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Abstract. The phylum Microsporidia is a large group of parasitic unicellular eukaryotes that infect a wide range of invertebrate 
and vertebrate taxa. These organisms are significant human and veterinary pathogens with impacts on medicine, agriculture and 
aquaculture. Scientists working on these pathogens represent diverse disciplines that have had limited opportunities for detailed 
interactions. A NATO Advanced Research Workshop ‘Emergent Pathogens in the 21st Century: First United Workshop on Mi-
crosporidia from Invertebrate and Vertebrate Hosts’ was held July 12–15, 2004 at the Institute of Parasitology of the Academy of 
Sciences of the Czech Republic to bring together experts in insect, fish, veterinary and human microsporidiosis for the exchange 
of information on these pathogens. At this meeting, discussions were held on issues related to taxonomy and phylogeny. It was 
recognized that microsporidia are related to fungi, but the strong opinion of the participants was that the International Code of 
Zoological Nomenclature should continue to be applied for taxonomic descriptions of the Microsporidia and that they be treated 
as an independent group emerging from a paraphyletic fungi. There continues to be exponential growth in the pace and volume of 
research on these ubiquitous intracellular protists. The small genomes of these organisms and the reduction in the size of many of 
their genes are of interest to many disciplines. Many microsporidia are dimorphic and the mechanisms underlying these mor-
phologic changes remain to be elucidated. Epidemiologic studies to clarify the source of human microsporidiosis and ecologic 
studies to understand the multifaceted relationship of the Microsporidia and their hosts are important avenues of investigation. 
Studies on the Microsporidia should prove useful to many fields of biologic investigation.  

Microsporidia are a group of eukaryotic obligate in-
tracellular parasites first recognized almost 150 years 
ago with the description of Nosema bombycis as the 
cause of pébrine, a disease of economic importance in 
the silkworm industry (Sprague et al. 1992, Wittner and 
Weiss 1999). Members of the phylum Microsporidia 
(Sprague and Becnel 1998) are not limited, however, to 
infections in invertebrates, but instead infect virtually all 
animal phyla including other protists (Wittner and 
Weiss 1999). They are important agricultural pathogens 
in insects, fish, laboratory rodents, rabbits, fur-bearing 
animals and primates. Microsporidia have been investi-
gated for use as biologic pesticides for the control of 
destructive species of grasshoppers and locusts (Ameri-
can Mosquito Control Association 1985). The phylum 
Microsporidia contains over 1,100 species distributed 
into at least 144 genera (Sprague et al. 1992, Wittner 
and Weiss 1999). Human infection with these pathogens 
was first reported in 1959 in a child with encephalitis 
(Matsubayashi et al. 1959), but subsequent case reports 
were rare until the recognition of diarrhoea due to mi-
crosporidiosis in the setting of HIV infection (Desportes 
et al. 1985). Since 1985 the number of reported cases of 
human disease has increased rapidly and they have been 
recognized in both immunocompetent and immunodefi-
cient hosts (Wittner and Weiss 1999). In addition to 

gastrointestinal tract involvement it is now appreciated 
that Microsporidia can infect virtually any organ system 
and cases of encephalitis, ocular infection, sinusitis, 
myositis and disseminated infection are well described 
in the literature (Cali et al. 1993, Desportes et al. 1985, 
Ledford et al. 1985, Terada et al. 1987, Rastrelli 1994, 
Field et al. 1996, Yachnis et al. 1996, Weber et al. 1997, 
Cali et al. 1998, Cali and Takvorian 2003, Coyle et al. 
2004). Currently, the following species have been re-
ported to cause human infections: Pleistophoridae: 
Trachipleistophora hominis Hollister, Canning, 
Weidner, Field, Kench et Marriott, 1996, Trachipleisto-
phora anthropophtera Vavra, Yachnis, Shadduck et 
Orenstein, 1998, Pleistophora ronneafiei Cali et Tak-
vorian, 2003; Encephalitozoonidae: Encephalitozoon 
cuniculi Levaditi, Nicolau et Schoen, 1923, Encephali-
tozoon hellem Didier, Didier, Friedberg, Stenson, Oren-
stein, Yee, Tio, Davis, Vossbrinck, Millichamp et Shad-
duck, 1991, Encephalitozoon intestinalis (Cali, Kotler et 
Orenstein, 1998); Enterocytozoonidae: Enterocytozoon 
bieneusi Desportes, Lechanpentier, Galian, Bernard, 
Cochandpriollet, Lavergne, Ravisse et Modigliani, 
1985; and Nosematidae: Brachiola vesicularum Cali, 
Takvorian, Lewin, Rendel, Sian, Wittner, Tanowitz, 
Keohane et Weiss, 1998, Brachiola connori (Sprague, 
1974), Brachiola algerae (Vavra et Undeen, 1970), and 
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Vittaforma corneae (Shadduck, Meccoli, Davis et Font, 
1990). Moreover, single ocular infections by Micro-
sporidium africanum, Microsporidium ceylonensis and 
Nosema ocularum have been described but the true sys-
tematic position of the causative agents is uncertain. It is 
believed that many of these pathogens are zoonotic and 
that water and foodborne transmission mechanisms are 
important for the transmission of these diseases (De-
plazes et al. 2000). It has become evident that there is 
no clear barrier preventing several insect or fish micro-
sporidian pathogens from causing infections in immu-
nosuppressed human hosts.  

