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Abstract Encephalitozoon cuniculhas a wide host uli in animals are usually asymptomatic, but severe neu-
range among mammals, but whether it represents a todegical signs can occur in rabbits and dogs due to gran-
mogeneous species is a subject of controversy. We halenatous encephalitis. In Norway, serious outbreaks of
isolated, cultivated (in human MRC-5 cells) and, for thencephalitozoonosis have been seen in farmed blue fox-
first time, characterized by immunological and moleculas, with great losses of lesions congenitally infected
biological methods four isolates Bf cuniculifrom Nor- pups. The major are encephalitis, nephritis, and general-
wegian blue foxes with a history of encephalitozoonosiged polyartheritis nodosa, leading to reduced growth,
The isolates were compared with nine isolates from deeurological disorders, and, often, death (Nordstoga et
mestic rabbits from Switzerland. Twe. cuniculi sub- al. 1974; Mohn 1983). Infections may also cause cataract
types were identified according to their host species.iminks (Bjerkas 1990).

5'-GTTT-3 tetranucleotide repeat was present twice in Recently, two newEncephalitozoorspeciesE. hell-

the rDNA intergenic spacer in all isolates from foxes asn (Didier et al. 1991) and. intestinalis(Cali et al.
opposed to three times in all isolates from rabbits. FU993), were discovered in HIV-infected patients. The
thermore, random amplified polymorphic DNA analysispores of both species are morphologically indistinguish-
showed one polymorphic band among the subtypes, ahte from those oOE. cuniculi Therefore, earlier reports
Western-blot analysis using serum from an infected fok E. cuniculidiagnosed by microscopy only remain un-
discriminated between the two subtypes on the basisceftain because species of the gehimgephalitozoon
their banding patterns in the ranges of 31-33 anded to be identified by immunological and molecular
38-40 kDa. The '5SGTTT-3 tetranucleotide repeat is aiological techniques.

valuable genetic marker for these two subtypeB.afu- Furthermore, whetheE. cuniculiis a homogeneous
niculi and will be of use in continued studies on the mepecies is a subject of controversy; no morphological dif-
lecular epidemiology of this parasi:a. ference among spores from various isolates has been de-

tected, and inoculation experiments have shown that iso-
lates are infective to hosts other than the original host
Introduction species (see Didier et al. 1995). Moreover, it has been
found that severaE. cuniculi isolates from different
The microsporidiafEncephalitozoon cunicuis parasitic hosts do not differ in their ability to develop in various
in different mammals, including rodents, rabbits, guinestablished cell lines (Montrey et al. 1973). On the other
pigs, carnivores, goats, and cats as well as primatesd, several observations indicate that distinct strains of
(Canning and Lom 1986), and has recently emergedEascuniculi might exist in animals (Canning and Lom
an opportunistic parasite in patients infected with the hLB86); in Europe and the United States, for exantple,
man immunodeficiency virus (HIV; De Groote et akuniculiis common in rabbits but is rarely diagnosed in
1995; Deplazes et al. 1996; Franzen et al. 1995; Hollistimgs, whereas in South Africa the disease is relatively
et al. 1995; Zender et al. 1989). Infections vidthcunic- common in both rabbits and dogs. In Norwaycuniculi
is remarkably pathogenic in the blue fox and the mink,
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intraspecies variation (Deplazes et al. 1996). Didier et PCR was performed with an MJ Research DNA engine. The

( ) Y g es from mice mM MgCl, 0.5% Tween-20, and 200vpiof each deoxyribo-

_(three isolates), rabb'ts‘ (three isolates), and dogs (t leotide. For amplification of the SSU rRNA gene in 100-pl re-
isolates) and classified them as three subtypes as f@ons, 2.5 U Taq polymerase (BRL, Basel, Switzerland) were
duced from slight differences in Western blots as well ased along with 1 M of both primers (5CACCAGGTTGAT-
from differences in the number of-6TTT-3 repeats TCTGCdCT-3 and 5'TTATGATCCEGCTAATGGTTCTC'& cor-
; ; ; onding to positions 1-19 and 1277-1299, respectively, of the

present in the sequence of the rDNA intergenic Spaé%ﬁ rRNA gene sequence Bf cuniculi Hartskeerl et al. 1993).
region. ) ) The “hot start” technique was used (5-min initial denaturation

