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Abstract Blood samples from 94 coal tits (Parus ater),
56 great tits (Parus major) and 219 pied flycatchers
(Ficedula hypoleuca), caught between 1993 and 2002 at
two localities in Lower Saxony, Germany, were
examined for haemosporidian infection by parasite-
specific polymerase chain reaction (PCR). A simple
PCR targeting the 18 SSU rRNA gene of the parasites
was used for rapid screening of the samples and gen-
erated a total infection prevalence of 20.6% (76/369):
6.8% (n = 15) of the pied flycatchers, 19.1% (n = 18)
of the coal tits and 76.8% (n = 43) of the great tits were
infected. The positive specimens were re-examined by
a cytochrome b gene-directed nested PCR producing
significantly longer DNA fragments (approx. 520 bp)
that were sequenced and analysed against GenBank-
deposited nucleotide sequences. In various numbers
(once to 30 times), a total of 13 parasitic DNA se-
quences differing from 2.9 to 8.5% (13-45 nucleotides)
were demonstrated in the three bird species. Due to

Communicated by F. Bairlein.

S. C. Wiersch - W. A. Maier - H. Kampen
Institute for Medical Microbiology,

Immunology and Parasitology, University of Bonn,
Sigmund-Freud-Str. 25, 53105 Bonn, Germany

T. Lubjuhn (D<)

Institute for Evolutionary Biology and Ecology,
University of Bonn, An der Immenburg 1,
53121 Bonn, Germany

e-mail: t.lubjuhn@uni-bonn.de

T. Lubjuhn

Institute for Animal Evolution and Ecology,
University of Miinster, Hiifferstr. 1,

48149 Munster, Germany

similarities of 98-100% with GenBank entries, 11 se-
quences could be assigned to Plasmodium sp. and two
to the genus Haemoproteus. In summary, 57 birds were
infected with Plasmodium and 19 with Haemoproteus,
corresponding to 15.4 and 5.1% of all birds examined,
and to 75 and 25% of all birds tested positive. As the
only defined species, Haemoproteus majoris was iden-
tified in 17 great tits.

Keywords Avian malaria - Cytochrome b gene
sequences - Infection prevalence - Lower Saxony -
Passeriformes

Introduction

With few exceptions, avian haemosporidia occur
worldwide, irrespective of climatic barriers which limit
the distribution of human haemosporidia, i.e.
Plasmodium parasites that cause malaria (Smyth 1976;
Seed and Manwell 1977). According to Manwell (1935),
the vast distribution of haemosporidian infection in
birds is due to the high mobility and migration pattern
of the host species. Additionally, there is limited host
specificity on the vector-side, i.e. in the culicid mos-
quitoes, ceratopogonid midges, simuliid and hippobos-
cid flies (Olsen 1974; Rathore et al. 2001; Valkiuinas
2005) transmitting the various parasite genera.

The haemosporidian species parasitising birds be-
long to the genera Plasmodium, Haemoproteus and
Leucocytozoon (Valkiunas 2005). At present, there are
34 valid taxonomic species of the genus Plasmodium,
134 of the genus Haemoproteus and 60 of the genus
Leucocytozoon (Bennett et al. 1993, 1994). While most
Leucocytozoon species are relatively host-specific and
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restricted to closely related species within the same
host family (Fallis et al. 1974), Haemoproteus and
Plasmodium parasites appear to exhibit a low degree
of host specificity and occur in several bird families
(Bishop and Bennett 1992; Szymanski and Lovette
2005).

Despite our knowledge on the geographic distribu-
tion of avian haemosporidia in general, there are only
few and fragmentary data on their ecologies, their
infection epidemiologies and their prevalences with
respect to host species. Depending on the geographical
region and bird species examined, infection preva-
lences range from 0.6 to 19% for Plasmodium, from 2.6
to 19.5% for Haemoproteus, and from 0.1 to 17.7% for
Leucozytozoon parasites (Greiner et al. 1975; Smyth
1976; McClure et al. 1978; Gabaldon et al. 1974, 1975,
1976). For Europe, Kucera (1981) found 11.3% out of
10,194 birds infected with Plasmodium, 11.8% with
Haemoproteus and 5.9% with Leucocytozoon species,
while Rintaméki et al. (1997, 2000) calculated infection
prevalences of 0.8% for Plasmodium, 4.2% for Hae-
moproteus, and 10.1% for Leucocytozoon, on a basis of
308 birds examined.