As the Microsporidia infect a wide range of host spe-
cies, scientists working on these pathogens represent 
diverse disciplines that have had limited opportunities 
for detailed interactions. Historically researchers dealing 
with the Microsporidia from various hosts have dis-
cussed these organisms within their segregated scientific 
communities. Reflecting these communities, modern 
microsporidiology has been divided into three main 
branches focused on: (i) Microsporidia from Arthropods 
(mainly insects and crustaceans); (ii) Fish Micro-
sporidia; and (iii) Mammalian/Human Microsporidia. 
Consequently, researchers working in each or the men-
tioned fields publish their papers in different journals 
and organize separate meetings. A NATO advanced 
research workshop (ARW) was, therefore, held July 12–
15, 2004 at the Institute of Parasitology of the Academy 
of Sciences of the Czech Republic in České Budějovice, 
Czech Republic. This meeting entitled ‘Emergent 
Pathogens in the 21st Century: First United Workshop 
on Microsporidia from Invertebrate and Vertebrate 
Hosts’ brought together experts in insect, fish, veteri-
nary and human microsporidiosis to discuss the state of 
the field and exchange data on the different micro-
sporidian systems that they investigate. The meeting 
directors were Drs. Yuliya Sokolova (All Russian Insti-
tute for Plant Protection) and Oleg Ditrich (Institute of 
Parasitology, Academy of Sciences of the Czech Repub-
lic) and the international organizing committee was 
composed of Drs. Louis M. Weiss (Albert Einstein Col-
lege of Medicine), Zuzana Kučerová-Pospíšilová (Cen-
ter for Disease Control), Patrick Keeling (University of 
British Columbia), Judith Smith (Leeds University) and 
Jiří Vávra (Institute of Parasitology, Academy of Sci-
ences of the Czech Republic). The meeting was sup-
ported by grants from the NATO ARW program, the 
National Institute of Allergy and Infectious Diseases 
(National Institutes of Health, United States of America) 
and The Ellison Medical Foundation. The current issue 
of Folia Parasitologica contains articles representing 
work presented and discussed at this conference. This 
article represents an overview of themes, discussions 
and consensus opinions of the participants of this meet-
ing, but is not intended to represent an exhaustive re-
view of all of the abstracts and data that were presented 
(citations for abstracts are indicated by [X], where X is 

the abstract number and a complete list of abstracts 1 
through 55 is provided at the end of this article). 

Discussions were held on issues related to the taxon-
omy of the Microsporidia. There was general agreement 
that molecular phylogenetic data support that the Micro-
sporidia are related to fungi and are not “primitive eu-
karyotes” (Edlind 1998, Keeling and McFadden 1998, 
Hirt et al. 1999, Weiss et al. 1999, Katinka et al. 2001). 
Microsporidia also display similarities to the fungi in 
mitosis, e.g., closed mitosis and spindle pole bodies (De-
sportes 1976), in meiosis (Flegel and Pasharawipas 
1995), have chitin in their spore wall and store trehalose 
as do fungi. Keeling (2003) in a published analysis of β-
tubulin data that included several species of Micro-
sporidia and fungal phyla has suggested that the Micro-
sporidia are a sister group to the Zygomycota. It was the 
opinion of the experts in the field gathered at this meet-
ing that the International Code of Zoological Nomencla-
ture should continue to be applied for taxonomic de-
scriptions of the Microsporidia. There is no reason with 
our current state of taxonomic description of over 1,000 
species and the ongoing evolution of molecular phy-
logenetic description of this phylum to apply the botani-
cal code to this group of organisms despite their rela-
tionship to fungi. Microsporidia should be considered 
and treated as a separate monophyletic group, making 
the fungi paraphyletic. This is not unlike the situation 
seen with the phylogeny of reptiles, which must be con-
sidered as paraphyletic since birds are not included 
among them.  

