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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.
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INTRODUCTION

Microsporidia is a class of
obligate intracellular parasites
that has a resemblance to the
fungi kingdom, although the
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
diarrhea, malabsorption and a
series of disseminated diseases in
patients with immunocompromised
status (Han et al, 2021). However,
individuals with normal immune
system usually present self-limiting
diarrhea (Franzen and Muller,
2001).

More than 1,400 microsporidia
species belonging to 200 genera with

invertebrates as hosts and capable of
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infecting various vertebrates have
been reported (Ruan et al, 2021; CDC,
2019). However, approximately 17
microsporidia species have been
identified to target humans as
their primary host (Yusoff et al,
2021). The classical classification
of microsporidia is based on
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
subunit (SSU) rDNA sequences
or internal transcribed sequences
(ITS) has enabled microsporidia to
be assigned to specific genera as
well as distinguished at the species
level (Matos et al, 2012). The
most common species associated
with microsporidiosis in humans
is Enterocytozoon bieneusi and to

a lesser extent Encephalitozoon
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intestinalis (Yusoff et al, 2021; CDC,
2019).

Currently, more than 500
genotypes of Ent. bieneusi have been
reported based on ITS nucleotide
sequences and are further classified
into 11 total groups, Groups
1-11 (Qin et al, 2022). These Ent.
bieneusi Groups are found in human
microsporidiosis and in a broad
spectrum of domestic and wild
animals worldwide, such as poultry,
ruminants, non-human primates,
and birds (Anuar et al, 2013; Qin
et al, 2022). The abundance of
animals that act as reservoir host
of E. bieneusi can help explain it
being the primary etiology of
human microsporidiosis especially
in people residing in poor hygienic
environments.

In Malaysia, microsporidiosis is
limited to sporadic cases reported
in hospitalized patients, HIV-
infected patients and aboriginal
communities in Pahang (Shehab et
al, 2021). There have been limited
studies of microsporidiosis in
these marginalized Malaysian

communities despite their
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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
communities consist of Orang
Asli communities, HIV-affected
individuals, asylum seekers,
refugees, and other similar groups
who need special support and
protection. As of June 2024, there
are 190,370 registered refugees and
asylum claimants in the country
(UNHCR Malaysia, 2024), the
majority being Myanmar refugees
(n = 109,650), with the remaining
from Afghanistan, Iraq, Pakistan,
Palestine Somalia, Sri Lanka, Syria,
and Yemen.

This study determined

705



SouTHEAST AsiaN ] Tror MED PusLic HEALTH

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

This cross-sectional study

was conducted in five different

districts in the State of Selangor,
Malaysia from February 2023 to
June 2024.

comprised randomly recruited

The test population

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 = Z’p(1-p)/e’]

Where Z =

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
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the value for a 95% confidence interval which is 1.96
prevalence of microsporidia

sampling error

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
at the Parasitology Laboratory,
Faculty of Medicine and Health

Science, Universiti Putra Malaysia.
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Identification of microsporidia

species by multiplex PCR

DNA was extracted from
the fecal material (200 g) using
the NucleoSpin® DNA Stool
kit (Macherey-Nagel GmbH,
Duren, Germany) according to
the manufacturer’s instructions.
DNA was collected in 50 ul of the
elution buffer and stored at -30 °C

until used.

Multiplex PCR was conducted
using primers specific to the
ribosome small subunit (SSU) rDNA
rDNA) of Ent. bieneusi [EBIEF1 (5’
GAAACTTGTCCACTCCTTACG
3’) and EBIER1 (57
CCATGCACCACTCCTGCCATT
37)] and Enc. intestinalis [SINTF (5’
TTT CGAGTGTAAAGGAGTCGA
37) and SINTR (57
CCGTCCTCGTTCTCCTGCCCG
3’)] (Franzen and Muller, 2001).
PCR assay was performed in a
15-ul reaction mixture containing
7.5 pul of 2xRapid Taq Master Mix
(Vazyme Biotech, Nanjing, PR
China), 4.3 pl of nuclease-free
water, 0.3 pnl each of the two