All the data previously mentioned were obtained by
examination of avian blood smears by light micros-
copy. However, contrary to other haemosporidian
parasites, including Haemoproteus and Leucocytozoon
species, avian plasmodia can re-invade various tissues
where they cannot be detected by light microscopy
following their red blood cell passage. Thus, in bird
species adapted to the parasites, the parasitemia soon
declines after an initial increase, and eventually the
parasite may even disappear from the blood. Never-
theless, the bird remains infected with dormant tissue
stages and may be a possible source of vector infection
in the case of a relapse (Waldenstrom et al. 2004). Due
to the primary tissue confinement of the parasites and
the limited sensitivity of light microscopy, the actual
infection prevalences are usually considerably under-
estimated in epidemiological studies (Valkitinas and
Iezhova 2001).

While an infection with haemosporidian parasites
generally does not cause serious harm to a bird as long
as mutual adaptation has been acquired by coevolution
(Garnham 1966), the accidental introduction of allo-
chthonous parasite strains can lead to high morbidity
and mortality rates among the indigenous bird fauna
(Bensch et al. 2000), and even result in endangering
endemic bird species as may presently be observed on
Hawaii (Massey et al. 1996; Woodworth et al. 2005).
The reverse situation, where imported birds come into
contact with indigenous haemosporidian parasites, is
possible as well, and can lead to enormous economic
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loss in zoological gardens or private livestock hus-
bandry when highly susceptible exotic birds such as
penguins are infected (Lindt and Horning 1966;
Kronberger and Schiippel 1977; Valentin et al. 1994).

Further knowledge on the epidemiology and
pathology of haemosporidian infection in birds is
therefore of major importance. The presented study
was meant to contribute data to the occurrence of
avian haemosporidia in Germany by determining
infection prevalences and the pathogen spectrum in
Lower Saxonian bird populations by means of molec-
ular biological techniques.

Methods
Origin of samples

All samples analysed originally stem from work on the
occurrence of extra-pair paternity in three bird species
(e.g. Briin et al. 1996; Lubjuhn et al. 1999a, b, 2000;
Schmoll et al. 2003), coal tits (Parus ater, Fam. Pari-
dae), great tits (Parus major, Fam. Paridae), and pied
flycatchers (Ficedula hypoleuca, Fam. Muscicapidae).
From these large collections, random subsamples of
blood specimens that all stem from adult birds were
examined: 94 coal tits, 56 great tits and 219 pied fly-
catchers. The respective birds had been trapped in
their nest boxes while feeding nestlings from May to
June of the years 1993, 1996, 1999 and 2002 in the
boroughs of Lingen (52°27'N, 7°15’E) and Bahrdorf
(52°23’N, 10°59’E) in Lower Saxony, Germany. Blood
samples had been taken by puncturing the ulnar vein
with a canula and recovering the leaking blood (about
50 pl) by a glass capillary (please note that this sort of
blood sampling has no detectable negative effects on
the birds; see Lubjuhn et al. 1998; Schmoll et al. 2004).
The blood samples were transferred to 250 ul APS-
buffer (Arctander 1988) and stored at -20°C until
processing. DNA was extracted according to a modi-
fied standard protocol (Miller et al. 1988; Lubjuhn and
Sauer 1999) yielding about 200 pl of DNA solution.

DNA amplification

To begin with, each DNA sample was screened for
haemosporidian parasites by a polymerase chain reac-
tion (PCR) specifically amplifying a 243 bp fragment of
the parasitic 18 SSU rRNA-gene (Hulier et al. 1996).
Amplification was performed in a total of 50 pl con-
taining 10 mM Tris—HCI, pH 8.3, 50 mM KCl, 200 nM
dNTPs, 120 nM of primers rPLU3 and rPLU4, 6 mM
MgCl,, 1 U Taq DNA-polymerase (Invitrogen) and
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10 pl of DNA-solution. Thermoconditions were 5 min
at 95°C initially, followed by 35 cycles of 2 min at 95°C
(denaturation), 2 min at 64°C (primer annealing), and
1 min at 72°C (DNA extension), and finalised by
10 min at 72°C.