Phylogenetic studies of the phylum Microsporidia 
continue to evolve. Data suggest that the relationship of 
the host and its microsporidia (e.g. co-speciation) may 
be an important influence on microsporidian taxonomic 
relationships. It is clear that more environmental sam-
pling will be needed to develop and extend the molecu-
lar phylogeny of these organisms as there has been only 
a limited sampling of the Microsporidia in many animal 
groups [35]. Nonetheless, molecular phylogeny is re-
vealing new relationships among the Microsporidia for 
which 16S ribosomal sequences (or other gene se-
quences) exist [48, 50]. This information has illustrated 
that the traditional genera established by ultrastructural 
characteristics are often not monophyletic. It has been 
suggested that ultrastructural characteristics may have 
significant plasticity that could be altered by host range 
and environmental conditions [6]. Overall, the opinion 
of the group was that both traditional and molecular 
phylogenetic approaches are applicable for the descrip-
tion and classification of these organisms. In a descrip-
tion of a new species in the Microsporidia the majority 
of participants believed that it is important to provide 
ultrastructural and epidemiologic descriptions in addi-
tion to molecular data [6, 37, 50, 54, 51]. The ability of 
type specimens to be used to obtain molecular informa-
tion as well as new ultrastructural data points out the 
utility of depositing reference slides [44, 49, 55]. In ad-
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dition to the deposition of type slides it is critical for 
future taxonomic studies that any cultivated organism 
should be deposited in a reference culture collection 
such as the American Type Culture Collection (ATCC; 
http://www.atcc.org/). The participants believed it 
would be useful to establish a DNA depository for the 
Microsporidia and to encourage anyone describing a 
new organism to deposit or save DNA samples. Preser-
vation of spores or tissue in ethanol represents a cost 
effective and easy method to store samples from which 
DNA can be recovered for future taxonomic studies. 

The publication of the Encephalitozoon cuniculi ge-
nome in 2001 provided several insights into the organi-
sation of the highly reduced (2.9 Mbp) genome of this 
microsporidian (Katinka et al. 2001). There are about 
2,000 genes in the genome with evidence of a signifi-
cant loss of biosynthetic pathways, resulting in depend-
ence on the host cell pathways, (e.g. reductive evolu-
tion). Consistent with the high coding density there are 
almost no introns present in the genome, few repeats, 
and short intergenic regions. On average most genes are 
15% smaller than their homologues in other eukaryotes 
and often display reduced complexity (e.g. a loss of 
protein interaction domains). The study of these genes 
should prove extremely useful for biologists interested 
in protein interactions and functions as they may pro-
vide insight into the minimal interactions and domains 
necessary to carry out a particular function. For exam-
ple, the small subunit rRNA of the Microsporidia is 
missing domains seen in both eukaryotes and prokaryo-
tes, yet is able to function in protein synthesis. These 
compact genomes appear to provide constraints for the 
evolution of genomes in the microsporidia. Data from 
genome sequence survey (GSS) of Antonospora (syn. 
Paranosema/Nosema) locustae that surveyed about 12% 
of this 5.4 Mbp genome demonstrated a significant 
preservation of gene order and or gene composition [1]. 
Studies involving cDNA (an EST project) are also 
yielding insights, having demonstrated the presence of 
multigene and antisense transcripts as well as demon-
strating that transcripts can initiate in the coding region 
of upstream genes and terminate within downstream 
genes [1]. Studies on microsporidian chromosomes have 
suggested that these organisms are diploid and that sig-
nificant chromosomal variability can be present [13, 
15]. As more genetic information becomes available, 
techniques for genetic manipulation of these protists 
will be needed. Such techniques would greatly facilitate 
studies on important cell biology questions, such as dif-
ferentiation.  

Discussions indicated that several GSS projects were 
in various states of progress, including those on Antono-
spora (syn. Paranosema/Nosema) locustae, Spraguea 
lophii, Nosema bombycis, Vittaforma corneae, Entero-
cytozoon bieneusi and Encephalitozoon hellem. A mi-
crosporidium that undergoes several developmental 
cycles Edhazardia aedis has also been selected for a 

genome project. The participants believed that this was 
an excellent choice as none of the current organisms 
displays the complex spore alternations between hosts 
that is a characteristic of many of the microsporidia 
found in insects [4, 5]. It is likely that, as in the A. lo-
custae project, many developmental genes not present in 
the E. cuniculi genome will be present in this micro-
sporidium [1]. Further discussions indicated that it 
would be useful to include Brachiola algerae in the 
group of microsporidia for which genomic data is ob-
tained, given its broad host range and that it has now 
been demonstrated to infect humans [16, 18]. The re-
search community strongly recommended that all organ-
isms being used for genome projects (GSS, EST, or 
genomes) should be deposited in reference collections 
such as the ATCC so that these “genome type strains” 
would be easily available for correlative studies. The 
development of a web-based centralised microsporidian 
database similar to that available for Toxoplasma gondii 
(www.Toxodb.org) was felt to be an important commu-
nity resource that would greatly facilitate research on 
these pathogens.  

