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Abstract Microsporidia infections occur in virtually all
invertebrate and vertebrate hosts, including humans. The
aim of this study is detection of microsporidiosis in various
samples of Iranian immunosuppressed patients during
2011-2012 by molecular methods. The samples included
stool samples from the healthy participants and samples
from biological fluids of the patients according to consult
of their physician and the site of infection. The sample size
was determined as 258 for each group. Clinical and
demographical data related to each participant was col-
lected. DNA extraction and nested polymerase chain
reaction were carried out on all the samples. In the control
group, the rates of Encephalitozoon and Enterocytozoon
infections were 5.3 and 4 % respectively higher in males
and in the age range of 30—45, and all positive cases had
gastrointestinal symptoms. In the patient group, most
infection cases occurred in male patients and in the age
range of 60 and above. Patients with microsporidiosis
mostly had the symptoms of chronic diarrhea, vomiting,
weight loss, dyspepsia, and malabsorption. In BAL sam-
ples from patients 2 % Encephalitozoon and 0.7 %
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Enterocytozoon, in the sampling bone marrow transplan-
tation from patients 5.7 % Encephalitozoon, 1.43 %
Enterocytozoon and from patients who underwent kidney
transplantation 5.26 % Enterocytozoon were detected. The
most cases of human microsporidiosis are associated with
human immunodeficiency virus infection or other states of
immunosuppression, particularly in organ transplant
recipients; the result of this study confirms this claim.

Keywords FEnterocytozoon bieneusi -
Encephalitozoon spp. - IRNA - BAL

Introduction

Microsporidia is a group of obligatory intracellular parasitic
fungi that over the past two decades have risen from obscure
organisms to well recognized human pathogens. Several
species of microsporidia can cause disease in humans.
Intestinal microsporidiosis due to Encephalitozoon intesti-
nalis and Enterocytozoon bieneusi are most frequently
reported among immunocompromised people including
patients with acquired immune deficiency syndrome
(AIDS). With heightened awareness and improved diag-
nostic methods, microsporidia infections have been recog-
nized in a wide range of human populations including organ
transplant recipients, travelers, children, contact lens wear-
ers, and the elderly. In addition, microsporidia species that
infect humans have been identified in animals and water
sources, raising public health concerns about zoonotic and
waterborne transmission of microsporidia Weiss (2001).
The spectrum of diseases includes gastrointestinal, pul-
monary, nasal, ocular, muscular, cerebral, and systemic
infections. Since 1985, several reports have confirmed that
E. bieneusi is associated with persistent diarrhea in human
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immunodeficiency virus (HIV)-infected patients (Didier
1998; Schwartz et al. 1996). Recently, another microspo-
ridian species has been reported to cause intestinal and
extraintestinal infections in patients with AIDS. This
organism is designated Encephalitozoon-like microsporid-
ian (Cali et al. 1993; Canning 2001). In contrast to E.
bieneusi, E. intestinalis infects not only enterocytes, but
also fibroblasts, macrophages, and endothelial cells and has
been reported to disseminate to respiratory and urinary
tract epithelium. As microsporidia seems to play an
important role in causing chronic diarrhea among HIV-
infected immunocompromised patients, these patients
should be monitored for detection of these organisms in
stool and body fluids (Schwartz et al. 1996; Brusseau et al.
2005).

The current study was carried out over a period of
1 year. The aim of this study was molecular detection of
microsporidiosis in various samples of Iranian immuno-
compromised patients. The comprehensive study was not
done ever on the basis of epidemiological and incidence in
humans in Iran with PCR method for species detection.

Materials and methods

Among the target population, sampling was performed
with regard to the patients’ file, duration of the treatment,
and instructions of the physician in charge. The sampling
time should be at least 3 months after transplantation and
initiation of the chemotherapy and administration of
immunosuppressive drugs. The suppressive therapy was
done with Acyclovir or Valacyclovir, hormone in cancer,
Cholestasis after renal transplantation, Bone marrow sup-
pression with Radiation therapy.

We chose patients with the same or similar information.
The kind of study was Case/Control therefore healthy
people were included as the control. The control group
included all people who did not have the history of using
any corticosteroid because of any specific diseases,
according to the consult of an immunologist. For each
participant, the data related to age, gender, and disease
symptoms were recorded in a checklist. This study was
done from 2010 to 2011.

