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Abstract.  Microsporidia are obligate intracellular spore-forming protozoan 
parasites in humans.  Two species commonly reported as etiology agents 
in humans are Enterocytozoon bieneusi and Encephalitozoon intestinalis.  In 
Malaysia, microsporidiosis has been reported among hospitalized patients 
and the rural aboriginal community.  However, recent concern has emerged 
regarding the health of refugee communities in Malaysia, due to their 
neglect by relevant governmental agencies.  This study determined the 
prevalence of microsporidia among refugee school children in five districts 
of Selangor.  Stool samples (n = 91) were collected and the presence of 
microsporidia was identified by diagnostic multiplex PCR of the small 
subunit ribosomal (SSU r ) DNA.  Ent. bieneusi, Enc. intestinalis and both 
species was present in 20, 2 and 2%, respectively.  Phylogenetic analysis 
of the SSU rDNA sequences revealed each microsporidia species clustered 
into a single clade, with that of Ent. bieneusi having 87% similarity to a 
reference sequence from immunocompromised patients in Kuala Lumpur, 
while that of Enc. intestinalis a 38% sequence similarity to a reference 
sequence from diarrheal patient(s) in Pakistan.  Thus, we suggest that 
sensitive and frequent surveillance together with intervention programs 
of microsporidia infection should be implemented in the marginalized 
communities in the country to minimize the potential emergence of public 
health issues.

Keywords:  microsporidia,  molecular detection,  multiplex PCR, 
phylogenetic analysis, refugee children
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INTRODUCTION

M i c r o s p o r i d i a  i s  a  c l a s s  o f 

o b l i g a t e  i n t r a c e l l u l a r  p a r a s i t e s 

t h a t  h a s  a  r e s e m b l a n c e  t o  t h e 

f u n g i  k i n g d o m ,  a l t h o u g h  t h e 

exact nature of this relationship is 

unclear.  According to the Centers 

for Disease Control and Prevention, 

USA (CDC, 2019),  microsporidia 

is recognized as one of the many 

opportunistic pathogens worldwide 

transmitting microsporidiosis ,  a 

health condition presenting chronic 

d i a r r h e a ,  m a l a b s o r p t i o n  a n d  a 

series of disseminated diseases in 

patients with immunocompromised 

status (Han et al, 2021).  However, 

individuals with normal immune 

system usually present self-limiting 

d i a r r h e a  ( F r a n z e n  a n d  M u l l e r , 

2001). 

More than 1,400 microsporidia 

species belonging to 200 genera with 

invertebrates as hosts and capable of 

infecting various vertebrates have 

been reported (Ruan et al, 2021; CDC, 

2019).  However, approximately 17 

microsporidia species have been 

i d e n t i fi e d  t o  t a r g e t  h u m a n s  a s 

their  primary host  (Yusoff  e t  a l , 

2021).  The classical classification 

o f  m i c r o s p o r i d i a  i s  b a s e d  o n 

ultrastructural  features,  such as 

the number of spirals in the polar 

tube, size, shape, morphology of the 

spores, life cycle features, and the 

host-parasite relationship (Yusoff et 

al, 2021).  More recently, molecular 

phylogenetic analysis using small 

subuni t  (SSU)  rDNA sequences 

or internal transcribed sequences 

(ITS) has enabled microsporidia to 

be assigned to specific genera as 

well as distinguished at the species 

l e ve l  ( M a t o s  e t  a l ,  2 0 1 2 ) .   T h e 

most common species associated 

with microsporidiosis in humans 

is  Enterocytozoon bieneusi  and to 

a  l e s s e r  e x t e n t  E n c e p h a l i t o z o o n 
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intestinalis (Yusoff et al, 2021; CDC, 

2019). 

