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Streszczenie
Organizmy należące do typu mikrosporydia (Regnum: Fungi) są przyczyną wielu poważnych chorób ludzi i zwierząt. Większość gatunków mikrosporydiów,
wywołujących zakaźne choroby u ssaków, może być również przyczyną infekcji
u ludzi. Dlatego do badań tych groźnych patogenów został wybrany jako organizm modelowy owad – pszczoła miodna (Apis mellifera) oraz dwa gatunki
mikrosporydiów: Nosema apis i Nosema ceranae, które są przyczyną nosemozy,
groźnej choroby tych owadów. Próbki pobrane od zakażonych Nosema spp.
pszczół obserwowano w jasnym polu widzenia, przy zastosowaniu kontrastu
Nomarskiego (DIC) oraz z kontrastem fazowym. Ponadto obserwowano zarodniki Nosema spp. przy użyciu skaningowej mikroskopii elektronowej (SEM).
Badanie próbek jelit przy użyciu SEM, wykazało, że zarodniki mikrosporydiów
tworzą warstwę równo pokrywającą światło jelita u zakażonych osobników.
Podobna warstwa może powstawać podczas innych infekcji powodowanych
przez inne mikrosporydia, tak jak w przypadku np. Encephalitozoon intestinalis,
który jest przyczyną przewlekłej biegunki i zapalenia jelit u pacjentów z AIDS.
Może to powodować niedożywienie i wyższą śmiertelność wśród pacjentów z
AIDS dodatkowo zakażonych mikrosporydiozą układu pokarmowego.
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Organisms belonging to the phylum Microsporidia in the regnum Fungi are
causative agents of many serious diseases of human and animals. Most of the
Microsporidia, which infect mammals can be the cause of human infestation,
therefore for study this dangerous pathogens as a model organism was selected an insect – honey bee (Apis mellifera) and its two microsporidian parasites: Nosema apis and N. ceranae, which are the causative agents of nosemosis
(a widespread contagious disease of bees). In this study observation of infected
bees samples under bright-field, differential interference contrast (DIC), and
phase contrast microscopy were compared. Furthermore, Nosema apis and
N. ceranae spores were observed under Scanning Electron Microscopy (SEM),
which allowed unequivocal identification of species. SEM of intestines samples
revealed a formation of a layer made of microsporidian spores. Such a layer can
be formed during other microsporidian infection located in intestines, as in the
case of e.g. Encephalitozoon intestinalis, which is the cause of chronic diarrhoea
and enteritis in AIDS patients and can be the cause of malnutrition and higher
mortality among AIDS patients with gastrointestinal microsporidiosis.
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Microsporidia are obligate intracellular sporeforming pathogens. The spore germinates in the target tissue, e.g. in the intestines, extrudes polar tubule,
inserts the tubule into the epithelial cell and injects
the infective sporoplasms. Such a sporoplasm, inside
a host cell, transforms into a meront and that initiated a merogony phase – a proliferactive stage of
microsporidian life cycle, in which meronts are replicated. Then meronts develop into sporonts, which
are characterized by a dense surface coat. Sporonts
multiply and the sporogonic phase ends with spores
formation. The spores can be excreted outside, but
also they can immediately germinate and infect other
cells of the same host organism. Spores can also pass
across the placenta in animals and severely infect
the foetus. The spores are extremely resistant with
external stress factor and remain infective for long
periods of time. Therefore, person to person contact,
fecal-oral route, contamined air, water or food are the
most frequent ways of microsopridiosis transmission
[7,10,12].
Due to the microsporidian life cycle, the only easily recognizable stages of their life are spores. Microsporidia that infect humans have typically oval
spores, which vary in size, from approximately 1 to
4 μm in diameter. Under transmission electron mi-

Organisms belonging to the phylum Microsporidia in
the regnum Fungi are causative agents of many serious diseases of human and animals. Until now have
been described more than 1200 microsporidian species belonging to approximately 150 genera. But only
species belonging to ten genera have been reported
from human hosts as agents of systemic, ocular, intestinal and muscular infections, e.g.: Anncaliia (Brachiola, Nosema) algerae, A. (Brachiola) vesicularum,
A. (Nosema) connori, Enterocytozoon bieneusi, Encephalitozoon (Septata) intestinalis, E. hellem, E. cuniculi, Microsporidium africanum, M. ceylonensis,
Nosema ocularum, Pleistophora ronneafyi, Pleistophora sp., Trachipleistophora hominis, T. anthropophthera,
Tubulinosema acridophagus, Vittaforma corneae
(Nosema corneum) [12]. The first detected human microsporidiosis was in 1959 r. a case of 9-year-old boy
who suffered from fever, headache, seizures and loss
of consciousness. In the boy’s urine and cerebrospinal fluid were detected spores of Encephalotozoon sp.
Since 1985, microsporidiosis has become an emergent
problem for HIV/AIDS patients with chronic diarrhea. Especially, infection caused by Enterocytozoon
bieneusi were the most common ones.
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Light microscopy

croscopy (TEM) mature spores can be differentiated
to the species by the number of coils in cross-section
and the location of parallel coils and tilt [5].
Most of the Microsporidia, which infect mammals
can be the cause of human infestation, therefore for
study this dangerous pathogens as a model organism
was selected an insect – honeybee (Apis mellifera).
Two microsporidian species, Nosema apis and N. ceranae, are the causative agents of nosemosis, which is
a widespread contagious disease of bees. This disease
is associated with honeybee Colony Collapse Disorder (CCD), manifested by rapid and massive loss of
bees outside the hive and, consequently, extinction
of bee colonies worldwide. Nosemosis causes many
changes both at the level of individuals and colonies.
Life expectancy of infected bees is reduced by one
third. In families affected by Nosema spp., worker
bees become lethargic and unwilling to work. Until now, it was thought that the spores of N. apis can
be found only in the gut of bees, while N. ceranae in
other tissues and glands [3,4,6]. Recent studies have
shown that both N. apis and N. ceranae are not tissuespecific and their spores can be found in the midgut
epithelium, Malpighian tubule system, hypopharyngeal glands, salivary glands, and venom sacs [2,8].
Spores remaining in the glands are potential reservoirs of infection [2].
In this study, the techniques based on the microscopy to detect Microsporidia on the examples of honeybees infection caused by Nosema apis and N. ceranae, are discussed.