Many of the research presentations demonstrated the 
remarkable plasticity of the microsporidia in their adap-
tation to various environmental niches [4, 5, 31, 32, 33, 
39, 41] as well as the profound influence of these organ-
isms on the biology of their host cells. Many of the mi-
crosporidia cause feminisation of their hosts and this is 
often associated with a low-virulence phenotype [2]. 
Infection can significantly alter the physiology of the 
host [40, 45]. The development of hypertrophic host 
cells as well as xenomas is an important characteristic 
of many of the Microsporidia [14, 29, 30]. Study of the 
mechanism by which the Microsporidia cause such pro-
found changes in their hosts and host cells should yield 
important insights into not just host-parasite relation-
ships but also the fundamental biologic processes under-
lying the regulation of host cell size and proliferation. 
Microsporidia are also interesting model systems in 
which one can explore ecological issues. Studies have 
demonstrated the use of Microsporidia in the evaluation 
of the radiation of introduced species and their patho-
gens and in the effect of pathogens on emergent ecolo-
gic relationships between native and introduced species 
[2, 3, 34, 36].  

A defining characteristic of the Microsporidia is the 
presence of the polar tube, a unique mechanism of host 
cell invasion. Characterisation of the early events in the 
germination of microsporidian spores and infection of 
host cells is ongoing [8, 9]. Data suggest that the polar 
tube may also function as a mechanism by which these 
organisms escape phagosomes [7], providing an alterna-
tive mechanism for infection of host cells and dissemi-
nation of infection. Microsporidia have functional Golgi 
(Takvorian and Cali 1994) that are involved in post-
translational modifications of proteins such as glycosy-
lation [11, 12] (Xu et al. 2004). It is probable that dif-
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ferent Golgi compartments are expressed in a time-
dependent development sequence correlated with mi-
crosporidian replication and the formation of specialised 
structures such as the polar tube [11]. Previous data had 
indicated that the Microsporidia have relic mitochon-
drial organelles termed mitosomes (Williams et al. 
2002) and additional characterisation of the genome 
suggests that some metabolic activities may continue to 
occur in these structures [10]. Discussions suggested 
that the polar vesicles that had been previously de-
scribed in the Microsporidia are excellent candidates for 
mitosomes. 

Microsporidia are excellent model systems for the 
study of immunology in both insects [43] as well as 
mammalian hosts [19, 27, 52, 53]. Murine models of 
microsporidiosis have indicated that intraperitoneal in-
fection is highly dependent on CD8+ cells whereas oral 
infection is dependent on both CD4+ and CD8+ [52, 
53]. Diagnostic assays for microsporidiosis continue to 
improve. Serologic markers of infection [22], im-
munofluorescence detection systems [22], as well as 
molecular diagnostic techniques for both insect [46, 47] 
and human infections [22, 25, 26] have been developed. 
Studies have illustrated that zoonotic transmission of 
human microsporidiosis is probable [25, 26] and that 
pigeon faeces can be a source of Enterocytozoon bie-
neusi [26]. Microsporidiosis prevalence studies have 
been con-ducted and demonstrate the continued pres-
ence of these infections and the emergence of new mi-
crosporidian pathogens [17, 25, 26, 28]. Human infec-
tions have been described with microsporidia classically 
seen in fish and insects [16, 18]. A real-time PCR tech-
nique to assay drug efficacy against microsporidia has 
been developed [23]. Investigations into new therapeu-
tic agents for microsporidia are ongoing and suggest 
that methionine aminopeptidase type 2 is a useful thera-
peutic target [20, 21]. A technique was described at this 
meeting for the purification of E. bieneusi spores that 
allowed both the development of monoclonal antibodies 
and an initial characterisation of the genome size of this 
pathogen [17]. While many microsporidia can be culti-
vated in vitro and animal models exist, there remains a 
need for an in vitro cultivation system for E. bieneusi. 

It has been over 100 years since the description of the 
microsporidian polar tube by Thelohan (1894), a struc-
ture that continues to fascinate biologists to this day. 
Research on these enigmatic organisms has illuminated 
many other interesting areas of biology. As this recent 
meeting illustrated, the application of the tools of mod-
ern molecular and cell biology to these pathogens is 
highly likely to yield fundamental insights into eu-
karyotic functions and organisation. Taxonomic chal-
lenges exist in the integration of previous descriptions 
of these organisms with molecular phylogenetic studies. 
The sampling of species of the Microsporidia has tended 
to focus on a few host species groups. Expansion of 
available data sets on the Microsporidia of other hosts 

should greatly facilitate the development of a compre-
hensive picture of the phylogeny for these pathogens. In 
addition, the generation of genome data (GSS, EST or 
full genomes) will yield fascinating insights into these 
organisms and will be a crucial resource for fundamen-
tal investigations. One should, however, not neglect the 
need for field investigations on these organisms. There 
is still a need for careful epidemiologic studies of 
transmission to clarify the source of infections and for 
ecologic studies to understand the multifaceted relation-
ship of the Microsporidia and their hosts. The organiz-
ers and participants of this First United Workshop on 
Microsporidia from Invertebrate and Vertebrate Hosts 
agreed that future meetings and exchange of informa-
tion between the various scientific disciplines would 
greatly facilitate progress on these pathogens and have 
formed a committee for planning future congresses.  
 