The aim of this study was to isolate and characterigep), and 35 cycles of 94°C for 30 s, 47°C for 30 s, and 72°C for

by immunological and molecular biological methods twip0 s were performed. For random amplification of polymorphic

inilii i DNA (RAPD), 10 ng DNA and 1M primer (B-AATCGGGCTG-
groups ofE. cuniculiisolates from different hosts frOm3’ OPA-4; Operon Technologies, Alameda, Calif.) were subjected

different geographlcal regions _(Norweglan farmed bl't'@the following cycling regime: 5 cycles of 94°C for 30 s (dena-
foxes and Swiss domestic rabbits). turation), 30°C for 30 s (annealing), and 72°C for 30 s (extension)
followed by 35 cycles at an annealing temperature of 36°C for 30
s (50-ul reactions). The ramp rate from 94°C to the annealing tem-
perature was set to 0.5°C/s.
The intergenic spacer region of the rDNA was amplified using
) o the primers described by Katiyar et al. (1995), and its sequence
Microsporidian sources was determined with the cyclist exo Pfu DNA sequencing Kkit
. ) o . . (Stratagene, La Jolla, Calif.) using the internal primér 5
Nine isolates oEncephalitozoon cunicufrom rabbits (from dif- TCGTAACATGGCTGCTGTTGG-3 (corresponding to positions
ferent owners) as well as one isolateEofhellem(IPZ:CH-H1)  76-96 of theE. cuniculisequence; Katiyar et al. 1995). Restric-
andE. (Septata intestinalis (IPZ:CH-H7) that had been isolatedtion-enzyme analysis (REA) of the PCR-amplified SSU rRNA
from HIV-infected patients (Deplazes et al. 1996) were availalijene was done as previously described by Deplazes et al. (1996).
for comparative purposes.
E. cuniculiwas isolated from farmed blue foxesldpex lag-
opug from three different farms in Norway. Isolates N-F120 an@/estern blotting
N-F220 were isolated from two 10-month-old male foxes from the
same litter. Both animals showed lameness and reduced grotitigen analyses of the spores were performed by Western blot-
and had experienced as pups acute neurological signs suggetitigeas described by Didier et al. (1991) and Deplazes et al.
of encephalitozoonosis. Isolate N-F589 was isolated from a (4996). In brief, spores from the cultures were washed three times
month-old male animal with stunted growth and posterior weakith HBSS, incubated in 10 ml 0.25% sodium dodecyl sulfate
ness that was suffering from acute encephalitozoonosis. MadiBbS) at 37°C for 20 min, and then washed again three times
Darby canine kidney (MDCK) cells infected with isolate N-F8%ith HBSS. The pretreated spores were dissolved in electrophore-
(isolated as described by Mohn et al. in 1981) had been storeditnsample buffer containing 2% SDS and 5.0% R-mercaptoetha-
liquid nitrogen since 1982. nol. Antigens from 1x1®isolated spores per lane were separated
by electrophoresis in mini-PROTEAN Il ready gels (4%-20%
gradient gels; Bio-Rad Laboratories, Glattbrugg, Switzerland).
Parasite isolation and cultivation After electrophoretic transfer to nitrocellulose membranes the
blots were saturated in PBS supplemented with 0.3% Tween-20
Kidney and brain tissue from the foxes were cut into small pied@BST) and then incubated overnight with a serum sample from
and mechanically homogenized by passage through a sterile m&tainfected blue fox (N-F120; 1:100 in PBST) at 4°C on a rotator
sieve (mesh width 40@m) with the help of the plunger of a dis-platform. After several washes with PBST the blots were incubat-
posable syringe. These cell suspensions were washed twice withwith a 1:400 dilution of goat anti-dog 19gG / H+L (horseradish
sterile water, and the resuspended sediment (approximately 2 peljoxidase-labeled; Southern Biotechnology Associates, Bir-
was centrifuged in phosphate-buffered saline (PBS)-30% Peragolhgham, Ala.) in PBST for 2 h at room temperature. For visual-
(7009, 40 min, room temperature) to remove cell debris. ization of the antibody reactions, hydrogen peroxide and dia-
Before inoculation of the cell cultures the washed pellets wergnobenzidene were used as the substrate and chromogen, re-
resuspended in 10 ml 5MHCI, incubated for 10 min at room spectively.
temperature, and again washed twice with Hanks’ balanced salt
solution (HBSS). Cultivation was done in 50-ml plastic tissue-cul-
ture flasks (Corning) containing a monolayer of human embryorgic
lung fibroblast cells (MRC-5; Bio-Mérieux, Marcy, France) imesu“s

