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ABSTRACT

The purpose of this study is to review the literature on microsporidiosis in various high-risk groups among the Malaysian
population, i.e., HIV/AIDS, cancer, hospitalised patients and Orang Asli, and to update information with regards to
microsporidia prevalence, diagnosis and association of the disease with gastrointestinal symptoms in Malaysia.
Hospitalised patients showed the highest prevalence (28.3%) of microsporidiosis compared to other risk groups. This
review did not find any direct correlations between gastrointestinal symptoms and microsporidiosis. Since
microsporidiosis is an emerging threat to the high-risk groups, greater awareness should be instilled among clinicians to
consider microsporidiosis in their differential diagnosis if no other causes can be defined.
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INTRODUCTION

Microsporidia from phylum Microspora, grouped
under the taxonomy of protozoa, consist of more
than 140 genera, and 1200 species, and are known
to infect a broad range of vertebrates and
invertebrates'® 24, Microsporidia were discovered
in the last century when the destructive pebrine
disease in Bombyx mori was caused by Nosema
bombycis. However, Microsporidium was only
identified to have caused human infection when it
was discovered to have infected members of every
animal phylum in the last decade?3.

Microsporidia are obligate intracellular parasites,
spore-forming protist with no active metabolic
stages. They are protected only by walls of protein
(exospore), and chitin (endospore) outside of the
host cell'® 23, The spores of microsporidia are
similar to bacterial spores, which make them
resistant and able to survive for long periods of
time. The spores are able to retain their infectivity
for 6 months in a dry condition and for as long as
10 years in a watery environment’. The size ranges
of the microsporidia spores that infect mammals
are between 1.0 to 3.0 pm and 1.5 to 4.0 pm™.
The spore will adhere to the host cell’s surface
before spore activation?® 4. The mechanism of
microsporidia invasion is by an extrusion
apparatus: a polar filament with an anterior
attachment complex, which transfers sporoplasms
into the host cell. The first human case was
reported in 1959, and only ten well-documented
human infections with microsporidia were
described in immunocompetent and
immunocompromised patients without AIDS': 2%,
However, interest towards this parasite started in

1985, after Enterocytozoon bieneusi  was
discovered to be the reason for chronic diarrhoea
and systemic disease in an AIDS patient'. Since
then, numerous microsporidia-associated
infections were reported, and these parasites are
now one of the most common pathogens in HIV-
infected patients®. Currently, there are 17 species
in eight genera of microsporidia, known as human-
pathogenic microsporidian species®, such as
Enterocytozoon, Encephalitozoon, Pleistophora,
Trachipleistophora, Vittaforma, Brachiola,
Nosema and Anncaliia.

Microsporidia have been identified in animals and
water sources, and thus, increasing public health
concerns regarding their zoonotic and waterborne
transmissions & 2 27 Enterocytozoon and
Encephalitozoon are the most frequently involved
genera in cases of human infections®. Microsporidia
infections have been diagnosed in a broad range
among the human population, including in
transplant recipients, travellers, children, contact
lens wearers, the elderly and immunocompetent
persons with no risk factor®. Clinical
manifestations of microsporidiosis in humans
include intestinal, pulmonary, ocular, muscular,
and renal diseases?®. The manifestation depends on
the causative agent and the host’s immune
status*. Diarrhoea predominantly is observed as a
common symptom, caused by E. bieneusi or E.
intestinalis infection '>. These organisms may
disseminate to other parts of the body, and lead to
systemic infections, such as keratoconjunctivitis,
myositis, peritonitis, hepatitis, and nephritis® 4 42,

Approximately 1.5 to 50% prevalence rates of
microsporidia were reported depending on the
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geographic area, the diagnostic method, and the
population studied'’ Z7. Nonetheless, in Malaysia,
only a few studies related to the prevalence of
microsporidia have been reported. Therefore, this
article aims to review the available data on the
prevalence of microsporidiosis among several high-
risk groups among the Malaysian populations, the
techniques used to detect the parasites, and the
association of gastrointestinal symptoms with the
disease. This review is also expected to fill in the
knowledge gap and increase awareness among
clinicians on the emergence of microsporidia as a
silent threat in high-risk groups.

THE PREVALENCE OF HUMAN MICROSPORIDIOSIS
IN MOST AT RISK POPULATIONS

HIV/AIDS Patients

Microsporidia emerged as opportunistic pathogens
when AIDS became pandemic. The prevalence rate
for microsporidiosis was observed to be the highest
among HIV-positive patients with diarrhoea and
CD4 counts of less than 100 cells/mm?3 blood,
worldwide'. Lono et al. carried out a preliminary
study in 2011 to detect microsporidia in local HIV-
positive individuals?®. Out of 247 stool specimens
examined using microscopy and PCR (164 Malays,
33 Indians, 40 Chinese, and 10 unspecified ethnic),
8.5% were positive with microsporidiosis.

