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Abstract We describe the occurrence of rekalcepha-
litozoon (Septata) intestinalimfection in a 35-year-old

AIDS patient who died with disseminated tuberculosigjicrosporidia are obligate intracellular spore-forming

The patient did not complain of specific symptoms ino1670an parasites causing intestifiterocytozoon bi-
volving the kidney or lower urinary tract during life, bubnesiandEncephalitozoon (Septata) intestinadisd dis-
at autopsy, light microscopic examination of the Kidn&gminated . hellem E. cuniculiand E. intestinali$ in-

revealed numerous small round or oval bodies in the fztions, which are being reported with increasing fre-
bules and tubular cell cytoplasm that were interpreted ncy in patients with AIDS [5, 8, 9, 11]. Because of the

intracellular protozoa. Transmission electron microsco Yhall size of micro-organisms and spores, diagnosis by
of tissue retrieved from paraffin-embedded samples idi@q i

Introduction

o ) : o ! eéans of light microscopical examination of biopsy and
tified these organisms as microsporidia belonging to d P bsy

i ) . . I i be difficult wh tine histo-
Encephalitozoonidae family, but did not allow deflnltlv%hgn?i%éSSQZ?A?Z?S Lrgaé)(/j glthlo:;uh nvwvogi?iercci) uGTaem lflv(;r-

identification of the species of infecting parasite. Thigin_starry and fluorescent chitin stains have made diag-
was made possible only by means of Southern blot Njsis considerably easier [12, 14]. Diagnosis at autopsy is
bridization after the polymerase chain reaction, whigy,

ved the mi . . nali en more challenging, because of the presence of post-
recognized the micro-organism Bsintestinalis mortem tissue artifacts. Microsporidia infections are

therefore undoubtedly underdiagnosed, especially in clin-
ically unsuspected cases. Furthermore, their morphologi-
cal speciation is a problem in autopsy specimens even
when transmission electron microscopy (TEM) is used,
because, as in the case of well-preserved biopsy material,
all the Encephalitozodave the same appearance with the
gi i?tl;lrlgéigtioﬂgli)ls égh%O&ge% che exception ofE. intestinaliswhich can be identified by its
FaF::oIta di Medicina e Chirurgia di Novara, Novara, Italy unique honeycombed parasitophorous \_/acuo_le. .

We report an autopsy case of regalintestinalisin-
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O-ggtstggiré g’i'- A'\\I‘n%tt’g:gg 'Pgt-o %%?éaami fection in a symptom-free AIDS patient. The uncertain
Istituto di Scienze Mediche L“Sacco”, histological diagnosis was suppo_rted by means Qf T_EM
Universita di Milano, Milano, Italy and DNA polymerase chain reaction (PCR) investigation
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urea nitrogen 7 mmol/l; creatinine 0.7 mg/dl), and no proteinuf . T

or haematuria was observed. The patient’s condition progressi\EﬂﬁhOIOg'cal findings

worsened and he died as a result of septic shock. o ] )
A complete autopsy was performed 26 h after death. Post-mortem examination revealed active tuberculosis

involving the lungs, spleen and, especially, the meninges

and brain. Multiple foci of inflammatory infiltration,

Materials and methods mainly consisting of granulocytes with rare lymphocytes
and occasional multinucleated giant cells, were found

Histopathological examination of the brain, lungs, liver, kidneysxtending from the meninges into the Virchow—Robin

and small and large intestine was carried out using tissue ﬁxe%elgh ;
10% formalin and embedded in paraffin. Sections were stain ces and brain parenchyma.