Materials and methods

minimum essential medium (MEM; Gibco, Basel, SwitzerlanC(%q ) o ) o
supplemented with 10% heat-inactivated fetal calf serum (FAdSncephalitozoon cuniculivas cultivated from brain tis-
gi%o%‘ '1:%?] igoneﬁqqi%gggg; Cll?l?ur;nsgwgﬁge%%mciiﬂ/?|hur6:]rild5ue from three blue foxes. In addition, the parasite was
fied inc%bato?(air supplemented with 5% 5:&1937°C). The cul- déuccessfully_ isolated from the kldney of one fox (N-
ture medium was replaced weekly. The cultivation process was y89) suffering from acute encephalitozoonosis, but not
sually monitored using an inverted microscope. from the two chronically infected animals. During in vit-
ro cultivation of the samples in MRC-5 cells, spores and
infected cells were directly detected at 1-3 weeks after
inoculation by inverted light microscopy.

Spores from the culture supernatants were centrifuged (10 min,A PCR product of the expected size (1300 bp) was

1000g at room temperature), the pellets were washed with 3 ghtained from all four isolates from foxes. D i -
distilled water, and DNA was obtained using the QIAmp tissue g . Double diges

Molecular biology

(Qiagen, Basel, Switzerland) according to the manufacturer's th of this fragment with Mbo I/Hpa Il, which had been

structions. DNA concentrations were measured with a fluorome®#OWnN to discriminate between the spediescuniculi
(Hoefer, San Francisco, Calif.). E. hellem andE. (Septata intestinalis (Deplazes et al.
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In Western-blot analysis using serum from an infected
blue fox, no difference in banding pattern was observed
among the nine rabbit-deriveel cuniculiisolates (data
not shown). However, slight but consistent differences

Np— betweenE. cuniculiisolated from rabbits and the four
W S e —— isolates from foxes (Fig. 2) were obvious. In the 38—40
kDa range a single band occurred in the rabbit isolates
M 1 2 3 45 6 7 M that contrasted with the distinct double band found in all
fox isolates. Furthermore, at 31-33 kDa the double
Fig. 1 RAPD banding patterns obtained with primer OPAM ( bands of rabbit isolates were more widely separated than

DNA size marker — 100-bp ladder in which the brightest band ¢
responds fo 1500 b, Encephalitozoon cuniculCH-K1762. 2 ®Fe corresponding bands obtained with the fox isolates.

CH-K1881,3 CH-K2373 —1-3isolated from rabbits4 N-F82,5
N-F120,6 N-F589 —4—6isolated from blue foxeg, E. hellenref-
erence isolate IPZ:CH-HArrow position of the polymorphic am- Discussion
plified DNA band’

We succeeded in cultivating threaecephalitozoon cunic-

E. cuniculi uli isolates from fox brain and kidney tissue in human
MRC-5 lung fibroblast (MRC-5) cells. Prior centrifugation with
F3 F4 Eh Ei cells Percoll (30%) allowed the separation of spores from ho-

mogenized tissue of fox kidney and brain for further in
— vitro cultivation. This procedure was necessary, as prelim-
101 inary experiments had shown that extracts of such tissues
83 had a strong cytopathic effect when added directly to the
P = cultures. MRC-5 cells survive for up to 3 months as a
g monolayer with low proliferative activity, allowing early
o microscopic identification of even a single microsporidial