In a second step, the DNA samples tested positive
were examined by a further PCR targeting a para-
sitic cytochrome b (cyt b) gene region of about
520 bp (Waldenstrom et al. 2004) to produce a
DNA-fragment of sufficient length and sequence
information to be analysed in comparison with
GenBank derived nucleotide sequences of haemo-
sporidian parasites. Besides the length argument,
there are much more cyt b than 18 SSU rRNA
gene sequence entries in the GenBank available.
The nested PCR according to Waldenstrom et al.
(2004) was done in a volume of 25 pl using primers
HAEMNF and HAEMNR? in the first, and primers
HAEMF and HAEMR?2 in the second round of
amplification. The composition of reaction mixtures
were the same for both PCRs: 10 mM Tris—-HCI, pH
8.3, 50 mM KCl, 400 nM dNTPs, 600 nM of each of
the two primers, 1.5 mM MgCl,, 1.25 U Taq DNA-
Polymerase (Invitrogen), and 1 ul of DNA-solution.
The thermoprofiles consisted of an initial 3 min at
94°C, 20 (1. nested) and 35 cycles (2. nested),
respectively, of 30 s at 94°C, 30 s at 50°C, and 45 s at
72°C, and a final 10 min at 72°C.

In some cases, when no amplification product was
obtained, the volume of template DNA was in-
creased stepwise up to 10 ul for the first and up to
5 ul for the second round of nested PCR. DNA that
still produced no PCR products was unspecifically
preamplified using the ‘GenomiPhi Kit’ (Amersham
Biosciences) prior to processing by the specific nes-
ted PCR. PCR products were run on 1.5% agarose
gels at 120 V for approx. 1 h and, after ethidium-
bromide-staining (0.5 pg/ml), visualised by UV light
(312 nm).

DNA sequencing

After electrophoresis, the nested PCR products were
excised from the gels and eluted by the ‘QIAamp Gel
Extraction Kit’ (Qiagen) according to the manufac-
turer’s instructions. The eluted DNA was again elec-
trophoresed to check for quality and quantity, and 20—
30 ng per 100 bp of fragment length were prepared for
sequencing. Sequencing was done in both directions in
duplicate by cycle sequencing on an ABI Prism 377
DNA sequencer (Applied Biosystems) using one of the
PCR primers as sequencing primer.

Sequence analysis

Cyt b sequences obtained were blasted (www.ncbi.nlm.
nih.gov/BLAST/blastn) with all equivalent sequence
entries for haemosporidia available in the GenBank.
They were assigned to species or genus linked to those
GenBank sequences with highest percentages of con-
cordance.

Statistical analysis

Statistical analysis of the birds’ infection prevalences
was performed with the computer program SPSS 10.0
applying the Gauss test (G test). Probability values of
P <0.05 were considered significant.

Results

Of the 369 avian blood samples collected, 76 were
tested positive for haemosporidian parasites (Table 1)
by specific PCR-amplification of their 18 SSU rDNA.
The overall infection prevalence for the birds from
Bahrdorf was more than four times higher than that for
the birds from Lingen (G test: G = 44.6, P < 0.001,
df = 1). However, it has to be kept in mind that no
great tits from Lingen were available for examination,
as these contribute significantly to the uneven ratio
between the two localities in that more than three-
quarters of them were tested positive. Coal tits were by
far more often infected in Bahrdorf than in Lingen
(G test: G =5.7, P <0.028, df = 1), whereas the pied
flycatchers had nearly the same, relatively low infec-
tion prevalences at both localities (G test: G = 0.002,
P =0.97, df = 1). However, in these instances it has to
be noted that the subsamples do not only stem from
different localities, but also from different years.

In summary, great tits were most often infected,
followed by coal tits and pied flycatchers (G test; great
tits/coal tits: G = 12.3, P < 0.001, df = 1; great tits/pied
flycatchers: G = 72.4, P < 0.001, df = 1; coal tits/pied
flycatchers: G = 11.1, P = 0.001, df = 1). In none of the
bird species, significant differences in infection preva-
lences according to sex were recorded (data not
shown).

