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Abstract 8 

Avian haemosporidians are vector-transmitted blood parasites distributed worldwide, abundant in many bird 9 
families and well-studied across Europe and North America. Since avian haemosporidians were poorly 10 
examined in the Palearctic migratory flyways of the Western Balkans, the goal of this study was to investigate 11 
what species of three haemosporidian genera Plasmodium, Haemoproteus and Leucocytozoon infect both 12 
resident and migratory passerine birds in Serbia. The prevalence, distribution and parasitemia of avian 13 
haemosporidian infections were screened using both nested PCR method and microscopy observation. Out of 14 
202 sampled birds at seven localities, 66 were infected with haemosporidians. Total prevalence was 32.7%. The 15 
great majority of infected birds (29 individuals) had moderate levels of parasitemia. The most abundant 16 
haemosporidian genus was Haemoproteus with prevalence of 26.1%. All infected birds were adults, whereas 17 
none of tested juveniles were infected. Mixed infection was recorded only in one bird. We identified 31 genetic 18 
lineages of haemosporidian parasites. Two new cytochrome b lineages of Plasmodium and Leucocytozoon were 19 
identified and found in hosts; Common Chaffinch (Fringilla coelebs) and Golden Oriole (Oriolus oriolus). We 20 
identified three new host records for previously known lineages. The lineage GRW06 (Plasmodium elongatum) 21 
occurred in Common Chaffinch, while the lineages PARUS20 and PARUS25 (Leucocytozoon sp.) were 22 
recorded in Willow Tit (Poecile montanus) and Crested Tit (Lophophanes cristatus), respectively. We found 23 
statistically significant differences in the prevalence of three haemosporidian genera among resident and partial 24 
migratory birds. The difference in mean parasitemia was significant only between residents and partial migrants. 25 
 26 
Keywords: haemosporidians, passerines, Plasmodium, Haemoproteus, Leucocytozoon 27 
 28 
Introduction 29 
 30 

Haemosporidian parasites from the phylum Apicomplexa are distributed worldwide, from tropical and 31 
temperate to subpolar climates, except Antarctica where cold weather prevents development and appearance of 32 
particular insect vectors (Bennett et al. 1993). Avian haemosporidian parasites are well-studied across Europe 33 
(Western and Northern Europe and Eastern Balkans) (Bensch et al. 2000; Waldenström et al. 2002; Bensch and 34 
Åkesson 2003; Scheuerlein and Ricklefs 2004; Ventim et al. 2012) and North America (Ricklefs et al. 2005; 35 
Fallon et al. 2006). So far, distribution of avian haemosporidians in wild birds of the Balkan Peninsula was 36 
examined only in Bulgaria (Valkiūnas et al. 1999; Shurulinkov and Golemansky 2003; Zehtindjiev et al. 2009; 37 
Dimitrov et al. 2010). The prevalence and parasitaemia in birds used to be studied by light microscopy 38 
observation. Using this methodology, the prevalence for the genera Haemoproteus and Plasmodium in Bulgaria 39 
was estimated to be 6.3% and 9.5%, respectively (Valkiūnas et al. 1999; Shurulinkov and Golemansky 2003) 40 
and 1.3% for the genus Leucocytozoon (Shurulinkov and Golemansky 2003). Recent development of efficient 41 
protocols for amplification of a specific part of the mitochondrial cytochrome b gene (Bensch et al. 2000; 42 
Hellgren et al. 2004) have allowed scientists to conduct more detailed studies on diversity, distribution and 43 
evolution of avian haemosporidians (Fallon et al. 2003; Bensch et al. 2007; Zehtindjiev et al. 2009). Using 44 
nested PCR protocol, Dimitrov et al. (2010) have shown that, of all examined birds in Bulgaria, 43% were 45 
positive for Plasmodium and 48% for Haemoproteus.  46 

