemNR3, which amplified 
all three genera of the haemosporidians (Plasmodium, 
Haemoproteus and Leucocytozoon). The PCR reaction 
was performed in 25 μl total volume containing, per reac-
tion, 1.5 μl  MgCl2 (25 mM; Applied Biosystems), 2.5 μl 
GeneAmp 10X PCR Buffer II (Applied Biosystems), 
2.5 μl dNTP (1.25 mM; Thermo Scientific), 0.1 μl Ampli-
Taq DNA polymerase (5 U/µl; Applied Biosystems), 1 μl 
of each primer (10 μM), 15.4 μl of double distilled  H2O 
and 1 μl of diluted total genomic DNA template (25 ng/
μl). One negative and two positive controls were used in 
every PCR run of 16 samples. Nested PCR was carried 
out with the primers HaemF/HaemR2 for Haemoproteus 
and Plasmodium, and HaemFL/HaemR2L only for Leu-
cocytozoon. A nested PCR reaction was also performed in 
25 μl total volume containing 2 μl of the first PCR prod-
uct as the template and the same reagents. The presence 
of haemosporidian infection in the samples was evaluated 
by running 2.5 μl of the final PCR products on 2% aga-
rose gel. All positive samples were sequenced by Sanger 
sequencing; reaction was with the BigDye Terminator 
version 1.1 Cycle Sequencing Kit (product no. 4336776; 
Applied Biosystems). Samples were loaded onto an ABI 
PRISM 3100 capillary sequencing robot (Applied Biosys-
tems). The sequences were edited in BioEdit (Hall 1999) 
and aligned using ClustalW algorithm in MEGA version 
6 (Tamura et al. 2013). After aligning, the sequences were 
identified by using the BLAST algorithm in the MalAvi 
database (Bensch et al. 2009) and GenBank sequences 
(Benson et al. 2014). Two unique lineages were recorded 
for the first time and deposited in GenBank (accession 
nos. MF543057 and MF374497).

A χ2-test with Bonferroni correction was used for pair-
wise comparisons to examine the association between the 
birds’ migratory status and the presence of parasites. The 
Kruskal–Wallis test, followed by post hoc Mann–Whitney 
U signed-rank test with Bonferroni adjustment for pair-
wise comparisons, was used to assess the differences in 
parasitaemia according to migratory status. All statistical 
analyses were carried out using R version 3.3.2. (R Core 
Team 2016).

Results

According to both independent microscopy and PCR analy-
sis, out of the 202 passerines of 43 species examined, 66 
individuals were found to be infected with haemosporidians 
(Table 1). All infected individual were adults. None of the 
juveniles were found to be infected.

Total prevalence for the three haemosporidian genera was 
32.7%. This was scored by combining positive results from 
independent microscopy and screening samples with both 
blood smears and PCR. However, the prevalence differed 
between the methods, and was higher when PCR was used 
in combination with blood smears (41.8%) than when only 
blood smears were used (21.6%) (Pearson χ2 �2

(1)
 = 7.8724, 

p < 0.01). Considering that blood smears were only sufficient 
for the estimation of parasite prevalence and parasitaemia, 
for further analyses we only used data obtained by PCR. Of 
the 134 analysed birds, infected ones showed 26.1% preva-
lence for Haemoproteus spp., 9.7% for Plasmodium spp., and 
6.7% for Leucocytozoon spp.. In addition, we identified 31 
genetic lineages: 15 lineages of Haemoproteus and eight 
lineages each of Plasmodium and Leucocytozoon.

Two unique lineages, one of Plasmodium sp. and one 
of Leucocytozoon sp., were recorded for the first time and 
deposited in GenBank. Lineage CCF25 (MF543057) of the 
genus Plasmodium was recorded in the resident species 
Common Chaffinch (Fringilla coelebs), from Deliblatska 
Sands. Lineage ORIORI04 (MF374497) from the genus 
Leucocytozoon was found in the migratory species Golden 
Oriole (Oriolus oriolus), from Mala Vrbica fishpond.