C u r r e n t l y ,  m o r e  t h a n  5 0 0 

genotypes of Ent. bieneusi have been 

reported based on ITS nucleotide 

sequences and are further classified 

i n t o  1 1  t o t a l  g r o u p s ,  G r o u p s 

1-11 (Qin et al, 2022).  These Ent. 

bieneusi Groups are found in human 

microsporidiosis  and in a broad 

spectrum of  domest ic  and wi ld 

animals worldwide, such as poultry, 

ruminants,  non-human primates, 

and birds (Anuar  et al ,  2013; Qin 

e t  a l ,  2022) .   The  abundance  o f 

animals that act as reservoir host 

of E. bieneusi can help explain it 

b e i n g  t h e  p r i m a r y  e t i o l o g y  o f 

human microsporidiosis especially 

in people residing in poor hygienic 

environments.

In Malaysia, microsporidiosis is 

limited to sporadic cases reported 

i n  h o s p i t a l i z e d  p a t i e n t s ,  H I V -

infected patients  and aboriginal 

communities in Pahang (Shehab et 

al, 2021).  There have been limited 

s t u d i e s  o f  m i c r o s p o r i d i o s i s  i n 

t h e s e  m a r g i n a l i z e d  M a l a y s i a n 

c o m m u n i t i e s  d e s p i t e  t h e i r 

susceptibility to this infection.  To 

date, in Malaysia, there are only 

two studies on microsporidiosis 

prevalence in Orang Asli (aboriginal) 

people and HIV-infected patients 

(Ashikin et al, 2017; Hassan et al, 

2018). 

Marginalized communities are 

defined as vulnerable groups that 

require access to health facilities 

and constant monitoring of their 

health conditions since they are 

prone to systemic inequalities in 

the health services (Hanapi  et al , 

2024).  In Malaysia, marginalized 

c o m m u n i t i e s  c o n s i s t  o f  O r a n g 

Asl i  communit ies ,  HIV-affected 

i n d i v i d u a l s ,  a s y l u m  s e e k e r s , 

refugees, and other similar groups 

w h o  n e e d  s p e c i a l  s u p p o r t  a n d 

protection.  As of June 2024, there 

are 190,370 registered refugees and 

asylum claimants in the country 

( U N H C R  M a l a y s i a ,  2 0 2 4 ) ,  t h e 

majority being Myanmar refugees 

(n =  109,650), with the remaining 

from Afghanistan, Iraq, Pakistan, 

Palestine Somalia, Sri Lanka, Syria, 

and Yemen. 

T h i s  s t u d y  d e t e r m i n e d 
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According to a previous study 

(Anuar et al, 2016), the prevalence 

of microsporidia among children in 

Malaysia was 27.1%.  When allowing 

10% sampling error (e = 0.1), the 

minimum sample size of N = 76.  

However, to reduce any potential 

of  non-response and incomplete 

samples, the final target sample size 

was increased by 20% above the 

minimum calculated sample size, thus 

a total of 91 stool samples was needed 

and collected for subsequent analysis 

a t  the  Paras i to logy Laboratory , 

Faculty of  Medicine and Health 

Science, Universiti Putra Malaysia.

microsporidia prevalence in refugee 

school children and identified the 

infecting species using a molecular 

approach to establish baseline data 

for further epidemiological research 

among marginalized populations in 

Malaysia.

MATERIALS AND METHODS

Study design,  location and test 
population

T h i s  c r o s s - s e c t i o n a l  s t u d y 

was conducted  in  five  d ifferent 

districts in the State of Selangor, 
Malaysia from February 2023 to 
June 2024.   The test  populat ion 
c o m p r i s e d  r a n d o m l y  r e c r u i t e d 
refugee children, 3-17 years of age, 
attending refugee schools located in 
the five abovementioned districts 
in Selangor.

Sample collection

The minimum sample size (N) 
was calculated using the following 
equation (Lwanga and Lemeshow, 
1991):

N = Z2p(1-p)/e2] 

Where		 Z	 =	 the value for a 95% confidence interval which is 1.96

		  p	 =	 prevalence of microsporidia

		  e 	 =	 sampling error
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Identificat ion of  microsporidia 
species by multiplex PCR

D N A  w a s  e x t r a c t e d  f r o m 

the  fecal  mater ia l  (200 g)  using 

t h e  N u c l e o S p i n ®  D N A  S t o o l 

k i t  ( M a c h e r e y - N a g e l  G m b H , 

D u r e n ,  G e r m a n y )  a c c o r d i n g  t o 

the manufacturer’s  instructions.  