50

focus in the cultures. From two chronically infected foxes,
cultivation from brain (but not from kidney) tissue was
successful, indicating that this system is very sensitive.
This is the first report of unequivocal identification
h\”" (by immunological and molecular biological methods) of
E. cuniculiisolated from farmed blue foxes. This is of
Fig. 2 Western-blot analysis of purified sporeR1( E. cuniculi iImportance because the two recently describecepha-
CH-K1762,R2 CH-K1881 —R1andR2isolated from rabbitsi1 litozoon species that infect HIV-infected patientE. (
N-F82,F2 N-F120,F3 N-F220,F4 N-F589 —F1-4 isolated from hellemandE. intestinali$ are indistinguishable by their

blue foxes E.h. E. hellemreference isolate IPZ:CH- HE.i.
(Septatd intestinalisreference isolate IPZ:CH-H7). A serum sams‘pore morphOIOQy frork. cuniculi(Weber et al. 1994)

ple from an infected fox (N-F120) was used. Molecular weights All nine E. cuniculiisolates from rabbits (from nine
are given in kDan the lef: owners) from Switzerland were homologous as assessed

by intergenic rDNA sequences, RAPD, and Western
blotting but were distinctly different from the four iso-

1996), identified all four isolates from foxesBscunic- lates from blue foxes from three Norwegian farms as de-
uli (data not shown). termined by all three methods. This raises the question

The sequence of the intergenic spacer region of #eto whether these differences really indicate the exis-
rDNA was identical to the one described by Didier et a&énce of different subtypes &. cuniculiwith different
(1995) in all nineE. cuniculiisolates from rabbits and inhost-species spectra or whether they merely represent
four isolates from blue foxes except for the number ofgaographically separated isolates.
5'-GTTT-3-repeat, which was present twice in all fox Didier et al. (1995) and Katiyar et al. (1995) have se-
isolates and three times in all rabbit isolates. guenced the rDNA intergenic spacer region in fBucu-

RAPD with primer OPA-4 allowed the differentiatiomiculi isolates from rabbits (one of these being isolated 25
of rabbit- and fox-derived. cuniculiisolates by repro- years ago) and have found three repeats in all of them.
ducibly obtained differences in the banding pattern in thius, allE. cuniculiisolates from rabbits characterized
size range of 1300 bp (Fig. 1, arrow). A band of abdhus far (13, including the 9 isolates examined in this
1350 bp that occurred in the rabbit isolates was absenstirdy) have contained three repeats of this tetranucleotide.
the fox isolates, all of which showed a unique bandTdte fourE. cuniculiisolated from foxes from Norway,
about 1230 bp. In addition, there was some heterogenbkityever, contained two of these repeats, which corre-
in the banding pattern observed among the fox isolatg®nds to the findings reported by Didier et al. (1995) for
with the isolate IPZ:N-F82 (Fig. 1, lane 4) having o isolates from mice. Again, the number of repeats
unique band at slightly above 1500 bp and a band at atsm@ms to be stable over time, as one oEowuniculiiso-
1400 bp that was much weaker in the other fox isolateslates dates back to before 1981 (Mohn et al. 1981).
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According to both Western-blot analysis and RAPDali A, Kotler DP, Orenstein JM (199%eptata intestinalidl. G.,

analysis, there seems to be subtle heterogeneity among‘- Sp., an intestinal microsporidian associated with chronic di-
the fox isolates. As determined by the former technique 4g.hfgf ﬂg dissemination in AIDS patients. J Euk Microbiol
the weak band below 50 kDa that appears in isolat&ning EU, Lom J (1986) The microsporidia of vertebrates. Aca-
IPZ:N-82 and IPZ:N-120 (Fig. 2; lanes F1, F2) seems to demic Press, London

be absent in isolates IPZ:N-220 and IPZ:N-589 (Fig. e Groote MA, Visvesvara GS, Wilson ML, Pieniazek NJ,

: - : : . Slemenda SB, daSilva AJ, Leitch GJ, Bryan RT, Reves R
lanes F3, F4). This might be a slight but true antigenic (1995) Polymerase chain reaction and culture confirmation of

polymorphism, but it seems more probable that this gisseminatedEncephalitozoon cuniculin a patient with
polymorphism is due to the apparent loading of less anti- AIDS: successful therapy with albendazole. J Infect Dis 171:

gen in lanes F3 and F4 (Fig. 2) as compared with lanes1375-1378

F1 and F2. Also, the heterogeneity observed in thgplazes P. Mathis A, Baumgartner R, Tanner |, Weber R (1996)
’ Immunologic and molecular characterization Exicephalito-