Cancer patients

Cancer patients receiving chemotherapy
treatments are considered to be
immunosuppressed and a high-risk group. In a
study to assess microsporidia occurrence among
cancer patients in Malaysia, from the 311 and 173
fresh stool specimens collected from oncology
clinics at three hospitals, and from among the
healthy population, respectively, 21.9% (68/311)
were found to be positive for microsporidia, while
2.8% (5/173) were positive for microsporidiosis?’.
Approximately 95.59% of the samples were solely
infected by microsporidia, while mixed infections
with other gastrointestinal parasites, such as
Blastocystis hominis were observed in 4.41% (3/68)
of the positive specimens. Out of the 68 positive
specimens, only seven patients (10.29%)
complained of having gastrointestinal discomfort.
Chandramathi et al. (2008) reported that cancer
patients were found to be positive for
microsporidia after chemotherapy treatments. The
number of patients infected with microsporidia
differed according to treatment cycles?.

Hospitalised patients

Norhayati et al. (2008) analysed microsporidia
detection among hospitalised patients in

determining the prevalence, and the spore counts
in patients with and without gastrointestinal
symptoms. Out of the 893 faecal specimens
examined using the Gram-chromotrope kinyoun
(GCK) stain, 116 (13%) patients were found to be
positive for microsporidia. This study was similar
to another study in Thailand, whereby the
prevalence of microsporidia among hospitalised
HIV-infected individuals was 11%*. However, the
prevalence varies in other countries3, depending
on the area, the population studied, and the
technique used for diagnosis. Norhayati et al.
(2008) also found that a third of the cases were
among immunocompetent patients34. Similarly,
Rukman et al. (2008) reported that from 353
samples, 100 of them were tested positive for
microsporidiosis (28.3%). This study had shown the
highest prevalence of microsporidia in Malaysia
with 85% of the infected patients have diarrhoea®.

Orang Asli

Similar studies were also conducted among the
indigenous community, known as the Orang Asli,
who resides in the interior regions of Peninsular
Malaysia. Norhayati et al. (2007) revealed that
20.7% of 271 Orang Asli children suffered from
intestinal microsporidia infections. Only 3 from 56
children who were tested positive had moderate
infection, while none showed any symptoms. Lono
et al. (2010) reported that 21.2% of 151 faecal
specimens were positive for microsporidia via light
microscopy, among Orang Asli aged 9 to 60 years
old. Six of the 32 individuals with non-diarrheic
symptom were solely infected by microsporidia.
The prevalence of microsporidia was also
significantly higher than normal among the healthy
population (2.9%) of this community. Hence, it was
concluded that at least one member in each 30
Orang Asli families (60%) was diagnosed with
microsprodiosis. Anuar et al. (2013) examined 447
stool samples among the Orang Asli and 67 (15%) of
them were found positive for microsporidia. From
the 67 individuals, 65 had low spore counts (1-10
per 100 fields/100x), while 2 individuals had
moderate spore counts (11-20 per fields/100x).

Association between different high-risk groups
and prevalence of microsporidiosis

Based on Table 1, the highest prevalence of
microsporidiosis was among hospitalised patients
at 28.3%, followed by cancer patients (21.9%).
Rukman et al. (2008) highlighted that the
difference in prevalence between hospitalised
patients and healthy people was quite large, with
28.3% among hospitalised patients, and 2.9%
among healthy people?”. Meanwhile, the
prevalence was higher among HIV-infected
patients with 8.5%% 2°. Children have also been
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identified as being at risk*°. Norhayati et al. (2008)
found that 26.1% of microsporidia infections were
among hospitalised children aged 0-6 years, while
20.7% were among Orang Asli children, aged 2-12

Table 1 - List of Microsporidia reports in Malaysia

years3. Meanwhile, Anuar et al. (2013) reported
that 20 from 194 children, aged <15 years old,
were found to be infected.

