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The  Zoonotic Potential of  Enterocytozoon bieneusi in Thailand

Mathirut  Mungthin*   Ittisak  Subrungruang   Saovanee  Leelayoova

Abstract

Enterocytozoon  bieneusi  is  the  most  common microsporidia that causes disease in immunocompromised

hosts, especially in AIDS patients. E. bieneusi has been reported in a wide range of animals, including domestic, wild and

farm animals. Using molecular typing and phylogenetic analysis, the zoonotic potential of E. bieneusi to cause disease

is indeed a threat. Transmission from animals to humans should be investigated and whether it occurs naturally, before

we can address the whole subject of zoonotic transmission of E. bieneusi infection.

Department of Parasitology, Phramongkutklao College of Medicine, Bangkok 10400, Thailand.

*Corresponding author

Keywords : Enterocytozoon  bieneusi, microsporidia, zoonotic  potential.

9-18.pmd 14/8/2549, 5:119



10 Mungthin M. et al. /TJVM 36(2): 9-18.

�������	


	��
�	���������������	�����	 Enterocytozoon bieneusi ���
����
����

������� ��	
��	�*, 
���������� ��������	
���

, �������� ��������

Enterocytozoon bieneusi ��������	 Microsporidia 
��

�����������������������������������	! ����"�#$	��#!���!�� �������-

�	�%& 
� ���'����	�
� �%�� �	�(#�����)*����!%#�#�+,��(����� �	�� �'����%�,�&����,�#!. ���+/!%�,�&��# %�,�&�*� ��!

����#� )*$%�,�&�*���!��0#�&� ����	�
����	
��)��'��(#���)*$%�,�&�#,��()��%#����1�&���$������*��*)*$2/�3#�����#$�&
#!

phylogenetic ����#����	��*�#�������4%���,����#�,������	'��
��!����)*$%�,�& 	��#!'���,#���!,�	!���#�2/�3#��������# ����	�����

�#�)�����$(#�(#�%�,�&�#��!��'����1����#,� ��	�
��($%���'����#����	������#�,��,�	(#�%�,�&(��!

�
%
��5:  Enterocytozoon bieneusi, microsporidia, ���%�,�&,����

��������	
�����
�  ���
���
���
��
�	��	�����������  �	������ 10400

*���	����!�"�������

Introduction
Microsporidia are a diverse group of obligate

intracellular organisms which have recently been
reclassified from protozoa to fungi after molecular
phylogenic analysis (Keeling and Fast, 2002). The
organisms produce unique spores containing a long,
coiled tubular extrusion apparatus (polar tube).
During host cell invasion, this  polar tube protrudes
and injects infective material (sporoplasm and
nucleus) into the cytoplasm of the host cell through
the plasma membrane. The polar tube may pierce
through the membrane of the phagosomes if the
spores are phagocytosed by the host cells. The
infective material then develops to a proliferative
merogonic stage, followed by a sporogonic stage,
resulting in infective spores (Bigliardi and Sacchi,
2001; Franzen, 2004).

Microsporidia comprise of more than 1,200
species which mostly infect arthropods and fish
(Mathis et al., 2005). These organisms rarely caused
disease in humans before the AIDS pandemic
occurred, with only 8 cases of human microsporidial
infections being reported.After 1985, human
infection with a significant number of microsporidial

species have been reported in AIDS patients. These
include Enterocytozoon bieneusi, Encephalitozoon
intestinalis, Encephalitozoon cuniculi, Encepha-
litozoon hellem, Vittaforma corneae, Pleistophora
ronneafiei, Trachipleistophora spp., Brachiola
algerae, Nosema ocularum, Microsporidium
ceylonensis and Microsporidium africanum
(Didier et al., 2004; Didier, 2005; Mathis et al., 2005).
Among these, E. bieneusi is the most common
microsporidial infection found in humans.
E. bieneusi infection causes chronic diarrhea and a
wasting syndrome in AIDS patients. The main
symptoms are chronic nonbloody diarrhea without
fever, anorexia, weight loss and bloating. In addition,
this organism was identified in the biliary system of
patients with cholangitis, cholecystitis, bronchitis,
pneumonitis and rhinosinusitis. In Thailand, apart from
a report of Trachipleistophora anthropophthera,
that caused keratitis in an HIV patient (Juarez et al.,
2003), only E. bieneusi infections have been reported
in humans (Wanachiwanawin et al., 1997; Leelayoova
et al., 2001; Wanachiwanawin et al., 2002;
Leelayoova et al., 2005). This review focuses on this