DNA sequencing of the parasitic cyt b gene nested
PCR products of the 76 positive samples resulted in a
total of 13 different DN A sequences (Table 2) varyingin
length from 522 to 528 nucleotides. Variations amoun-
ted t02.9-8.5%,1.e. 13-45 nucleotides. In 59 birds, DNA
sequences were demonstrated that had complete iden-
tity with sequences deposited in the GenBank (see
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Table 1 Infection prevalences according to bird species and locality

Bahrdorf

Species Lingen Total

Great tit (Parus major)

Coal tit (Parus ater)

Pied flycatcher (Ficedula hypoleuca)
Total

76.8% (n = 56; 1999)
36.0% (n = 25; 1993)
6.9% (n = 72; 1993)
37.3% (n = 153)

76.8% (n = 56)
19.1% (n = 94)
6.8% (n = 219)
20.6% (n = 369)

13.0% (n = 69; 2002)
6.8% (n = 147; 1996)
8.8% (n = 216)

Number of samples analysed and year of blood sampling are given in brackets

Table 2 GenBank DNA sequences with highest similarities to cytochrome b DNA sequences found in the three bird species examined

GenBank entry Number of birds Total

Great tit Coal tit Pied flycatcher

B 99 B 93 L 02 B 93 L 96
Haemoproteus majoris (AF254977) 17* - - - - 17
Haemoproteus sp. (AY714154) - - - - 2 2
Plasmodium sp. (AF495571) 15% 8* 5% - 2% 30
(AF069611) 10 1 - - - 11
(AF495553) 1* - - - - 1
(AF495576) - - 4% - 1* 5
(AF495568)* - - - 1 3% 4
(AF254963) - - - 2 - 2
(AF465555) - - - 1 - 1
(DQO60773) - - - 1* - 1
(AF495577) - - - - 1% 1
(AY393792) - - - - 1* 1
Number of different parasite sequences per bird species 4 3 10

Asterisks indicate sequence identity
Localities: B = Bahrdorf, L = Lingen; years: 93, 96, 99, 02 = 1993, 1996, 1999, 2002

? Note that the sequences from the Lingen samples were 100% identical to the GenBank entry while the sequence found in the
Bahrdorf population was not (species and origin of avian hosts correlated with parasitic GenBank accession numbers were: AF254977:
Parus caeruleus, Sweden; AY714154: Scenopoetrees dentirostris, Australia; AF495571: Passer luteus, Nigeria; AF069611: Passer do-
mesticus, North America; AF495553: Phylloscopus trochiloides, Russia; AF495576: Turdus philomelos, Sweden; AF495568: Cercotri-
chas galactotes, Nigeria; AF254963: Acrocephalus orientalis, Japan; AF465555: Baelophus bicolor. North America; DQO060773:

Acrocephalus arundinaceus, Sweden; AF495577: Phylloscopus trochilus, Sweden; AY393792: Luscina svecica, Sweden)

asterisks in Table 2). The nucleotide sequences of the
other 17 samples still had high similarities of more than
98% with GenBank entries. One sequence (identical to
GenBank entry AF495571 for Plasmodium sp.) was
found 30 times in all three bird species and at both
localities. Another sequence occurring in 17 great tit
blood samples was 100% homologous to the GenBank
entry AF254977 for Haemoproteus majoris. At the same
time, this was the only DNA sequence that could be
assigned to a defined parasite species, whereas the other
sequences, although in many cases identical to GenBank
entries, could only be assigned to genus level due to a
lack of species information. A third DNA sequence with
high similarity to GenBank entry AF069611 for Plas-
modium sp. was represented 11 times in coal and great
tits, and a fourth sequence with high homology to Gen-
Bank entry AF495576 for Plasmodium sp. was found five
times in coal tits and pied flycatchers. The remaining
nine sequences were detected once in three birds, twice
in two birds each, and six times in one single bird each,

@ Springer

but each of them in one bird species only. Double-
infections were not observed as sequencing chromato-
grams displayed no overlapping peaks in the otherwise
clean reactions.