Percent positive by ethnic groups Gastrointestinal
References Preyvalences Subjects syn{p_l:urrrs for Test used Spmes
ral Chinese COrang Other positive identified
s Asli samples
Orang Asli
Tengky et
158 (447 15 - Mot stated Modified GCK Mot stated
al. 2013
samples)
HIY-positive Modified
tients ‘fes- 100% trichrome
Long et al. pa E.
2011 e 04 3 stain intestinalis
(247 Mo- 0%
samples) PCR
. Modified
COrang Azl . :
Lono et al. i villagers Ves- 81.25% tnu:_hr'cume E
21.2% 1.2 - stain . -
2010 (151 No-18.75% intestinalis
samples) PCR
Cancer Modified E
patients Wes- 10.29% trichrome .
;;;gi et al. 21.0% 78 0 stain intestinalis
31 Mo-89.71% E
samplas) PCR - bedleo.
- - Tes- 7d%
Norhayati ., patients - Mot
etal. 2008 °F (893 55 4 Modified GCK 4 jentified
Mo-26%
samples)
ot W Yes- 85% Modified
Bulmanet ., ., P 57 30 6 chrometions.  Not stated
al. 2008 (353 No- 15% stain
samples)
Orang &sli.
5 ; Ves- 0%
Norhayati 0 7 children 07 - Modified GO Not stated
et al. 2007 27 No- 1005
samples)

Microsporidiosis and gastrointestinal symptom

Gastrointestinal microsporidiosis is commonly
observed in  HIV-infected patients, while
immunocompetent patients generally showed
symptoms of self-limiting diarrhoea® 2. All faecal
specimens from HIV-infected subjects were soft
and watery, suggesting diarrhoea?®. Moreover, 74%
of the infected hospitalised patients had
gastrointestinal symptoms due to intestinal or
systemic infections or induced by
immunosuppressive treatment3*. Another study
reported that 85% of the microsporidiosis infected
hospital patients have diarrhoea®. However, not
all of the microsporidiosis cases in Malaysia
manifested into gastrointestinal infections. For

instance, Norhayati et al. (2008) and Rukman et al.
(2008) found that 26% and 15%, respectively, of
microsporidia-positive hospitalised patients
presented no gastrointestinal symptoms3* ¥,
89.71% of the infected cancer patients did not
complain of gastrointestinal discomfort. This might
suggest that most of the infections in cancer
patients were asymptomatic?’. Meanwhile, 18.75%
of the Orang Asli did not have diarrhoea?.

DIAGNOSTIC TECHNIQUES

Transmission electron microscopy (TEM) is the gold
standard for microsporidium detection, and was
the first technique to allow species identification
of microsporidia'” 2. However, TEM is relatively
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insensitive due to the small amount of sample that
can be examined, which could lead to significant
sampling error®. TEM is also labour intensive,
time-consuming, and requires expensive
equipment and expertise to detect the spores®.

Light microscopy is commonly used for the direct
visualisation of microsporidia spores using
numerous staining techniques, such as Gram stain,
Giemsa stain, Gram-chromotrope, and modified
trichrome stain 3% 3% 4_ Chemifluorescents
reagents, such as Uvitex 2B, and Calcofluor White
M2R* 4 are wused in the identification
microsporidian spores. However, these types of
staining are non-specific, as fungi or other
organisms may also fluoresce, thus generating
false-positive results'® 3°, Therefore, many
laboratories tend to use two or more of the above
methods concurrently to increase the sensitivity
and specificity, especially in patients with light
microsporidia infections'> '8 30, However, these
techniques could not identify specific species and
require experienced microscopists for successful
interpretations.

Due to the limitations of microscopy, PCR assays
have been established for diagnosis and species
differentiation of most human microsporidia. Two
primer pairs have been reported to amplify the
target gene or the short region of small subunits of
rRNA E. bieneusi and Encephalitozoon spp."”. Zhu
et al. (1993) reported the first PCR-based diagnosis
of E. bieneusi which used V1/EB450 primers to
amplify cloned E. bieneusi SSU rRNA sequences,
and DNA from E. bieneusi-infected tissues.
However, PCR is not routinely used since it is time-
consuming, labour intensive, and requires
expensive equipment*> 3! apart from the presence
of inhibitors, which needs to be taken into
consideration because they may disturb the
amplification by PCR2,

In Malaysia, screening for microsporidial spores is
not routinely done in most hospitals, and only a
few clinical diagnostic laboratories offer a
modified trichrome or Gram-chromotrope staining
method on a special request basis** 3. However,
there are a few studies on establishing and
comparing the techniques used to diagnose
microsporidia infection. Salleh et al. (2011)
developed a modified Gram-chromotrope staining,
known gram-chromotrope kinyoun (GCK), which
shortens the staining process and produces blue-
pinkish microspiridian spores against the clear
background. GCK staining was significantly more
sensitive and specific compared to the Weber
modified trichrome (WMT) staining. Nur Raihana et
al. (2013) compared the GCK staining with
Calcofluor White M2R method, and showed that
the former had better sensitivity and specificity.

