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Introduction

Microsporidia are ancient intracellular parasites of animals of all organization 
levels, from other protists to higher vertebrates. They are increasingly recognized as 
opportunistic pathogens, the main causes of infection being Encephalitozoon and Ente-
rocytozoon species [6]. Blood-sucking mosquitoes may be infected with human micro-
sporidia Trachipleistophora hominis Field et al. and may transmit them to vertebrate 
hosts [25]. The microsporidia Brachiola (=Nosema) algerae, primarily described as a 
mosquito pathogen, was shown to parasitize humans and other warm-blooded verte-
brates [14]. Encephalitozoon-like microsporidia were found in ticks [17]. These data 
suggest that invertebrate hosts can be a source of human pathogens. 

On the other hand, microsporidia, as the most abundant and often highly patho-
genic arthropod parasites, are regarded as natural regulators of harmful arthropods and 
as potential biocontrol agents [5, 12]. In ixodid ticks, only two species of microsporid-
ia, Nosema slovaca and Unikaryon ixodis, have been described, both transmitted verti-
cally and horizontally [26]. These microsporidia were found in natural populations of 
Ixodes ricinus L. and Dermacentor reticulatus F. in Slovakia, the Czech Republic and 
Hungary. Lab assays showed high pathogenicity of N. slovaca toward D. reticulatus fe-
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males [16]. Some unidentified Nosema-like microsporidia have recently been detected 
in Ixodes ricinus ticks in Moldova [20]. The present paper describes a microsporidian 
infection in a natural population of Ixodes persulcatus in north-western Russia.

Materials and Methods

Questing adults of Ixodes persulcatus Schulze were collected by flagging during 
the peak of their activity in April-May 2004 and 2006 in the forests near Lisy Nos, a 
settlement in the vicinity of St. Petersburg. Ticks were transported to the laboratory and 
stored in tubes with differential humidity. Collected ticks were examined under a bin-
ocular stereomicroscope MBS-10 (LOMO, St. Petersburg, Russia) at magnification of 
×28 for the presence of exoskeleton pathologies and divided into two groups: a) normal 
ticks; and b) anomalous ticks, with various exoskeleton abnormalities [2].

Both normal and anomalous ticks collected in 2004 were placed in a drop of 
phosphate-buffered saline (PBS) on a glass slide and cut with a razor blade into two 
pieces to release soft tissues. One part of the tick was thoroughly smeared over the glass 
slide, while the other part was frozen at -22ºC for PCR analysis in individual eppendorf 
tubes.

Fresh smears were examined under a light microscope Mikromed-2 (LOMO, 
Russia) at ×400 magnification. At least 50 light fields were scrutinized for each sample. 
Smears that were suspected to contain microsporidian spores were fixed with absolute 
methanol for fluorescent microscopy. 

Ticks collected in 2006 were processed in a similar manner with one exception: 
the soft tissues were not smeared but just pressed against the slide in order to preserve 
intracellular developmental stages of microsporidia. These preparations were fixed 
with methanol and stained with a Giemsa stain (Reagena, Finland).

For fluorescent microscopy, a drop of 5 µM fluorescent stain DAPI (Sigma-
Aldrich, Germany) was added to the smear, which was then covered with a coverslip 
and examined under ZEISS Axioscope-2 equipped with epifluorescence and a digital 
camera.

