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Abstract 

Background: The present study was carried out to investigate the prevalence of 
intestinal microsporidia in patients with intellectual disabilities in the rehabilita-
tion centers of Hormozgan Province in south of Iran, using microscopic and 
molecular methods. 
Methods: The current cross-sectional study was conducted on 119 stool sam-
ples obtained from patients with intellectual disabilities. Acid-fast trichrome 
staining was used to detect parasites. Moreover, all of the stool samples were 
assessed for the presence of microsporidia DNA by the PCR method.  
Results:  The mean age of the subjects was 29 (±12.3) years. All stool samples 
were examined for microsporidia infection, and only one case of Enterocytozoon 
was detected in one of the samples. The results of the nested-PCR test on 119 
stool samples showed one case of infection with Enterocytozoon bieneusi, corre-
sponding to a prevalence of 0.84%. The nested-PCR test for Encephalitozoon 
intestinalis detected no infections in any of the stool samples.  
Conclusion: The overall prevalence of microsporidia among patients with intel-
lectual disabilities in Hormozgan rehabilitation centers is low and limited to E. 
bieneusi.  
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Introduction 

 
icrosporidiosis is an emerging op-
portunistic infection caused by mi-
crosporidia, a group of obligate in-

tracellular parasites (1). These pathogens are 
known to infect a wide range of hosts, includ-
ing humans, and are particularly problematic 
in immunocompromised individuals and pa-
tients with intellectual disabilities (2-5). The 
disease manifests in various forms, primarily 
affecting the gastrointestinal tract, but can also 
involve other organ systems, leading to signif-
icant morbidity and mortality. Immunocom-
promised patients, such as those with 
HIV/AIDS, organ transplant recipients, and 
individuals undergoing chemotherapy, are at a 
heightened risk for microsporidiosis. The 
compromised immune system in these pa-
tients provides an ideal environment for mi-
crosporidia to thrive and cause infection. The 
most common species affecting humans in-
clude Enterocytozoon bieneusi and E. intestinalis, 
which primarily cause intestinal infections 
leading to chronic diarrhea, malabsorption, 
and wasting. 

In HIV/AIDS patients, microsporidiosis is a 
well-documented opportunistic infection (6). 
The prevalence of microsporidiosis in this 
population varies geographically, with higher 
rates reported in regions with limited access to 
antiretroviral therapy (7). The clinical presen-
tation in these patients often includes severe, 
persistent diarrhea, which can lead to signifi-
cant weight loss and dehydration. Diagnosis of 
microsporidiosis is typically made through 
stool examination using special staining tech-
niques or molecular methods such as PCR (8).  

Organ transplant recipients are another 
group at high risk for microsporidiosis. The 
use of immunosuppressive drugs to prevent 
graft rejection increases their susceptibility to 
opportunistic infections. In these patients, mi-
crosporidiosis can present not only as gastro-
intestinal disease but also as disseminated in-
fection, affecting multiple organ systems. Ear-

ly diagnosis and treatment are crucial to pre-
vent severe complications and improve out-
comes.  

Patients with intellectual disabilities are also 
at an increased risk for microsporidiosis, alt-
hough the reasons for this are multifactorial 
(9). These individuals often reside in institu-
tional settings where hygiene practices may be 
suboptimal, increasing their exposure to infec-
tious agents. Additionally, behavioral factors 
such as pica, nail-biting, and poor personal 
hygiene can facilitate the ingestion of micro-
sporidia spores. The clinical presentation of 
microsporidiosis in patients with intellectual 
disabilities can be similar to that in immuno-
compromised individuals, with gastrointestinal 
symptoms being the most common (10). 
However, the diagnosis of microsporidiosis in 
this population can be challenging due to 
communication barriers and the presence of 
other comorbid conditions that may mask the 
symptoms of infection. Healthcare providers 
need to maintain a high index of suspicion and 
consider microsporidiosis in the differential 
diagnosis when these patients present with 
unexplained gastrointestinal symptoms.  

The diagnosis of microsporidiosis involves 
the detection of microsporidia spores in clini-
cal specimens such as stool, urine, or tissue 
biopsies. Traditional methods include light 
microscopy with special stains like modified 
trichrome or calcofluor white. However, these 
techniques have limited sensitivity and speci-
ficity. Molecular methods, particularly PCR, 
have improved the accuracy of diagnosis and 
are increasingly being used in clinical practice 
(11).  

Parasitic infections are a significant health is-
sue in care centers for patients with intellectu-
al disabilities. These patients are prone to in-
fectious diseases due to their inability to learn 
personal hygiene practices, such as bathing 
and sanitary defecation, as well as habits like 
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nail-biting, finger-licking, and walking bare-
foot (12, 13).  