with haematoxylin and eosin (H&E), Giemsa, periodic acid—Schiff
(PAS), Grocott methenamine silver (GMS) and Zihel-Nielsen. I«
munohistochemistry was carried out on paraffin-embedded mat@
al using the polyclonal antibody arfibxoplasma gondi(Sera
Lab, Crawley Down, Sussex, England, dilution 1:200).
For transmission electron microscopy renal tissue was
trieved from paraffin blocks and embedded in epoxy resin. Sents
thin sections were stained with toluidine blue; appropriate arg™ - 3
were selected for ultrathin sectioning, stained with uranyl acet I 2
and lead citrate, and examined by means of TEM. ’
Paraffin-embedded sections of kidney (four) and brain (twig
were dewaxed with xylene, followed by centrifugation
15,0009 for 1 min, and DNA was extracted as previously d
scribed [3]. DNA from tissue culture-derived microsporidia wé
used as a control.
In order to amplify the ribosomal genes of the microsporidi
PCR was used with a set of primers that amplify the small subuUiy
rRNA genes (SSUrDNA) of all the microsporidians reported to iyg .
fect man [10]; the sequences of these pan-microsporidian primgf, ¥
are 3-CACCAGGTTGATTCTGCCTGACG-3' and 5-TTATGAT- wﬁ; Yo
CCTGCTAATGG TTCTCC-3.. T
;ﬂ A
e 5

e
!
.f r

PCR gene amplification was performed in 1dl0reactions
containing 0.05uM of each primer, 0.2 mM of each dNTP> 7
(Promega, Madison, Wis.), 10 mM Tris-HCI, pH 9.0, 50 mM KCI:
1.5 mM MgCl, 2.5 U Tag DNA polymerase (Promega), approx
10 ng of genomic DNA, and 10@ of overlaid mineral oil. The %ﬁ A
PCR assays were performed using a Perkin-Elmer thermocy(ﬁ: .
(Norwalk, Conn.) with a profile of 94°C for 1 min, 55°C for 2\
2 min, 72°C for 2 min for 35 cycles. The PCR products were pu ;.}_;’
fied using Magic PCR Prep mini-columns as described by tﬁ X
manufacturer (Promega) and were run on 1.5% agarose gels. £* “
length of PCR products was 1000 bp. @i 3

The remaining portions of the PCR products were stored i = =
4°C until used. BN, 1

For Southern blot analysis aliquots of PCR productgl @d | ;
1 pl) were electrophoresed in 1.2% agarose gels which wé
stained with ethidium bromide to visualize the DNA [3] and blo
ted onto Magna Graph nylon transfer mambranes (Micron Sepée @
tions, Westoro, Mass.) using 2 x SSC buffer. DNA was bound F
the nylon membrane by ultraviolet irradiation (Stratolinker; Strat, 3
gene, Menasha, Wis.). The blots were then hybridized and staig
using an ECL 3'-oligolabelling and detection system as descri
by the manufacturer (Amersham Life Science, Arlington Heightis
lIl.). Briefly, the microsporidian oligonucleotide probes were lg£3*
belled with fluorescein-11-dUTP and added to the blots at a fir.
concentration of 5-10 ng/ml. The oligonucleotide sequences ;\ﬁ
the E. cuniculi, E. hellemandE. intestinalisprobes were, respec- &
tively, 5-TAGCGGCTGACGAAGCTGC-3', 5-TGAGTGTGA-
GAGTGTTTTTACAT-3', and 5-CGGGCAGGAGAACGAGGA- f
CGG-3' (3). 3

The blots were incubated at 54°C for 2 h in a shaking wat
bath when theE. cuniculior E. hellemprobes were used or atg
64°C for 2 h with theE. intestinalisprobe, after which the blots
were washed twice in 5 x SSC containing 0.1% SDS for 5 m*
each followed by two 2-min washes at 54°C with 1 x SSC cori-
taining 0.1% SDS. The blots were then incubated with the block- ) ) ) )
ing solution provided in the ECL kit followed by incubation witH-ig- 1 Tubular cells of the kidney filled by many roundish bodies
horseradish peroxidase-conjugated anti-fluorescein antibot#); That were positive for anti-t Gondii antibody)( Semithin

rinsed with the detection solutions and exposed on film. section stained with toluidine-blue examined at high magnifica-
tion, revealed many round dark-blue particles, with a central

vacuole, suggestive of microsporidiunt).( a2 HE x 400,
b haematoxylin counter staining x 250toluidine-blue x 63(:

-



Fig. 2 Fragments of para-
sitophorous vacuolefrows)
incompletely surrounding
spores and the proliferative
stages oEncephalitozoon in-
testinalis Note the profiles of
six polar tube coils arranged in #E
a single row &rrowhead$.
x17,500,bar 500 nm

Fig. 3 Remnants of the fibril-
lar septa of the parasitophorou
vacuole érrows) and “tubular
appendages’afrowhead are
also evident in poorly pre-
served material. These ultra-
structural findings are consid-
ered highly suggestive &. in-
testinalisx11,000,bar 1 mm.
Insert a clear illustration of a &
tubular appendage, showing itS z =g -
characteristic bulb-like ending. g
x22,000bar 500 nrr: e i

The kidneys were unremarkable on gross examimeere not found in the brain, lungs or liver, or the small or
tion, but light microscopy of H&E-stained sections rdarge intestine. These structures were tentatively consid-
vealed multiple small aggregates of lymphocytes, plaser@d to be intracellular protozoa, a hypothesis that was
cells and macrophages surrounding the convoluted further confirmed by their high degree of positivity to
bules; the epithelium was often necrotic and detachsakcific antibodies fof. gondii(Fig. 1b).
from the basal membranes. On oil immersion, many Semithin, toluidine-blue stained sections of the cyto-
small round or oval bodies discharged from necrotic celasm of the better preserved tubular cells showed that it
(Fig. 1a) were seen in the tubules but not in the glomewas filled with many round dark blue particles with a
li. They stained slightly with Giemsa and PAS, but wertear central vacuole measuring about 1.5-pifd
negative to GMS staining. Despite a careful search, tH&yg. 1c). These findings were not consistent Witlgon-
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Fig. 4a, b PCR amplification a Ethidium bromide

of microsporidian SSUrDNA Kidney Brain
and Southern blot analysis. The
DNA of tissue-culture derived
Encephalitozoon cunicu(Ec), W Ec Eh E 2 2 5 5 7 2 2 5 5 7
Encephalitozoon helleih),
andEncephalitozoon intestin-
alis (Ei), and also that of paraf-
fin-embedded kidney and brain
tissue, was extracted and am-
plified by means of PCR.

a PCR products stained with
ethidium bromide. Two micro-
liters of each tissue culture-de-
rived microsporidian rDNA
PCR product were loaded per
lane, together with the number
of microliters of the tissue-de-
rived PCR products listed for
eachlane The lane marked
“W' is the PCR water control. .
Lanes 114 phage X17Haell b Southern analysis

digest marker (872 bp).

b Southern blot analysis of the Kid Brai
PCR products probed using the dney rain
E. intestinalisoligonucleotide.
Weak signals are seen in the 7- W ECEhE 2 2 5 5 7 2 2 5 5 7
ml kidney and the 5-ml brain sl s = S

lanes e >

dii infection, but suggested the presence of microspoould be seen from the tissue sections, Southern blot
idia. analysis was performed using oligonucleotides specific
TEM examination revealed microsporidia at differerior E. cuniculi, E. hellemandE. intestinalis Figure 4b
stages of development: a large number of spores wehews an overexposed Southern blot demonstrating weak
identified within the tubular cells and free inside the luwybridization signals between tke intestinalisoligonu-
men, and were occasionally seen in macrophages (whaeetide and the PCR products amplified from kidney
they were undergoing lysosomal digestion), as well asd brain. No hybridization signals could be detected
within fibroblasts or free in the interstitium. The sporesith either theE. cuniculior E. hellemoligonucleotides
measured up to about 1.4 x 2uin. The polar tube (not shown). Under optimal exposure conditions [3], the
showed single rows of between four and seven cadligonucleotides have been found to be specific for the
(most often five), a feature that is consistent with the geamologousEncephalitozoorspecies, but no signal can
nus EncephalitozoonEven in this poorly preserved aube seen for the brain and kidney PCR products unless the
topsy material retrieved from paraffin, there was a suglots are overexposed. However, under conditions of
gestion of septation of the parasitophorous vacuole aoderexposure, each oligonucleotide generates heterolo-
thus, of the speciés. intestinalis(Fig. 2). Fragments of gous signals as a result of the high degree of homology
the polar tube measuring about 70-90 nm in diameéxisting betweerk. cuniculi, E. hellemmandE. intestin-
were seen free among the spores. Tubular structuabs [6]. Since we found a signal only when tBeintes-
40-50 nm in diameter and ending in a bulblike procetssalis oligonucleotide probe was used, and no signal
(corresponding to the “tubular appendages” described ¥eas detected with thE. cuniculior E. hellemprobes in
E. intestinalis)were found near a few parasites (Fig. 3)the overexposed blots, the microsporidian rDNA ampli-
The SSUrDNA-amplified PCR products from the tisfied from the kidney and brain tissues appeared to be
sue sections and the control PCR products amplifiswst closely related tB. intestinalis
from the tissue culture-derived microsporidia were elec-
trophoresed as shown in Fig. 4a. Since no PCR products
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Discussion Despite the PCR results, we were unable to find any
micro-organisms in the brain by means of LM. This may
drave been because the massive tuberculous meningoen-