We identified three new host records for previously 
known lineages. In one case, we found a new host record 
for the cosmopolitan parasite lineage cyt b GRW06 (Plas-
modium elongatum) that occurred in Common Chaffinch at 
Deliblatska Sands. Lineages PARUS20 and PARUS25 (Leu-
cocytozoon spp.) were recorded for the first time in Willow 
Tit (Poecile montanus) and Crested Tit (Lophophanes cris-
tatus), respectively, at Mt Tara. Only one naturally infected 
Bullfinch (Pyrrhula pyrrhula) was positive for a mixed 
infection with Haemoproteus fringillae and Leucocytozoon 
majoris. The mixed infection was recorded by using a nested 
PCR approach.

Among the birds examined, 78 were resident, 42 were 
migratory and 14 were partially migratory. Resident (28 
individuals) and migratory birds (21 individuals) were 
infected with all three examined haemosporidian genera, 
while seven partial migrants had infections only with 
Haemoproteus spp. The majority of resident (15 birds) and 
migratory (12) hosts were infected with Haemoproteus 
spp., while Plasmodium spp. infection was present in 
seven residents and six migrants. Leucocytozoon spp. 
infection was established in seven residents and two 
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Table 1  List of sampled host species (according to their migratory status), sampling site and number of individuals infected by single lineages of 
Haemoproteus spp., Plasmodium spp. and Leucocytozoon spp.

Family Prevalence 
per family 
(%)

Host species 
(migratory 
status)

Sampling site No. of sam-
pled birds per 
site

Haemoproteus 
cyt b lineages 
(no. infected 
birds)

Plasmodium cyt 
b lineages (no. 
infected birds)

Leucocytozoon 
cyt b lineages (no. 
infected birds)

Oriolidae Oriolus oriolus 
(M)

Mala Vrbica 
fishpond

1 ORIORI04a (1)

Laniidae Lanius collurio 
(M)

Mt Tara 1 RBS4 Haemo-
proteus lanii 
(1)

Mala Vrbica 
fishpond

2 RBS2 H. lanii 
(1)

Corvidae Garrulus 
glandarius (R)

Mt Tara 1 GAGLA02 (1)

Paridae 33.3 Periparus ater 
(R)

Mt Tara 8 ACAGR1 (1) PARUS7 (2)

Lophophanes 
cristatus (R)

Mt Tara 3 Haemoproteus 
spp. (1)

PARUS25 (1)

Poecile monta-
nus (R)

Mt Tara 2 PARUS20 (1), 
PARUS78 (1)

Cyanistes caer-
uleus (R)

Mala Vrbica 
fishpond

1

Parus major (R) Gruža reservoir 1
Mt Rtanj 1
Ponjavica 5

Remizidae Remiz penduli-
nus (pM)

Ludaš lake 1
Mt Rtanj 1

Alaudidae Alauda arvensis 
(M)

Mala Vrbica 
fishpond

1

Acrocephalidae 47 Iduna pallida 
(M)

Mala Vrbica 
fishpond

2 HIP2 (1), MW1 
Haemoproteus 
belopolskyi (1)

Acrocephalus 
melanopogon 
(M)

Ludaš lake 1

Acrocephalus 
palustris (M)

Ponjavica 3 SGS1b (1), 
SYBOR21 (1)

Acrocephalus 
scirpaceus (M)

Ponjavica 2 MW1 H. 
belopolskyi (1)

Ludaš lake 2 ARW1H. 
belopolskyi (2)

Mala Vrbica 
fishpond

1

Acrocephalus 
arundinaceus 
(M)

Mala Vrbica 
fishpond

5 SGS1b (1)

Ludaš lake 1
Phylloscopidae Phylloscopus 

collybita (M)
Deliblatska 

Sands
2

Mt Tara 3
Aegithalidae Aegithalos cau-

datus (R)
Mt Rtanj 6
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Table 1  (continued)

