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Abstract 
   Microsporidia constitutes a diverse group of obligate intracellular pathogens that infect a 

wide range of vertebrate and invertebrate hosts. It has been originally recognized as opportun-

istic pathogens of immunocompromised patients. Two species of microsporidia, Encephalito-

zoon bieneusi and Enterocytozoon intestinalis, are known to infect mainly the gastrointestinal 

tract of humans. The study was based on the examination of stool samples collected from 100 

immunocompetent patients complaining of GIT disturbances attending the Parasitology De-

partment laboratory in the Medical Research Institute, Alexandria, Egypt. Freshly collected 

stool specimens were examined by modified Trichrome stain MTS (Kokoskin hot method) 

and immunofluorescent monoclonal antibodies (IFA-MAbs). 

    The results showed that Using MTS, microsporidial spores were detected in 36% of the 

stool samples examined. Using IFA-MAbs, 60 samples were positive. Microsporidial spores 

appeared as bright apple green small oval spores with or without vacoule. The agreement be-

tween MTS and IFA-MAbs in diagnosing microsporidal infections was moderate. IFA-MAbs 

differentiated microsporidial infection as 67% E. intestinalis, 6% E. bieneusi and mixed infec-

tions in 27% of positive cases.  
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Introduction 
  Microsporidia spp. are obligate intracellu-

lar parasites which are very minute with siz-

es ranging from 1 to 10μm, spore-forming 

parasites infecting mostly all living organ-

isms, especially insects, fish, and mammals 

(Weber et al, 1994). Microsporidia have at-

tracted considerable attention because they 

infect a wide range of hosts, from inverte-

brates to vertebrates, and cause serious hu-

man diseases and major economic losses in 

the livestock industry (Li et al, 2014). They 

are now being increasingly recognized as 

important opportunistic pathogens in human 

immunodeficiency virus (HIV) infection. It 

was described in immunocompetent hosts 

(Wittner et al, 1993; Sandfort et al, 1994). 
More than 1300 microsporidia species were 

identified and divided into about 150 genera 

(Keeling and Fast, 2002). About 14 micro-

sporidia species infect humans (Didier and 

Weiss, 2011).    

   In Egypt, they were increasingly recog-

nized as human pathogens in AIDS and im-

munocompromised patients, mainly associ-

ated with life-threatening chronic diarrhea 

and systemic disease (Abdel-Hamid et al, 

2015). Elnadi et al. (2015) Sohag Governo-

rate reported microsporidia in 3% of diabetic 

patients. Al-Herrawy and Gad (2016) Giza 

Governorate reported animals infected with 

E. bieneusi in a higher percentage than E. 

intestinalis and concluded that domestic an-

imals might play a role in environmental 

dissemination of intestinal microsporidiosis. 
 

   Diseases caused by different microsporid-

ia that infect humans include diarrhea, kera-

to-conjunctivitis, hepatitis, myositis, urogen-

ital infection, ascites, cholangitis and disse- 

minated disease (Weber et al, 1994). The 

epidemiology knowledge of microsporidios-

is in humans was limited, but as with crypto-

sporidiosis, microsporidiosis was probably a 

self-limited or asymptomatic in immunoco-

mpetent hosts. High antibodies prevalence to 

microsporidia (as Encephalitozoon) in many 

serosurveys supported that view (Wittner et 

al, 1993; Weber et al, 1994). 
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   The commonest microsporidial infection 

in man is caused by Enterocytozoon bieneu-

si and/or Encephalitozoon intestinalis. There 

was a high prevalence of enteric carriage 

of E. bieneus in the immunocompetent pers-

ons in tropical countries (Thellier et al, 

2004). This parasite naturally persists in the 

human population (Hamamcı et al, 2015).  

    Diagnosis is routinely based on the direct 

demonstration of microsporidian spores in 

stool samples which requires a high level of 

expertise in order to be reliable. Microspor-

idian spores are difficult to detect because of 

their small size and their staining character-

istics, which are similar to those of enteric 

bacteria and fungi (Chioralia et al, 1998).
  

  During the last decade diagnostic proce-

dures to identify microsporidia in humans 

were improved remarkably and today sever-

al methods for detection and species differ-

entiation of microsporidia are available: 

transmission electron microscopy,
 
light mi-

croscopy (Cytologic diagnosis and stool ex-

aminations), histologic diagnosis, cell cul-

ture and animal models (Visvesvara et al, 

1999; Garcia, 2016). 

   Antigen-based methods were also used: 

Immunofluorescent antibody tests with the 

monoclonal antibodies or polyclonal anti-

bodies (Accoceberry et al, 1999; Thellier et 

al, 2004). Molecular-based methods like 

PCR although expensive and time consum-

ing are more accurate and conclusive for de-

tection and species differentiation of micro-

spsoridia (Franzen and Müller, 1999; Kau-

shik et al, 2017). 