Since there is no information about the distribution of avian haemosporidian parasites in Serbia so far, our 47 
aim was to obtain primary information on the occurrence of blood parasites in wild birds. As part of the African-48 
Eurasian Flyway, the Western Balkans and Serbia are important for breeding populations of several species of 49 
long distant migrants that winter in tropical Africa. In this study, our objective was to investigate the 50 
distribution, prevalence and parasitemia of the parasites of the genera Haemoproteus, Plasmodium and 51 
Leucocytozoon among different migratory and resident passerines in Serbia. We consider that the results 52 
obtained are valuable for planning further experimental research on avian malaria. 53 
 54 
Materials and methods 55 

Using both nested PCR method and light microscopy observation, we screened a total of 202 passerine birds 56 
of 43 species and 21 families for the presence of Haemoproteus spp., Plasmodium spp. and Leucocytozoon spp. 57 
Birds were caught with mist nets during the breeding season (from April to July). All birds were identified, ringed, 58 
aged as juveniles or adults and measured using the standard ringing protocol (Svensson 1992). Sampled birds were 59 
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divided into three groups based on their migratory status: residents (stay at territory all year round), migrants 60 
(annually migrate there-and-back) and partial migrants (some individuals are migratory, some are not) (Berthold 61 
1996). The bird nomenclature follows del Hoyo and Collar (2014). A small amount of blood, approximately 20 μl, 62 
was collected from each bird by puncturing the brachial vein. A small drop of blood was used for preparation of 63 
blood smears (one smear per bird). The remaining blood was saved for DNA analysis. We obtained blood smears 64 
from 199 individuals (one smear per bird) and 134 blood samples (one blood sample per bird). Both blood smears 65 
and blood samples were obtained for 134 birds. 66 

Data were collected from seven localities in Serbia, out of which four are wetlands: Ludaš Lake (46º06’N 67 
19º49’E), Ponjavica (44º44’N 20º45’E), Mala Vrbica Fishpond (44º36’N 22º40’E) and Gruža Reservoir (43º57’N 68 
20º41’E); one Pannonic semidesert steppe, Deliblatska Sands (44º51’N 21º06’E) and two mountains: Tara 69 
(43º54’N 19º30’E) and Rtanj (43º48’N 21º50’E, foothill). Samples were collected in 2007 (only at Gruža 70 
Reservoir) and from 2011 to 2016 from the other localities. The majority of blood samples (48.5%) were collected 71 
at Tara Mountain.  72 

The blood slides were air dried, fixed in 96% ethanol for 3 minutes in the field and stained with Giemsa in the 73 
laboratory. Blood films were examined by LEICA DMLS light microscope for about 10 minutes at low 74 
magnification (x400), and then at least 100 fields were studied at high magnification (x1000), as described by 75 
Valkiūnas et al. (2008a). Intensity of infection was estimated as a percentage of counted number of parasites per 76 
1,000 or per 10,000 erythrocytes, as recommended by Godfrey et al. (1987). 77 