onidae are known to infect the urinary tract, where the§Phalitis masked the presenceofintestinalisor be-
parasitize the transitional cells of the ureters and urin&3}'Se its presence in cerebral blood vessels was a result

bladder, and the tubular cells of the nephron [9, 11, 19 haematogenous dissemination [4] rather than localiza-

; ; ; s n inside the nervous tissue. This latter hypothesis was
Urinary infections can be revealed by specific symptorﬂljloported by the absence of microglial nodules, which

relating to the kidney (proteinuria, renal failure or flanég X .
pain) [1] or the lower urinary tract (micro- or macroha 1ave recently been found to be an expression of micro-

s@oridian brain involvement [7].

Our data show that unusual and therefore unexpected
ms of parasitic infections may occur; their diagnosis
may require the use of multiple procedures, including
flectron microscopy and molecular biology.

Microsporidia belonging to the family of Encephalitoz

maturia) [5, 13] and may be preceded by symptoms
lated to a specific infecting agent (i.e. chronic diarrho?a
and malabsorption i&. intestinalisinfections and upper '°'
respiratory involvement i&. helleminfections) [9].

The few autopsy reports available in the literature
scribe the presence Bf hellemandE. intestinalisin the
epithelial cells of the proximal and distal convoluted tgz
bules [9, 11] of patients in whom microsporidiosis h
been diagnosed during life because of the onset of spe-aarons E, Woodrow D, Hollister WS, Canning EU, Francis N,
cific symptoms and the presence of infected cells in Gazzard BG (1994) Reversible renal failure caused by a mi-
body fluids or surgical specimens. However, tubulointer- g%sigfrgargrrggggg- ?&Di %irlatli—lélg&ucci 5. Rogers LB
Stltl.al microsporidiosis was an incidental finding in our2 Ailleen Jaﬁney F (1995) éomparisoﬁ of three sta’iningmethods
patient, who had not complained of symptoms attribut- to; getecting Microsporidia in fluids. J Clin Microbiol 33:
able to this infection during life and for whom no re- 3138-3145
markable laboratory data had been observed. 3. Didier ES, Rogers LB, Brush AD, Wong S, Bertucci DC

Light microscopy gave a faise impressiorfogondii  £808) BiEnee et ¢ oo mee et o e ocess-
|nfect|on, deSP'te its Conf'rm,_at'on by 'mmUUOh'StOChem" ful treatment with albendazole and fumagillin. J Clin Micro-
cal studies using anfi- gondiiantiserum. This may have biol 34:947-952
been due to the low sensitivity of the polyclonal antibody. Franzen C, Muller A, Hartmann P, Kochanek M, Diehl V, Fat-
against the parasitic structures and/or the previously re-kenheuer G (1996) Disseminaté&hcephalitozoon (Septata)
ported cross-reactivity of microsporidia [2]. The exami- ',\r)lteejgg‘"‘g.'ig'{%iti%r‘l'ln a patient with AIDS (Letter). N Engl J
nation of semithin sections led to a suspicion of micros. Gunnarsson G. Hurlbut D, De Girolami PC, Federman M,
sporidiosis, but the final diagnosis was dependent on thewanke C (1995) Multiorgan microsporidiosis: report of five
TEM and PCR analyses. The ultrastructural diagnostic cases and review. Clin Infect Dis 21:37-44