Family Prevalence 
per family 
(%)

Host species 
(migratory 
status)

Sampling site No. of sam-
pled birds per 
site

Haemoproteus 
cyt b lineages 
(no. infected 
birds)

Plasmodium cyt 
b lineages (no. 
infected birds)

Leucocytozoon 
cyt b lineages (no. 
infected birds)

Sylviidae 64.7 Sylvia atricapilla 
(M)

Gruža reservoir 1
Deliblatska 

Sands
2 Haemoproteus 

spp. (1)
Ponjavica 3 ARW1 H. 

belopolskyi 
(1), SYAT02 
Haemoproteus 
parabelopol-
skyi (1)

Mala Vrbica 
fishpond

1

Rtanj 1 Haemoproteus 
spp. (1)

Mt Tara 4 SYAT01 H. 
parabelopol-
skyi (2), 
SYAT10 (1)

Sylvia borin (M) Deliblatska 
Sands

1 Haemoproteus 
spp. (1)

Sylvia nisoria 
(M)

Mala Vrbica 
fishpond

1 GRW11 Plasmo-
dium relictum 
(1)

Sylvia communis 
(M)

Mala Vrbica 
fishpond

3 SGS1b (1) RS4 (1)

Certhiidae Certhia famil-
iaris (R)

Mt Tara 2 PARUS22 (1)

Sittidae Sitta europea (R) Deliblatska 
Sands

1

Mt Rtanj 1
Sturnidae Sturnus vulgaris 

(R)
Mala Vrbica 

fishpond
1

Ponjavica 1
Turdidae 78.9 Turdus philome-

los (pM)
Mt Tara 4 TUPHI01 

Haemoproteus 
minutus (3)

Turdus merula 
(R)

Gruža reservoir 3 Haemoproteus 
spp. (1)

Mt Tara 9 TURDUS2 H. 
minutus (7), 
Haemoproteus 
spp. (2)

Mt Rtanj 3 Haemoproteus 
sp.
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Table 1  (continued)

Family Prevalence 
per family 
(%)

Host species 
(migratory 
status)

Sampling site No. of sam-
pled birds per 
site

Haemoproteus 
cyt b lineages 
(no. infected 
birds)

Plasmodium cyt 
b lineages (no. 
infected birds)

Leucocytozoon 
cyt b lineages (no. 
infected birds)

Muscicapidae 17 Erithacus 
rubecula (pM)

Reservoir Gruža 1 ROBIN1 Haemo-
proteus attenu-
atus (1)

Mt Rtanj 1 Haemoproteus 
spp. (1)

Mt Tara 35 ROBIN1 H. 
attenuatus (3), 
Haemoproteus 
spp. (3)

Luscinia mega-
rhynchos (M)

Gruža reservoir 2
Ponjavica 4
Mala Vrbica 

fishpond
1

Phoenicurus 
ochruros (pM)

Mt Tara 2

Phoenicurus 
phoenicurus 
(M)

Gruža reservoir 1

Regulidae Regulus regulus 
(R)

Mt Tara 7

Regulus ignicap-
illus (R)

Mt Tara 4

Prunellidae Prunella modu-
laris (R)

Mt Tara 5 SYAT05 
Plasmodium 
vaughani (1)

Passeridae 11.1 Passer domesti-
cus (R)

Mt Rtanj 7 SGS1b (1)
Ponjavica 5

Passer hispanio-
lensis (R)

Mala Vrbica 
fishpond

1 SGS1b (1)

Passer montanus 
(R)

Ludaš lake 1
Mala Vrbica 

fishpond
1

Mt Rtanj 1
Ponjavica 2

Motacillidae Motacilla 
cinerea (M)

Mala Vrbica 
fishpond

1

Fringillidae 53.3 Fringilla coelebs 
(R)