After analysis of the DNA sequences, it was possible
to calculate the infection prevalences according to
parasite genus and host species. Of the 369 birds
examined, 57 were parasitised by Plasmodium sp.
(15.4%) and 19 by Haemoproteus sp. (5.1%), corre-
sponding to 75 and 25%, respectively, of the 76 birds
found infected. Itemised to the three bird species,
infection prevalences were: 30.4% (n = 17) Haemo-
proteus sp. and 46.4% (n = 26) Plasmodium sp. in great
tits, no Haemoproteus sp. and 18.7% (n = 18) Plas-
modium sp. in coal tits, and 0.9% (n = 2) Haemopro-
teus sp. and 5.9% (n =13) Plasmodium sp. in pied
flycatchers.

Although only three bird species were involved in
this study, we found two Haemoproteus and 11 Plas-
modium strains/species. Both Haemoproteus and eight
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Plasmodium lineages were demonstrated in one single
host species each. The pied flycatcher harboured one
Haemoproteus and nine Plasmodium lineages. Only
three parasite lineages (all of them Plasmodium sp.)
were present in more than one host species. Certain
Plasmodium lineages could be found in different years
of the study, but only one of them in the same host
species in different study years. The most prevalent
Plasmodium lineage (AF495571) was demonstrated in
all four study years.

Discussion

There are few studies on the occurrence and distri-
bution of avian infection with haemosporidian para-
sites in Germany. Krone et al. (2001), for example,
examined 1,149 owls and birds of prey and found a
total of 11% of the birds infected, including 110
Leucocytozoon cases (9.6%), 37 Haemoproteus cases
(32%), and one single bird harbouring plasmodia
(0.1%). Haberkorn (1984) determined a similar total
infection prevalence of 14% in 893 passerines from
44 species and 14 families: 6.4% of the birds were
infected with Leucocytozoon, 4.6% with Haemopro-
teus and 1.1% with Plasmodium species. Among the
birds examined were 82 P. major of which six (7.3%)
were infected with Haemoproteus and one (1.2%)
with Leucocytozoon. Four P. ater specimens were
found not to be parasitised. Kronberger and
Schiippel (1977) published a study on 7,126 autopsies
on birds from German zoological gardens according
to which 0.3% (22 cases) of Leucocytozoon infec-
tions, mainly in parrots, and 0.2% (14 cases) of
plasmodial infections, mainly in penguins, were
diagnosed.

While the total infection prevalences obtained in
our study were comparable to previous studies carried
out in Germany for Haemoproteus, they were much
higher with regard to Plasmodium. This may be partly
due to the detection technique applied (PCR versus
light microscopy), provided that the PCR does not
detect Haemoproteus as efficiently as Plasmodium.
Actually, the PCR method according to Hulier et al.
(1996), which was used for blood screening, was origi-
nally described for the specific amplification of Plas-
modium-DNA and, prior to our experiments, we did
not expect it to detect Haemoproteus or Leucocyto-
zoon. While Leucocytozoon-DNA was indeed not
amplified, Haemoproteus was regularly demonstrated
in the samples. It remains, however, to be elucidated
whether all species of this systematic group can be
detected by this PCR approach.

Unfortunately, avian blood smears for light micro-
scopical examination to better compare our results
with former results were not available. While PCR is
supposed to be more sensitive than light microscopy, it
may produce false positive results as a consequence of
sample contamination. This, however, can virtually be
excluded for this study as we have followed the usual
precautionary measures and, moreover, could consis-
tently amplify parasitic DNA from each of the 76
positive blood samples with two completely different
PCR approaches.

As was also unknown prior to our experiments, the
simple PCR according to Hulier et al. (1996), which
targets ribosomal DNA, is obviously more efficient in
demonstrating a parasite infection than the nested
PCR according to Waldenstrom et al. (2004), which
targets mitochondrial DNA, as can be deduced from
the increase and preamplification of DNA necessary in
the case of the nested PCR.

The infection prevalences obtained display huge
and, in the majority, significant differences between the
bird species involved. Reasons can be manifold and
related to parasite host, vector, locality and/or time
(year) of sampling.