    Differentiation between the two common-

est intestinal microsporidia is required for an 

adequate therapy management. E. intesti-

nalis infections are treated with albendazole, 

while fumagillin has been shown to be effec-

tive for eradicating E. bieneusi. Thus, spe-

cies identification is important for defining 

the appropriate treatment which has been 

possible only using transmission electron 

microscopy or PCR (Cisse et al, 2002; The-

llier et al, 2004). 

   The study aimed to evaluate stained stool 

examination and immunofluorescence detec-

tion technique in diagnosing microsporidio-

sis in diarrheic patients
 

 

Material and Methods 
  Stool samples were collected from 100 dia- 

rrheic immunocompetent patients from dif-

ferent areas of Alexandria Governorate at-

tending the Parasitology Department Labor-

atory, the Medical Research Institute. Each 

stool sample was subjected to the following: 

   Microscopic examination: Concentration 

was performed using the formol-ethyl ace-

tate concentration technique and the sedi-

ment was examined for ova and parasites. 

   Staining technique using: Modified tric- 

hrome stain for detection of Microsporidia. 

   Immunofluorescence detection technique: 

All stool samples (unpreserved fresh or fro-

zen) were tested by the indirect immunoflu-

orescent antibody assay (IFA) using mono-

clonal antibodies. Anti-microsporidia Kit, 

(Bordier Affinity Products SA, Switzerland) 

was purchased for the detection of micro-

sporidia and differentiation between E. bie-

neusi and E. intestinalis infections. 

   Prepared fecal sample suspensions were 

added on 12-well slides, left to dry then dif-

ferent buffers and reagents with monoclonal 

antibodies for E. bieneusi and E. intestinalis 

were added according to the manufacturer 

instructions. (Fig. 1)   

   Slides were examined under the fluores-

cence microscope equipped with the appro-

priate filter for fluorescein and an oil immer-

sion (X 1000). 

Results 
  The present work enrolled 100 diarrheic 

patients attending the Parasitology Depart-

ment in the Medical Research Institute. All 

collected stool samples were subjected to 

different diagnostic methods and evaluated. 

   Formalin ethyl acetate concentration tech-

nique (FEAC): The overall percentage of 

intestinal parasites diagnosed by formalin 

ethyl acetate was 38%. G. lamblia showed 

the highest percentage of infection (19%). 
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   Modified trichrome stain (MTS): Using 

MTS, microsporidial spores were detected in 

36 out of 100 diarrheic stool samples (36%). 

The stained spores appeared as small refrac-

tile ovoid or rounded pink bodies with polar 

bodies at one end and a vacuole at the other. 

Additional fecal elements, such as yeast, 

bacteria and the background debris, stained 

faint pink, sometimes red (Fig. 2). 

   Immunofluorescent antibody assay (IFA-

MAbs): Using IFA-MAbs method, 60 out of 

100 (60%) fecal specimens examined were 

positive for microsporidia. Microsporidial 

spores appeared as bright apple green oval 

halos, with black background. The mono-

clonal antibodies react exclusively with the 

spore walls of microsporidia. Both E. bie-

neusi spores and E. intestinalis spores were 

surface labeled with a marked peripheral 

fluorescence. Yeast cells and bacterial spor- 

es exhibited dull fluorescence, yet, could be 

easily distinguished from the microsporidial 

spores by bright fluorescence (Figs. 4 &5). 

   Regarding the different microsporidia spe-

cies diagnosed by IFA MAbs, out of 60 spe-

cimens diagnosed positive for microsporidi-

al spores: 40 were E. intestinalis (67%), 4 E. 

bieneusi (6%) & 19 mixed infections (27%).  

   Comparing the results of the 100 diarrheic 

cases examined both by modified trichrome 

stain (MTS) and immunoflourescent Ab as-

say (IFAMAbs), it was revealed that 34 cas-

es were positive by both techniques (con-

cordant positive results). By analysis of the 

discordant results, 26 cases positive by im-

munoflourescent Ab assay were missed by 

MTS, and two cases diagnosed positive by 

(MTS) were negative by (IFA-MAb). Statis-

tical analysis showed a Kappa index of 0.47 

indicating moderate agreement between 

MTS and IFA-MAbs in diagnosing micro-

sporidal infections. (Tab.1; Fig 5) 
 
 

 

Table 1: Agreement between modified trichrome stain (MTS) and immunoflourescent Ab assay (IFA-MAbs) in 

diagnosis: 

 Agreement 
IFA-MAbs 

Total 
Negative Positive 

 Modified Trichrome stain (MTS) 
-ve 38 26 64 

+ve 2 34 36 

 Total 40 60 100 

Discussion 
  Though the pathogenic importance of mi-

crosporidia in the population at large is still 

to be determined, yet, they are increasingly 

recognized as emerging infectious pathogens 

causing various diseases in both immuno-

competent and immunocompromised pa-

tients (Didier and Weiss, 2006). 

  Chronic diarrhea is the commonest symp-

tom of microsporidial infection especially in 

immunocompromised patients causing mal-

absorption and wasting (Kotler and Oren-

stein, 1998).
 
