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Abstract
Background   Microsporidia may cause infection in both immunocompromised and immunocompetent populations. The best 
strategy to control microsporidiosis is obtaining thorough knowledge of its outbreak and pathogenicity.
Purpose   Because of the lack of precise estimation of microsporidia prevalence among Iranian children with cancer, the 
current study aimed at evaluating the rate of intestinal microsporidia in children undergoing chemotherapy.
Methods   Patients with cancer undergoing chemotherapy in a children’s hospital in Northwestern Iran were studied; 132 
stool samples were collected and stained by the Weber and Ryan-blue modified trichrome staining techniques. The extracted 
DNA samples were evaluated by the nested polymerase chain reaction (PCR) method. All positive isolates were sequenced 
for genotyping and phylogenetic analysis.
Results  A total of 17 (12.8%) samples were microscopically positive for microsporidia infection, whereas only 14 (10.6%) 
cases were positive based on nested PCR results. In the positive samples detected with nested PCR, the frequency of Entero-
cytozoon bieneusi and Encephalitozoon intestinalis infections was 71.4% (n = 10) and 28.6% (n = 4), respectively. After 
sequencing and phylogenetic analysis, the genotype of E. bieneusi was type D and the sequences of the isolated species were 
similar to those of the registered ones.
Conclusion  E. bieneusi is a major contributor to microsporidiosis in young immunocompromised patients in Iran. Micro-
sporidia species are well-detected when confirmatory techniques such as molecular methods are in agreement with staining. 
So, to ensure this, a suggestion has been made to introduce a certain diagnostic test for microsporidiosis.
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Introduction

A large array of data regarding obligate intracellular eukary-
otes indicated that they are fungal-related parasites infect-
ing both animals and humans, which belong to the phy-
lum microsporidia [8], and can be quite life-threatening 
in patients with immunodeficiency [36]. Initially, micro-
sporidia were assumed as protozoa; however, molecular 
studies put forward the hypothesis that the so-called micro-
organisms belong to the kingdom of fungi [34]. Over 1300 
species of microsporidia are detected, of which 15 species 
were isolated from humans [4, 21]. Further studies revealed 
that Enterocytozoon bieneusi (E. bieneusi) and Encepha-
litozoon intestinalis (E. intestinalis) were the most prevalent 
human infectious agents; E. bieneusi was directly related to 
chronic diarrhea and weight loss in immunocompromised 
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individuals [16, 29, 33]. The lifecycle of microsporidia 
consists of proliferative and spore formation stages, spores 
presenting as infective agents. Spore formation is the only 
stage in the lifecycle of the microorganism, which let it even 
survive outside the host cell [8, 19].

The disease has several transmission methods includ-
ing fecal–oral or oral–oral route, inhalation or ingestion of 
spores, and human to human (anthroponotic) or animal to 
human (zoonotic) transmissions [6, 9]. The clinical symp-
toms of microsporidiosis are fever, weight loss, and chronic 
diarrhea, although in rare cases disseminated infections are 
also reported [7, 20]. Microsporidia may cause infection 
both in immunocompromised (i.e., patients with AIDS, the 
ones with cancer receiving high-dose chemotherapy, and 
organ transplant recipients) and immunocompetent popula-
tions [9, 17, 22]). The immune status determines the clinical 
signs of microsporidiosis [34].

The clinical samples suspected of microsporidiosis are 
usually traced by various techniques such as light micros-
copy, transmission electron microscopy (TEM), immu-
nofluorescence assays (IFAs), cell culture, and molecular 
methods [25, 4], among which the light microscopy using 
modified trichrome staining technique is the most routinely 
utilized method [28, 35]. It is noteworthy that due to the lim-
itations of microscopic method to detect the minute spores 
of these microorganisms, today, the application of sensitive 
molecular methods for diagnostic purposes is common [26, 
33]. Besides, thanks to molecular analysis, identification 
of microsporidia species, which are otherwise undetect-
able, is feasible, contributing to the diagnosis of infection 
[16, 33]. The estimated prevalence of microsporidiosis in 
immunocompromised patients, the ones with gastroenteritis, 
and those without diarrhea were 8.18%, 0.5%, and 4.1%, 
respectively [13].