The sampling was performed by non-probability and
accessible sampling. The samples included 258 stool
samples from the healthy participants and samples from
biological fluids of the patients according to consult of their
physician and the site of infection. With regard to the lit-
erature review and the approximately 15 % prevalence of
the infection for patients with special medical conditions
and 3 % prevalence for healthy population, the sample size
was determined as 258 for each group.In this study, 150
broncho-alveolar lavage samples from respiratory patients,

70 blood and feces samples from bone marrow transplan-
tation patients and 38 urine samples from kidney trans-
plantation patients were obtained from Shariati and Masih
Daneshvari hospital in Tehran. Following screening, all
specimens underwent polymerase chain reaction (PCR)
amplification for detection of microsporidia. Clinical and
demographical data related to each participant was col-
lected by interviewing the participant and the data recorded
in the patients’ files. After registering the patients’ data and
obtaining written informed consents from the participants,
the samples were obtained and transferred to the laboratory
under appropriate conditions. The patients identity were
not disclosed. All samples with standard conditions and the
correct principles of integrity with the easiest method and
least painful for patients were prepared. All of patients had
received treatment.

DNA extraction processes were carried out on all the
samples. DNA of stool samples were extracted by alkaline
digestion method as previously described. BAL, blood, and
urine samples were extracted by QlAamp DNA Mini Kit
Qiagene (Lobo et al. 2006; Sulaiman et al. 2003, 2004).

A nested PCR protocol was used to amplify the ITS
region of the rRNA gene as well as the flanking regions of
the coding sequences for rRNA of the small (SSU) and
large (LSU) subunits for E. bieneusi and Encephalitozoon
spp.

In the first PCR, three outer primers (MSP-1,
TGAATG(G,T)GTCCCTGT; MSP-2A, TCACTCGCCGC
TACT; and MSP-2B, GTTCATTCGCACTACT) were
used. The second PCR was run by taking 2 pl of the first
PCR product to the mixture containing three inner primers
(MSP-3, GGA ATT CAC ACC GCC CGT C(A,G)(C,T)
TAT; MSP-4A, CCA AGC TTA TGC TTA AGT
(C, T)(A,C)AA(A,G)GGGT; and MSP-4B, CCA AGC TTA
TGC TTA AGT CCA GGGAG). Amplification was carried
out in 25 pl reactions containing 1x PCR buffer, 2.5 mM
MgClI2, 200 uM deoxynucleotide triphosphate mix,
12.5 pmol of each primer, 1 U Taq DNA polymerase
(Fermentas). The secondary PCR was performed using
0.5 U Taq. Each reaction set contained a negative control
of ultrapure water and a positive control containing tem-
plate DNA obtained from the cultures. For visualization of
the products, amplified products were run on a 1.5 %
agarose gel at 80 V for 70 min, then the gel was stained
with 2 pg/ml ethidium bromide and viewed under ultravi-
olet light (Katzwinkel-Wladarsch et al. 1997; Rinder et al.
1997).

Results

The data related to the patients are provided in the fol-
lowing tables. As can be observed, most infection cases
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occurred in male patients, and considering the age range,
the highest infection rate occurred in the age range of 60
and above. Patients with microsporidiosis mostly had the
symptoms of chronic diarrhea, vomiting, weight loss,
dyspepsia, malabsorption, stomach pain, heartburn, con-
stipation, nausea. To evaluate respiratory microsporidiosis
in people with respiratory complications, 150 BAL samples
were obtained. The samples were evaluated using molec-
ular techniques and three cases of Encephalitozoon (2 %)
and one case of Enterocytozoon (0.7 %) infections were
detected. As was mentioned, the sampling was performed
from patients hospitalized in the Shariati Hospital to
undergo bone marrow transplantation. From 70 patients, 70
whole blood and 70 stool samples were obtained. Using the
molecular techniques, among the 70 blood samples, four
samples were found to be infected by Encephalitozoon
(5.7 %), while from the 70 stool samples, one was infected
by Enterocytozoon (1.43 %). Moreover, from 38 patients
who underwent kidney transplantation, only urine samples
were obtained. Among the urine samples, two were
detected to be infected by Enterocytozoon (5.26 %). The
prevalence rate in the patient group was 15.09 %, which is
provided with regard to gender and age (Fig. 1).