RAPD pattern among the fox isolates (particularly be- ;ooniike microsporidia from humans and rabbits indicates
tween isolate IPZ:N-F82 and the others; Fig. 1, lanes that Encephalitozoon cuniculs a zoonotic parasite. Clin In-
4-6) might indeed indicate genotypic differences. How- fect Dis 22: 557-559 ,
ever, the technique is known to be vulnerable to mirfeidier ES, Didier PJ, Friedberg DN, Stenson SM, Orenstein JM,

. L Yee RW, Tio FO, Davis RM, Vossbrinck CR (1991) Isolation
changes in the conditions used, e.g., the amount of I:)NAand characterization of a new human microsporidi&mge-

employed and the presence of contaminating DNA (from phalitozoon hellem(n. sp.), from three AIDS patients with
MRC-5 cells) that is also amplified. Nevertheless, con- keratoconjunctivitis. J Infect Dis 163: 617-621

sidering only the basic profile, the isolates from rabbigdier ES, Vossbrinck CR, Baker MD, Rogers LB, Bertucci DC,

‘ot ; ; _ Shadduck JA (1995) Identification and characterization of three
could be distinguished from those from foxes. Using an Encephalitozoon cunicuditrains. Parasitology 111: 411-421

other primer for RAPD analysis, Hollister et al. (1993 anzen C, Schwartz DA, Visvesvara GS, Muller A, Schwenk A,
obtained different banding patterns for their murine and Salzberger B, Fatkenheuer G, Hartmann P, Mahrle G, Diehl V,
canineE. cuniculiisolates. Although the ITS1 sequences Schrappe M (1995) Immunologically confirmed disseminated,

; ; i ih|aasymptomaticEncephalitozoon cuniculinfection of the gas-
of these two ISOIateS.‘ were not determined, it is pOS'Slbletrointestinal tract in a patient with AIDS. Clin Infect Dis 21:
that they belong to different subtypes. 1480-1484
Our antigen analysis of the. cuniculiisolates from Hartskeerl RA, Schuitema ARJ, deWachter R (1993) Secondary
foxes (with two tetranucleotide repeats) and rabbits (with structure of the small subunit ribosomal RNA sequence of the

three repeats) using serum from an infected fox showedMmicrosporidiumEncephalitozoon cuniculiNucleic Acids Res
21: 1489

the same diﬁerence. i,n the range of 38_40 kDa as pr,qlféﬂlister WS, Canning EU, Colbourn NI, Aarons EJ (1985}
ously reported by Didier et al. (1995) for isolates of mice cephalitozoon cunicuisolated from the urine of an AIDS pa-
(two repeats) and rabbits using murine dhtieuniculi tient, which differs from canine and murine isolates. J Euk Mi-

antibodies. In both investigations the isolates with twgo crobiol 42: 367372

; ; ; yar SK, Visvesvara GS, Edlind TD (1995) Comparisons of ri-
tetranucleotide repeats had one band in this range as osomal RNA sequences from amitochondrial protozoa: im-

posed to the two bands found in the isolates with threepncations for processing, MRNA binding and paromomycin
tetranucleotide repeats. Hence, the number of the tetrasusceptibility. Gene 152: 27-33
nucleotide repeat is a reliable marker for phenotypicaMphn SF (1983) Encephalitozoonosis in the blue fbojjex lag-

distinct subtypes. These data suggest the existence oﬁgﬁgi Jerf‘erl‘risn“;ir?s:ggt'itﬂgggojf and control. Dissertation, Na-

subtypes ofE. cuniculi namely, a mouse-blue fox subyonn sk, Landsverk T, Nordstoga K (1981) Encephalitozoonosis
type and a rabbit subtype. in the blue fox — morphological identification of the parasite.
Acta Pathol Microbiol Scand [B] 89: 117-122
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