For DNA extraction, 100 μl of PBS (pH 7.2: 150 mM NaCl, 3.3 mM NaH2PO4, 
7.8 mM Na2HPO4) and 3-4 glass beads (Ø 1 mm) were added to each sample-contain-
ing tube and the tubes were shaken for 30 min at room temperature using micro-shaker 
326m (Premed, Poland). Then the tubes were spun at 14000 g for 10 min at +4ºC, a 
routine phenol-chlorophorm procedure was used to extract DNA from the supernatant. 
The resultant DNA samples, were rinsed with 70° ethanol and dried, were resuspended 
in 10 μl of distilled water and frozen at -22°C. For PCR analysis, 1 μl of each DNA 
sample was used per 20 μl of the PCR mixture, including PCR buffer, 1×; dNTPs, 0.25 
mM; taq-polymerase, 0.625 U (Sileks, Russia); forward and reverse primers, 1 pqMol 
each (Syntol, Russia). The primers used were the universal microsporidia small sub-
nit ribosomal ribonucleic acid (ssU RNA) primers V1f 5’-CAC CAG GTT GAT TCT 
GCC TGA C-3’ [28] and 530r 5’-CCG CGG CTG CTG GCA C-3’ [4], in modification 
suggested by [13]. PCR cycle, run using DNA amplifier Tertsik (DNK-Tekhnologiya, 
Russia), included initial denaturation at 94°С for 180 sec, 30 cycles at 94°С for 30 sec, 
60°С for 30 sec and 72°С for 120 sec; and the termination phase at 72°С for 10 min. 
The resulted products were separated in 1% agarose gel with addition of 0.5 μg ml-1 
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ethidium bromide using electrophoretic chamber SE-1 (Helicon, Russia) and visual-
ized using transilluminator TCP-15.M (Vilber Lourmat, France). 

Statistical analysis was performed using t-test for independent variables  and 
Fisher LSD method (STATISTICA 7.0, StatSoft Inc.).

Results and Discussion

The population of Ixodes persulcatus ticks in the vicinities of St. Petersburg can 
be split into two subgroups, referred to as subpopulations of normal and anomalous 
ticks. They can be distinguished by exoskeleton appearance: cuticular depressions are 
absent in normal ticks (Fig. 1a, c) and present in anomalous ones (Fig. 1b, d). In 2004 
and 2006, prevalence of anomalous ticks reached 43.7±5.89 % (total number of exam-
ined ticks N=71) and 41.1±3.67 (N=123), respectively. These high rates correspond 
well with previous data. Investigations of Russian and Western European tick popula-
tions demonstrated a large percentage of anomalous ticks in areas with high levels of 
pollution, including the vicinities of St. Petersburg [1]. Analysis of heavy metal content 
of field-collected ticks, as well as lab assays clearly demonstrated that this is heavy 
metal accumulation that causes exoskeleton pathologies in ticks [2, 8].

Light microscopic screening for microsporidia oт fresh smears was not very reli-
able, since numerous bodies similar in size and shape to microsporidian spores could be 
mistaken for them. To confirm or disprove the presence of spores, smears were stained 
with DAPI, which allowed one to differentiate Nosema-like microsporidian spores with 
a clearly stained diplokaryon (Fig. 2a-c). Additionally, feebly stained cytoplasm, ex-
ospore, or both could be visualizedю In one case, feeble non-specific staining of cyto-
plasm and exospore allowed discrimination of an unstained zone of the endospore (Fig. 
2c). Such a picture was observed before in microsporidia from ticks [20]. In the spore 
itself, a large organelle at one pole, presumably the polaroplast, was also differentially 
stained with DAPI. Other bodies of similar size, shape and cell wall appearance could 
be distinguished from microsporidia spores by a different distribution of DAPI stain 
(Fig. 2d-f) and sometimes by irregular shape (Fig. 2f). Most of these bodies are likely 
to be fungal cells, which often contaminate the body surface and gut content of the 
arthropods. Although DAPI is extensively used as a nucleic acid stain, it also binds to 
membranes and proteins [15]. In microsporidian spores, this fluorochrome might also 
bind to surface proteins and membranous structures, such as the polaroplast. Such fee-
ble non-specific staining should facilitate identification of Nosema-like microsporidian 
spores, as it demonstrates presence of microsporidia-specific intracellular details such 
as polaroplast, exospore and endospore, at the light microscopic level.

Out of 71 fresh smear prepared from ticks collected in 2004, 11 smears were 
selected as possibly containing microsporidia after light microscopic observation. With 
the use of DAPI staining, microsporidian infection was confirmed only in three cases, 
and the prevalence rate of the parasite was 4.2±2.38 %. Intensity of infection was very 
low: only one spore per smear. No microsporidian spores or developmental stages were 
revealed on Giemsa-stained slides from 123 ticks collected in 2006. 