In the control group, the rates of Encephalitozoon and
Enterocytozoon infections were 5.3 and 4 %, respectively,
and all positive cases had Gastrointestinal (GI) distur-
bances. In the control group, the rate of infection was
higher in males, and the highest rate of infection was
observed in the age range of 30-45. The prevalence rate in

Fig. 1 Agarose gel analysis of PCR-amplified products with genus-
specific primers diagnostic for Encephalitozoon and Enterocytozoon.
M 100 bp DNA ladder, I negative control, 2-5 ~300 bp PCR-
amplified products isolated from patients with respiratory symptoms,
bone marrow transplantation and kidney transplantation, 6-7
~500 bp PCR-amplified products isolated from patients with respi-
ratory symptoms and bone marrow transplantation
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the control group was 9.33 %, which is provided with
regard to gender and age.

Discussion

Microsporidia infections affect all vertebrate and inverte-
brate hosts. In humans, these tiny single-celled organisms
are known as emerging opportunistic pathogens that are
present in HIV-positive patients, travellers, transplant
recipients, and the elderly with diverse clinical symptoms.
The commonest microsporidia in humans are E. bieneusi
and then Encephalitozoon spp. Microsporidia have not
been widely studied in Iran, and we do not have precise and
update statistics on their spread among the control and
experiment groups, particularly in our target population.

Diagnosis of the disease in different stages, especially in
the acute phase is of great importance. This is of higher
importance in the immunocompromised patients. There-
fore, employment of an appropriate method that can
demonstrate the presence or absence of the disease is
necessary. Such method is required in treatment and pre-
vention of the disease. Using different molecular methods
such as PCR, the load and type of organism can be deter-
mined with higher precision.

We included the control group to be compared with the
patients having special diseases to demonstrate the epide-
miological status of the infection and prevalence of the
infection in both groups. Teachey et al. (2004) reported a
case of microsporidia pneumonia in a patient who under-
went bone marrow transplantation. The patient was a
21-year-old woman with acute myelocytic leukemia, in
whom the infection was confirmed 63 days after the
transplantation using the lung biopsy.

Karaman et al. (2008) carried out a study on 320 cancer
patients and reported the prevalence of microsporidia
infection as 10.9 % using staining of the stool samples.

Jamet et al. (2009) reported the microsporidia infection
in a leukemia patient using staining methods for urine and
stool samples.

In a study, Angela and Suresh (2007) regarded various
factors such as age, gender, ethnicity, disease symptoms,
co-infections, and treatment stage (before or after treat-
ment) and performed a study on the stool specimens of 311
cancer patients using modified trichrome staining and PCR.
Among the specimens evaluated, microsporidia infection
was detected in 68 patients (21.9 %). E. intestinalis and E.
hellem were two of the microsporidia species detected.

Chabchoub et al. (2009) carried out a study on 51
patients with AIDS and 35 patients with hematological
malignancies and demonstrated that 10.5 % of the patients
(nine patients) were infected by microsporidia; six AIDS
patients and three patients with hematological malignancy.
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In a serological study, Bohumil et al. (2010) searched
for the 32-kDa protein and among 115 serum samples
studied, detected 20 % infection among the HIV-positive
people, 33 % in people with occupational exposure to
animals, and 10 % from healthy persons without any
specified medical conditions.

Champion et al. (2010) studied 10 kidney transplant
recipients, and reported the rate of infection with E. bien-
eusi in stool of the patients 68 months after the trans-
plantation using molecular diagnostic tests.

Kahler and Thurston-Enriquez (2007) reported detection
of human pathogenic microsporidia such as E. intestinalis
in livestock fecal and wastewater samples using PCR.