Acknowledgements. This work was supported by NIH 
AI31788 LMW). The First United Workshop on Micro-
sporidia from Invertebrate and Vertebrate Hosts was supported 
by NIH AI062170, The Ellison Foundation ID-CW-0148-04 
and NATO-ARW 980138. With great thanks to Dr. Oleg 
Ditrich for his reading and editing of this manuscript and to 
Drs. Patrick Keeling and Charles Vossbrinck for discussions 
concerning phylogeny and taxonomy. 

ABSTRACTS  

Presented at the “First United Workshop on Micro-
sporidia From Invertebrate And Vertebrate Hosts”, In-
stitute of Parasitology, Academy of Sciences of the 
Czech Republic, České Budějovice, Czech Republic, 
July 12–15, 2004.  
 
  1. Keeling P., Slamovits C.H., Williams B.A.P.: Genome 

dynamics in microsporidia. 
  2. Smith J.E., Terry R.S., Dunn A.M., Galbreath J.M.:

Microsporidian diversity, transmission and co-evolu-
tion. 

  3. Snowden K.F., Logan K.S., Mitchell F., Fuxa J.R., 
Vinson S.B.: Molecular comparisons of ribosomal 
RNA genes from geographically diverse isolates of 
Thelohania solenopsae (phylum Microspora) form red 
imported fire ants (Solenopsis invicta). 

  4. Becnel J.J., White S.E., Shapiro A.M.: Mosquito-
Microsporidia relationships: from the simple to the 
complex. 

  5. Andreadis T.: Life cycle and transmission strategies 
between mosquito-parasitic Microsporidia and their 
intermediate copepod hosts. 

  6. Vossbrinck C.: Molecular phylogeny of the Micro-
sporidia: ultrastructural and ecological considerations. 

  7. Franzen C., Müller A., Salzberger B.: How do micro-
sporidia invade cells? 

  8. Findley A.M., Weidner E.H., Carman K., Xu Z., God-
ber S.: Role of the posterior vacuole in microsporidian 
spore hatching. 

  9. Takvorian P.M., Cali A., Weiss L.M.: The early events 
of   Brachiola   algerae   infection:  spore  germination,
 



Weiss: The First United Workshop on Microsporidia 

5 

sporoplasm structure, and development within host
cells. 

10. Hirt R., Goldberg A., Embley M.: The microsporidian 
mitosomes as modified mitochondria. 

11. Sokolova Y.Y., Snigirevskaya E.S., Svezhova N.V., 
Dolgikh V.V., Skarlato S.O., Mironov A.A., Komis-
sarchik Y.Y.: Structural organization of Golgi com-
partment in microsporidia. 

12. Dolgikh V.V., Beznoussenko G.V., Semenov P.B., 
Sokolova Y.Y., Mironov A.A.: Intracellular transport 
of secretory proteins in microsporidia occurs in the
absence of small, coat-dependent vesicles. 

13. Skarlato S.O., Nassonova E.S., Bobyleva N.N.:
Weakly condensed chromosomes of microsporidia. 

14. Leitch G., Shaw A., Scanlon M. Visvesvara G.:
Xenoma-like structures produced by Vittaforma cor-
neae. 

15. Nassonova E., Cornillot E., Méténier G., Kudryavtchev 
B., Skarlato S.O., Vivarès C.P.: Chromosome reper-
toire in the diplokaryotic microsporidia Paranosema
grylli. 

16. Cali A., Takvorian P.M., Weiss L.M.: Development of 
human infections from Microsporidia associated with
invertebrates or cold-blooded vertebrates. 

17. Tzipori S., Sheoran A., Feng X., Akiyoshi D., Kitaka 
S., Downing R., Kekitiinwa A., Tumwine J.V.: Entero-
cytozoon bieneusi: recent clinical and laboratory inves-
tigations. 

18. Visvesvara G., Leitch G.J., Moura H., Xiao L.: Public 
health importance of Brachiola algerae - an emerging
pathogen of humans. 

19. Koudela B., Vávra J.: SCID mice as a model for mam-
malian microsporidiosis. 

20. Didier E.S., Brindley P.S., Stovall M.E., Green L.C., 
Bowers L.C., Didier P.J.: Preclinical evaluation of
therapies for microsporidial infections. 