Another study compared the sensitivity and
specificity between the WMT staining technique
and the immunofluorescence antibody assay with
monoclonal antibodies (IFA-MAbs)*°. The IFA-MAbs
was found to be highly sensitive and specific for
identifying microsporidia species. However, it was
suggested that if the specificity of the IFA-MAbs
was low, the presence of microsporidia spores
should be confirmed using other methods.
Nasarudin et al. (2015) established a loop-
mediated isothermal amplification (LAMP) method,
which was originally developed by Notomi et al.
(2000) for the detection of E. bieneusi. LAMP had
shown higher sensitivity and specificity in
identifying E. bieneusi from human stool
specimens compared to PCR assays. This molecular
technique can be performed rapidly at a constant
temperature using a water bath or a heating block,
thus it can be wused in poorly equipped
laboratories.

DISCUSSION

Microsporidiosis cases are not well-documented
and can be considered as one of the neglected
diseases in Malaysia. Only a few reports
highlighted the prevalence of this disease among
hospitalised patients, HIV-infected patients, and
indigenous communities? 272 33, 34, Based on these
studies, most infections had involved
immunosuppressed patients  and a few
immunocompetent individuals.

The prevalence data provided by these studies are
limited to certain populations, thus it is difficult to
identify the risk factors and causes involved.
Nevertheless, it can be assumed that the highest
prevalence of  microsporidiosis is among
hospitalised patients (28.3%) who underwent
immunosuppressive treatments. These treatments
can increase the chances of acquiring parasitic
infection, usually with a high degree of severity*.
Hospitalised  patients are considered as
immunosuppressed or relatively immunosuppressed
individuals, thus more susceptible to microsporidia
infections. Microsporidia were also observed to be
more prevalent among patients with
haematological malignancy or a combination of
malignancy and diabetes mellitus?®. Usually, these
patients have haematological disorders, which
makes microsporidiosis more prevalent compared
to other types of immunosuppressive illness*.

The second highest prevalence is among cancer
patients, and followed by the Orang Asli. Possible
reasons for the Orang Asli having significantly
higher cases than other individuals might be
malnourishment and poor hygiene. This community
bears a high prevalence of protein-energy
malnutrition, together with low immune system,
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thus, making them more susceptible to
microsporidial infection. There is also a
relationship between nutrition, and other enteric
parasite infections, especially in children? "> 21, 33,
Although the prevalence of microsporidiosis among
HIV population is significantly high compared to
among healthy individuals, the prevalence of this
group is the lowest among other populations
studied in Malaysia. This could be because HIV
patients receive the highly active antiretroviral
therapy (HAART), which helps to halt HIV
replication, and restores immune status, thus
drastically reduces the occurrence of any
opportunistic infection, including those due to
microsporidia®® 4. The number of microsporidia
infections has also significantly decreased in other
developed countries since the administration of
HAART'.

The association between microsporidiosis with
gastrointestinal symptoms was also examined. In
the Orang Asli population, 18.75% of positive
samples were taken from non-diarrheic individuals.
There were also cases of microsporidiosis that
were not associated with gastrointestinal
symptoms among hospitalised and cancer patients.
These findings showed that the pathogenicity of
the microsporidia in causing diarrhoea is still not
clear®. Several studies even suggested that some
persons may be asymptomatic carriers of these
microorganisms or that infections may reactivate
under conditions of immunesuppression’ 12 34,
Moreover, gastrointestinal symptoms may only be
caused by some genotypes of microsporidian
species®,

In the case of microsporidiosis among HIV patients,
diarrhoea was present in all patients?®. The
mortality of HIV-infected patients and chronic
diarrhoea with wasting was reported to be more
than 50%>» with at least 90% of these
gastrointestinal infections were caused by E.
bieneusi and E. intestinalis'’. Nevertheless, some
studies found that even though E. bieneusi-HIV
patients exhibited more diarrhoea symptom, there
was less inflammation compared to non-infected
HIV patients3® %, Sharpstone et al. (1997) proposed
that elevated TNFa levels in the intestine of E.
bieneusi-infected AIDS patients had contributed to
diarrhoeas. However, Lono et al. (2011) discovered
that 48% of positive microsporidiosis were co-
infected with B. hominis and G. lamblia. This
finding corresponds to the concerns of whether
gastrointestinal symptoms may be caused by the
direct effect of HIV itself, declining immune
status, or the presence of other intestinal
pathogens'.