Deliblatska 
Sands

4 CCF2 (1) ACAGR1 (1); 
 CCF25a (1); 
GRW06 
Plasmodium 
elongatum (1)

Mt Rtanj 2 Haemoproteus 
spp. (1)

Mt Tara 4 CCF6 (2)
Pyrrhula pyr-

rhula (R)
Mt Tara 4 CCF3 Haemo-

proteus fringil-
lae (1)c

CB1 Leucocyto-
zoon majorisc

Carduelis cardu-
elis (R)

Gruža reservoir 1
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migrants. Resident birds were the most infected group 
among the birds examined. We found a statistically signifi-
cant difference between the prevalence of resident and 
partial migrants ( �2

(1)
 = 12.145, p = 0.00049), but there 

were no significant differences between the prevalence in 
residents and migrants ( �2

(1)
 = 1.239, p = 0.79), nor between 

the prevalence in migrants and partial migrants 
( �2

(1)
 = 4.988, p = 0.07).

Lineages MW1 and ARW1 of Haemoproteus belopolskyi 
were recorded in two different host genera, while two line-
ages (ACAGR1 and SGS1) of the genus Plasmodium were 
found in more than one host family (Supplementary mate-
rial, Table 2).

Most of the hosts from the different localities shared para-
site lineages, but some of the parasites were recorded only 
at particular sites. Among 17 lineages recorded in total at Mt 
Tara, we found nine lineages of the genus Haemoproteus, 
six of Leucocytozoon and two of Plasmodium, which were 
specific to this area. Two different haplotypes (RBS4 and 
RBS2) of Haemoproteus lanii were recorded at two distant 
localities: Mt Tara and Mala Vrbica fishpond, respectively. 
Moreover, the Kruskal–Wallis χ2-test showed the absence 
of an overall statistical difference in the prevalence of hae-
mosporidian genera among all examined localities ( �2

(1)
 = 6, 

p = 0.42). However, a Binominal test for proportions showed 
significant difference only between infected birds on Mts 
Tara and Rtanj ( �2

(1)
 = 11.829, p = 0.01).

The most infected host species was Eurasian Blackbird 
(Turdus merula) at 80% of the examined birds infected 
only with Haemoproteus spp. Common Chaffinch and 
Eurasian Blackcap (Sylvia atricapilla) also had very high 
infection levels, at 70% and 58.3% of examined individu-
als, respectively. Common Chaffinches were infected with 

Haemoproteus spp. and Plasmodium spp., while Eurasian 
Blackcaps were infected with Haemoproteus spp.

The level of calculated parasitaemia varied between 
0.01% (low and chronic parasitaemia) and 4.8% (high para-
sitaemia). A low parasitaemia level, 0.01%, was found in 
23 birds. The great majority of hosts (29 birds) had moder-
ate parasitaemia levels of between 0.01 and 1%, while high 
parasitaemia levels above 1.1% were found in 14 birds. The 
highest level of parasitaemia, 4.8%, was found in one Red-
backed Shrike (Lanius collurio) sampled at Mala Vrbica 
fishpond in 2016. Birds with chronic parasitaemia levels 
were infected with all three haemosporidian genera, as were 
hosts with moderate parasitaemia levels, while those with 
high parasitaemia levels were infected with only Haemopro-
teus spp. and one Plasmodium spp. Most resident birds had 
either a low or moderate level of parasitaemia, while a high 
level was predominantly found in partial migrants.

Mean parasitaemia levels differed significantly between 
the migratory groups (Supplementary material, Fig. 1). 
The highest mean level of parasitaemia, 1.9%, was found 
in partial migrants such as the European Robin (Erithacus 
rubecula) and Song Thrush (Turdus philomelos), while it 
was lower in residents and migrants, ranging from 0.3 to 
0.6%. However, the Kruskal–Wallis test with a post hoc 
Mann–Whitney U-test and Bonferroni correction showed 
that a statistically significant difference in average parasi-
taemia existed only between residents and partial migrants 
(U = 269, p = 0.02); the differences were not statistically sig-
nificant between residents and migrants (U = 426, p = 0.939), 
or between migrants and partial migrants (U = 72.5, 
p = 0.137).