organism.
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E. bieneusi was first identified by Desportes

and colleagues in 1985 from a 29-year-old Haitian

AIDS patient with chronic diarrhea and who lived

in France. An E. bieneusi-infected case was

described in the United States in the same year

(Dobbins et al., 1985). Since then, the number of

reported cases has steadily increased in all parts of

the world. The parasite usually infects intestinal

enterocytes of HIV-infected patients but has been

also detected in lamina propria cells from small-bowel

biopsy specimens, biliary tree, gall bladder, liver cells,

pancreatic duct, and tracheal, bronchial, and nasal

epithelia.

Diagnostic  methods
The diagnosis of E. bieneusi infection is

dependent on the identification of spores in clinical

samples, e.g., stool specimens, duodenal, bile juice or

biopsy  tissues. The detection of spores in clinical

samples,  however, is a laborious, challenging, and

time-consuming task because the tiny organisms

can easily be missed. Initially, definitive diagnosis

required transmission  electron microscopy to

identify the characteristics of E. bieneusi spores

(Franzen and MÜller, 1999). In Fig. 1, a transmission

electron micrograph of a stool specimen shows a

spore of Enterocytozoon bieneusi with the

specific characteristic 4-7 coils of polar tubes,

arranged in 2 rows. During the last few years new

staining methods, such as modified trichrome

(Weber et al., 1992) and gram-chromotrope (Moura

et al., 1996), suitable for light microscopy, have been

developed. However, species differentiation and

genotypic characterization is usually impossible by

these techniques. Immunofluorescent staining

techniques have been developed for species

differentiation (Garcia, 2002), but the antibodies used

in these procedures are available only at research

laboratories at the present time.

Recent success in nucleotide sequencing of this

organism has now led to the application of new

molecular techniques for the diagnosis of E. bieneusi

infection. Several PCR-based methods have been

published to amplify different regions of the

small subunit ribosomal RNA gene for species

differentiation and genotypic characterization of E.

bieneusi infecting both humans and animals

(Schuitema et al., 1993;  Zhu et al., 1993; da Silva et

al., 1996; Katzwinkel-Wladarsch et al., 1996;

Velasquez et al., 1996). A blinded, externally

controlled, multicenter evaluation of light microscopy

and PCR has been conducted for the detection of E.

bieneusi in stool specimens. The sensitivities were

reported to be between 71-100%, from 6 different

laboratories (Rinder et al., 1998). The difference in

sensitivity might be dependent on DNA extraction

methods and PCR protocols. We also evaluated the

sensitivities and specificities of PCR and light

microscopy for the detection of E. bieneusi in stool

specimens. Sensitive techniques were used to detect

E. bieneusi i.e. FTA filter paper for DNA extraction

and MSP3/MSP4B primers for PCR amplification.

The PCR method and light microscopy gave 100%

and 87% sensitivity, respectively, for the detection

of E. bieneusi in stool specimens. Both methods

 

Figure 1Transmission electron  micrograph of a stool
specimen showing a spore of Enterocytozoon bieneusi
with the specific characteristic 4-7 coils of polar tubes,
(arrows) arranged in 2 rows (original magnification,

X 46200).
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showed 100% specificity (Subrungruang et al., 2004).

Thus PCR is a powerful diagnostic method when

dealing with clinical specimens and also meaningful

for epidemiological study of this infection.

Moreover, the genotype can be characterized by

sequence analysis of the PCR product.

The prevalence of human infection
E. biensusi infection has been reported from

both developed and developing countries. The

majority of cases were HIV-infected patients with a

prevalence between 2-50% depending on the

population under study and the detection method

(Canning and Hollister, 1990; Molina et al., 1993;

Rabenek et al., 1993; Kotler and Orenstein, 1994).