DNA was collected in 50 µl of the 

elution buffer and stored at -30 oC 

until  used.

Multiplex PCR was conducted 

u s i n g  p r i m e r s  s p e c i fi c  t o  t h e 

ribosome small subunit (SSU) rDNA 

rDNA) of Ent. bieneusi  [EBIEF1 (5’ 

G A A A C T T G T C C A C T C C T TA C G 

3 ’ )  a n d  E B I E R 1  ( 5 ’ 

C C AT G C A C C A C T C C T G C C AT T 

3’)] and Enc. intestinalis  [SINTF (5’ 

TTT CGAGTGTAAAGGAGTCGA 

3 ’ )  a n d  S I N T R  ( 5 ’ 

C C G T C C T C G T T C T C C T G C C C G 

3’)]  (Franzen and Muller ,  2001) .  

P C R  a s s a y  wa s  p e r f o r m e d  i n  a 

15-µl reaction mixture containing 

7.5 µl of 2×Rapid Taq Master Mix 

( Va z y m e  B i o t e c h ,  N a n j i n g ,  P R 

C h i n a ) ,  4 . 3  µ l  o f  n u c l e a s e - f r e e 

w a t e r ,  0 . 3  µ l  e a c h  o f  t h e  t w o 

p r i m e r s  f o r  E n t .  b i e n e u s i  a n d 

E n c .  i n t e s t i n a l i s ,  a n d  1 . 5  µ l  o f 

D N A  t e m p l a t e .   A m p l i fi c a t i o n 

was performed using a MyCycler 

thermal cycler (Bio-Rad, Hercules, 

CA) as follows: 94 oC for 5 minutes; 

35 cycles of 94 oC for 30 seconds, 

58 oC for 30 seconds and 72 oC for 

90 seconds;  with  a  final  s tep of 

72 oC for 10 minutes.   Amplicons 

(607 and 560 bp for Ent. bieneusi 

and Enc. intestinalis  respectively) 

were separated by 1.7% agarose 

gel-electrophoresis at 100 V for 45 

minutes ,  s tained with FloroSafe 

DNA dye  (S ta in  Axi l  Sc ient ific , 

W o o d l a n d s ,  S i n g a p o r e )  a n d 

visualized under UV illumination.  

PCR amplifications were performed 

in parallel  with positive controls, 

Ent .  b i eneus i  (Matr ioux  Sc ience 

L a b ,  S e l a n g o r ,  M a l a y s i a )  a n d 

E n c .  i n t e s t i n a l i s  AT C C  5 0 6 5 1 .  

G e l  e x t r a c t e d  a m p l i c o n s  w e r e 

d i r e c t l y  s e q u e n c e d  ( 1 s t  B a s e 

S e q u e n c i n g ;  A p i c a l  S c i e n t i fi c , 

Selangor, Malaysia) and submitted 

to GenBank, Ent. bieneusi accession 

nos. E.B PQ285199- E.B PQ285203 

and Enc. intestinalis  accession nos. 

E.I PQ285204 and E.I PQ285206. 
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Phylogenetic analysis

Nucleotide sequences obtained 

in the present study and reference 

s e q u e n c e s  d o w n l o a d e d  f r o m 

G e n B a n k ,  N a t i o n a l  C e n t e r  f o r 

Biotechnology Information (NCBI), 

w e r e  a l i g n e d  w i t h  e a c h  o t h e r 

using the Clustal X 2.0 program as 

implemented in MEGA 11 (Tamura 

e t  a l ,  2 0 2 1 )  t o  d e t e r m i n e  t h e 

genotypes.  Phylogenetic analysis 

w a s  p e r f o r m e d  u s i n g  M E G A 

software version 11 (Tamura et al, 

2021).   The maximum likelihood 

method was based on the Hasegawa 

( K i s h i n o  a n d  H a s e g a wa ,  1 9 8 9 ) 

with bootstrap sampling at 1,000 

replicates (Soltis and Soltis, 2003).  