Thus, for example, a different basic susceptibility for
the parasites and behavioural aspects of the three bird
species may contribute to the observed differences in
the infection prevalences. Parasite transmission may be
influenced by the size of the breeding territory (dis-
tance between hatcheries) as well as by the pairing and
flocking behaviour. The high number of different par-
asite sequences found in pied flycatchers (10 different
sequences in 15 infected birds, compared to only 3
sequences in 43 infected great tits and 4 in 18 infected
coal tits, respectively; see also Table 2) may, at least
partially, be explained by the hosts’ migratory behav-
iour. Due to their seasonal travels between Europe and
Africa, pied flycatchers are presumably exposed to
many more geographical strains and/or species of
parasites than are non-migratory birds such as the
Parus species investigated.

At first sight, infection prevalences in pied fly-
catchers are surprisingly low in view of the compara-
tively high number of different parasite sequences
found. But exposure to many different strains or spe-
cies may create high selective pressures which in turn
may lead to adaptations that help to circumvent and/or
deal with an actual infection. It has to be kept in mind,
however, that blood samples did not only stem from
two different study sites, but, at least partly, from dif-
ferent years with possible between-year differences.
Avoidance of overvaluation of such natural phenom-
ena can only be achieved by longitudinal studies.
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With respect to the localities, differences in the
vector fauna responsible for parasite transmission are
conceivable. Both the abundance and the differential
vector competence of the species occurring may play a
role. Differing types of forests and regional or local
micro-climatic factors may influence the vector fauna
and, ultimately, the birds’ infection prevalences.

Species identification and systematics in general is a
profound problem in avian haemosporidia, particularly
within the genus Plasmodium (Waldenstrom et al.
2004), which is partly reflected by the ongoing debate
on the use of the term ‘malaria parasite’ (Pérez-Tris
et al. 2005; Valkiunas et al. 2005). Classical systematics,
which is based on conventional, mainly morphological
criteria, distinguishes four Plasmodium subgenera
(Corradetti et al. 1963). However, recent molecular
biological studies do not support the species relation-
ships set by this classification, but argue for other ones
(Kissinger et al. 2002). Moreover, as other studies on
parasitic genes PCR-amplified from avian hosts have
shown before (e.g. Perkins and Schall 2002; Ricklefs
and Fallon 2002), there are numerous variations in
nucleotide sequence which can, in most cases, not be
assigned to a known and morphologically defined
strain or species. This is the reason why there are
various GenBank sequence entries for haemosporidian
parasites only denoted by its genus. Actually, some
scientists are of the opinion that every unique DNA
sequence marks a separate parasite species (Bensch
et al. 2004) and, according to Perkins (2000), sequence
variations of at least 3% should be defined as separate
species.

In the study presented, we were also confronted with
the problem of sequence polymorphism when com-
paring the cyt b gene sequences of the haemosporidia
detected in the three bird species with GenBank-
deposited sequences. Although parasites from 59 birds
had gene sequences identical to GenBank ones, most
of them could only be identified to genus but not to
species level. Only one single sequence detected in 17
great tits from Bahrdorf was 100% homologous to a
GenBank sequence linked to a species name, namely
H. majoris. Seventeen bird parasite sequences had no
identical counterparts in the GenBank and thus were
assigned to a genus by the highest possible sequence
similarity. By doing so, we found 75% of all sequences
characteristic for Plasmodium and 25% of the
sequences characteristic for Haemoproteus species. In
detail, 11 different sequences were assigned to the
genus Plasmodium and two sequences to the genus
Haemoproteus. Of these 13 haplotypes, ten occurred in
F. hypoleuca, four in P. major, and three in P. ater. The
same number of Haemoproteus and Plasmodium
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haplotypes was demonstrated by Bensch et al. (2000) in
a study on 278 passerine birds from 12 species collected
in Europe, Africa and Asia, whereby only one of the
haplotypes was found in more than one host species,
namely H. majoris in three great tit specimens and in
four blue tit (P. caeruleus) specimens. While we found
H. majoris only in great tits, Bishop and Bennett (1992)
list this parasite species to occur in European coal tits
as well. They mention additional unknown Haemo-
proteus lineages in various other bird species, including
the ones found in this study. According to their com-
pilation, various tit species, including great tits, were
found infected with several Plasmodium strains/spe-
cies, among them P. relictum, P. polare, P. circum-
flexum and P. vaughani, whereas in coal tits, no
plasmodia were described at all. In pied flycatchers,
only P. vaughani and some unknown Plasmodium
lineages were demonstrated. Thus, our findings corre-
spond mainly to Bishop and Bennett’s compendium,
except that we could identify several Plasmodium
lineages in coal tits.