Physical, mental, and nutritional weaknesses 
in individuals with intellectual disabilities put 
them at risk for parasitic infections, including 
microsporidiosis. Therefore, timely diagnosis 
and periodic treatment can protect these pa-
tients from the severe complications of micro-
sporidiosis, such as severe diarrhea (13, 14).  

Given the aforementioned points and the 
lack of sufficient information on the preva-
lence of microsporidial infections in patients 
with intellectual disabilities, the present study 
was conducted to investigate the prevalence of 
intestinal microsporidiosis in patients with in-
tellectual disabilities in rehabilitation centers in 
Bandar Abbas in 2021 using microscopic and 
molecular methods. 
 

Materials and Methods 
 
Area of the study 

Bandar Abbas County in Hormozgan Prov-
ince borders Fars, Kerman, Sistan and Ba-
luchestan, and Bushehr provinces. The city's 
elevation is 9 meters above sea level, and the 
climate is desert-like, hot, and humid. Tem-
perature fluctuations range from 5 to 49 ºC, 
and the average annual rainfall is about 171 
mm.  
 
Sampling 

In this cross-sectional study, 119 stool sam-
ples were collected from 140 individuals resid-
ing in a center for intellectually disabled pa-
tients in Bandar Abbas city in Hormozgan 
Province. After obtaining the necessary per-
mits and coordinating with the center's man-
agement, the stool samples were collected by 
the health workers employed at the center. 
Before sampling, a questionnaire containing 
personal information such as age, gender, se-
verity of mental retardation, etc., was com-
pleted for each individual.  

Each stool sample was divided into two 
parts based on the required tests: one part was 

transferred into sodium acetate-acetic acid-
formalin (SAF) for preservation, and the other 
part was placed in 70% ethanol for molecular 
testing. The collected samples were trans-
ferred to the parasitology laboratory of the 
Hormozgan University of Medical Sciences 
for initial testing. The study was approved by 
Ethical Committee of Shiraz University of 
Medical Sciences (Ref. No. 
IR.SUMS.MED.REC.1401.005). 
 
Acid-Fast Trichrome Staining 

Acid-Fast Trichrome Staining was per-
formed on 119 stool samples collected in SAF 
(15 g sodium acetate, 20 ml acetic acid, and 40 
ml formalin in 925 ml distilled water). Briefly, 
after passing the sample through four layers of 
gauze, 200 µl of sediment was placed on a 
glass slide and allowed to air dry. Slides were 
quickly immersed in methanol for 5 minutes. 
Fixed samples were placed in a carbol-fuchsin 
solution (comprising 25 g of phenol, 500 ml 
of distilled water, and 25 ml of a saturated al-
coholic fuchsin solution with 2 g of basic 
fuchsin in 25 ml of 96% ethanol) for 10 
minutes at room temperature.  

The slides were subsequently rinsed with tap 
water, subjected to decolorization with 0.5% 
HCl-alcohol, and washed again with tap water. 
Trichrome solution was utilized to stain the 
slides for 30 minutes at 37 °C. This solution 
was prepared by dissolving 6.0 g of Chromo-
trope 2R, 0.5 g of aniline blue, and 0.7 g of 
phosphotungstic acid in 3 ml of acetic acid at 
room temperature for 30 minutes, followed by 
the addition of 100 ml of distilled water and 
pH adjustment to 2.5 using HCl. Afterward, 
the slides were washed (10 seconds with acid 
alcohol, 30 seconds with 95% ethanol) and 
were then examined, using oil immersion at a 
magnification of 1000x. 
 
Molecular evaluation 

DNA was extracted from the stool samples 
using a commercial (Viragen, Iran) kit.  The 
stool samples were mixed with PBS before the 
extraction process and passed through a four-
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layer gauze. The filtered suspension was cen-
trifuged at 500g for 2 minutes, the supernatant 
was separated, and the remaining sediment 
was used for DNA extraction. Before the ex-
traction process, the sample was placed alter-
natively in a nitrogen tank and then in a water 
bath at 65 ºC twice, and then subjected to son-
ication, three times to break down the parasite 
spores (15, 16).  