21. Weiss L., Cali A., Takvorian P., Zhang H., Zhou G.:
Investigations into microsporidian methionine amin-
opeptidase type 2: a therapeutic target for micro-
sporidiosis. 

22. Thellier M., Accoceberry I., Desportes I., Biligui S., 
Bart-Delabesse E., Ripert C., Danis M., Datry A.: Sim-
ple species diagnosis of human intestinal microsporidia
in stools by an immunofluorescence test using specific 
monoclonal antibodies: an evaluation study in two
hospitals in France. 

23. Menotti J., Santillana-Hayat M., Cassinat B., Sarfati 
C., Molina J., Derouin F.: Quantitation of in vitro ac-
tivity of human immunodeficiency virus protease in-
hibitors against Encephalitozoon intestinalis by real-
time PCR. 

24. Kučerová-Pospíšilová Z., Secor W.E., Moura H., Vis-
vesvara G.S.: Serology of microsporidia infections – a
search for cross-reactive diagnostic bands. 

25. Matos O., Lobo M.L., Xiao L., Magalhães N., Teles 
A., Antunes F.: Human and animal microsporidiosis in 
Portugal. 

26. del Aguila C., Izquierdo F., Haro M., Bernardo R., 
Rueda C., Andres I., Alonso F., Ponce F., Fenoy S., 
Henriques N.: Zoonotic potential of microsporidiosis in
Spain. 

27. Levkut M., Levkutová M., Revajová V., Hipíková V., 
Bálent P.: Immunosuppression and encephalitozoono-
sis in rabbits. 

28. Awadalla H.N., El Temsahi M.M., Negm A.Y., Abou 
El Naga I.F., Zeid M.H., Khalifa M.A., Allam S., Mos-
sallem F.S.: Intestinal protozoal infections among HIV 
infected individuals in Alexandria. 

29. Lom J., Dyková I.: Xenoma formation in fish micro-
sporidia: a series of question marks. 

30. Canning E.U., Curry A.: Host reaction to Microgemma
sp. causing xenoma formation in Taurulus bubalis. 

31. Kent M., Speare D.J.: Sequential development of Loma
salmonae in salmonid fishes. 

32. Diamant A.: Fish hyperparasitic microsporidian-
myxosporean systems from the Red Sea. 

33. Freeman M., Yokoyama H., Ogawa K.: Hyperparasitic 
microsporidia, with particular reference to those infect-
ing Myxozoa. 

34. Vávra J.: Research of microsporidia in aquatic envi-
ronment: microsporidia in Copepoda and Cladocera. 

35. McClymont H.E., Dunn A.M., Terry R.S., Rollinson 
D., Littlewood D.T.J., Smith J.E.: Microsporidian para-
sites in schistosome-vector snails. 

36. Slothouber Galbreath J.G.M., Smith J.E., Terry R.S., 
Becnel J.J., Dunn A.M.: The impact of trans-
continental host invasion on the diversity of the micro-
sporidian parasites of a crangonyctid amphipod. 

37. Ovcharenko M., Wita I.: Nosema artemiae (Codreanu, 
1957), the new ultrastructural data. 

38. Fuxa J.R., Sokolova Y.Y., Milks M.L., Richter A.R., 
Chen J.S.C., Vinson S.B.: Epizootiology of micro-
sporidia in insect populations with particular reference 
to Thelohania solenopsae in fire ants. 

39. Hyliš M., Oborník M., Vávra J.: Trichopteran micro-
sporidia: characterisation, variability and discrepancy 
between phylogeny and classification. 

40. Agnew P.: Effects of the microsporidia Vavraia culicis
on its mosquito hosts. 

41. Lange C.E., Sokolova Y.Y.: Experimental transmis-
sion, pathogen-host relationships, and phenotypic plas-
ticity of Johenrea locustae, a microsporidian pathogen 
from the migratory locust (Orthoptera: Acrididae). 

42. Simakova A.V.: Microsporidia of blood-sucking mos-
quitoes of Russia. 

43. Tokarev Y., Sokolova Y.Y.: Cellular immune reactions 
of orthopteran insect host to microsporidia. 

44. Weiser J., Žižka Z.: Brachiola gambiae a possible 
candidate of a mosquito transmitted pathogen of verte-
brates. 

45. Hoch G., Schafellner C., Henn M.W., Solter L.F., 
Schopf A.: Physiological interactions between the mi-
crosporidian Vairimorpha sp. and its insect host, the 
Lymantria dispar larva (Lepidoptera, Lymantriidae). 