Current studies are indicative of the fact that children with 
immunodeficiency are susceptible to microsporidia infec-
tions, thus, the best strategy to control this disease is gaining 
thorough knowledge of its outbreak and pathogenicity [7, 
24]. Due to the lack of precise estimations of microsporidia 
prevalence in Iranian children with cancer, the current study 
aimed at evaluating the rate of intestinal microsporidia in 
pediatric patients undergoing chemotherapy.

Materials and Methods

Study Design and Sample Collection

Children with cancer undergoing chemotherapy in a chil-
dren’s hospital affiliated to Tabriz University of Medical 
Sciences, Tabriz, Iran, were enrolled in the current cross-
sectional study from May 2015 to June 2016. The proto-
col of the study was approved by the Ethics Committee 

of the university (TBZMED.REC.1394.61); parents’ con-
sent was also obtained before undertaking the study. Next, 
demographic and clinical data such as age, gender, chemo-
therapy rounds, place of residence, contact with animals, 
and cancer type were accurately recorded (Table 1). Stool 
samples were collected from 132 children (77 males and 
55 females) within the age range of 3–15 years (mean age: 
9 years; majority 3–5 years) with either leukemia (n = 79) 
or other malignancies (n = 53). The majority of the patients 
were urban dwellers (n = 95), whereas the rest came from 
rural areas. Merely, seven cases had contact with animals. 
All of the patients underwent chemotherapy from 1 month 
to over 1 year before the onset of the study. Initially, a 2 mL 
blood sample was collected from each patient for neutro-
phil count, as a laboratory indicator of immune status. Then, 
stool samples with no preservatives were stored at − 20 °C.

Light Microscopy

All macroscopic features of stool samples including odor, 
color, consistency, and presence of mucus or blood were 
thoroughly examined. Then, stool smears were stained with 
the Weber and Ryan-blue modified trichrome staining tech-
niques [28, 35].

DNA Extraction

DNA was extracted from frozen samples using the stool 
DNA extraction mini kit (Yekta Tajhiz Azma, Iran). Briefly, 
500 μL of stool suspension was washed three times with 
phosphate-buffered saline (pH = 7.2) followed by centrifu-
gation at 10,000×g for 5 min, and then the supernatant was 
discarded. The final pellets were lysed by the addition of 
600 μL of lysis buffer, 40 μL of proteinase K, and 200 mg of 
glass beads and vortexed for 5 min, followed by incubation 
at 60 °C for 2 h. Samples were then vortexed for further 30 s 
every 30 min. Finally, the supernatant was transferred to the 
stool DNA extraction mini kit and the procedure continued 
according to the manufacturer’s instructions. Eventually, the 
purified DNA was stored at − 20 °C.

PCR Amplification

In the current study, SSU-ITS-LSU (rRNA) fragment was 
amplified by nested polymerase chain reaction (PCR) tech-
nique using the specific primers previously described by 
Katzwinkel-Wladarsch [15, 27]. Forward primers MSP-1 
(TGA​ATG​ [G/T] GT CCC TGT) and MSP-3 (GGA ATT 
CAC ACC GCC CGTC [A/G] [C/T] TAT) targeted the 
3′region of the SSU and identified the microsporidia spe-
cies. Reverse primers MSP-2A (TCA CTC GCC GCT ACT) 
and MSP-4A (CCA AGC TTA TGC TTA AGT [C/T] [A/C] 
AA [A/G] G GGT) identified E. intestinalis and MSP-2B 
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(GTT CAT TCG CAC TAC T) and MSP-4B (CCA AGC 
TTA TGC TTA AGT CCA GGG AG) targeted the 5′ region 
of the LSU of E. bieneusi. PCR was performed with a final 
volume of 25 μL, containing 20 pmol of each primer, 10X 
PCR buffer, 10 mM of dNTP, 50 mM of MgCl2, and 5 U/
µL of Taq DNA polymerase. The first-round PCR mixture 
included 1 µL of each primer, MSP-1, MSP-2A (for E. intes-
tinalis), as well as MSP-2B (for E. bieneusi) and 1 µL of the 
template DNA. The second-round PCR reaction contained 
1 µL of each primer, MSP-3, MSP-4A (for E. intestinalis), 
MSP-4B (for E. bieneusi), and 1 µL of the first amplifica-
tion reaction mixture. Amplicon size for the MSP-3–MSP-
4B (E. bieneusi) product was about 500 bp, and for the 
MSP-3–MSP-4A (E. intestinalis), the product was nearly 
300 bp. The amplification process was conducted under the 
following conditions: initial denaturation at 95 °C for 5 min, 
followed by 46 cycles including 45 s at 95 °C as denatura-
tion, 45 s of annealing at 55 °C, and extension at 72 °C for 
1 min. A 10-min final extension at 72 °C was added after 46 

