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Since 1985 microsporidia have been recognized as a cause of emerging infections in humans, mainly in
immunocompromised human immunodeficiency virus-positive subjects. As chitin is a basic component of the
microsporidian infective stage, the spore, we evaluated in vitro the susceptibility of a human-derived strain of
Encephalitozoon hellem to nikkomycin Z, a peptide-nucleoside antibiotic known as a competitive inhibitor of
chitin synthase enzymes. Transmission electron microscopy showed that this drug, at 25 mg/ml, reduced the
number of parasitic foci by about 35% 6 standard deviation after 7 days of culture (P < 0.0001) and induced
cell damage of both mature and immature spores and also other sporogonic and merogonic stages. In
particular, an irregular outline of the cell shape and an abnormally condensed cytoplasm in meronts and
sporonts were documented. Also, the polar tubule and the polaroplast membranes appeared disarrayed in the
sporoblast stage. The spore wall showed an enlarged endospore and delaminated exospore. Mature spores had
a complete cytoplasmic disorganization and a swollen and delaminated cell wall. No ultrastructural cell
damage was observed in uninfected control cultures treated with the drug.

Microsporidia are widespread, obligate intracellular para-
sites of most vertebrates and invertebrates. In addition to their
causing infections in animals (19), there is great interest in
studying these microorganisms because some genera and spe-
cies have been recognized as a cause of opportunistic infec-
tions in immunocompromised humans, chiefly human immu-
nodeficiency virus-positive subjects (9). Although albendazole,
a benzimidazole derivative, has been found to be effective in
vitro and in a series of patients infected by Encephalitozoon
spp. to date there are no other drugs that are proved consis-
tently efficacious against microsporidia infecting humans.

The microsporidian spore is the stage of the parasite that
contains chitin in the cell wall (2, 3, 4). Chitin provides high
resistance to the environment and confers structural rigidity to
the infective stage. Chitin is a carbohydrate polymer not pres-
ent in mammalian cells, and chitin synthesis inhibition should
be a target for microsporidian-specific therapy.

Nikkomycin Z (NIK-Z) is a peptide-nucleoside antibiotic
that was recovered as a potent competitive inhibitor of chitin
synthase enzymes of fungi and insects and has structural sim-
ilarity to UDP-N-acetylglucosamine (6, 7). In particular NIK-
Z has been found to be effective in vitro and in vivo against
some extracellular and intracellular fungal pathogens (5, 12,
13, 16). Moreover, this drug is well tolerated and easily de-
gradable (11, 12) and therefore also might be considered as
a potential candidate for therapeutic use against microspo-
ridia. We present the results of a preliminary in vitro study
on the sensitivity of NIK-Z on a human isolate of Enceph-
alitozoon hellem.

MATERIALS AND METHODS

Culture system. The study was performed on a E. hellem isolate (PV-5-95)
from a subject with asymptomatic microsporidiosis (18). The strain was cocul-
tured in 25-cm2 Corning flasks at 37°C on monolayers of a fetal bovine lung
fibroblast (FBLF) cell line which was grown in Eagle minimal essential medium
(E-MEM) and supplemented with 10% heat-inactivated fetal calf serum, 1%
penicillin-streptomycin solution, and 1% glutamine. The medium was replaced
twice a week. Microsporidian spores were periodically harvested from the su-
pernatant by centrifugation at 3,000 3 g and stored at 14°C, to provide the spore
concentration for the study protocol. About 107 spores were collected from each
flask after 4 weeks of infection. Cell monolayers were infected with 100 ml of a
suspension of 109 spores/ml.

The control cultures (FBLF plus E. hellem) were microscopically inspected in
order to draw the growth curve. The mean counts of parasitic foci/centimeter
squared were performed daily for 1 week postinfection by inverted microscope
(objective, 163; Leitz Diavert, Wetzlar, Germany). The mean number of para-
sitic foci was defined by counting 30 microscopic fields at a magnification of
3160. At the 7th day postinfection, the cultures were fixed for transmission
electron microscopy study.

Drug solution. A 0.1 M stock solution of NIK-Z (Sigma-Aldrich, Milan, Italy)
was prepared in E-MEM and diluted in culture medium to give the working
solution of 25 mg/ml. The inhibitory effects of NIK-Z were previously studied in
vitro within the concentration range from 0.002 to 202 mM on Candida albicans
(5) and on Geotrichum candidum and at concentrations ranging from 1 to 100
mM on Mucor plumbeus (21).

Evaluation of drug effect. The drug solution was added to the culture medium
of both infected and control flasks at the 16th h and was replaced every 24 h. A
count of cells showing parasitic foci per centimeter squared was performed
microscopically, and the mean number of infected cells was obtained from six
experiments.