PCR analysis with the use of universal microsporidian ssU RNA primers could 
not confirm microsporidian infection. In one case, there was a hardly detectable band 
of an amplified DNA fragment with molecular weight of about 500 bp (Fig. 3). The 
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amount of the product was evidently neglible for diagnostic purposes and no further 
analysis could be accomplished (sequensing, cloning etc). Low sensitivity of PCR with 
universal primers is not unusual. In previous works, threshold of PCR sensitivity was 
100 spores ml-1 for human microsporidia [27] and 1000 spores ml-1 for insect micro-
sporidia [18].

Fig. 1. Adult Ixodes persulcatus ticks, collected in vicinities of St. Petersburg              
(N-W Russia). Females: normal (a), anomalous (b); males: normal (c), anomalous (d).  
Arrows indicate prominent cuticular depressions symptomatic of exoskeleton pathologies 
in anomalous ticks

Fig. 2. Smears from Ixodes perculcatus ticks stained with DAPI and visualized us-
ing epifluorescent (upper row of images) and light field microscopy (lower row of images).  
(a-c) Nosema-like microsporidian spores. (d-f). Microsporidia-like bodies obscuring results 
of light microscopic observation. Arrow points to an unstained endospore in the micro-
sporidian spore with a feebly stained exospore and cytoplasm. Arrowhead indicates an-
other DAPI-positive intracellular structure of the microsporidian spore, presumably the 
polaroplast. Scale bar: 10 µm.
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Thus, DAPI staining is a more reliable technique for fast and precise diagnosis 
of microsporidia in ticks from natural populations than light microscopy of unstained 
smears or PCR with universal primers. Florescent dyes staining the carbohydrate con-
tent of the spore wall, such as Uvitex and Calcofluor [7, 22], recommended for diag-
nostics of microsporidian infections in human patients, are likely to be less effective in 
arthropods, since walls of fungal cells of similar size and shape would be also stained 
readily.

Fig. 3. Amplification of the DNA samples isolated from microsporidia-infected  
Ixodes persulcatus ticks using microsporidia-specific V1f:530r ssU RNA primers. 1-3, tick 
samples with microsporidian infection confirmed using DAPI staining; 4, DNA molecular 
weight marker. Asterisk indicates an amplicon with molecular weight about 500 bp.

Noteworthy, in all the three cases the microsporidian spores were found in 
anomalous ticks. The prevalence rate of microsporidian infection in normal (N=40) 
and anomalous (N=31) ticks in 2004 was 0% and 9.7±5.32%, respectively, difference 
being significant at 95% probability level as confirmed by t-test for independent vari-
ables (Table 1) and Fisher LSD method.

Table. 1. Prevalence of microsporidian infection, confirmed by DAPI stain-
ing, in a natural population of Ixodes persulcatus ticks collected in vicinities of St.  
Petersburg in 2004.

Number of ticks 
collected,

N

Number of 
ticks infected, 

n

Prevalence 
rate, n/N,
% ± m%

t-value df p

Normal 
ticks 40 0 0

2.041 69 0.047Anomalous 
ticks 31 3 9.7±5.32

An increased prevalence of microorganisms in anomalous ticks as compared to 
normal ticks was reported previously. These microorganisms include such species as 
tick-borne encephalitis virus, Borrelia, Ehrlichia, Anaplasma, Babesia [3], Staphyloco-
ccus, Micrococcus, Penicillium, Aspergillus, Pseudomonas [2]; now we can add micro-
sporidian pathogens to this list. The signs of exoskeleton pathology are symptomatic of 
ticks with higher rates of heavy metal ions; a general mechanism of the immune system 
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suppression with heavy metal ions was proposed to explain the increased prevalence 
rates of viruses, bacteria, fungi and protists in ticks [2]. 

One of the major constituents of the invertebrate innate immunity, the proph-
enoloxidase (proPO) system, is highly sensitive to heavy metal ions and therefore is 
a probable target for inhibition [10, 19]. The proPO system, mediating the reaction 
of melanization, is responsible for resistance to pathogens, and suppression of this 
system is often needed for successful development of diverse parasites [9, 11, 23]. 
Some melanization products have a deteriorating effect on sporogony in microsporidia 
from orthopteran insect hosts, while microsporidian development causes suppression 
of melanization [21, 24]. Taken together, these data support the idea that suppression 
of proPO system under conditions of environmental pollution might facilitate micro-
sporidian infection in anomalous ticks.
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