cycles. All the products were electrophoresed on 2% agarose 
gel and stained with safe staining for the amplified PCR 
products to be visualized under ultraviolet (UV) light.

Genotyping and Phylogenetic Analysis

ABI PrismTM 3130 Genetic Analyzer (Applied Biosystems, 
USA) was used for sequencing of all PCR-positive isolates. 
After comparing the obtained sequences with data available 
on GenBank (http://blast​.ncbi.nlm.nih.gov/Blast​.cgi), multi-
ple alignments were conducted by ClustalW using BioEdit 
version 7.2.5 (http://www.mbio.ncsu.edu/bioed​it/bioed​
it.html). Then, to determine the similarity and difference 
rates of sequences, the MegAlign program (DNASTAR, 
Madison, WI, USA) was employed. Finally, maximum par-
simony algorithm with kimura 2-parameter model in MEGA 
5.05 software [32] by 1000 bootstrap re-sampling was con-
sidered for phylogenetic analysis.

Table 1   Factors in the 
occurrence of microsporidia 
infection in children with cancer 
undergoing chemotherapy 
according to the PCR positivity

Risk factors/variables No. tested No. positive (%) 95% (CI) P value

Gender
 Male 77 10 (12.99) (7.21–22.28) 0.40
 Female 55 4 (7.27) (2.86–17.26)

Age (years)
 3–5 61 8 (13.11) (6.79–23.80) 0.59
 6–8 23 3 (13.04) (4.54–32.13)
 9–12 35 3 (8.57) (2.96–22.38)
 13–15 13 0 (00.0) –

Place of residence
 Urban 95 12 (12.63) (7.38–20.79) 0.35
 Rural 37 2 (5.41) (1.50–17.70)

Contact with domestic animals
 Yes 7 0 (00.0) – 0.99
 No 125 14 (11.2) (6.79–17.92)

Stool appearance
 Formed 66 5 (7.58) (3.28–16.54) 0.15
 Soft 41 8 (19.51) (10.23–34.01)
 Loose 21 1 (4.76) (0.84–22.67)
 Watery diarrhea 4 0 (00.0) –

Neutropenia (cells/mm3)
 1000–1500 62 8 (12.90) (6.69–23.45) 0.56
 500–1000 44 5 (11.36) (4.95–23.98)
 200–500 26 1 (3.85) (0.68–18.89)

Chemotherapy rounds
 1–6 month 48 3 (6.25) (2.15–16.83) 0.63
 7–12 month 29 4 (13.79) (5.50–30.56)
 > 1 year 55 7 (12.73) (6.30–24.01)

Cancer type
 Leukemia 79 11 (13.92) (7.96–23.24) 0.25
 Other malignancies 53 3 (5.66) (1.94–15.37)

http://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.mbio.ncsu.edu/bioedit/bioedit.html
http://www.mbio.ncsu.edu/bioedit/bioedit.html
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Statistical Analysis

The obtained data are expressed as percentage. STATA ver-
sion 11 (STATA Corp., USA) was used for statistical anal-
ysis. The rate of microsporidiosis and the associated risk 
factors were analyzed by Chi square and the Fisher exact 
tests. Logistic regression analysis was used to determine the 
relationship between the rate of microsporidiosis and the 
identified risk factors. P value < 0.05 was considered statisti-
cally significant.