To evaluate the infectivity rate of the E. hellem spores obtained from the
NIK-Z-treated cultures, spores were harvested every day and counted. In addi-
tion, these spores were adjusted to a concentration of 109 spores/ml and inocu-
lated onto fresh FBLF to determine if a new infection would take place.

Microscopical observations were performed every day until 10 days postinfec-
tion. Each pharmacological test was repeated six times, and each mean point was
determined from six replicates.

Statistical analysis. Repeated-measure analysis of variance (ANOVA) was
used to test for statistically significant changes in number of foci over time and
between groups; difference between two groups at one specific time was evalu-
ated by the Mann-Whitney U test. We used Bonferroni’s correction (17) to
adjust the observed significance level to the number of multiple comparisons.
All tests were two tailed. Analyses were performed with the statistics package
SPSSPC (1998 release).
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RESULTS

The treatment with NIK-Z (25 mg/ml) significantly inhibited
the in vitro rate of infection in FBLF monolayers parasitized
with E. hellem. The presence of parasitic foci was observed
from 8 h to 7 days posttreatment. The percentage of treated
infected cells never rose above 30%, whereas the number of
infected cells in the control cultures increased to about 70%
(Fig. 1). ANOVA by repeated measures showed that effects of
both treatment and time were significant (treatment, F1,10 5
1,269.84 [P 5 0.000]; time, F8,80 5 928.73 [P 5 0.000]). There
were significant interactions between treatment and time (F8,80
5 89.45 [P 5 0.000]). For all evaluated time frames, except the
comparisons at 16 and 24 h, the differences between the two
groups were significant (P , 0.0055 for the differences to be
significant after Bonferroni’s correction) (Table 1).

No ultrastructural damages were seen in the host cells
(FBLF) treated with NIK-Z during the experimental time
schedule (188 h) (Table 2).

The transmission electron microscopy study showed cell
damage in both merogonic and sporogonic stages. In particu-

lar, we documented an irregular outline of the cell shape and
an abnormally condensed cytoplasm in meronts and sporonts
(Fig. 2A), whereas the polar tubule and the polaroplast mem-
branes appeared disarrayed in the sporoblast stage (Fig. 2B).
The nucleus, the polar coils, and the polaroplast membranes of
the treated spores were also disarrayed, and the cytoplasm
appeared vacuolated and misshapen. The spore wall was ab-
normally shaped, with an enlarged endospore and delaminated
exospore (Fig. 2C). Mature spores were too severely damaged
and distorted, with a complete cytoplasmic disorganization and
a swollen and delaminated cell wall (Fig. 2D). In addition to
these ultrastructurally abnormal features, the parasites were
often seen surrounded by host cell cytoplasm, as a conse-
quence of the disrupted limiting membrane of the parasito-
phorous vacuole.

On the contrary, no damage was seen in control cultures
treated with NIK-Z but not infected with microsporidia.

Finally, spores collected in the supernatant of drug-treated
cultures after 1 week of incubation also demonstrated a dra-
matic decrease in infectivity: fewer parasitic foci were detect-
ed after 7 days in monolayers infected with treated parasites
than in the control parasites (Fig. 3). ANOVA by repeated
measures showed that effects of both treatment and time were

FIG. 1. Kinetics of E. hellem grown in FBLF cells, after treatment with NIK-Z (number of spores added, 100 ml of a suspension of 109 spores/ml; drug concentration,
25 mg/ml). Each point represents the mean number 6 standard error of parasitic foci in 30 microscopic fields (magnification, 3160) in six experiments. Bars indicate
standard error. These data cross index to those reported in Table 1.

TABLE 1. Decrease of infective potentiality in
E. hellem treated with NIK-Z

Time
(h)

Mean infective potentiality 6 SDa

Z P
Controls Treated spores

8 2.2 6 0.4 0 6 0 3.21 0.0013b

16 5.0 6 2.1 4.8 6 1.5 0.0 NSc

24 1.0 6 2.3 6.2 6 1.2 2.58 0.0099 (NS)
32 40 6 7.9 8.5 6 1.5 2.89 0.0038b

48 80 6 13 15 6 3.9 2.88 0.0039b

56 108 6 10 29 6 7.1 2.89 0.0039b

140 167 6 9.5 79 6 9.9 2.88 0.0039b

164 182 6 5.9 98 6 9.9 2.88 0.0039b

188 196 6 6 118 6 9.6 2.88 0.0039b

a Comparison between number of parasitic foci in treated and control samples
(Mann-Whitney U test).

b Significant P value after Bonferroni’s correction.
c NS, not significant.