Due to the limited information about the parasite
lineages found in this study it was not possible to
analyse them with regard to other parameters, such as
their hosts’ and vectors’ ecology, interspecific interac-
tions, coevolution or pathology. Sequencing and
matching the parasite strains with GenBank data is,
however, an extremely powerful tool, and collecting
more and more strain information will one day allow
producing differential prevalence patterns in bird
populations.

Our study suggests that avian infection with hae-
mosporidian parasites is much more frequent in
Germany than previous data have indicated, and that
numerous parasite strains and/or species circulate.
When considering such infection prevalences obtained
by PCR, it must, however, be kept in mind that a
certain proportion of the birds might be dead-end hosts
for some parasite strains, which in that case will not be
able to develop in the birds, but still be detectable in
the blood for some time by amplification of their DNA
by the sensitive PCR method. On the other hand, a
high prevalence of active stages of parasites—at least
of endemic species—in the birds’ blood is not princi-
pally surprising during the avian breeding season as the
vector abundance is supposed to be high at this time of
the year and the hosts’ immune system is challenged by
reproductive effort. Nevertheless, the data obtained
may probably still underestimate reality as further
birds must be supposed to be infected with parasitic
tissue stages only, not detectable in living birds by
blood examination. Moreover, the PCR systems used
were most likely not able to detect species of the third
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haemosporidian genus occurring in birds, Leucocyto-
zoon. This deficit can be overcome in future research
by applying a newly developed PCR approach (Hell-
gren et al. 2004).

Zusammenfassung

Infektion mit Haemosporidia bei Singvogeln aus
Niedersachsen

Mittels einer Parasiten-spezifischen Polymerase-
Kettenreaktion (PCR) wurden Blutproben von 94
Tannenmeisen (P. ater), 56 Kohlmeisen (P. major) und
219 Trauerschnédppern (F. hypoleuca), die zwischen
1993 und 2002 in Untersuchungsgebieten in der Nihe
der niedersdchsischen Gemeinden Bahrdorf und Lingen
gesammelt worden waren, auf eine Infektion mit Hae-
mosporidia untersucht. Ein schnelles Screening der
Proben mit einer einfachen PCR, welche das 18
SSU rRNA-Gen der Parasiten zur Zielsequenz hatte,
erbrachte eine gesamte Infektionspriavalenz von 20,6 %
(76/369): 6,8% (n =15) der Trauerschnépper, 19,1%
(n = 18) der Tannenmeisen und 76,8% (n = 43) der
Kohlmeisen waren infiziert. Die positiven Proben wur-
den im Folgenden einer Cytochrom b-Gen spezifischen
nested-PCR unterzogen, welche bedeutend lédngere
DNA-Fragmente (ca. 520 bp) liefert. Diese wurden
sequenziert und mit in der GenBank abgelegten DNA-
Sequenzen verglichen. Insgesamt wurden 13 verschied-
ene DNA-Sequenzen ermittelt, die bei den drei unter-
suchten Vogelarten unterschiedlich hédufig vorkamen
(ein- bis 30mal) und sich in ihrer Sequenz zwischen 2,9
und 8,5% (13 bis 45 Nukleotide) voneinander unter-
schieden. Aufgrund von Sequenziibereinstimmungen
zwischen 98 und 100% mit den in der GenBank hinter-
legten Eintrdgen konnten 11 Sequenzen der Gattung
Plasmodium und zwei Sequenzen der Gattung Haemo-
proteus zugewiesen werden. Insgesamt waren 57 Vogel
mit Plasmodium infiziert und 19 mit Haemoproteus,
entsprechend 15,4 bzw. 5,1% aller untersuchter Vogel
und 75 bzw. 25% aller positiver Vogel. Als einzige de-
finierte Erregerspezies konnte Haemoproteus majoris
bei 17 Kohlmeisen identifiziert werden.
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