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Several indicators of immune response were observed in immunocompe-
tent mice of the ICR line and those suppressed by dexamethasone upon their ex-
perimental infection with the microsporidia of Encephalitozoon cuniculi. The
mice were infected by one-shot intraperitoneal administration of 5 × 107 patho-
genic spores. On Days 7, 14, 28 and 42 after infection, peripheral blood leukocyte
phagocytic activity was determined and compared, including phagocytic index
and the blastogenic response in spleen cells to mitogenic activation by concana-
valin A and phytohaemagglutinin. The results point to the fact that E. cuniculi it-
self can cause a significant decrease in phagocytic activity of phagocytic leuko-
cytes in the early stages of infection as well as a remarkable decrease in the pro-
liferative response of spleen cells to T-cellular mitogens.
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Recently there has been an increasing interest in the study of encephalito-
zoonosis in animals and humans, primarily due to the publication of evidence of
its zoonotic character. One of several possible sources of infection is the con-
sumption of water contaminated with microspores in locations with lower hygi-
enic standards. Surface waters are generally known as the environmental source
of microsporidia (Avery and Undeen, 1987). Large numbers of microsporidian
spores can get into the environment from the body excretions of infected hosts.
Spores can survive in the environment and remain infective for several weeks.
Some spores can withstand extremes of temperature in distilled non-chlorinated
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water, pH changes, as well as the process of multiple freezing and thawing, while
survival may reach up to 10 years (Waller, 1979).

Most of the knowledge about encephalitozoonosis is based on the results
obtained by the experimental infection of laboratory animals with Encephalito-
zoon cuniculi.

The information acquired by means of both natural and experimental in-
fection of laboratory animals provides a basis for the understanding of the host-
parasite relationship in human encephalitozoonosis.

The objective of this work was to find out whether the immunosuppres-
sion caused by dexamethasone can affect the activation of encephalitozoonosis
in experimentally infected mice and, at the same time, whether E. cuniculi proper
can have an immunosuppressive effect in the course of infection.

Materials and methods

Encephalitozoon cuniculi spores

The murine isolate of E. cuniculi was propagated on RK 13 cell line (Va-
lenčáková et al., 2002). Fresh spores were used for intraperitoneal application in
the dosage of 5 × 107/ml in 0.5 ml PBS 12 days after the beginning of dexameth-
asone application.

Dexamethasone

Dexamethasone in the form of sodium salt (Dexamed, Medochemie,
Czech Republic) was diluted in water to be applied by injections so that the con-
centration of the applied volume of 0.025 ml per 10 g of murine weight was 0.4,
0.8, 1.2 and 1.6 mg/kg for i.m. application.

Laboratory animals

Forty-eight 4-month-old female mice of the ICR line (Faculty of Medicine,
University of Pavol Jozef Šafarik, Slovak Republic) of 35–40 g average weight
were included in the experiment. They were divided into four groups (n = 12) and
placed in plastic trays with free access to water. They were fed standard mice-
feeding granules – MP feeding mixtures (Dobrá Voda, Slovak Republic). The mice
had been bred in compliance with the regulations. All mice were serologically ex-
amined for the presence of E. cuniculi antibodies before the experiment, with
negative results.

Experimental scheme
Group 1 Group 2 Group 3 Group 4
K EC DEXA + EC DEXA
Control E. cuniculi Dexamethasone + E. cuniculi Dexamethasone
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Physiological saline solution of 0.1 ml volume was applied i.m. in the first
group of mice at the time intervals equivalent to those of dexamethasone appli-
cation in the experimental groups. In the second group, a single dose of
5 × 107/ml of E. cuniculi spores was administered i.p. in a volume of 0.5 ml per
mouse. In the third group, dexamethasone was applied every 48 h in the follow-
ing doses: 1st dose of 0.4 mg/kg, 2nd and 3rd doses of 0.8 mg/kg, 4th and 5th
doses of 1.2 mg/kg. Subsequently, starting from the 12th day up to the end of the
experiment, 12 (6–17) consecutive doses of dexamethasone of 1.6 mg/kg were
administered every 72 h. Additionally, on the 12th day of the experiment in this
group, a single dose of 5 × 107/ml of E. cuniculi spores was administered i.p. in a
volume of 0.5 ml per mouse. In the 4th group, dexamethasone was applied ac-
cording to the same timetable as in Group 3.