Ghorbanzadeh et al. (2012) demonstrated the sensitivity
of PCR evaluation (16 s and rRNA) in comparison with the
staining methods in HIV-positive patients. Briefly, differ-
ent authors have reported microsporidiosis with different
rates in immunocompromised and healthy individuals
using various methods; particularly precise molecular ones.
In the current study, the rate of infection was higher in
male patients. Moreover, the highest infection rate was
observed in the age group of 60 and above. To evaluate
respiratory microsporidiosis in people with respiratory
complications, 150 BAL samples were obtained. The
samples were evaluated using molecular techniques and
three cases of Encephalitozoon (2 %) and one case of
Enterocytozoon (0.7 %) infections were detected. As was
mentioned, the sampling was performed from patients
hospitalized in the Shariati Hospital to undergo bone
marrow transplantation. From 70 patients, 70 whole blood
and 70 stool samples were obtained. Using the molecular
techniques, among the 70 blood samples, four samples
were found to be infected by Encephalitozoon (5.7 %),
while from the 70 stool samples, one was infected by
Enterocytozoon (1.43 %). Moreover, from 38 patients who
underwent kidney transplantation, only urine samples were
obtained. Among the urine samples, two were detected to
be infected by Enterocytozoon (5.26 %). The patients
positive for microsporidia mainly had chronic diarrhea,
vomiting, weight loss, dyspepsia, and malabsorption. In the
control group, the infection rate was higher in males.
Moreover, the highest infection rate in the control group
was observed in the age group of 30-45. The prevalence
rate in the control group was 9.33 %. In the control group,
the rates of Encephalitozoon and Enterocytozoon infections
were 5.3 and 4 %, respectively, and all positive cases had
GI symptoms.

Variation in detection rate may be due to environmental,
seasonal, and geographical factors and/or differences in
sensitivity of diagnostic technique used in each study.
Also, this may be due to lack of experienced examiners,
especially as the spores are very minute (Sianongo et al.
2001).

In previous studies, regarding sex, the infection rate was
slightly higher in females than males (53.3 vs. 46.7 %).
However, the difference was not statistically significant. In
some other studies a higher percentage of microsporidiosis
patients were male, similar to what we found. In our study,
the difference in infection rate between the two genders
was statistically significant.

In previous studies, most microsporidia infections were
detected among immunocompromised patients above the
age of 18. Our results are not consistent with findings of
previous studies in this respect. In the present study, most
microsporidiosis cases were detected among immuno-
compromised patients in the age group of above 60 and in
the control group, most microsporidiosis cases were in the
age range of 30—45. For both the case and control groups,
the differences in infection rates of various age groups
were statistically significant.

The present study showed that patients with microspo-
ridiosis suffered from clinical gastrointestinal symptoms;
chronic diarrhea was the main complaint followed by
abdominal pain and anorexia, watery non-bloody diarrhea,
and weight loss. This finding is in accordance with those
reported in other studies (Procop 2007; Endeshaw and
Kebede 2006; Tumwine et al. 2005). The immunocom-
promised cellular or humoral responses undergo qualitative
and/or quantitative alterations and cannot act efficiently
against the infections and manifested in the downfall of
their overall condition (Nkinin et al. 2007). In contrast,
others found no significant relationship between diarrhea
and microsporidiosis and it was suggested that most cases
of microsporidia infections are asymptomatic (Botero et al.
2003). Unexpectedly, the prevalence of microsporidiosis
among the immunocompetent people surveyed was
unusually high. Hence, there was no apparent correlation
between diarrhea and microsporidiosis. Absence of sig-
nificant relationship between microsporidiosis and diarrhea
might be due to small sample size of the study.

There is only a temporary correlation between detection
of microsporidia in stool and gastrointestinal symptoms,
and it is suggested that microsporidia infection may cause
clinical symptoms during the early stages of infection.
However, the role of microsporidia as an enteropathogen is
uncertain and requires further investigation (Chacin-bonilla
et al. 2006; Kumar et al. 2005).

Moreover, true prevalence of microsporidia has to be
determined using highly sensitive techniques such as PCR.

Among the molecular techniques, PCR has shown a high
sensitivity, in spite of being costly and time-consuming.
PCR is a noninvasive, safe, sensitive, and specific tech-
nique and is able to detect a higher number of cases
compared to microscopic evaluations, with greater ease of
interpretation by non-specialists. Moreover, the technique
is capable of determining the microorganism species,
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which is necessary for complete clinical management and
therapy (Wichro et al. 2005; Miiller et al. 2001).

It is concluded that microsporidia should be included in
screening of opportunistic pathogens and PCR using spe-
cies—specific primers could become the method of choice
for identification of microsporidia in clinical specimens.
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