Results

In the current study, 17 (12.8%) out of 132 samples were 
microsporidia positive based on microscopic evaluations, 
whereas 14 (10.6%) cases were positive based on nested 
PCR results, of which 12 (85.7%) belonged to urban citizens 
and 2 (14.3%) to rural residents. Moreover, 2 out of 17 posi-
tive cases (11.7%) were coinfected with microsporidia and 
Cryptosporidium spp. Among the samples found positive 
by the nested PCR, E. bieneusi and E. intestinalis depicted 
71.4% (n = 10) and 28.6% (n = 4) of total cases, respectively. 
In addition, the number of male patients with microsporidi-
osis was higher than female ones, although there was no 
significant difference between the genders. Moreover, the 
age group of 3–5 years, patients with leukemia, and a clear 
history of taking corticosteroid drugs demonstrated the high-
est susceptibility to microsporidia (11.79%). Other disease 
variables did not depict any significant difference between 
age groups, according to the results (P = 0.59). Although 
62 patients with neutrophil count of 1000–1500 cell/mm3 
were considered positive, microsporidiosis was not a con-
tributing factor [95% confidence interval (CI) 6.69–23.45; 
P = 0.56]. Merely, 9 out of 66 (13.6%) patients with diar-
rhea were positive for microsporidia and only 8 (19.51%) 
cases were reported with soft diarrhea. Thus, there was an 
insignificant difference between the cases with and without 
diarrhea (P = 0.15). Finally, there were no significant rela-
tionships between microsporidiosis and other variables such 
as contact with domestic animals, stage of chemotherapy, 
and history of immunodeficiency based on the statistical 
analyses. Additional results are summarized in Table 1. 
Other enteric protozoa revealed under the light microscopy 
examinations were Giardia lamblia cysts in four (3%) cases, 
Chilomastix mesnili trophozoites in one (0.8%) case, and 
Entamoeba coli cysts in two (1.5%) cases. In the present 
study, sequencing results of all positive isolates showed a 
similarity of 98–100% compared with GenBank sequences. 
SSU-ITS-LSU rRNA multiple sequence alignment com-
pared the nucleotide sequences with specify similarities 
and differences between sequences. Sequence divergence 
and percent identity are shown in Figs. 1 and 2. E. bieneusi 

isolates in this study were genotype D and based on phylo-
genetic analysis, all E. bieneusi and E. intestinalis isolates 
were similar to those of other registered sequences (Figs. 3, 
4). KX685189 and KX685190 are the accession numbers 
of E. bieneusi and E. intestinalis, respectively, registered in 
GenBank based on the current investigation.

Discussion

Humans and an expansive range of animals are prone to 
infection with microsporidia worldwide [27, 29]. A wide 
variety of diagnostic methods and investigations in terms 
of gender, age, and immunodeficiency types are considered 
as barriers to determine and compare the precise outbreak 
of the infection globally, which necessitates further com-
prehensive molecular and phylogenic studies with reliable 
results. Immunocompromised patients are in urgent need 
for the accurate diagnosis of such infectious diseases, since 
grave problems as well as interference with disease control 
procedures may arise which can eventually exacerbate their 
quality of life [3, 5, 18]. There is no thorough investigation 
of microsporidia species in stool samples of Iranian children 
with cancer, especially the ones undergoing chemotherapy, 
and that is why the current study solely focused on intestinal 
microsporidia.

In the current study, the staining method revealed 17 
(12.8%) positive cases, whereas nested PCR uncovered 14 
(10.6%) E. bieneusi and E. intestinalis-positive patients out 
of 132, with E. bieneusi being the main culprit affecting 
immunocompromised patients. Askari et al. [2], reported 
the infection prevalence of 10.56% among all cases, confirm-
ing the relatively high prevalence of E. bieneusi compared 
with E. cuniculi, which was quite parallel to the findings of 
the current study. Furthermore, Tavalla et al. [33] reported 
E. bieneusi as the dominant species isolated from immuno-
compromised individuals, followed by E. intestinalis. In a 
study conducted by Eligio-Garcia et al. [11], PCR was more 
sensitive than staining in pathogen detection, and they did 
not report any relationships between microsporidiosis and 
diarrhea. Results of the current study were consistence with 
those of their study. These results affirmed a high prevalence 
of microsporidiosis among patients with diarrhea (13.63%); 
however, the current study did not confirm any significant 
relationships between microsporidiosis and diarrhea.