46. Klee J.: Molecular detection and infection of micro-
sporidian parasites in European bumble bees (Bombus
spp.) 

47. Liu J., Smith J.E., Terry R.S., Cao Y., Juan H., Zeng 
L., Fei Pang X.: PCR diagnosis of silkworm Pebrine 
disease. 

48. Tay W.T., O’Mahony E.M., Paxton R.J.: Molecular 
genetic characterisation of the European bumble bee 
microsporidian parasite Nosema bombi. 

49. Hyliš M., Weiser J., Vávra J., Oborník M.: Isolation of 
DNA from museum and type collection slides. 

50. Nassonova E., Dolgikh V.V., Semenov P., Tokarev Y., 
Cornillot E., Méténier G., Vivarès C.P., Sokolova 
Y.Y., Issi I.: On the species concept for Microsporidia: 



6 

Paranosema grylli and Paranosema locustae are 
closely related but yet distinct species. 

51. Ovcharenko M.: Slightly anisofilar, or mainly isofilar? 
What types of the coiled polar filament are already 
described? 

52. Salát J., Horká H., Kopecký J.: Role of T cell subsets
in the immune response against Encephalitozoon cu-
niculi infection. 

 
 
 

53. Sak B., Ditrich O.: Intestinal immunity against En-
cephalitozoon cuniculi infection. 

54. Sokolova Y.Y., Fuxa J.R.: Fine structure of Thelohania
solenopsae from Solenopsis invicta with reference to 
the microsporidian life cycle. 

55. Weiser J.: Perspectives of Microsporidia in inverte-
brate pathology. 

 

REFERENCES 

AMERICAN MOSQUITO CONTROL ASSOCIATION 
1985: Biological Control of Mosquitoes. AMCA Bulletin 
no. 6. American Mosquito Control Association, Fresno, 
California, 218 pp. 

CALI A., KOTLER D.P., ORENSTEIN J.M. 1993: Septata 
intestinalis n. g., n. sp., an intestinal microsporidian asso-
ciated with chronic diarrhea and dissemination in AIDS 
patients. J. Eukaryot. Microbiol. 40: 101–112. 

CALI A., TAKVORIAN P.M. 2003: Ultrastructure and devel-
opment of Pleistophora ronneafiei n. sp., a microsporid-
ium (Protista) in the skeletal muscle of an immune-
compromised individual. J. Eukaryot. Microbiol. 50: 77–
85. 

CALI A., TAKVORIAN P.M., LEWIN S., RENDEL M., 
SIAN C.S., WITTNER M., TANOWITZ H.B., KEO-
HANE E., WEISS L.M. 1998: Brachiola vesicularum, n. 
g., n. sp., a new microsporidium associated with AIDS and 
myositis. J. Eukaryot. Microbiol. 45: 240–251. 

COYLE C.M., WEISS L.M., RHODES III L.V., CALI A., 
BROWN D.F., VISVESVARA G.S., XIAO L., NAKTIN 
J., YOUNG E., GARECA M., COLASANTE G., TAK-
VORIAN P.M., WITTNER M. 2004: Fatal myositis due to 
the microsporidian Brachiola algerae in a patient on In-
fliximab (anti-TNF-α). New Engl. J. Med. 351: 42–47. 

DEPLAZES P., MATHIS A., WEBER R. 2000: Epidemiol-
ogy and zoonotic aspects of microsporidia of mammals 
and birds. Contrib. Microbiol. 6: 236–260. 

DESPORTES I. 1976: Ultrastructure de Stempellia mutabilis 
Léger et Hess, microsporidie parasite de l’éphémère 
Ephemera vulgata. L. Protistologica 12: 121–150. 

DESPORTES I., LECHARPENTIER Y., GALIAN A., BER-
NARD F., COCHAND-PRIOLLET B., LAVERGNE A., 
RAVISSE P., MODIGLIANI R. 1985: Occurrence of a 
new microsporidian: Enterocytozoon bieneusi n. g., n. sp., 
in the enterocytes of a human patient with AIDS. J. Proto-
zool. 32: 250–254. 

EDLIND T. 1998: Phylogenetics of protozoan tubulin with 
reference to the amitochondriate eukaryotes. In: G.H. 
Coombs, K. Vickerman, M.A. Sleigh and A. Warren 
(Eds.), Evolutionary Relationships Among Protozoa. 
Chapman & Hall, London, pp. 91–108. 

FIELD A.S., MARRIOTT D.J., MILLIKEN S.T., BREW B.J., 
CANNING E.U., KENCH J.G., DARVENIZA P., 
HARKNESS J.L. 1996: Myositis associated with a newly 
described microsporidian, Trachipleistophora hominis, in 
a patient with AIDS. J. Clin. Microbiol. 34: 2803–2811. 

FLEGEL T.W., PASHARAWIPAS T. 1995: A proposal for 
typical eukaryotic meiosis in microsporidians. Can. J. Mi-
crobiol. 41: 1–11. 