We detected significant differences in average parasitae-
mia levels between the examined migratory groups. For resi-
dent birds, there was a significant difference in parasitaemia 

Table 1  (continued)

Family Prevalence 
per family 
(%)

Host species 
(migratory 
status)

Sampling site No. of sam-
pled birds per 
site

Haemoproteus 
cyt b lineages 
(no. infected 
birds)

Plasmodium cyt 
b lineages (no. 
infected birds)

Leucocytozoon 
cyt b lineages (no. 
infected birds)

Emberizidae Emberiza 
melanocephala 
(M)

Mala Vrbica 
fishpond

1 AEDVEX01 (1)

Emberiza cit-
rinella (R)

Deliblatska 
Sands

4

Emberiza schoe-
niclus (R)

Ludaš lake 1

Prevalence (%) is given per family where ten or more individuals were examined
cyt b Cytochrome b, R resident, M migrant, pM partial migrant
a Lineages registered for the first time
b Possibly SGS1 (Plasmodium relictum) due to an undetermined nucleotide at position 9 (5′)
c Mixed infection
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only between hosts infected with Haemoproteus and Leu-
cocytozoon (U = 116.5, p = 0.0032), while there were no 
differences between birds infected with Haemoproteus and 
Plasmodium (U = 90.5, p = 0.168) nor between birds infected 
with Plasmodium and Leucocytozoon (U = 17, p = 0.262). 
Migrants showed a different pattern: a significant difference 
was observed among birds infected with Haemoproteus and 
Plasmodium (U = 82.5, p = 0.0034), while there were no 
differences among birds infected with Haemoproteus and 
Leucocytozoon (U = 18.5, p = 0.653) and Plasmodium and 
Leucocytozoon (U = 8.5, p = 0.382).

In our study, the females had higher average levels of 
parasitaemia (0.86%) than males (0.65%). However, there 
were no statistically significant differences in average para-
sitaemia between the sexes (U = 416.5, p = 0.0652).

Discussion

Many studies of avian haemosporidians using traditional 
microscopy (Valkiūnas et al. 1999; Shurulinkov and Gole-
mansky 2003) or molecular approaches (Zehtindjiev et al. 
2009; Dimitrov et al. 2010) have been published for South-
eastern Europe, but not for the Western Balkans. We present 
the first results of a molecular and microscopic overview of 
avian malaria parasites in Serbia, in the Western Balkans.

Overall prevalence obtained by: (1)  independently 
scoring blood slides (without blood samples) with results 
from (2) molecular methods (PCR), in combination with 
microscopy where both samples were available, was 32.7%. 
However, the prevalence obtained by PCR (combined with 
microscopy) was significantly higher. Our results did not 
agree with those of Valkiūnas et al. (2008a), who showed a 
similar overall prevalence of infection for PCR and micros-
copy, probably due to the high quality of their slides.

Several studies on blood parasites in wild passerines 
across Europe that amplified Cytb showed Haemoproteus 
prevalence of 5.1%, 48% and 17.7% and Plasmodium preva-
lence of 15.4%, 43% and 82.3% in Germany, Bulgaria and 
Spain, respectively (Wiersch et al. 2007; Dimitrov et al. 
2010; Ventim et  al. 2012). As Valkiūnas et  al. (2008a) 
noted, the genus Leucocytozoon was rarely detected due to 
unskilled microscopy and low prevalence. However, using 
PCR-based methods for Leucocytozoon, studies in European 
passerines recorded prevalences for Leucocytozoon of 30%, 
2.4% and 85.3% (Valkiūnas et al. 2008a; Rönn et al. 2015; 
Schmid et al. 2017). Our results are consistent with the lit-
erature (Zehtindjiev et al. 2009; Dimitrov et al. 2010), as 
the most common haemosporidian genus that we found was 
Haemoproteus.