Nested PCR was used for the detection of 
microsporidia SSU rRNA gene. The PCR 
method and the primers used in this study 
were based on the study by Mirjalali et al. (7). 
PMic primers were used as the first stage to 
detect the SSU rRNA gene of microsporidia 
spp., Enb primers for the detection of E. bie-

neusi, and Encep primers for the detection of 
Encephalitozoon species in the second stage of 
the PCR (Table 1). In the first step of the PCR 
program, the DNA was denatured at 95 °C 
for 5 minutes. This was followed by 35 cycles 
of annealing and extension: 94 °C for 40 sec-
onds, 55 °C for 45 seconds, and 72 °C for 45 
seconds, with a final extension at 72 °C for 4 
minutes. The DNA product from the first 
step was then used as a template for the sec-
ond PCR step, which included an initial dena-
turation at 95 °C for 5 minutes, followed by 
40 cycles of annealing and extension: 94 °C 
for 35 seconds, 57 °C for 45 seconds, and 
72 °C for 45 seconds, concluding with a final 
extension at 72 °C for 4 minutes. 

 
Table 1: Target gene and sequence of primers used in Nested PCR to identify microsporidia spp. 

 
Gene Primer Sequence Product’s 

size 

 PMic (Forward) 5′- GGTTGATTCTGCCTGACG - 3′ 779 bp 
  PMic (Revers) 5′ - CTTGCGAGC(G/A)TACTATCC - 

3′ 

SSU rRNA Enb (Forward) 5′- GGTAATTTGGTCTCTGTGTG - 3′ 440 bp 

 Enb (Revers) 5′- CTACACTCCCTATCCGTTC -3′ 

 Encep (Forward) 5′- AGTACGATGATTTGGTTG- 3′ 630 bp 

 Encep (Revers) 5′- ACAACACTATATAGTCCCGTC- 3′ 

 
The purified PCR product was sequenced, 

and a phylogenetic analysis of the isolate was 
conducted using the Maximum Likelihood 
method with the Kimura 2-parameter model 
(17).  The results were compared with those of 
available microsporidia sequences, using 
BLAST software. 
 
Statistical analysis 

After entering the data of the study subjects 
in SPSS software (version 20), descriptive sta-
tistics were used to determine the frequency of 
parasites in the study subjects. Also, the chi-
square test was used to examine potential as-
sociations between variables and microsporid-
ia infection occurrence. 
 

Results 

 
Stool samples were collected from 119 intel-

lectually disabled patients. Of these subjects, 
55 (46.2%) were men, and 64 (53.8%) were 
women. The mean age of the participants was 
27.6 (±2.24), ranging from 4 to 60 years old. 
The study participants were divided into sev-
eral age groups, with the largest group being 
31 to 40 years old (33 individuals). Additional-
ly, the participants were categorized based on 
their length of stay at the rehabilitation center, 
with the largest group (44 individuals) having 
stayed for less than 5 years. Table 2 shows the 
demographic characteristics of the study par-
ticipants.
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Table 2: Demographic characteristics of studied intellectually disabled individuals 

 
Variable Characteristics No. Percent 

Gender Female 
Male 

64 
55 

53 .8 
46.2 

Age groups(yr) 10 ≤ 
11-20 
21-30 
31-40 
> 40 

9 
30 
31 
33 
16 

7.6 
25.2 
26.1 
27.7 
13.4 

Duration of residency in the rehabilitation 
center 

5 ≤ 
3-10 
11-15 
16-20 
> 20 

44 
23 
25 
10 
17 

37 
19.3 
21 
8.4 
14.3 

Type of retardation Severe 
Profound 

76 
43 

63.9 
36.1 

 
The results of parasitological methods to 
detect microsporidia spp.  

In this study, all samples were examined for 
the presence of intestinal microsporidia, using 
acid-fast trichrome staining.  Microsporidia 

infection was detected in only one of the 119 
stool samples (0.84%) examined. Fig. 1 shows 
the microscopic view of the acid-fast tri-
chrome staining of suspected sample to mi-
crosporidia. 

 

 
 

Fig. 1: Acid-fast trichrome staining of suspected sample to microsporidia spp. 1000 X 

 
The results of molecular investigations to 
detect microsporidia spp. 

Using the molecular Nested PCR method, 
infection with E. bieneusi was identified in only 
one of the 119 examined subjects. The posi-
tive case matched the sample that tested posi-
tive in the microscopic examination. It be-

longed to a 26-year-old female with a severe 
intellectual disability who had been living at 
the rehabilitation center for seven years.  

In molecular studies using Nested PCR, 
none of the 119 examined samples tested pos-
itive for E. intestinalis. Fig. 2 shows the 440 bp 
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band of the SSU rRNA gene of E. bieneusi de-
tected in the stool sample of the patient.  

Upon evaluation of the positive case and 
comparing its sequences with those in Gen-
Bank, we identified that our E. bieneusi sample 
is corresponded to genotype D, zoonotic 

group 1, and exhibiting 99-100% similarity 
with other genotypes D documented from 
Iran (7, 18). The sequenced sample was rec-
orded in GenBank under accession number 
PV164808. Fig. 3 illustrates the phylogenetic 
tree of the sequenced sample. 