The DNA was extracted by a standard ammonium-acetate method (Richardson et al. 2001) and quantified by 78 
NanoDrop (IMPLEN Nano photometer P330). The DNA was diluted to a standard concentration of 79 
approximately 25 ng/μl and used as a template for amplification of a 479 bp fragment of the mitochondrial cyt b 80 
gene of parasites by nested PCR assay (Hellgren et al. 2004). The initial PCR was carried out with the primers 81 
HaemNFI/HaemNR3, which amplified all three genera of the haemosporidian parasites (Plasmodium, 82 
Haemoproteus and Leucocytozoon). PCR reaction was performed in 25 μl total volume containing, per reaction: 83 
1.5 μl MgCl2 (25 mM, Applied Biosystems), 2.5 μl GeneAmp 10X PCR Buffer II (Applied Biosystems), 2.5 μl 84 
dNTP (1.25 mM, Thermo Scientific), 0.1μl AmpliTaq DNA polymerase (5 U/µl, Applied Biosystems), 1 μl of 85 
each primer (10 μM concentration), 15.4 μl of ddH2O and 1 μl of diluted total genomic DNA template (25 86 
ng/μl). One negative and two positive controls were used in every PCR run of sixteen samples. Nested PCR was 87 
carried out with the primers HaemF/HaemR2 for Haemoproteus and Plasmodium and HaemFL/HaemR2L only 88 
for Leucocytozoon. Nested PCR reaction was also performed in 25 μl total volume containing 2 μl of first PCR 89 
product as the template and the same reagents. The presence of haemosporidian infection in the samples was 90 
evaluated by running 2.5 μl of the final PCR products on 2% agarose gel. All positive samples were sequenced 91 
by Sanger sequencing, reaction with BigDye™ Terminator v1.1 Cycle Sequencing Kit, Applied Biosystems 92 
(prod. no. 4336776). Samples were loaded on an ABI PRISM™ 3100 capillary sequencing robot (Applied 93 
Biosystems, USA). The sequences were edited in BioEdit (Hall 1999) and aligned using ClustalW algorithm in 94 
MEGA version6 (Tamura et al. 2013). After aligning, the sequences were identified by using BLAST algorithm 95 
in MalAvi database (Bensch et al. 2009) and GenBank sequences (Benson et al. 2014). Two unique lineages 96 
were recorded for the first time and deposited in GenBank (accession numbers MF543057 and MF374497). 97 
Chi-Square test with Bonferroni correction was used for pairwise comparisons to examine the association 98 
between the birds’ migratory status and the presence of parasites. Kruskal-Wallis test, followed by post-hoc 99 
Mann-Whitney U signed-rank test with Bonferroni adjustment for pairwise comparisons, was used to assess the 100 
differences in parasitemia according to the migratory status. All statistical analyses were carried out using R 101 
v3.3.2. (R Core Team, 2016). 102 
 103 
Results 104 
 105 

According to both independent microscopic examination and PCR analysis, out of the 202 passerine birds of 106 
43 species examined, 66 individuals were found to be infected with haemosporidian parasites (Table 1). All 107 
infected individual were adults. None of the juveniles were found to be infected. 108 

Total prevalence for the three haemosporidian genera was 32.7%. It was scored by combining positive 109 
results from independent microscopic examination and screening samples with both blood smears and PCR. 110 
However, the prevalence differed between the methods. The prevalence showed higher values when PCR was 111 
used in combination with blood smears (41.8%) than use of blood smears only (21.6%) (Pearson Chi-Square 112 
χ

2
(1)=7.8724, p<0.01). Considering that blood smears were good enough only for estimation of prevalence and 113 

parasitemia, for further analyses we used only data obtained by PCR. Out of 134 analysed birds, Haemoproteus 114 
spp. infected birds with the prevalence of 26.1%, Plasmodium spp. with the prevalence of 9.7% and 115 
Leucocytozoon spp. with the prevalence of 6.7%. In addition, we identified 31 genetic lineages: 15 lineages of 116 
Haemoproteus and 8 lineages of both Plasmodium and Leucocytozoon.  117 

Two unique lineages, one of Plasmodium sp. and one of Leucocytozoon sp. were recorded for the first time 118 
and deposited in GenBank. Lineage CCF25 (MF543057) of the genus Plasmodium was recorded in the resident 119 
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species, Common Chaffinch (Fringilla coelebs), from Deliblatska sands. Lineage ORIORI04 (MF374497) from 120 
the genus Leucocytozoon was found in the migratory species, Golden Oriole (Oriolus oriolus), from Mala 121 
Vrbica Fishpond.  122 

We identified three new host records for previously known lineages. In one case, we found a new host record 123 
for the cosmopolitan parasite lineage cyt b GRW06 (Plasmodium elongatum) that occurred in Common 124 
Chaffinch at Deliblatska Sands. Lineages PARUS20 and PARUS25 (Leucocytozoon spp.) were recorded for the 125 
first time in Willow Tit (Poecile montanus) and Crested Tit (Lophophanes cristatus), respectively, at Tara 126 
Mountain. Only one naturally infected Bullfinch (Pyrrhula pyrrhula) was positive for mixed infection with 127 
Haemoproteus fringillae and Leucocytozoon majoris. Mixed infection was recorded by using nested PCR 128 
approach. 129 