We recorded two new lineages from the genera Plas-
modium and Leucocytozoon. Lineage CCF25 of the genus 
Plasmodium was found in Common Chaffinch and lineage 

ORIORI04 of the genus Leucocytozoon was isolated from 
Golden Oriole. To date, only Haemoproteus lineages (ORI-
ORI01, ORIORI02 and ORIORI03) (Dimitrov et al. 2010) 
and Plasmodium rouxi (Valkiūnas 2005) have been isolated 
from Golden Oriole, but no Leucocytozoon.

The parasite lineage GRW06, of the morphological spe-
cies Plasmodium elongatum, has so far been recorded in 57 
bird hosts (MalAvi database), including Great Reed Warbler 
(Acrocephalus arundinaceus) and House Sparrow (Passer 
domesticus) from Bulgaria (Valkiūnas et al. 2008b). For the 
first time, we isolated the lineage GRW6 from Common 
Chaffinch at Deliblatska Sands in Serbia.

According to the occurrence of separate bands of both 
infections in the sequence electropherogram, only one Bull-
finch had a mixed infection with Haemoproteus fringillae 
and Leucocytozoon majoris. The detection efficiency might 
vary due to low-quality sequences due to the combination of 
parasite lineages or the intensity of infection (Pérez-Tris and 
Bensch 2005; Zehtindjiev et al. 2012). We could not identify 
with certainty other mixed infections in our samples, prob-
ably due to weak peaks of the lineage where parasitaemia 
was low, as explained by Pérez-Tris and Bensch (2005).

In an examination of 460 wild passerines (both migrants 
and residents) in Bulgaria, Dimitrov et al. (2010) found 267 
birds infected with haemosporidians and identified 52 line-
ages of these. Of these 52 lineages, 38 belonged to the genus 
Haemoproteus and 14 to the genus Plasmodium. Hellgren 
et al. (2009) obtained similar results in Western Europe, 
identifying 63 lineages of the genus Haemoproteus and 35 
of Plasmodium. In our study of 202 wild birds, we found 
66 individuals that tested positive for haemosporidians and 
we identified 31 genetic lineages, 15 of which belonged to 
the genus Haemoproteus and eight each to Plasmodium and 
Leucocytozoon, i.e. the most common haemosporidians in 
wild passerines in Serbia belong to the genus Haemoproteus.

Latta and Ricklefs (2010) showed that haemosporidian 
prevalence can differ significantly depending on the migra-
tory status of birds. The most frequently infected bird spe-
cies in their study were residents, mostly infected by Haemo-
proteus spp., while the endemic residents had the highest 
rates of infection; the parasite assemblage was dominated 
by Plasmodium lineages. In our study, among 78 residents, 
42 migrants and seven partial migrants, residents were the 
most infected group of birds, with all three haemosporid-
ian genera present in 28 individuals. Migrants (21 infected 
birds) were also infected by all three haemosporidian genera, 
whereas partial migrants (seven birds) were infected only 
with the genus Haemoproteus. Unlike Ventim et al. (2012), 
who only found the genus Haemoproteus in migratory birds, 
we found that residents were mostly infected by species of 
this genus. Moreover, infection with the genus Plasmodium 
was established both in resident birds (young and adults) and 
young migrants (Ventim et al. 2012). We found Plasmodium 
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spp. and Leucocytozoon spp. infections in both residents and 
migrants. None of the juvenile birds in our sample were 
infected, which lead us to conclude that adults might obtain 
the haemosporidian infection in the non-breeding part of 
their range or that young birds were insufficiently exposed 
to vectors to become infected at the nest sites. However, we 
did not investigate the diversity of vectors at the breeding 
sites, which is the next step necessary to obtain sufficient 
information for a better understanding of haemosporidian 
infection in Serbian birds.