 

 
 

Fig. 2: Nested-PCR on the stool sample of a patient infected with E. bieneusi. Lane 1: 100 bp molecular mark-
er, Lane 2: positive control of E. bieneusi. Lane 3: patient’s sample. Lane 4: negative control. 

 

 
 

Fig. 3: Phylogenetic tree, using the Maximum Likelihood method, showing the E. bieneusi infecting intellectu-
ally disabled patient. 
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Discussion 

 
The current study assessed the prevalence of 

intestinal microsporidia among patients with 
intellectual disabilities in rehabilitation centers 
in Hormozgan Province, located in southern 
Iran, utilizing both microscopic and molecular 
methods. The findings revealed a prevalence 
rate of 0.84% with both techniques. Previous 
studies have indicated that contaminated water 
and food are potential sources of microsporid-
ia infection. Additionally, demographic factors 
such as age have been shown to influence sus-
ceptibility to microsporidia infection, with 
very young and elderly individuals being at 
higher risk. 

A study conducted in Urmia, located in the 
West Azerbaijan Province of Iran, examined 
225 intellectually disabled individuals and re-
ported an overall intestinal parasitic infection 
rate of 20.4%. (19) However, microsporidia 
were not among the identified parasites, which 
consisted of various protozoa and worms. 

Several studies in Iran have examined the 
prevalence of microsporidia in populations of 
immunocompromised patients. A systematic 
review and meta-analysis determined that the 
overall prevalence of microsporidia infection 
among immunocompromised individuals in 
Iran is 8.18% (9) A study conducted in Ker-
man Province, located in southeastern Iran, 
reported a microsporidia infection prevalence 
of 10.03% among immunocompromised pa-
tients (20). 

Studies in Iran examining populations with-
out immune system deficiencies have reported 
a lower prevalence of microsporidial infection, 
aligning more closely with the findings of the 
present study. Based on these results, the 
prevalence observed in patients with intellec-
tual disabilities—at least in this study—does 
not appear to differ significantly from that of 
other populations without immune system 
deficiencies assessed in previous research.  

Molecular analysis revealed that the positive 
microsporidia sample in the current study is 

genotype D of E. bieneusi, showing high ho-
mology (99-100%) with isolates from immun-
ocompromised individuals in Tehran, Ma-
zandaran, and Ahvaz in Iran (7, 18, 21). Geno-
type D of E. bieneusi is a well-documented zo-
onotic genotype with potential for cross-
species transmission. It has been identified in 
various hosts, including humans and animals, 
and is classified within Group 1, which con-
sists of genotypes with zoonotic potential. 
Studies have shown its presence in captive 
golden snub-nosed monkeys, suggesting that 
these primates may serve as reservoir hosts for 
human microsporidiosis (22). 

In the present study, the detection of only 
one microsporidia-positive sample prevented 
statistical analysis of the relationship between 
stool appearance and microsporidial infection. 
This limitation underscores the need for fu-
ture research to further investigate this poten-
tial association. 

 In the current study, no cases of infection 
with E. intestinalis were observed, and the only 
positive case was related to E. bieneusi. Other 
studies have also reported E. bieneusi as the 
most common microsporidia species in hu-
mans, causing conditions such as diarrhea as-
sociated with human immunodeficiency virus 
(HIV) (23). 

The low prevalence of microsporidia among 
patients with intellectual disabilities in Hor-
mozgan rehabilitation centers in Iran could be 
attributed to several factors.  Rehabilitation 
centers in Hormozgan may have implemented 
strict hygiene and sanitation protocols, along 
with regular screening and treatment of para-
sitic infections, which help reduce the risk and 
prevalence of microsporidia. Additionally, the 
specific environmental conditions, dietary 
habits in these centers contribute to a lower 
risk of microsporidia transmission. Further-
more, population characteristics such as genet-
ic factors might also influence susceptibility to 
infection.  

The present study faced several limitations. 
The absence of similar research on popula-
tions with intellectual disabilities made com-
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parative analysis challenging. Additionally, the 
microscopic and molecular examination was 
limited to only two species of microsporidia, 
leaving other species unexamined. Further-
more, the small sample size introduced addi-
tional constraints to the study. 
 

Conclusion 

 
The overall prevalence of microsporidia 

among patients with intellectual disabilities 
residing in rehabilitation centers in Hor-
mozgan Province, located in southern Iran, 
was low and limited to the E. bieneusi species, 
compared to previous studies conducted in 
other populations. 
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