Phagocytic activity and phagocytic index

At 7, 14, 28 and 42 days of the experiment, three mice selected from each
group were treated with ether and killed by decapitation. Heparinised blood sam-
ples (5 units/ml) were used to test the phagocytic activity of all leukocytes mixed
with hydroxymetacrylate particles (MSHP kit, ARTIM, Czech Republic).
Phagocytic index. i.e. the ingestion capacity of leukocytes (the number of hy-
droxymetacrylate particles in one leukocyte) was determined according to Vět-
vička et al. (1982).

Lymphocyte proliferation

Cells isolated under sterile conditions from spleen homogenate were
washed twice with Dulbecco’s PBS (pH 7.2) and once with RPMI 1640 (PAN,
Biotech, Germany). Erythrocytes were lysed in 0.84% NH4Cl. Lymphocytes
were diluted to a concentration of 5 × 106 cells in 1 ml of medium. Both from
SIGMA, phytohaemagglutinin (PHA) and concanavalin A (Con A) were used at
5 µg/ml concentration as T-cell polyclonal activators. The lymphocytes and mi-
togens were placed in a volume of 200 µl (RPMI 1940 with 15% fetal bovine se-
rum and gentamicin diluted 1 ml/l) in closed Eppendorf tubes and kept under
sterile conditions in a CO2 incubator at 37 °C for 72 h. Then 3[4.5/dimethyl–thi-
azolyl]/2.5/diphenyltetrazolium bromide (MTT, SIGMA) of 2% concentration
was added to the test tubes in a volume of 20 µl. After 4 h the tubes were centri-
fuged and 1 ml of dimethyl sulphoxide (SIGMA) was added to the pellet (Page et
al., 1988). The level of proliferative activity was measured by colorimetry at 540
and 680 nm. The degree of proliferation was expressed as the stimulation index
(SI) by the formula:

540–680 (stimulated cells)
SI =

540–680 (unstimulated cells)
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Indirect immunofluorescence antibody test (IFAT)

The indirect immunofluorescence method was used to test a positive se-
rological titre (Chalupský et al., 1973). Antigens of E. cuniculi fixed on the
slides were covered by the examined serum and swine anti-mouse immuno-
globulin fluorescein isothiocyanate conjugate of 1:64 dilution (SwAM-FITC,
SEVAC, Czech Republic).

Data evaluation

The results were statistically evaluated by one-way analysis of variance
(ANOVA) with post hoc Bonferroni multiple-comparison test and expressed as
mean ± SEM. Differences between groups at the level of p < 0.05 were consid-
ered significant.

Results

On Day 7 after infection, the phagocytic activity in the infected mice de-
creased rapidly in comparison with that in the controls, from 66.67% to 35.3% in
Group EC to 30% in Group DEXA + EC, and finally to 16.3% (p < 0.001) in
Group DEXA. This low phagocytic activity in Groups DEXA + EC and DEXA
was maintained during the entire experiment. In Group EC, in contrast, the
phagocytic activity on Day 14 after infection significantly increased in the in-
fected animals as compared with that in the controls to 80.67% (p < 0.05), and on
Day 28 to as much as 91.3% (p < 0.001). On Day 42, the phagocytic activity de-
creased again to 29% (p < 0.001, Fig. 1).

The phagocytic index dropped significantly (p < 0.001) in all samples in
all three experimental groups compared to the controls (Fig. 2).

Proliferative response of T-lymphocytes to the Con A mitogen expressed by
the stimulating index (SI) decreased on Day 7 after infection in Group EC with SI
= 0.6 compared with that in the controls (SI = 1.9, p < 0.01), as well as in Groups
EC + DEXA (SI = 0.7) and DEXA (SI = 0.7, p < 0.05). On Day 14 after infection,
the SI in Group EC rose to 1.4 compared with the control group where it was 1.16.
In the other experimental groups of EC + DEXA (SI = 0.6) and DEXA (SI = 0.8),
on Day 28 the stimulating index obtained with Con A-activated lymphocytes de-
creased insignificantly as compared with the controls (IS = 1.6) (Fig. 3).

On Day 7 after infection, the proliferative activity of PHA-activated lym-
phocytes expressed by SI decreased in Group EC to 0.4 when compared with the
controls (SI = 0.9, p < 0.05). On Day 14, a remarkable increase in SI was ob-
served, similarly as with Con A, to SI = 0.9 as compared with the controls (SI =
0.8). In the other experimental groups the SI was remarkably lower than in the
controls (SI = 0.9) during the whole experiment, with statistically relevant values
in Group EC + DEXA (SI = 0.36) on Day 28 and in Group DEXA (SI = 0.33;
SI = 0.36) on Days 28 and 42 (p < 0.05, Fig. 4).
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Fig. 1. Phagocytic activity of mice infected by E. cuniculi and suppressed by dexamethasone
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Fig. 2. Phagocytic index of mice infected by E. cuniculi and suppressed by dexamethasone
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Fig. 3. Concanavalin A induced T-lymphocyte blastogenesis of mice infected by E. cuniculi
and suppressed by dexamethasone
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Fig. 4. Phytohaemagglutinin-induced T-lymphocyte blastogenesis of mice infected
by E. cuniculi and suppressed by dexamethasone