primers for Ent. bieneusi and

Vol 56 No.6 November 2025

Enc. intestinalis, and 1.5 pl of
DNA template. Amplification
was performed using a MyCycler
thermal cycler (Bio-Rad, Hercules,
CA) as follows: 94 °C for 5 minutes;
35 cycles of 94 °C for 30 seconds,
58 °C for 30 seconds and 72 °C for
90 seconds; with a final step of
72 °C 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, stained with FloroSafe
DNA dye (Stain Axil Scientific,
Woodlands, Singapore) and
visualized under UV illumination.
PCR amplifications were performed
in parallel with positive controls,
Ent. bieneusi (Matrioux Science
Lab, Selangor, Malaysia) and
Enc. intestinalis ATCC 50651.
Gel extracted amplicons were
directly sequenced (1st Base
Sequencing; Apical Scientific,
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
sequences downloaded from
GenBank, National Center for
Biotechnology Information (NCBI),
were aligned with each other
using the Clustal X 2.0 program as
implemented in MEGA 11 (Tamura
et al, 2021) to determine the
genotypes. Phylogenetic analysis
was performed using MEGA
software version 11 (Tamura et al,
2021). The maximum likelihood
method was based on the Hasegawa
(Kishino and Hasegawa, 1989)
with bootstrap sampling at 1,000
replicates (Soltis and Soltis, 2003).
The available reference sequences
(RefSeq) for Ent. bieneusi and Enc.
intestinalis were retrieved from

GenBank and used as controls.

Statistical analysis

Descriptive analysis (frequency
and percentage) was used to
determine the occurrence of Ent.
bieneusi and Enc. intestinalis and
the socio-demographic factors,

while Fisher’s Exact test was used

708

to identify the association between
the two Microsporidia spp and socio-
demographic factors. A p-value
<0.05 is considered significant.
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
protocol was obtained from
the Medical Ethics Committee
of Universiti Putra Malaysia
(JKEUPM.2021.442). Prior written
consent was obtained from 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,
and RISE Kajang (14-18% each
school) (Table 1). The two cases
with mixed infection were confined

to REC Klang and REC Gombak.

Association among socio-
demographic characteristics with

microsporidia species

Of the Ent. bieneusi-positive
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 associations of Ent. bieneusi
infection in children were discerned
among the sociodemographic

characteristics.

Of Ent. intestinalis-positive

Vol 56 No.6 November 2025

children (n = 2), one was a boy
and the other a girl, 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 lived 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 from 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).
No associations of mixed
infection in children with their

sociodemographic characteristics.

Phylogenetic relationships

Phylogenetic analysis based
on SSU rDNA sequence of Ent.
bieneusi samples from refugee

school children revealed that the

709



uorjdear ureyd aserawijod YD J

SouTHEAST AsiaN ] Tror MED PusLic HEALTH

(2) ¢ (2) ¢ (02) 81 (¥2) ¢ 16 [eloL
Sueley ‘vonyeonpy
0o 0o F1) € (1) ¢ 1T S[IPIS [eN303[[93U] S993NnJay
Sueley “1ojua)) Jururea
0o 0o (98) 9 (98) 9 L 9AIRUINY YeATWE[S[-[Y
00 00 (€9) ¢ (€9) ¢ 9 wore(ua[ ‘Tooyds saadnyay
Suoyong
0o 91 02) v (52) S 0¢ ‘Uspien) uonednpy s9a3NJaY
Nequiod (DY)
91 91 (1) ¢ (T0) ¥ 81 913U UoedINpyH S3NJY
Suepy “(OAN)
91 00 o1 (1) ¢ 61 213Ud)) UoIEdNpPY $993NJY
(%) u (%) u
S1pu13sajul oug (%) u (%) u ADd 4q
pue S1]puU13Sajul 1SMauaiq erprrodsordrur (1)) sojdures jo
1snauarq ‘jug 100z0711vYydaoug 100z01h2049jUug  SATISO] Isqunu [ejo], [ooyds aa3nJay

ersAe[eA “103Ue[ag ‘UAIP[IYD [00YdS 998NJa1 Juowre s1pu1)sajul 1U00z031]pydadug pue 1Snaualq uoozojhaoiajug