Among the birds examined, 78 were residents, 42 were migratory and 14 were partially migratory. Resident 130 
(28 birds) and migratory birds (21 individuals) were infected with all three examined haemosporidian genera, 131 
while seven partial migrants had infections only with Haemoproteus spp. The majority of resident (15 birds) and 132 
migratory (12) hosts were infected with Haemoproteus spp., while Plasmodium spp. infection was present in 133 
seven residents and six migrants. Leucocytozoon spp. infection was established in seven residents and two 134 
migrants. Resident birds were the most infected group among the birds examined. We found a statistically 135 
significant difference between the prevalence of resident and partial migrants (χ

2
(1)=12.145, p=0.00049), but 136 

there were no significant differences between the prevalence of residents and migrants (χ
2
(1)=1.239, p=0.79), 137 

nor between the prevalence in migrants and partial migrants (χ
2

(1)=4.988, p=0.07). 138 
Lineages MW1 and ARW1 linked with the species Haemoproteus belopolskyi were recorded in two different 139 

host genera, while two lineages (ACAGR1 and SGS1) of the genus Plasmodium were found in more than one 140 
host family (Supplementary material, Table 2). 141 

Most hosts from different localities share parasite lineages, but some of the parasites were recorded only at 142 
particular sites. Among 17 lineages recorded in total at Tara Mountain, we found 9 lineages of the genus 143 
Haemoproteus, 6 of Leucocytozoon and 2 of Plasmodium specific just for this area. Two different haplotypes 144 
(RBS4 and RBS2) of Haemoproteus lanii were recorded at two distant localities: Tara and Mala Vrbica Fishpond, 145 
respectively. Moreover, Kruskal-Wallis Chi-Square test showed absence of overall statistical difference in 146 
prevalence of haemosporidian genera among all examined localities (χ

2
(1)=6, p=0.42). However, a Binominal test 147 

for proportions showed significant difference only between infected birds on Tara Mountain and Rtanj 148 
(χ

2
(1)=11.829, p=0.01). 149 
The most infected host species was Eurasian Blackbird (Turdus merula) with 80% of the examined birds 150 

infected only with Haemoproteus spp. Common Chaffinch and Eurasian Blackcaps (Sylvia atricapilla) also had 151 
very high infection levels, with 70% and 58.3% of examined individuals, respectively. Common Chaffinches 152 
were infected with Haemoproteus spp. and Plasmodium spp., while Eurasian Blackcaps were infected with 153 
Haemoproteus spp. 154 

Calculated parasitemia varied between 0.01% (low and chronic parasitemia) and 4.8% (high parasitemia). 155 
Low parasitemia of 0.01% was found in 23 birds. The great majority of hosts (29 birds) had moderate 156 
parasitemia between 0.01% - 1%, while high parasitemia above 1.1% was found in 14 birds. The highest 157 
parasitemia of 4.8% was found in one Red-backed Shrike (Lanius collurio) sampled at Mala Vrbica Fishpond in 158 
2016. Birds with chronic parasitemia were infected with all three haemosporidian genera, as were hosts with 159 
moderate parasitemia, while those with high parasitemia had infection with only Haemoproteus spp. and one 160 
Plasmodium spp. Of resident birds, most had either low or moderate level of parasitemia, while high parasitemia 161 
was predominantly found in partial migrants. 162 

Mean parasitemia differs significantly between the migratory groups (Supplementary material, figure 1). The 163 
highest mean parasitemia of 1.9% was found in partial migrants such as European Robin (Erithacus rubecula) 164 
and Song Thrush (Turdus philomelos) while it was lower in residents and migrants, ranging from 0.3% to 0.6%, 165 
respectively. However, Kruskal-Wallis test with post-hoc Mann-Whitney U test and Bonferroni correction 166 
showed that a statistically significant difference in average parasitemia exists only between resident and partial 167 
migrants (U =269, p=0.02); the differences were not statistically significant between residents and migrants 168 
(U=426, p=0.939), and migrants and partial migrants (U=72.5, p=0.137). 169 