The suspension was smeared on a microscope slide
for examination as described by Cantwell [1]. The
same samples were observed under bright-field, differential interference contrast (DIC), and phase contrast microscopy using an Olympus BX 61 microscope.

Scanning Electron Microscopy (SEM)
sample preparation
The specimens were fixed in 5% glutaraldehyde (v/v)
in 0.1 M phosphate buffer pH 7.3 for 24 hours and
then washed in a phosphate buffer prior to post fixation in 1% osmium tetroxide in 0.1 M-phosphate
buffer for 24 hours followed by washing in the same
buffer. SEM samples were dehydrated by immersion
for 15 min each in fresh solutions of 30%, 50%, 75%,
90%, and 100% acetone and critical point dried. The
dried samples were mounted on specimen stubs using a double side adhesive tape and coated with gold.
Coated samples were viewed under a VEGA LMU
scanning microscope at 30 KV, measured, and photographed.

Results and discussion
Light microscopy
There is a wide range of techniques for preparation
the smear samples providing better recognition of
Microsporidia [5,11]. The samples can be stained using trichrome, Calcoflour white, Fungiflour, toluidine
blue, methylene blue-azure, basic fuchsin and others
[7]. Still, the simplest and fastest method is to use different observation techniques of one sample under
the light microscope. Currently, microscopes with
the ability to view samples under DIC or phase contrast are easily available. The easiest and most popular way to observe Nosema spp. spores is to use light
bright-field microscopy (Fig. 1a), but then the spores
may be misidentified as other yeast cells or amoeba
cysts. Under phase contrast microscopy, Nosema spp.
spores exhibit clear and bright glare with a characteristic halo effect (Fig. 1c, 1d). Therefore, this technique

Materials and methods
For each method (light microscopy and SEM – scanning electron microscopy), the same suspension obtained by grinding 10 fresh whole bees in 10 ml of
sterile water was examined. Additionally for SEM
preparation, Nosema spp. infected bees’ intestines
were also examined. The intestines were removed individually, gently washed in distilled water to prevent
contamination by a heamolymph and immediately
immersed in 5% gluteraldehyde (v/v) in 0.1 M phosphate buffer pH 7.3.
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Fig. 1.

simplifies spore detection even in specimens with
few spores or helps count spores in samples taken
from strongly infected organisms. While, germinated
spores are easily recognizable under DIC (Fig. 1b, 1g,
1h, 1i). Under bright-field or phase contrast germinated spores are hardly visible (Fig. 1 e, 1f). When
bee smears are examined at the level of colony infection or when individual bees are taken under consideration, the smears should be checked very carefully
to count all ungerminated and germinated spores.
Moreover, when experiments dealing with the physiology of Nosema spp. infested bees, a control group
of healthy bees should be checked very carefully for
the possibility of contamination with spores. Using
DIC and/or phase contrast microscopy to check suspicious, Nosema-like objects help to confirm correct identification. Both techniques, DIC and phase
contrast microscopy, should be considered as complementary and employed together with standardly
used bright-field microscopy to investigate specimens wholly.

Light micrographs of Nosema spp. spores. A-C the same
sample observed under (A) bright-field; (B) differential
interference contrast, DIC; and (C) phase contrast microscopy; (D) phase contrast microscopy of a sample with
of large quantities of Nosema spp. spores; Nosema spp.
spores under phase contrast microscopy exhibit clear and
bright glare with a characteristic halo effect; (E) germinated spores under bright-field microscopy; (F) germinated
spores under phase contrast microscopy; (G, H, I) germinated spores under differential interference contrast, DIC
microscopy; asterisks (*) indicate germinated spores [9].

Scanning Electron Microscopy
Observations of N. apis and N. ceranae spores under
SEM revealed that spores differed in their surface
structure (Fig. 2). The differences allowed unequivocal identification of the species even under magnification of 15 000 x. Therefore, SEM allowed differentiation of N. apis and. N. ceranae spores in bee smears
and can be considered as an alternative method to
PCR assay and TEM for unequivocal determination
of the species of observed spores.
Intestines observed und SEM (Fig. 2a) were fully
covered by the layer made from microsporidian
spores. The spore layer, covering bee intestines even
during medium infestation, can lead to malnutrition
and can be the cause of higher mortality among bees
observed after Nosema spp. infection.
Such a layer of spores on the surface of entrails can
be formed during other microsporidian infection located in intestines, as in the case of e.g. Encephalitozoon intestinalis, which is the cause of chronic diarrhoea and enteritis in AIDS patients. Similarly, such
a layer can be the cause of malnutrition and higher
mortality among AIDS patients with gastrointestinal
microsporidiosis.
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Fig. 2.
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Scanning electron micrographs of Nosema spp. spores: (A)
the intestine of bee infested with Nosema spp.; the Nosema spp. spores form a layer on the surface of the intestine;
(B) the N. ceranae spore.
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