[ °[qeL

Vol 56 No.6 November 2025

710



MICROSPORIDIA IN REFUGEE ScHOOL CHILDREN

0o @1 (109 (19) 8¢ ON
(k4 @1 (61) 2t (69) €9 SOk
SIoM
8¢0'l 0910 000'T 9920 000'T  10T°0 Jajout 10 Jayreq
@®c ® 1 826  (90)¥¢ sTed4 £T-€T
(00 (00 €Dz (€9 sy STedk T1-
00 ©1 oDz (19er sTe94 90
a80'0  0¥8'9 1¢¢0 Tl6C 9¢0°0  ¢¥8'9 ady
(¥) ¢ @1 (€8 (69 ¥S o[ewa]
(0) 0 ©1 oot (v Le S[eN
68T°0  9€0C 000°'T €200 @810 1€0C X3S
159} 159} 159}
10ex? (%) u 10ex? (%) u 1oexd (%) u
anea-d s aaysy] Aouanbaig onyea-d saoysyy Aouanbaig onfea-d s taysyy Aouanbaig
(sypuysagur oug
pue 1snauaiq ‘Ju7) aanisod aansod (%) u RJIIREIRIER IV o)
UOTO_JUL PIXIIA S1pu13saju1 1100zojpydaouy 1snaualq uoozojAzosaug  Aousnbary oryderSowsp-onog

ersAe[ejA “103Ue[ag ‘SUOTIODJUL S1]pU11SIJUl U00Z0F1]vydaou]
pue 1snauaiq u00zo3fo042jug YIM (16 = N) UIP[IYd [00yds aa3njar jo sonstajoereyd dryderSowap-omog

¢ °lqeL

711

Vol 56 No.6 November 2025



SouTHEAST AsiaN ] Tror MED PusLic HEALTH

(6) T ®1 (D% (90 €z 90eL19} 3500-MO]
0o (D1 (10 ¥1  (62)89  yusuntede/rer]
¥20'T 0980 9¥0  L¥0€E 9180  S¥90 UOIEPOUILIONDY
0)0 00 (L9) ¢ )¢ o<
©1 0)0 (002  (8¢) s¢ G-¢
@1 ®<c 0001 1000 (D6 (89 ¢S z
0160 0100 8190 T8I'T sroquIow AJrure;
1591 1591 1591
Joexa (%) u Joexa (%) u Jo0exa (%) u
anjea-d s ayst] Adouenbaxganjea-d soysty Adouenbaxg anjea-d soysty Aouenbaig
(sypurpsaqur -oug
pue 1snauaiq ‘Jjuy) aanrsod aanrsod (%) u dnsLRIeYD

UOTOdJUT PIXIIA

S1pU13SaIUL U00Z0J1 Y daouT

1S12U31q U00Z0JA2042)U]

Auanbary onyder3owsp-onog

(uo) 7 a1qer

Vol 56 No.6 November 2025

712



MICROSPORIDIA IN REFUGEE ScHOOL CHILDREN

isolates were grouped in one cluster
(similarity of 92-93%), and shared
similarity with environmental,
animal and human reference
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 reference sequence (GenBank
accession no. E.B MH027470.1) from
immunocompromised patients in

Kuala Lumpur (Fig 1C).

Similar phylogenetic analysis
of Enc. intestinalis 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
highest and moderate rates of
positive microsporidiosis. Financial
constraints led us to continue with

genetic characterization of seven

Vol 56 No.6 November 2025

representative positive 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
the most impacted educational

refugee schools.

DISCUSSION

Parasitic infections persist as a
public health concern, particularly
in impoverished communities.
The prevalence of these infections
varies depending on the target
population, being higher in rural
communities with poor hygienic
practices (Sahimin et al, 2024).
Microsporidiosis is commonly
detected in immunosuppressed
patients (Yusoff et al, 2021) but has
been reported in immunocompetent
individuals (Croppo et al, 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
resistant to chlorinated water,

and can evade water filtering
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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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E.B JX994272.1 Human children China

E.B MN845068.1 Children in Mozambique

E.B JX914568.1 Children rural in Thailand

E.B MZ576260.1 Children in Egypt

E.B MW043482.1 Calves and Children Bangladesh
E.B ON420777.1 Children in Egypt

E.B EU140500.1 immunocompetent in USA

E.B 0Q267691.1 Rural Children Ecuardo

E.B MN136778.1 Children in China

E.B AF502396.1 Chidlren Diarrhoea in Uganda

E.B ON167517.1 Children in Spain

E.B KM272396.1 Human children in China

E.B MK982508.1 Children Bangladesh

E.B MK982521.1 Human in Myanmar

E.B MH027470.1 Immunocompromised Patient in KL s

E.BPQ285202 Refugees Children Gombak

E.BPQ285199 Refugees Children Intellectual Skills Kajang
E.B PQ285203 Refugees Children Madrasah Jenj