We detected significant differences in average parasitemia between the examined migratory groups. For 170 
resident birds, there was a significant difference in parasitemia only between hosts infected with Haemoproteus 171 
and Leucocytozoon (U=116.5, p=0.0032), while there were no differences between birds infected with 172 
Haemoproteus and Plasmodium (U=90.5, p=0.168) nor between birds infected with Plasmodium and 173 
Leucocytozoon (U=17, p=0.262). On the other hand migrants showed a different pattern: a significant difference 174 
was observed among birds infected with Haemoproteus and Plasmodium (U=82.5, p=0.0034), while there were 175 
no difference among birds infected with Haemoproteus and Leucocytozoon (U=18.5, p=0.653) and Plasmodium 176 
and Leucocytozoon (U=8.5, p=0.382). 177 

178 
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Table 1. List of sampled host species (according to their migratory status), places and number of infected 179 
individuals by single lineages of Haemoproteus spp. Plasmodium spp. and Leucocytozoon spp. 180 

Family 
Prevalence 

per family 

(%) 

Host species 

(migratory 

status) 

Sampling 

site 

No. of 

sampled 

birds 

per site 

Haemoproteus 

cyt b lineages 

(no. of infected 

birds) 

Plasmodium 

cyt b lineages 

(no. of infected 

birds) 

Leucocytozoon 

cyt b lineages 

(no. of infected 

birds) 

Oriolidae  
Oriolus 

oriolus (M) 

Mala Vrbica 

fishpond 
1 

  
ORIORI04 (1) 

Laniidae  
Lanius  

collurio (M) 

Mt Tara 1 RBS4 H. 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  

montanus (R) 
Mt Tara 2   

PARUS20 (1), 

PARUS78 (1) 

Cyanistes  

caeruleus (R) 

Mala Vrbica 

fishpond 
1    

Parus major 

(R) 

Gruža 

reservoir 
1 

   

Mt Rtanj 1 
   

Ponjavica 5 
   

Remizidae  

Remiz 

pendulinus 

(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 H. 

belopolskyi (1) 

  

Acrocephalus 

melanopogon 

(M) 

Ludaš lake 1 
   

Acrocephalus 

palustris (M) 
Ponjavica 3 

 

SGS1
b
 (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 

 
SGS1

b
(1) 

 

Ludaš lake 1    

Phylloscopidae  
Phylloscopus 

collybita (M) 

Deliblatska 

Sands 
2 

   

Mt Tara 3 
   

Aegithalidae  
Aegithalos 

caudatus (R) 
Mt Rtanj 6 

   

Sylviidae 64.7 
Sylvia  

atricapilla (M) 

Gruža 

reservoir 
1 

   

Deliblatska 

Sands 
2 

Haemoproteus 

spp. (1)   
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Ponjavica 3 

ARW1 H. 

belopolskyi (1), 

SYAT02 

H. 

parabelopolskyi 

(1) 

  

Mala Vrbica 

fishpond 
1 

   

Mt Rtanj 1 
Haemoproteus 

spp. (1)   

Mt Tara 4 

SYAT01 H. 

parabelopolskyi 

(2), SYAT10 (1) 
  

Sylvia borin 

(M) 

Deliblatska 

peščara 

sands 

1 
Haemoproteus 

spp. (1)   

Sylvia nisoria 

(M) 

Mala Vrbica 

fishpond 
1 

 

GRW11 P. 

relictum (1)  

Sylvia  

communis (M) 

Mala Vrbica 

fishpond 
3 

 
SGS1

b
 (1) RS4 (1) 

Certhiidae  
Certhia  

familiaris (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  

philomelos 

(pM) 

Mt Tara 4 
TUPHI01 H. 

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.   