A number of factors can contribute to the differences 
between the results reported from microscopic and molecu-
lar investigations. Lack of experienced microscopists can be 
the first reason; second, as indicated previously, the minis-
cule spores of this microorganism can lead to false-negative 
results. Despite the high sensitivity of the staining method, 
false-positive results might be attained due to the striking 
resemblance of microsporidia spores to other fungal spores 
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[28]. However, the probability of infection with species 
other than E. bieneusi and E. intestinalis cannot be ruled 
out due to the absence of proper primers in the deployed 
molecular techniques. It should also be noted that the likeli-
hood of false-positive results for microsporidiosis obtained 
from staining methods and false-negative results from PCR 
can be attributed to the presence of inhibitors during DNA 
extraction. To further confirm the higher sensitivity of the 

molecular techniques compared with routine microscopic 
methods, El Sobky et  al., asserted that PCR should be 
deployed along with staining methods as a confirmatory 
technique to enhance the differentiation of Microsporidia 
species [10]. Likewise, the enhanced sensitivity of PCR 
method was further proved by a study conducted on HIV+ 
patients in Iran by Ghorbanzadeh et al. [12], as well as the 
study by Hamamci et al. [14], that reported the prevalence of 

Fig. 1   Divergence and percent identity of the registered Enterocytozoon bieneusi in this study (*) and GenBank sequences

Fig. 2   Divergence and percent identity of the registered Encephalitozoon intestinalis in this study (*) and GenBank sequences
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microsporidia infection as 69.9% in 93 patients with cancer 
undergoing chemotherapy, with fifty-one patients complain-
ing of diarrhea. Unlike the present study, a significant cor-
relation was observed between microsporidia infection and 
diarrhea in the mentioned studies, but in line with the cur-
rent findings, the highest prevalence was observed in male 
patients, a finding well-substantiated by other studies [1, 23, 
31]. Various cultural, social, and environmental factors trig-
ger such gender-dependent microsporidiosis distribution.

Molecular techniques can also be very useful for iden-
tifying the genotypes and phylogenetic analysis of micro-
sporidia. Khanduja et al. [17] reported eight genotypes of E. 
bieneusi in renal transplant recipients. In the current study, 
the genotype of E. bieneusi was type D and based on phy-
logenetic analysis, all isolates were similar to those of other 
registered sequences.

Despite a report by Sokolova et al., regarding the co-
existence of more than one species in human and animal 

Fig. 3   Phylogenetic tree based 
on SSU-ITS-LSU rRNA of 
Enterocytozoon bieneusi using 
kimura 2-parameter model in 
maximum parsimony algorithm 
with 1000 bootstrap re-sam-
pling. *Registered sequence in 
this study
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stool samples [30], the present findings reported no mixed 
infections. In this study, patients with leukemia receiving 
corticosteroid drugs and the ones with neutrophil count 
of < 1500 cells/mm3 showed positive results, lending sup-
port to the fact that opportunistic pathogen hazards are 
commonly posed to immunocompromised patients as a 
result of the disease itself, cytotoxic treatments, or both. 
Furthermore, 7 positive cases out of 55 young patients 
with cancer (12.7%) had a rather long-term exposure to 
chemotherapy (1 year or above). Thus, an urgent need is 
felt to incorporate epidemiological investigations to detect 
microsporidia in stool samples of children with cancer, 
particularly when the patient complains of diarrhea and 
no other pathogens are isolated.

Conclusion

Enterocytozoon bieneusi is known as a major contribu-
tor to microsporidiosis in young immunocompromised 
patients in Northwestern Iran, with immunosuppressiv-
ity and childhood as the main risk factors. Microsporidia 
species are well-detected when confirmatory techniques 
such as molecular methods (nested PCR) are consistent 
with staining. It is recommended that oncology ward of 
children’s hospitals should introduce a diagnostic method 
for microsporidiosis.
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