HIRT R.P., LOGSDON J.M., Jr., HEALY B., DOREY M.W., 
DOOLITTLE W.F., EMBLEY T.M. 1999: Microsporidia 
are related to Fungi: evidence from the largest subunit of 
RNA polymerase II and other proteins. Proc. Natl. Acad. 
Sci. USA 96: 580–585. 

KATINKA M.D., DUPRAT S., CORNILLOT E., MÉTÉ-
NIER G., THOMARAT F., PRENSIER G., BARBE V., 
PEYRETAILLADE E., BROTTIER P., WINCKER P., 
DELBAC F., El ALAOUI H., PEYRET P., SAURIN W., 
GOUY M., WEISSENBACH J., VIVARÈS C.P. 2001: 
Genome sequence and gene compaction of the eukaryote 
parasite Encephalitozoon cuniculi. Nature 414: 450–453. 

KEELING P.J. 2003: Congruent evidence from alpha-tubulin 
and beta-tubulin gene phylogenies for a zygomycete origin 
of microsporidia. Fungal Genet. Biol. 38: 298–309. 

KEELING P.J., McFADDEN G.I. 1998: Origins of micro-
sporidia. Trends Microbiol. 6: 19–23. 

LEDFORD D.K., OVERMAN M.D., GONZALVO A., CALI 
A., MESTER S.W., LOCKEY F. 1985: Microsporidiosis 
myositis in a patient with the acquired immunodeficiency 
syndrome. Ann. Intern. Med. 102: 628–630. 

MATSUBAYASHI H., KOIDE T., MIKATA T., HAGI-
WARA S. 1959: A case of Encephalitozoon-like body in-
fection in man. Arch. Pathol. Lab. Med. 67: 181–185. 

RASTRELLI P., DIDIER E., YEE R. 1994: Microsporidial 
keratitis. Ophthalmol. Clin. N. Am. 7: 614–635. 

SPRAGUE V.V., BECNEL J.J. 1998: Note on the name-
author-date combination for the taxon Microsporidies Bal-
biani, 1882, when ranked as a phylum. J. Invertebr. Pathol. 
71: 91–94.  

SPRAGUE V.V., BECNEL J.J., HAZARD E.I. 1992: Taxon-
omy of phylum Microspora. Crit. Rev. Microbiol. 18: 
285–395. 

TAKVORIAN P.M., CALI A. 1994: Enzyme histochemical 
identification of the Golgi apparatus in the microsporidian, 
Glugea stephani. J. Eukaryot. Microbiol. 41: 63S–64S. 

TERADA S., REDDY K., JEFFERS L.J., CALI A., SCHIFF 
E.R. 1987: Microsporidan hepatitis in the acquired immu-
nodeficiency syndrome. Ann. Int. Med. 107: 61–62. 

THELOHAN P. 1894: Sur la presence d’une capsule a fila-
ment dans les spores des microsporidies. C. R. Acad. Sci. 
118: 1425–1427. 

WEBER R., DEPLAZES P., FLEPP M., MATHIS A., 
BAUMANN R., SAUER B., KUSTER H., LUTHY R. 
1997: Cerebral microsporidiosis due to Encephalitozoon 
cuniculi in a patient with human immunodeficiency virus 
infection. N. Engl. J. Med. 336: 474–478. 



Weiss: The First United Workshop on Microsporidia 

7 

WEISS L.M., EDLIND T.D., VOSSBRINCK C.R., HASHI-
MOTO T. 1999: Microsporidian molecular phylogeny: the 
fungal connection. J. Eukaryot. Microbiol. 46: 17S–18S. 

WILLIAMS B.A., HIRT R.P., LUCOCQ J.M., EMBLEY 
T.M. 2002: A mitochondrial remnant in the microspori-
dian Trachipleistophora hominis. Nature 418: 865–869. 

WITTNER M., WEISS L.M. (Eds.) 1999: The Microsporidia 
and Microsporidiosis. ASM Press, Washington, D.C., 553 
pp. 

YACHNIS A.T., BERG J., MARTINEZ-SALAZAR A., 
BENDER B.S., DIAZ L., ROJIANI A.M., ESKIN T.A., 

ORENSTEIN J.M. 1996: Disseminated microsporidiosis 
especially infecting the brain, heart, and kidneys. Report 
of a newly recognized pansporoblastic species in two 
symptomatic AIDS patients. Am. J. Clin. Pathol. 106: 
535–543. 

XU Y., TAKVORIAN P.M., CALI A., ORR G., WEISS L.M. 
2004: Glycosylation of the major polar tube protein of En-
cephalitozoon hellem, a microsporidian parasite that in-
fects humans. Infect. Immun. 11: 6341–6350. 

 
 
Received  30  September  2004   Accepted  10  October  2004 
 
 
 
 
 
 