Muscicapidae 17 

Erithacus  

rubecula (pM) 

Reservoir 

Gruža 
1 

ROBIN1  

H. attenuatus (1)   

Rtanj 1 
Haemoproteus 

spp. (1)   

Mt Tara 35 

ROBIN1 

H. attenuatus (3), 

Haemoproteus 

spp. (3) 

  

Luscinia 

megarhynchos 

(M) 

Gruža 

reservoir 
2 

   

Ponjavica 4 
   

Fishpond 

Mala Vrbica 
1 

   

Phoenicurus 

ochruros (pM) 
MtTara 2 

   

Phoenicurus 

phoenicurus 

(M) 

Gruža 

reservoir 
1 

   

Regulidae  
Regulus 

regulus (R) 
Mt Tara 7 
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Regulus 

ignicapillus (R) 
Mt Tara 4 

   

Prunellidae  
Prunella  

modularis (R) 
Mt Tara 5 

 

SYAT05  

P. vaughani (1)  

Passeridae 11.1 

Passer  

domesticus (R) 

Mt Rtanj 7 
 

SGS1
b
 (1) 

 
Ponjavica 5 

   
Passer 

hispaniolensis 

(R) 

Mala Vrbica 

fishpond 
1 

 
SGS1

b
 (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); 

CCF25
a
 (1); 

GRW06 P. 

elongatum (1) 

 

Mt Rtanj 2 
Haemoproteus 

spp. (1)   

Mt Tara 4 CCF6 (2) 
  

Pyrrhula  

pyrrhula (R) 
Mt Tara 4 

CCF3 H. 

fringillae (1) 
c
  

CB1 L. majoris
c
 

Carduelis  

carduelis (R) 

Gruža 

reservoir 
1 

   

Emberizidae  

Emberiza 

melanocephala 

(M) 

Mala Vrbica 

fishpond 
1 

 
AEDVEX01 (1) 

 

Emberiza  

citrinella (R) 

Deliblatska 

Sands 
4 

   

Emberiza 

schoeniclus (R) 
Ludaš lake 1 

   

The prevalence (%) is given per family when 10 or more individuals have been examined.  181 
cyt b Cytochrome b, R residents, M migrants, pM partial migrants. 182 
a
 Lineages registered for the first time given in bold 183 

b
 Possibly SGS1 (Plasmodium relictum) due to an undetermined nucleotide at position 9 (5’) 184 

c Mixed infection 185 

In our study, the females had higher average parasitemia (0.86%) than males (0.65 %). However, statistical 186 
analysis showed that there were no significant differences in average parasitemia between the sexes (U=416.5, 187 
p=0.0652). 188 
 189 
Discussion 190 
 191 

Many studies of avian haemosporidian parasites using traditional microscopy (Valkiūnas 1999; Shurulinkov 192 
and Golemansky 2003) or molecular approaches (Zehtindjiev et al. 2009; Dimitrov 2010) have been published 193 
for Southeaster Europe, but not for the Western Balkans. We present the first results of a molecular and 194 
microscopic overview of avian malaria parasites in Serbia, in the Western Balkans. 195 

Overall prevalence, obtained by independently scoring blood slides with results from molecular methods 196 
(PCR), in combination with only microscopic examination where both samples were available, was 32.7%. 197 
However, the prevalence obtained by PCR (combined with microscopic examination) was significantly higher. 198 
Results were not consistent with the study of Valkiūnas et al. (2008a) who showed that overall prevalence of 199 
infection was similar after the PCR and microscopic examination, probably due to the good quality of the slides. 200 

Several studies on blood parasites in wild passerines across Europe aimed at amplifying the cyt b gene and 201 
showed prevalence for Haemoproteus of 5.1%, 48% and 17.7%, and for Plasmodium of 15.4%, 43% and 82.3% 202 
in Germany, Bulgaria and Spain, respectively (Wiersch et al. 2007; Dimitrov et al. 2010; Ventim et al. 2012). As 203 
Valkiūnas et al. (2008a) noted, the detection of the genus Leucocytozoon was usually omitted due to unskilled 204 
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microscopic observation with low prevalence. However, using PCR based methods for Leucocytozoon, studies 205 
in European passerines recorded prevalence for Leucocytozoon of 30%, 2.4% and 85.3% (Valkiūnas et al. 2008a; 206 
Rönn et al. 2015; Schmid et al. 2017). Our results are consistent with the literature (Zehtindjiev et al. 2009; 207 
Dimitrov 2010) as the most common haemosporidian genus was Haemoproteus, ahead of Plasmodium and 208 
Leucocytozoon, respectively. 209 