Similarly, in the Orang Asli community, 81.25% of
positive individuals were diarrheic and the
symptoms may be the result of other enteric
pathogens?’. Immunosuppressive treatments, such
as chemotherapy may also contribute to
gastrointestinal symptoms among hospitalized and
cancer patients. Co-infection with other parasites
could also explain this manifestation?®> 34,
Gastrointestinal symptoms might also be due to
alterations to the structure of gut epithelial in
cancer patients. Other studies have also
demonstrated no significant association between
the presence of microsporidia in faecal specimens
and patients with diarrhoea-0,

There is no current report on disseminated
microsporidia in Malaysia, although it has been
reported elsewhere. It is believed that the
parasites can disseminate, not only in HIV patients
but also in HIV-negative individuals, especially in
transplant recipients'. The lack of reports on
disseminated microsporidiosis in Malaysia shows
that the diagnosis of this disease might be
restricted to localised gastrointestinal infection,
by focusing the diagnosis on stool specimen. Thus,
cases of disseminated microsporidiosis might have
been misdiagnosed or not reported.

The source of most microsporidia infections is still
uncertain. However, the genotypes that infect
humans have been identified in domestic and wild
animals, thus support the finding that
microsporidiosis is a zoonotic disease'*. Previous
studies have demonstrated that close contact or
living with infected animals could increase the
risk®’> 62, In Malaysia, most Orang Asli keep dogs,
cats, and rear chickens?. Microsporidia spores may
excrete together with the faeces of these animals,
and as the spores are resistant to water, possible
indirect zoonotic transmission via exposure to
contaminated water or food was suggested'?.

The spores of human-pathogenic microsporidian
species are relatively small, thus making the
filtering process to trap the spores less efficient'".
In fact, microsporidia have been listed by the
Centers for Disease Control and Prevention (CDC)
as Category B priority pathogens of concern for
waterborne transmission. Consumption of
insufficiently cooked meat or fish, and improperly
washed raw vegetables could also cause the
infection® 4, Tapioca, a staple in the diet of the
Orang Asli community, may be one of the sources
of infection. Microsporidia were also detected in a
variety of fruits and milk®% ¢ %, Lack of hygienic
practices, such as hand washing can also
contribute to the susceptibility to infection2.

Risk factors associated with microsporidiosis that
support transmissions of human-to-human may
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include homosexuality, faecal-oral, and direct
contact with the infected person. Hospitalised
patients may be infected through having direct
contact or confined in the same ward with an
infected person. Meanwhile, HIV-infected
individuals could be infected from practicing
homosexual behaviours. Other studies
demonstrated a high prevalence of
microsporidiosis among homosexual partners
compared to other risk groups® ¢'. It is believed
that the parasite can disseminate in both
immunocompromised and immunocompetent
patients'®, but no cases have been reported in
Malaysia. Therefore, increasing the awareness
among clinicians on the possibility of the
dissemination of microsporidia may aid the
diagnosis as well as treatment to patients.
Currently, there is no report or article on
microsporidia treatment in Malaysia.

These reported findings made it clear that
microsporidia infection may be more common than
it was originally thought. These parasites may exist
as a latent infection, and their numbers may be
lower in a healthy individual. However, their
numbers may increase when the individual is
immunocompromised, but without causing serious
illnesses®. These organisms are too tiny to be
properly identified under a microscope, thus
making it difficult to diagnose“. Microsporidia
infections contribute to a wide range of clinical
signs, hence they should be considered when an
etiology cannot be determined. Thus, several or at
least three consecutive faecal specimens should be
evaluated before ruling out microsporidia infection
due to intermittent spore shedding3® ¢7,

CONCLUSION

In conclusion, the true prevalence of human
microsporidiosis in Malaysia might be
underestimated as there is limited information on
its status. Nonetheless, many cases were reported
among immunocompromised patients. The highest
prevalence is among hospitalised patients,
followed by the cancer patients, Orang Asli, and
HIV patients. Some of the infected patients
presented with gastrointestinal symptoms, while
others did not. The gastrointestinal symptoms,
however, may not be related to the infection as
they might have been caused by other enteric
pathogens, and may also be due to the
immunosuppressive  treatments they  were
receiving. A greater awareness amongst clinicians
regarding the diversity of the clinical
manifestations of microsporidiosis is needed to
improve the quality of diagnostic methods and
treatment. This review has demonstrated that
microsporidia are present in our local settings
despite the low detection. Further research is

needed to elucidate the epidemiology of
microsporidiosis, instigate preventive measures,
and improve laboratory diagnosis, and patient
treatment.
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