E.B PQ285201 Refugees Children Puchong

- -

GT067798.1 Nosema bombycis

-

4

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 ef 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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44%

ol

43%

45%
42%

0.20

E.| ON182064.1 Renal transplant recipients Turkey

E.| KX685190.1 Children with cancer undergoing Chemotheraphy in Iran
E.| MN263042.1 Cat in Iran

E.| KP735195.1 Immunocompromised patients in Iran

E.| KY859506.1 immuncomdeficient patients in Iran

E.| KY859499.1 Immunodeficient patients in Iran

E.| 0Q786826.1 HIV patients in Iran

E.B MG570080.1 Domestic cats in Turkey

E.| JF932507.1 Chronic Diarrhoea Pakistan

E.| 0Q077202.1 HIV patients in Spain
E.l KM058743.1 Humans in Poland
E.IMN454322.1 Cats in Iran

GT067798.1 Nosema bombycis

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.

systems. Transmission can be
water-borne, food-borne, zoonotic,
and anthroponotic (Mathis et al,
2005; Li et al, 2012). Determination
of risk factors and underlying
causes of infection in the general
population is challenging because
the prevalence data are restricted to

specific risk-prone groups.
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As a stateless population,
refugee children are vulnerable
to any infections due to a lack of
legal recognition and rights, low
socioeconomic status, language
barriers, and inadequate health
knowledge, thus hindering them
from access to healthcare services
(Chuah et al, 2018; Alaribi et
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al, 2020).

lacks a legal framework for the

Moreover, Malaysia

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
1967 Protocol, and as a result,
does not prioritize the protection
of refugees’ essential needs and
fundamental rights (Hanapi et
al, 2024). Hence, this study was
conducted to obtain baseline data
for supporting government health
policies of refugees’ healthcare and
for raising public awareness on
their health situation, particularly

of parasitic infections.

Our study, the first using
molecular techniques, showed
that microsporidiosis in refugee
children was high (25%), with
Ent. bieneusi as the predominant
species (78%). Our results are
in agreement with previous
studies on microsporidiosis in
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).

Vol 56 No.6 November 2025

The

microsporidiosis in humans can be

prevalence of

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-
analysis conducted by Wang et
al (2024) reported that global
human microsporidiosis 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
13 years of age have a higher
prevalence of Ent. bieneusi infection
than younger children. It is in
line with a previous study in
Pahang, Malaysia, which reported
that Orang Asli children above 15
years of age have a higher chance

of contracting microsporidiosis

compared to the younger group
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(Anuar et al, 2013). This could
be explained based on the age of
development, which involves more
independent and vigorous lifestyle
activities of older compared to
younger children. In addition,
microsporidia spore shedding
may also occur more readily in the
lower age group (Anuar et al, 2013).
Moreover, the density of the refugee
population 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).

The SSU-rDNA sequence
serves as a sensitive tool for the
identification of microsporidia
species, owing to its species-specific
characteristics, although it does
not offer as much insight into
sequence variations compared to
the ITS region (Coyle et al, 1996;
Notermans et al, 2005; Hu et al,
2017). This technique allowed the

detection of two refugee children
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with Enc. intestinalis infection
that is rarely reported in previous
studies in Malaysia (Hassan et al,
2018). Enc. intestinalis has been
occasionally detected globally
among both immunocompromised
and immunocompetent patients
in Iran (Karimi et al, 2020), HIV
patients undergoing HAART
therapy in Spain (Chozas et al,
2023) and diarrheal patients in
Korea (Kim et al, 2015). However,
there are insufficient data to explain
the low E. intestinalis prevalence in

humans (Joseph et al, 2005).

Phylogenetic analysis of the
SSU rDNA sequence of Ent. bieneusi
and Enc. intestinalis samples from
refugee children in different
school locations revealed the two
microsporidia species each formed
a single cluster, the former with
~ 60% similarity to global reference
isolates from humans, animals
and the environment deposited
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).

In conclusion, this study
revealed a significant prevalence
of microsporidia among the
marginalized community, with Ent.
bieneusi being the highest reported
species among them. It is also
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 still limited.
Baseline data and further molecular
epidemiological studies are crucial
to addressing the gaps of knowledge
in identifying significant and
relevant causes and risk factors of
microsporidiosis in refugee children
and adults. Future studies should
utilize next-generation sequencing
techniques to provide insight into

the various genetic variations

Vol 56 No.6 November 2025

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,
cellular metabolisms, virulence
and transmission capabilities.
In addition, cooperation among
stakeholders, such as non-
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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