We recorded two new lineages from the genera Plasmodium and Leucocytozoon. Lineage CCF25 from the 210 
genus Plasmodium was found in Common Chaffinch and lineage ORIORI04 from the genus Leucocytozoon was 211 
isolated from Golden Oriole. To date, only the Haemoproteus lineages (ORIORI01, ORIORI02 and ORIORI03) 212 
(Dimitrov et al. 2010) and Plasmodium rouxi (Valkiūnas 2005) were isolated from Golden Oriole, but no 213 
Leucocytozoon. 214 

The parasite lineage GRW06, linked with morphological species Plasmodium elongatum, was so far 215 
recorded in 57 bird hosts (MalAvi database), including Great Reed Warbler (Acrocephalus arundinaceus) and 216 
House Sparrow (Passer domesticus) from Bulgaria (Valkiūnas et al. 2008b). For the first time, we isolated the 217 
lineage GRW6 from Common Chaffinch at Deliblatska sands in Serbia. 218 

According to the occurrence of separate bands of both infections in the sequence electrophoregrams, only 219 
one Bullfinch had mixed infection with Haemoproteus fringillae and Leucocytozoon majoris. The detection 220 
efficiency might vary due to low quality sequences, because of the combination of parasite lineages or the 221 
intensity of infection (Pérez-Tris and Bensch 2005; Zehtindjiev et al. 2012). We could not identify with 222 
certainty other mixed infections in our samples, probably due to weak peaks of the lineage with lower 223 
parasitemia, as explained by Perez-Tris and Bensch (2005). 224 

In an examination of 460 wild passerines (both migrants and residents) in Bulgaria, Dimitrov et al. (2010) 225 
found 267 birds infected with haemosporidian parasites and identified 52 lineages. Of those 52 lineages, 38 226 
belonged to the genus Haemoproteus and 14 to the genus Plasmodium. Hellgren et al. (2009) obtained similar 227 
results in Western Europe: 63 lineages in the genus Haemoproteus and 35 Plasmodium lineages. In our study of 228 
202 wild birds, we found 66 individuals that tested positive for haemosporidian parasites and we identified 31 229 
genetic lineages, 15 of which belonged to the genus Haemoproteus and 8 to each of the Plasmodium and 230 
Leucocytozoon genera. This shows that the most common haemosporidian parasites in wild passerine birds in 231 
Serbia belong to the genus Haemoproteus. 232 

Latta and Ricklefs (2010) have shown that haemosporidian prevalence can differ significantly depending on 233 
the migratory status of the birds. According to the authors, the most infected bird species were residents, mostly 234 
infected by the Haemoproteus species, while the endemic residents had the highest rates of infection and the 235 
parasite assemblage was dominated by the Plasmodium lineages. In our study, among 78 residents, 42 migrants 236 
and 7 partial migrants, residents were the most infected group of birds, with the presence of all three 237 
haemosporidian genera in 28 individuals. Migrants (21 infected birds) were also infected by all three 238 
haemosporidian genera, whereas partial migrants (7 birds) were infected only with the genus Haemoproteus. 239 
Unlike Ventim et al. (2012), who found the genus Haemoproteus only in migratory birds, we found that the 240 
residents were mostly infected by Haemoproteus. Moreover, infection with the genus Plasmodium was 241 
established both in resident birds (young and adults) and young migrants (Ventim et al. 2012). We found 242 
Plasmodium spp. and Leucocytozoon spp. infections in both residents and migrants. None of the juvenile birds 243 
in our sample were infected, which lead us to conclude that adults might obtain the haemosporidian infection in 244 
the non-breeding part of their range or that young birds were insufficiently exposed to vectors to become 245 
infected at the nest sites. However, we did not investigate the diversity of vectors at the breeding sites, which is 246 
the next step necessary to obtain sufficient information for better understanding of haemosporidian infection in 247 
Serbian birds. 248 