The available reference sequences 

(RefSeq) for Ent. bieneusi and Enc. 

in tes t ina l i s  were  re tr ieved f rom 

GenBank and used as controls. 

Statistical analysis

Descriptive analysis (frequency 

a n d  p e r c e n t a g e )  w a s  u s e d  t o 

determine the occurrence of Ent. 

bieneusi  and Enc. intestinalis  and 

t h e  s o c i o - d e m o g r a p h i c  f a c t o r s , 

while Fisher’s Exact test was used 

to identify the association between 
the two Microsporidia spp and socio-
demographic factors.   A p-value 
<0 .05  i s  cons idered  s ign ificant .  
Statistical analysis was performed 
using the Statistical  Package for 
the Social Sciences (SPSS) software 
version 29.0 for Microsoft Windows 
(IBM Corporation, Armonk, NY).

Ethical considerations

Ethical approval for the study 
p r o t o c o l  w a s  o b t a i n e d  f r o m 
t h e  M e d i c a l  E t h i c s  C o m m i tt e e 
o f  U n i v e r s i t i  P u t r a  M a l a y s i a 
( JKEUPM.2021.442).  Prior written 
consent  was  obta ined  f rom the 
parent/legal guardian of each child 
participant.

RESULTS

Prevalence of Ent.  bieneusi  and 
Enc. intestinalis  using multiplex 
PCR detection method

Of the 91 stool samples examined 
in this study, microsporidia were 
detected using multiplex PCR in 22 
(24%) samples, with 18 (20%) and 2 
(2%) infections of Ent. bieneusi and 
Enc. intestinalis  respectively, and 
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2 (2%) infections of both species 
(Table 1). Al-Islamiyah Alternative 
Learning Centre, Kajang had the 
highest microsporidia prevalence 
(27%), followed by REC Puchong, 
REC Gombak, Refugees Jenjarom, 
a n d  R I S E  K a j a n g  ( 1 4 - 1 8 %  e a c h 
school) (Table 1).  The two cases 
with mixed infection were confined 
to REC Klang and REC Gombak. 

A s s o c i a t i o n  a m o n g  s o c i o -
demographic characteristics with 
microsporidia species

Of the  Ent .  b i eneus i -pos i t ive 
children, there was nearly an equal 
distribution between the sexes, and 
those of 7-12 and 13-17 years of age 
had a higher prevalence (15% and 
38% respectively) compared to the 
younger age group (10%) (Table 2).  
The majority of infected children 
had working parents (19%), with 
families of 2-5 other members (20%) 
and lived in flats/apartments (21%) 
than in low-cost  terrace houses.  
No associat ions  of  Ent .  b i eneus i 
infection in children were discerned 
a m o n g  t h e  s o c i o d e m o g r a p h i c 
characteristics. 

O f  Ent .  in t e s t ina l i s - p o s i t i v e 

chi ldren (n =  2 ) ,  one was a  boy 
and the  other  a  gir l ,  one in  0-6 
years and the other in the 13-17 
years of age group; one each had a 
working and non-working parent, 
both with a family of  two other 
members;  and one each l ived in 
a flat /apartment  and a  low-cost 
terrace house (Table 2).  Given the 
small number of samples, it was not 
possible to calculate the statistical 
association of infection with the 
socio-demographic characteristics.

Apart  f rom that ,  there  were 
mixed infection of both species in 
2 samples of refugee children from 
REC Klang and REC Gombak.  Both 
samples were taken from the girls 
aged between 13 to 17 years old; had 
a working parent with a family of 
two and three to five members and 
lived in low-cost terrace (Table 2).   
N o  a s s o c i a t i o n s  o f  m i x e d 
infect ion in  chi ldren with  their 
sociodemographic characteristics. 