TABLE 2. Reduction of the infective potentiality of residual
E. hellem spores collected in cultures previously

treated for 188 h with NIK-Z

Time
(days)

Mean infective potentiality 6 SDa

Z Pb

Controls Treated spores

2 78 6 12 0 6 0 3.08 0.0021
4 138 6 8.2 0 6 0 3.08 0.0021
6 172 6 13 0 6 0 3.08 0.0021
7 198 6 17 0.5 6 0.8 2.93 0.0033
8 211 6 13 4.2 6 1.7 2.88 0.0039

10 215 6 10 9.5 6 1.9 2.89 0.0038

a Comparisons were between the number of parasitic foci in treated and
control samples (Mann-Whitney U test).

b All P values are after Bonferroni’s correction.
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FIG. 2. Electron micrographs of E. hellem in FBLF cells treated with NIK-Z (25 mg/ml) for 48 h. (A) Meronts (m) and sporonts (s) showing irregular outline of
cell shape: membrane bundles (arrow) and abnormally condensed cytoplasm were observed in the meront and an empty nucleus (n) in the sporont. (Bar 5 0.6 mm.)
(B) Sporoblast showing irregular cell outline, disarrayed polar coils (arrows), and the polaroplast membranes (arrowhead). (Bar 5 0.43 mm.) (C) “Young” spore
showing nucleus (n), polar coils (arrows), and disarrayed polaroplast membranes (p). The cytoplasm appears vacuolated and misshapen. The exospore is delaminated.
(Bar 5 0.25 mm.) (D) Mature spores are severely damaged and greatly distorted. Note the complete disruption of the cytoplasmic organization. The endospore (p)
appears extremely enlarged, and the exospore appears delaminated (arrows) and swollen (double arrows). (Bar 5 0.37.)
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significant (treatment, F1,10 5 3415.84 [P 5 0.000]; time,
F5,50 5 138.3 [P 5 0.000]). In addition there were significant
interactions between treatment and time (F5,50 5 105.3 [P 5
0.000]). In all the time intervals considered, the two groups
were statistically different (P , 0.0083 for the differences to be
significant after Bonferroni’s correction) (Table 2).

DISCUSSION

The working hypothesis of the research, confirmed by our
preliminary data, was that the exposure to inhibitors of chitin
synthase would affect the chitin component of the microspo-
ridian cell wall and, if chitin indeed has a role in sporogenesis,
that this would affect the spore viability and infectivity.

Studies on the molecular phylogeny of the microsporidia
demonstrated that these microorganisms display a large evolu-
tionary distance from most eukaryotes and relegate them closer
to the fungi (23). One of the mean features that strengthens
the relationship between microsporidia and fungi is the pres-
ence of chitin and trehalose (2, 4, 15, 22).

In this report we first demonstrated the effect of NIK-Z as a
competitive inhibitor of chitin synthase on morphogenesis of
various stages of an E. hellem microsporidian strain. In fact, in
monolayers treated with NIK-Z at dose of 25 mg/ml, for 48 h of
incubation, we observed that a low percentage of spores was
able to infect new FBLF cultures but at an infectivity rate lower
than that observed in cultures inoculated with nontreated
spores.

Moreover, on the basis of our study, we demonstrated NIK-
Z is not directly toxic to the host cell monolayers. Our data
agree with the results reported by others on fungal pathogens
treated with the same drug. The inhibitory effect was related to
several factors, such as nutrient concentration in the culture
medium (21), the different affinity for the chitinases (5, 10), the
uptake rate and the affinity for the cellular transport system,
and the peptidase of the infected cells (8).

Unlike several fungal species, microsporidia are obligate
intracellular pathogens. Therefore, the effective concentration
of the NIK-Z in these protozoa was influenced also by the drug

transport across the plasma membrane and by the peptide
transport system of the infected cells. The drug effectiveness
might be negatively affected by the peptidases of the host cell
fibroblasts.

Nevertheless, our results indicate that NIK-Z was unable to
induce complete damage of all microsporidia within host cells,
so that a residual number of spores escaped drug effect, even
if their infectivity was partially inhibited. In fact, parasitic foci
in FBLF cells infected with drug-treated spores were observed
only after several days of incubation, and their percentage was
significantly lower than those of controls.

In conclusion, our preliminary results seem to indicate that
NIK-Z could be a candidate drug for the treatment of some
microsporidial infections, such as encephalitozoonosis. How-
ever, a more extensive study of the drug kinetics and of other
strains of the same and other related species (Encephalitozoon
cuniculi, Encephalitozoon intestinalis) is required. Our results
also indicate the need to test this drug on these protozoa in
combination with other chemotherapeutic agents, namely,
azole derivatives, on the basis of recent successfully performed
studies against some chitinous fungi (1, 14, 20).
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