Many physicians are unaware 

of microsporidial infection as a cause of un-

explained diarrhea (Sak et al, 2011). Rapid 

and practical means for diagnosis of intesti-

nal microsporidial infection are still lacking 

in many laboratories. Thus, increasing the 

awareness for diagnosing microsporidia is of 

great importance as the organisms are very 

small and difficult to distinguish from bacte-

ria and small yeasts, thus cannot be identi-

fied by routine examination of stool (Garcia 

2002).
 

  In the present study, diagnosis of micros-

poridiosis was based on the detection of mi-

crosporidial spores in stool specimens by li-

ght microscopy using special stains. A total 

of 36 out of 100 (36%) diarrheic stool samp-

les were positive for microsporidia using the 

modified trichrome stain (Kokoskin hot 

method). 

   In the present study, immunofluorescence 

antibody assay with monoclonal antibodies 

is highly sensitive and specific for identify-

ing microsporidia species (Accoceberry et 

al, 1999; Thellier et al, 2004). The mono-

clonal antibody offers a new vehicle for epi-

demiological studies geared to determining 

accurate prevalence of microsporidia. Fluo-

rescence microscopic examination requires a 

well-trained person to view the preparation 
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objectively and requires skilled interpreta-

tion which includes some amount of subjec-

tivity (Enriquez, 1997).
 

   In the present study, IFA-MAbs detected 

microsporidian spores in 60 samples (60%) 

appearing as bright green oval bodies 

against a black background. This suggested 

that microsporidia are becoming a highly 

prevalent intestinal parasite that needs more 

consideration as an etiological agent for di-

arrhea in immunocompetent patients. 

  Several factors explained the lower preva-

lence of the MTS examination of microspor-

idian spores as compared to the IFA-MAbs. 

Regular microscopy is quite difficult, rela-

tively time consuming and highly dependent 

on the expertise of the examiner. On the oth-

er hand, IFA assay overcomes difficulties by 

being specific for microsporidia only and 

not staining yeast cells, bacteria, and other 

protozoa (Thellier et al, 2004). 

   Hamamci et al. (2015) found that IFA-

MAbs, modified trichrome, acid fast trich-

rome and Calcofluor staining methods were 

performed on 50 stool samples and evaluat-

ed. The percentages of microsporidia were 

as follows; 66% (n= 33) with IFA-MAbs, 

34% (n= 17) with modified trichrome stain-

ing, 24% (n= 12) with acid fast trichrome 

staining and 42% (n= 21) with Calcofluor 

staining method. They concluded that the 

use of IFA-MAbs along with the conven-

tional staining methods in diagnosis of mi-

crosporidia will increase the sensitivity.
 

   Identification of microsporidia species is a 

must for prompt and proper pharmacological 

therapy to reduce the risk of progression to 

disseminated infection with a fatal outcome 

especially in immunocompromised patients. 

Infections caused by E. intestinalis are treat-

ed with albendazole, while fumagillin has 

been shown to be effective for eradicating E. 

bieneusi (Anane and Attouchi, 2010). Regu-

lar microscopy does not allow identification 

of microsporidia to the species level. The 

transmission electron microscopy (TEM) 

remains the gold standard necessary for the 

identification of the microsporidian species. 

However, this technique is expensive, time 

consuming, and not feasible for routine di-

agnosis. Moreover, the TEM may not be 

sensitive enough to detect a small number of 

microsporidial spores in feces (Garcia, 

2016). Therefore, it was beneficial to devel-

op specific IFA-MAbs that can be used for 

sensitive diagnosis as well as species identi-

fication of microsporidia. IFA will also 

make it possible to determine how common 

different microsporidial species are in the 

environment, particularly in drinking water, 

and in other mammalian species (Mo and 

Drancourt, 2004).  On the other hand, the 

more sensitive and specific assay is the 

PCR, which is considered the method of 

choice for species identification; however, it 

is not routinely used since it is time consum-

ing, labor intensive and expensive (Espern et 

al, 2007, Al-Mekhlafi et al, 2011) 
 

   The decision of selecting a particular diag-

nostic technique and approach for incorpora-

tion into the work flow in any Parasitology 

laboratory is based on a number of factors 

including: clinical significance, cost-effecti- 

veness, work capacity, relative ease, availa-

bility of equipment, and finally the ability 

with which a new procedure fits into the 

routine laboratory work flow (Garcia, 2016). 

Conclusion  
  E. intestinalis species was the commonest 

microsporidia causing intestinal infections in 

the immunocompetent patients. The IFA be-

sides trichrome stain were recommended for 

detection of microsporidian spores in stool 

as being a reliable and less expensive diag-

nostic technique compared to PCR. 
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Explanation of figures 
Fig 1: Stool samples with both monoclonal Abs on different wells of a glass slide. 

Fig. 2: Microsporidial spores by MTS (X1000) 
Fig. 3: E. bieneusi by IFA-MAbs (Oil immersion lens, X1000). 

Fig. 4: E. intestinalis by IFA-MAbs, (Oil immersion, X1000). 

Fig. 5: Moderate agreement k=.47, p<.001 
 

 
 
 
 

 
 

 
 

 