Phylogenetic relationships 

Phylogenet i c  ana lys i s  based 
on  SSU rDNA sequence  o f  Ent . 
b i e n e u s i  s a m p l e s  f r o m  r e f u g e e 
school children revealed that the 
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isolates were grouped in one cluster 

(similarity of 92-93%), and shared 

s i m i l a r i t y  w i t h  e n v i r o n m e n t a l , 

a n i m a l  a n d  h u m a n  r e f e r e n c e 

samples deposited in Genbank of 

63% (Fig  1A) ,  60% (Fig  1B)  and 

61% (Fig 1C), respectively.  It  is 

worth noting that the sequences 

from the refugee school children 

revealed 87% similarity to that of 

a  re ference  sequence  (GenBank 

accession no. E.B MH027470.1) from 

immunocompromised patients in 

Kuala Lumpur (Fig 1C).

Similar phylogenetic analysis 

of  Enc.  intest inalis  samples from 

refugee school children showed a 

single cluster (similarity of 83-88%) 

that shared a weak similarity of 

38% with a reference sample from 

patient(s) with chronic diarrhea in 

Pakistan (GenBank accession no. E.I 

JF932507.1) (Fig 2). 

The sequence analysis part in 

this study used a strategic selection 

method aimed at schools with the 

h i g h e s t  a n d  m o d e r a t e  r a t e s  o f 

positive microsporidiosis.  Financial 

constraints led us to continue with 

genetic characterization of seven 

representat ive  posi t ive  samples 

which is five for Ent. bieneusi and 

two for Enc.  intestinalis  isolates.  

Working under budgetary limits, 

this subset was meticulously selected 

to reflect genetic diversity across 

t h e  m o s t  i m p a c t e d  e d u c a t i o n a l 

refugee schools.

DISCUSSION

Parasitic infections persist as a 

public health concern, particularly 

i n  i m p o ve r i s h e d  c o m m u n i t i e s .  

The prevalence of these infections 

var ies  depending  on  the  targe t 

population, being higher in rural 

communities with poor hygienic 

prac t i ces  (Sah imin  e t  a l ,  2024 ) .  

M i c r o s p o r i d i o s i s  i s  c o m m o n l y 

de tec ted  in  immunosuppressed 

patients (Yusoff et al, 2021) but has 

been reported in immunocompetent 

individuals  (Croppo  e t  a l ,  1991; 

Abreu-Acosta et al, 2005; Sak et al, 

2011).  Microsporidia are ubiquitous 

in soil, environmental water sources 

and domestic  and wild animals.  

The spores  are  microscopic  and 

r e s i s t a n t  t o  c h l o r i n a t e d  wa t e r , 

a n d  c a n  e va d e  wa t e r  fi l t e r i n g 
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Fig 1 - Phylogenetic tree of Enterocytozoon bieneusi isolates from this study and 
from environmental samples (A), animals (B) and humans (C) deposited 
in GenBank
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Fig 1 - (cont)

Note: The tree was constructed based on the Maximum Likelihood test and 
Kishino-Hasegawa model using MEGA10 software with 1,000 bootstrap 
replicates.  Values >70% indicate high confidence level (Karimi et al, 2020).

The dash box in Figs 1(A), 1(B) and 1(C) showed Enterocytozoon bieneusi 
found in the refugee school children were grouped in its own cluster and 
shared similarity with environmental, animal and human reference samples 
deposited in Genbank while the black arrow in Fig 1(C) indicates the shared 
similarity of 87% between the cluster of Ent. bieneusi in the refugee school 
children and immunocompromised patient in Kuala Lumpur (KL).

The scale bar index indicates a genetic distance of 0.20 substitutions per 
nucleotide position.
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Fig 2 - Phylogenetic tree of Encephalitozoon intestinalis isolates from this study and 
from humans and animals deposited in Genbank

Note: The tree was constructed based on the Maximum Likelihood test and 
Kishino-Hasegawa model using MEGA10 software with 1,000 bootstrap 
replicates. Values >70% indicate high confidence level (Karimi et al, 2020).