Discussion

It is generally known that encephalitozoonosis causes latent infections in
immunocompetent laboratory animals, whereas in immunodeficient or immuno-
suppressed hosts it leads to the development of clinically apparent infections that
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may be lethal (Didier and Shadduck, 1997). Macrophages play an important role
in the defence against the disease caused in a host organism by E. cuniculi. In-
fected macrophages assist in spreading the infection; however, they also form an
integral part of the immune response to these microsporidia (Didier, 1995). The
main effector functions of macrophages include cytokine production (IL-1, IL-3,
IL-6, INF-gamma, TNF-alpha), phagocytosis, intracellular killing of pathogens,
production of toxic oxygen metabolites, nitrogen oxide and its reactive interme-
diate products that may serve as indicators of the intensity of phagocytosis. They
are able to present an antigen to T-lymphocytes, which makes them engaged in-
directly in the T- and B-cellular immune response (Štercl, 1993).

Our results indicate a significant suppression of phagocytic activity and of
the ingestion capacity of phagocytes on Day 7 after the infection of immuno-
competent mice of line ICR with the spores of E. cuniculi. The values are com-
parable with those obtained in the group of mice suppressed with dexameth-
asone. In the group of mice with an immune system suppressed with dexameth-
asone and concurrently infected with E. cuniculi, the decrease in the phagocytic
activity and in the ingestion capacity of phagocytes was even more remarkable.

Although on Days 14 and 28 the phagocytic activity greatly increased in
the mice infected with E. cuniculi, giving evidence of the intensive defence of
the host organism against infection, the ingestion capacity of phagocytes in these
mice was lower. This may result in the survival of E. cuniculi and its consequent
multiplication and proliferation. Similarly, also in the experiment of Halánová et
al. (1998), 15 (93%) and 30 (81%) days after infection the phagocytic activity
was increased in mice experimentally infected with E. cuniculi, as compared
with the controls. This confirms that after infection of the host organism with a
foreign pathogen, activation of macrophages and their increased phagocytic ac-
tivity occur.

Similarly, the spleen cells of mice infected with E. cuniculi manifested a sig-
nificantly lower blastogenic response to the T-cell mitogens concanavalin A and
phytohaemagglutinin on Day 7 after infection than those of the uninfected mice.
Moreover, the values obtained were lower than those in the group of mice sup-
pressed with dexamethasone, which is consistent with the results reported by Didier
and Shadduck (1988). After two weeks the blastogenic response to T-cellular mito-
gens in the mice infected with E. cuniculi returned to normal, but it slightly exceeded
the values obtained in the controls even on Day 14 after infection.

Perhaps, spleen cells recovered at 1 week postinfection were not capable
of responding to additional proliferation signals from the mitogens in vitro due to
already having reached their maximum responsiveness. Their ability to recognise
mitogenic signals may be saturated or exhausted, thus accounting for the lower
than normal responses to mitogens expressed by spleen cells from 1-week in-
fected mice. How such decreased responses to mitogens may aid parasite persis-
tence is difficult to define, especially in the light of the findings that the spleen
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cells of E. cuniculi infected mice recognise E. cuniculi and proliferate in re-
sponse to it in vitro more than spleen cells from uninfected mice. Deficient im-
mune responses lead to clinical signs of disease or to death, as it has been re-
ported to occur in E. cuniculi infected hypothymic nude mice (Didier and Shad-
duck, 1988).

Similar conclusions can be drawn from the work of Niederkorn et al.
(1983) who emphasised the relationship between peritoneal infection with E. cu-
niculi with a slightly increased proliferative response of spleen cells to mitogens
in resistant BALB/c mice compared with the control group of uninfected mice
and a significantly suppressed response in sensitive C57BL/6 mice.

In summary, it should be stated that encephalitozoonosis is a present-day
and serious infection chiefly from the point of view of laboratory animals that
are employed as animal models for the study of immune mechanisms participat-
ing in its suppression. Mice can be infected spontaneously and the absence of
manifestations of a disease may lead to unnoticed use of infected animals in re-
search; therefore, medical examination of laboratory animals is inevitable before
their use in an experiment.
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