: ; ; Hartskeerl RA, Van Gool T, Schuitema ARJ, Didier ES,
features of Encephalitozoonidae include the presence Q)fTerpstra WJ (1995) Genetic and immunological characteriza-

mononucleated spores of about 1.4 x @ developed o of the microsporidiaSeptata intestinali€ali, Kotler, and

in a parasitophorous vacuole, a single row of four to sev- Orenstein, 1993; reclassification Encephalitozoon intestin-
en coils of its polar tube, and the occasional presence ofalis.Parasitology 110:277-285 .

free interstitial spores and spores in macrophages. The@%"ertens RB, Didier ES, Fishbein MC, Bertucci DC, Rogers

. . . B, Orenstein JM (1997&ncephalitozoon cunicuthicrospor-
findings are common to of all three speciegntephali- idiosis: infection of the brain, heart, kidneys, trachea, adrenal

tozoathat infect humansK; hellem, E. cuniculiand E. glands, and urinary bladder in a patient with AIDS. Mod Pa-
intestinalig. The first two of these are morphologically thol 10:68-77 . . o
indistinguishable, whereds. intestinalishas the distinc- 8- F?rtehnsitg'263'\5/'8(1996) Intestinal Microsporidiosis. Adv Anat
tlye ultrastructural ha"mark.Of a hon_ey_comb-llke Pardy orenstein JM, Dieterich DT, Kotler DP (1992) Systemic dis-
sitophorous vacuole consisting of a fibrillar network se- semination by a newly recognized intestinal microsporidia
creted by the parasite and “tubular appendages” [14]. Be-species in AIDS. AIDS 6:1143-1150

cause of the post-mortem changes, the honeycomb-fReSchuitema ARJ, Hartskeerl RA, van Gool T, Laxminaryan R,

; i Terpstra WJ (1993) Application of the polymerase chain reac-
structure of the parasitophorous vacuole could not be vi tion for the diagnosis of microsporidiosis. AIDS 75761

sualized with certainty, but its presence was suggested PYschwartz DA, Bryan RT, Hewan-Lowe KO, Visvesvara GS,
the finding of residual fragments of fibrillar matrix weber R, Cali A, Angritt P (1992) Disseminated microsporidi-
among the developing spores. Although tubular append—OSISd(EncepRah;OéOOhn ?ﬁ”%m'\l)hn% alclq6uggg Ig16rgun0deﬁc'ency

i i ifi i syndrome. Arc athol La e . —
ages were ?ﬁcftsl,:ona”y |den:|f|eq, IEEf;qstbet(_en ng; |:[(_:‘C?Q'[Schwartz DA, Sobottka L, Leitch GJ, Cali A, Visvesvara GS
impression that these are not unigué=lantestinalisou (1996) Pathology of microsporidiosis. Arch Pathol Lab Med
can be seen in aincephalitozoawhich means the accu-  120:173-187
rate speciation of an infecting parasite is possible only 18/ Weber R, Kuster H, Visvesvara GS, Bryan RT, Schwartz DA,
means of molecular biology techniques. In the present'—UthyR (1993) Disseminated microsporidiosis du&mecephali-

g T : tozoon hellempulmonary colonization, microhematuria and mild
case, post-PCR Southern blot hybridization of kidney and conjunctivitis in a patient with AIDS. Clin Infect Dis 17:415-419

brain tissues retrieved from paraffin allowed us to identiiyy weber R, Bryan RT, Schwartz DA, Owen R L (1994) Human
the microrganism a&. intestinalis microsporidial infections. Clin Microbiol Rev 7:426-461
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