The scale bar index indicates a genetic distance of 0.20 substitutions per 
nucleotide position.

s y s t e m s .   T r a n s m i s s i o n  c a n  b e 

water-borne, food-borne, zoonotic, 

and anthroponotic (Mathis  et  al , 

2005; Li et al, 2012).  Determination 

o f  r i s k  f a c t o r s  a n d  u n d e r l y i n g 

causes of infection in the general 

population is challenging because 

the prevalence data are restricted to 

specific risk-prone groups. 

A s  a  s t a t e l e s s  p o p u l a t i o n , 

refugee chi ldren are  vulnerable 

to any infections due to a lack of 

legal recognition and rights, low 

soc ioeconomic  s ta tus ,  language 

barr iers ,  and inadequate  heal th 

knowledge, thus hindering them 

from access to healthcare services 

( C h u a h  e t  a l ,  2 0 1 8 ;  A l a r i b i  e t 
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a l ,  2 0 2 0 ) .   M o r e o ve r ,  M a l a y s i a 
lacks  a  legal  framework for  the 
registration,  documentation and 
acknowledgment of refugee rights.  
Furthermore,  the country is  not 
an affiliate of the 1951 Convention 
on the Status of Refugees and the 
1 9 6 7  P r o t o c o l ,  a n d  a s  a  r e s u l t , 
does not prioritize the protection 
of  refugees’  essential  needs and 
f u n d a m e n t a l  r i g h t s  ( H a n a p i  e t 
al ,  2024).   Hence, this study was 
conducted to obtain baseline data 
for supporting government health 
policies of refugees’ healthcare and 
for  rais ing publ ic  awareness  on 
their health situation, particularly 
of parasitic infections. 

O u r  s t u d y ,  t h e  fi r s t  u s i n g 
m o l e c u l a r  t e c h n i q u e s ,  s h o we d 
that  microsporidiosis  in refugee 
c h i l d r e n  wa s  h i g h  ( 2 5 % ) ,  w i t h 
Ent.  bieneusi  as the predominant 
spec ies  (78%) .   Our  resu l t s  a re 
i n  a g r e e m e n t  w i t h  p r e v i o u s 
s t u d i e s  o n  m i c r o s p o r i d i o s i s  i n 
children detected via microscopic 
observation, which ranges 1.3-27.1% 
(Tumwine  et al ,  2002; Leelayoova 
et al ,  2005; Norhayati  et al ,  2007; 
Zhang et al, 2011; Anuar et al, 2016).

T h e  p r e v a l e n c e  o f 
microsporidiosis in humans can be 
influenced by a variety of factors, 
such as sanitation,  consumption 
of contaminated water, interaction 
with zoonotic hosts, and immune 
status (Wang et al, 2018).  A meta-
ana lys i s  conducted  by  Wang  e t 
a l  ( 2 0 2 4 )  r e p o r t e d  t h a t  g l o b a l 
human microsporidios is  caused 
by Ent. bieneusi may be related to 
human proximity  to  the  animal 
environment and communities in 
rural areas are highly susceptible to 
contracting Ent. bieneusi because of 
their poor living conditions and lack 
of good hygiene practices.  These 
are comparable circumstances in 
refugee communities, despite being 
located in urban settings. 

The findings from our study 
showed that children older than 
1 3  ye a r s  o f  a g e  h a ve  a  h i g h e r 
prevalence of Ent. bieneusi infection 
than younger  chi ldren.   I t  i s  in 
l i n e  w i t h  a  p r e v i o u s  s t u d y  i n 
Pahang, Malaysia, which reported 
that Orang Asli children above 15 
years of age have a higher chance 
of  contrac t ing  microspor idios is 
compared to the younger group 
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(Anuar  e t  a l ,  2013) .   This  could 

be explained based on the age of 

development, which involves more 

independent and vigorous lifestyle 

ac t iv i t ies  o f  o lder  compared to 

younger  chi ldren.   In  addi t ion , 

m i c r o s p o r i d i a  s p o r e  s h e d d i n g 

may also occur more readily in the 

lower age group (Anuar et al, 2013).  