As shown by Waldenström et al. (2002), Haemoproteus 
spp., which infect fewer host species, are considered host 
specialists, while Plasmodium spp. are predominantly host 
generalists. Accordingly, we detected two Haemoproteus 
and one Plasmodium lineage infecting different host species 
and genera. Using the same bird nomenclature as Walden-
ström et al. (2002), we observed the same pattern; host spe-
cies infected with Plasmodium lineages were from different 
families, whereas host species infected with Haemoproteus 
lineages were from the same family.

According to Valkiūnas (2005), who followed the bird 
nomenclature after Sibley and Monroe (1990), the most 
infected bird family was Sylviidae. Applying the same 
systematics to this study, we observed the same pattern as 
Valkiūnas (2005) and Palinauskas et al. (2005): birds from 
the family Sylviidae were infected with all three examined 
haemosporidian genera, while species from the family Tur-
didae were infected only with Haemoproteus spp. This dif-
ference is probably due to the ecological demands of the 
family Turdidae during the breeding season; species from 
this family place their nests on the ground or 1.5–2 m above 
the ground (Cramp 1988) where there is higher activity of 
biting midges, which are potential vectors of Haemoproteus 
spp. (Diarra et al. 2014).

The most infected host species was Eurasian Blackbird, 
of which 80% of birds were infected; this in accordance with 
studies conducted in the UK and the Azores (Hatchwell et al. 
2000; Hellgren et al. 2011), where 80% and 57% of the 
examined Eurasian Blackbirds were infected, respectively. 
Moreover, Bentz et al. (2006) found only one Haemoproteus 
lineage and two Plasmodium lineages in Eurasian Blackbird, 
while Hatchwell et al. (2000) found all three haemosporidian 
genera. Unlike these studies, we found only one lineage from 
the genus Haemoproteus (TURDUS2); this was most likely 
due to the lack of suitable insect vectors for other haemospo-
ridian genera at the sampling habitats and other locations in 
Serbia. Eurasian Blackcaps were also highly infected, with 
a prevalence of 58.3%, but only with Haemoproteus spp., 
which is in line with the results of Arizaga et al. (2010) in 
Spain, where 34.1% of Eurasian Blackcaps were infected 
with both Haemoproteus and Plasmodium genera. Similarly 
to Eurasian Blackbird, the absence of other haemosporidian 
genera in Eurasian Blackcaps could be due to the lack of 

insect vectors for the Plasmodium and Leucocytozoon line-
ages at the sampling sites in Serbia.

Valkiūnas et al. (2008a) found that more than 80% of 
infected birds examined from Europe, North America and 
Africa had parasitaemia of less than 0.01%, which is consid-
ered to indicate chronic infection. However, in our study, a 
large number of infected birds (14.3%) had a moderate infec-
tion (mean 0.4%, σ = 32.79%). Since birds with a moderate 
infection were residents, one could assume that the breeding 
grounds in Serbia had suitable vectors of haemosporidia, 
and that birds were exposed to these vectors for a sufficient 
period of time to become infected.

Contrary to the theory that female birds are usually less 
infected than males due to their better immunity (Zuk 1990), 
many studies have reported that females had higher levels 
of parasitaemia than males (Hatchwell et al. 2000; Bentz 
et al. 2006; Asghar et al. 2011; Sorensen et al. 2016). In our 
study, although females had higher medium parasitaemia 
levels than males, we did not find any statistically significant 
difference between them.

This paper presents the first results on the distribution of 
haemosporidian genera in wild birds in Serbia. We found 
that resident birds, in contrast with migratory and partially 
migratory birds, were the most infected group; however, par-
tial migrants had the highest levels of parasitaemia. Haemo-
proteus appears to be the most common haemosporidian 
genus in wild passerines in Serbia. Future research on avian 
parasites and their vectors in Serbia will give better insights 
into their relationships and distribution there.
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