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SourceSource ofof HumanHuman InfectionInfection andand
TransmissionTransmission

UNCERTAINUNCERTAIN

PersonPerson--toto--personperson transmissiontransmission

ZoonosisZoonosis

EnviEnvirronmentalonmental sourcesource ((waterbornewaterborne transmissiontransmission?)?)



MicrosporidiaMicrosporidia SpeciesSpecies AssociatedAssociated withwith InfectionInfection in Man in Man 
(7 (7 generagenera))

EncephalitozoonEncephalitozoon cuniculicuniculi -- peritonitis, hepatitis, peritonitis, hepatitis, disseminateddisseminated
infectioninfection (HIV/AIDS, (HIV/AIDS, nonnon--HIV/AIDS)HIV/AIDS)

E. E. hellemhellem -- pneumoniapneumonia, , disseminateddisseminated infectioninfection, , keratoconjunctivitiskeratoconjunctivitis
(HIV/AIDS)(HIV/AIDS)

E. E. intestinalisintestinalis –– diarrheadiarrhea, , disseminateddisseminated infectioninfection (HIV/AIDS)(HIV/AIDS)
EnterocytozoonEnterocytozoon bieneusibieneusi –– diarrheadiarrhea (HIV/AIDS, (HIV/AIDS, nonnon--HIV/AIDS)HIV/AIDS)
NosemaNosema corneumcorneum –– keratitis keratitis ((nonnon--HIV/AIDS)HIV/AIDS)
N. N. ocularumocularum –– keratitiskeratitis ((nonnon--HIV/AIDS)HIV/AIDS)
VittaformaVittaforma corneaecorneae –– keratitis keratitis ((nonnon--HIV/AIDS)HIV/AIDS)
BrachiolaBrachiola ((NosemaNosema) ) algeraealgerae –– keratitis, skin keratitis, skin infectioninfection, , myositismyositis

((nonnon--HIV/AIDS)HIV/AIDS)
BrachiolaBrachiola vesicularumvesicularum –– myositismyositis ((nonnon--HIV/AIDS)HIV/AIDS)
PleistophoraPleistophora spsp. . –– myositismyositis ((nonnon--HIV/AIDS)HIV/AIDS)
TrachipleistophoraTrachipleistophora hominishominis –– myositismyositis ((nonnon--HIV/AIDS)HIV/AIDS)
T. T. anthropophtheraanthropophthera –– myositismyositis ((nonnon--HIV/AIDS)HIV/AIDS)
MicrosporidiumMicrosporidium ceylonensisceylonensis –– cornealcorneal ulcerulcer ((nonnon--HIV/AIDS)HIV/AIDS)
MicrosporidiumMicrosporidium africanumafricanum –– cornealcorneal ulcerulcer ((nonnon--HIV/AIDS)HIV/AIDS)



LifeLife CycleCycle MicrosporidianMicrosporidian sporesspores



Identification of human-virulent microsporidian spores represents a 
challenge because microsporidia can infect a variety of non-human 
hosts, and spore morphology is insufficient for species identification 

Until recently, microsporidia species have rarely been considered in 
differential diagnosis of opportunistic infections in HIV/AIDS 
patients 

Species-specific identification of microsporidian spores is essential for 
advising HIV/AIDS patients on how to avoid exposure, as the 
epidemiology of microsporidia varies considerably 

Identification of microsporidian spore species is essential for prompt and 
proper pharmacological therapy in order to reduce the risk of 
progression to disseminated infection with fatal outcome since 
different treatments may be indicated depending on the species 
identified
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and
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The Graczyk’s Lab: Multiplexed Fluorescent In Situ
Hybridization (FISH)                           

E. hellem Hester et al. (2000) J Eukaryot Microbiol 47:299-308.                            
Graczyk et al. (2007) J Clin Microbiol 45:1255-60

E. cuniculiE. intestinalis

E. bieneusiE. hellem



Encephalitozoon intestinalis spores

Fluorescence In Situ Hybridization
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P r o c e d u r eP r o c e d u r e
1.1. Permeabilize in AcetonePermeabilize in Acetone
2.2. Wash w/ Hybridization bufferWash w/ Hybridization buffer
3.3. Hybridize with probe for 3hrs at 57Hybridize with probe for 3hrs at 57ººCC
4.4. Wash w/HWash w/H22OO
5.5. Make slidesMake slides
6.6. Examine with an Examine with an epifluorescentepifluorescent

microscopemicroscope



77 of 110 (70.0%) direct fecal smears were positive for microsporidian spores 
by Chromotrope-2R and CalcoFluor White M2R stains (P < 0.05).  
Conversion to a spore-negative status was observed among the oldest 
samples, i.e., from 10 to 14-yr old

94 of 110 (85.5%) samples were positive by multiplexed FISH assay
49 - Enterocytozoon bieneusi
43 - Encephalitozoon intestinalis

2 - Encephalitozoon hellem (confirmed by PCR)
9 - E. bieneusi and E. intestinalis

RESULTS

Spore Concentration
E. bieneusi 3.5 x 103 - 4.4 x 105 / ml (mean: 8.8 x 104 / ml) (P < 0.001)

E. intestinalis 2.3 x 102 - 7.8 x 104 / ml (mean: 1.5 x 104 / ml) 

E. hellem 1.8 x 102 - 3.6 x 102 / ml (mean: 2.7 x 102 / ml)  (P < 0.02)



The reasons why multiplexed FISH assay did not identify microsporidian
spores in 20 of 110 (18.2%) fecal samples verified to have spores at the 
time of collection, are not clear.  The spores could be present in low 
concentrations and may have been lost during the purification and 
concentration steps.  Alternatively, their rRNA could have been 
altered by the long-term formalin storage (i.e., 10 to 14 years)

Enterocytozoon bieneusi was a predominant species in HIV/AIDS 
diarrhetic fecal samples

Identification of E. hellem in two HIV/AIDS diarrhetic fecal samples is 
surprising as this species is predominantly reported in HIV/AIDS
patients from extraintestinal, i.e., respiratory, infections.  It is quite 
possible that patients with respiratory E. hellem-associated 
microsporidiosis swallow the spores which then can be present in their 
fecal samples

Concentration of E. bieneusi spores observed in the present study (range; 3.5 
x 103 - 4.4 x 105/ml: mean; 8.8 x 104/ml) falls within the reported 
ranges

Conclusions



Multiplexed FISH assay is a reliable, quantitative, molecular 
fluorescent microscopy method for:

simultaneous detection of E. bieneusi, E. intestinalis, E. hellem, and E. 
cuniculi spores in fecal samples of HIV/AIDS patients

quantifying spore shedding intensity in intestinal microsporidiosis

simultaneous detection of E. bieneusi, E. intestinalis, E. hellem, and E. 
cuniculi spores in environmental samples
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