Moreover, the density of the refugee 

populat ion is  high in the urban 

areas, particularly in Klang Valley, 

Selangor where they reside in flats/

apartments, the majority of whom 

share with multiple families, which 

results in a congested environment, 

a situation conducive to the rapid 

transmission of disease (Hanapi et 

al, 2024).

T h e  S S U - r D N A  s e q u e n c e 

serves as a sensitive tool for the 

i d e n t i fi c a t i o n  o f  m i c r o s p o r i d i a 

species, owing to its species-specific 

characterist ics ,  al though it  does 

n o t  o ff e r  a s  m u c h  i n s i g h t  i n t o 

sequence variations compared to 

the ITS region (Coyle  et al ,  1996; 

Notermans  e t  a l ,  2005;  Hu  e t  a l , 

2017).  This technique allowed the 

detection of two refugee children 

w i t h  E n c .  i n t e s t i n a l i s  i n f e c t i o n 

that is rarely reported in previous 

studies in Malaysia (Hassan  et al, 

2018).   Enc.  intestinalis  has been 

o c c a s i o n a l l y  d e t e c t e d  g l o b a l l y 

among both immunocompromised 

and immunocompetent  pat ients 

in Iran (Karimi  et  al ,  2020),  HIV 

p a t i e n t s  u n d e r g o i n g  H A A R T 

therapy in  Spain  (Chozas  e t  a l , 

2023)  and diarrhea l  pat ients  in 

Korea (Kim et al, 2015).  However, 

there are insufficient data to explain 

the low E. intestinalis prevalence in 

humans ( Joseph et al, 2005). 

Phylogenet ic  analys is  of  the 

SSU rDNA sequence of Ent. bieneusi 

and Enc. intestinalis samples from 

r e f u g e e  c h i l d r e n  i n  d i ff e r e n t 

school locations revealed the two 

microsporidia species each formed 

a single cluster,  the former with  

~ 60% similarity to global reference 

i s o l a t e s  f r o m  h u m a n s ,  a n i m a l s 

and the  environment  deposi ted 

in GenBank.  Of note, E. bieneusi 

samples of refugee children had 87% 

similarity with a reference sequence 

from immunocompromised patients 

in Kuala Lumpur.  Certain genotypes 
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of Ent. bieneusi and Enc. intestinalis 

have been suspected to infect only 

humans, whereas other potentially 

zoonotic genotypes are found in 

both humans and animals (Mathis 

et al, 2005; Ruan et al, 2021). 

I n  c o n c l u s i o n ,  t h i s  s t u d y 

revealed a significant prevalence 

o f  m i c r o s p o r i d i a  a m o n g  t h e 

marginalized community, with Ent. 

bieneusi being the highest reported 

species  among them.   I t  i s  a lso 

interesting to note that the infected 

children remained asymptomatic 

despite harboring microsporidia.  

The findings also confirmed the 

occurrence of mixed infection by 

both of the species.  Information 

concerning this  infection among 

refugee children is  st i l l  l imited.  

Baseline data and further molecular 

epidemiological studies are crucial 

to addressing the gaps of knowledge 

i n  i d e n t i f y i n g  s i g n i fi c a n t  a n d 

relevant causes and risk factors of 

microsporidiosis in refugee children 

and adults.  Future studies should 

utilize next-generation sequencing 

techniques to provide insight into 

t h e  va r i o u s  g e n e t i c  va r i a t i o n s 

present in Ent.  bieneusi  and Enc. 

intestinalis in risk populations.  The 

data will enable an understanding 

of the relationships among strains 

of both species, their adaptations, 

ce l lu lar  metabol i sms,  v i rulence 

a n d  t r a n s m i s s i o n  c a p a b i l i t i e s .  

In  addit ion,  cooperat ion among 

s t a k e h o l d e r s ,  s u c h  a s  n o n -

governmental  organizations and 

government agencies, is needed to 

harmonize programs designed to 

improve the health and well-being 

of marginalized communities.
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