As shown by Waldenström et al. (2002), Haemoproteus spp., which infect fewer host species, are considered 249 
host specialists, while Plasmodium spp. are predominantly host generalists. Accordingly, we detected two 250 
Haemoproteus and one Plasmodium lineage infecting different host species and genera. Using the same bird 251 
nomenclature as Waldenström et al. (2002), we observed the same pattern; host species infected with 252 
Plasmodium lineages were from different families, whereas host species infected with Haemoproteus lineages 253 
were from the same family. 254 

According to Valkiūnas (2005), who followed the bird nomenclature after Sibley and Monroe (1990), the 255 
most infected bird family was Sylviidae. Applying the same systematics to this study, we observed the same 256 
pattern as Valkiūnas (2005) and Palinauskas et al. (2005): birds from the family Sylviidae were infected with all 257 
three examined haemosporidian genera, while species from the family Turdidae were infected only with 258 
Haemoproteus spp. Such a difference is probably due to the ecological demands of the family Turdidae during 259 
the breeding season; species from this family place their nests on the ground or 1.5 – 2 m above the ground 260 
(Cramp 1988) where there is higher activity of biting midges as potential vectors of Haemoproteus spp. (Diarra 261 
et al. 2014). 262 

The most infected host species was Eurasian Blackbird. It was found that 80% of examined Eurasian 263 
Blackbirds were infected, which is in accordance with the studies conducted in Great Britain and the Azores 264 
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(Hatchwell et al. 2000; Hellgren et al. 2011), where 80% and 57% of the examined Eurasian Blackbirds were 265 
infected respectively. Moreover, Bentz et al. (2006) found only one Haemoproteus lineage and two Plasmodium 266 
lineages in Eurasian Blackbird, while Hatchwell et al. (2000) determined all three haemosporidian genera. 267 
Unlike the listed authors, we found only one lineage from the genus Haemoproteus (TURDUS2), most likely 268 
due to the lack of suitable insect vectors for other haemosporidian genera at sampling habitats and locations in 269 
Serbia. Eurasian Blackcaps were also highly infected, with a prevalence of 58.3% but only with the 270 
Haemoproteus spp. which is in line with the research of Arizaga et al. (2010) from Spain, where 34.1% of 271 
Eurasian Blackcaps were infected with both Haemoproteus and Plasmodium genera. Similarly to Eurasian 272 
Blackbird, the absence of other haemosporidian genera in Eurasian Blackcaps could be due to the lack of insect 273 
vectors for the Plasmodium and Leucocytozoon lineages at sampling sites in Serbia. 274 

Parasitemia of less than 0.01% was considered as a chronic infection and more than 80% of infected birds 275 
from places in Europe, North America and Africa had parasitemia less than 0.01% (Valkiūnas et al. 2008a). 276 
However, in our study, large number of infected birds (14.3%) had moderate infection (mean 0.4%, σ = 277 
32.79%). Since birds with moderate infection were residents, one could say that breeding grounds in Serbia had 278 
suitable vectors for haemosporidia and birds were exposed for long enough. 279 

Contrary to the theory that female birds are usually less infected than males, due to better immunity (Zuk, 280 
1990), many studies report that females had higher parasitemia than males (Hatchwell et al. 2000; Bentz et al. 281 
2006; Asghar et al. 2011; Sorensen et al. 2016). In our study, although females had higher medium parasitemia 282 
than males, we did not find any statistically significant difference. 283 

The results presented in this paper are the first data about distribution of haemosporidian genera in wild birds 284 
in Serbia. We found resident birds to be the most infected group of birds in contrast to migratory and partial 285 
migratory birds; however, partial migrants have the highest parasitemia. Haemoproteus spp. tend to be the most 286 
common haemosporidian genus in wild passerines in Serbia. Future research on both the parasites and the 287 
vectors in Serbia will give better insights into their relationships and presence. 288 
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