In Thailand, E. bieneusi was detected at a

prevalence rate of 11-33.3% in adult AIDS patients

(Wanachiwanawin et al., 1998; Waywa et al., 2001).

The prevalence of E. bieneusi infection ranged

from 10.8 to 25.3% in HIV-positive children

(Leelayoova et al., 2001; Wanachiwanawin

et al., 2002). E. bieneusi infections were also

reported from HIV-negative patients who had an

immunocompromised condition, due to an underlying

disease or due to immunonosuppressive drugs given

after organ transplantation (Kotler and Orenstein,

1998.). Moreover, self-limiting diarrhea, as well as

chronic diarrhea has been seen in immunocompetent

patients, particularly in travelers who returned from

tropical countries (Sandfort et al., 1994; Weber and

Bryan, 1994).

Asymptomatic infections with E. bieneusi

have also been identified in both HIV-positive and

HIV-negative  patients. Studies in Africa revealed a

high prevalence of asymptomatic infection in

healthy HIV-negative children (Bretagne et al.,

1993; Cegielski et al., 1999). Our study in a Thai

orphanage, showed asymptomatic E. bieneusi

infection in 5.9% of children and 1.5% of child-care

workers (Mungthin et al., 2001).

Animal  infection

E. bieneusi has been identified in a wide range

of animals. In 1996, detection of this organism was

recorded in pigs (Deplazes et al., 1996). A study of

E. bieneusi  infection in pigs from 220 farms in

Switzerland showed a prevalence of 35% and a

significant higher occurrence in weaned piglets

(Breitenmoser et al., 1999). A survey at a

slaughterhouse in Massachusetts, United States also

revealed a prevalence rate of E. bieneusi shedding,

in 32% of pigs (Buckholt et al., 2002). Using the PCR

method to detect E. bienusi in samples from a farm

in Nakornpathom, Thailand our preliminary study

identified 6 out of 30 fecal samples positive

(Leelayoova, unpublished data). Most pigs in both

observational and our experimental studies were

asymptomatic. This indicates a low pathogenicity of

E. bieneusi in pigs (Deplazes et al., 1996; Kondova

et al., 1998; Breitenmoser et al., 1999).

The organism has also been detected in other

animals, including calves (Rinder et al., 2000; Santin

et al., 2004; Sulaiman et al., 2004), dogs (Mathis et

al., 1999; Lores et al., 2002), cats (Mathis et al., 1999;

Dengjel et al., 2001), a llama (Dengjel et al., 2001)

and a goat (Lores et al., 2002). A variety of wild

fur-bearing mammals such as beavers, foxes,

muskrats, otters and raccoons have also been

found to shed E. bieneusi (Sulaiman et al., 2003).

Screening captive rhesus macaques, showed 16.7%

of apparently healthy animals were infected with E.

bieneusi. While those with simian immunodeficiency

virus showed a higher  prevalence, 33.8% (Mansfield

et al., 1998). It has also been reported in non-

mammalian hosts i.e. chickens (Reetz et al., 2002)

and pigeons (Haro et al., 2005).

The sources of infection and its transmission

Humans or animals infected with E. bieneusi

are obvious possible sources of infection. Like other

gastrointestinal infections, asymptomatic cases are
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considered an important source of infection. Recent

studies showed that the spore shedding pattern and

intensity, in asymptomatic HIV-positive and

HIV-negative children, was variable (Mungthin et al.,

2005). Excretion of spores could be too few to be

detected by a light microscope. Thus, the role of the

asymptomatic group, as the source of infection, is

probable and might be underrated.

Since E. bieneusi spores are released into the

environment via stools and the infection mainly

involves the intestinal tract, it is believed that the

infection transmits via the faecal-oral route. The

possible modes of transmission include human-to-

human (Hutin et al., 1998; Gumbo et al., 1999;

Leelayoova et al., 2005), animal-to-human (Dengjel

et al., 2001; Sulaiman et al., 2003) foodborne and

waterborne transmission (Hutin et al., 1998; Dowd

et al., 1998; Fournier et al., 2000) and all have been

suggested in various studies. The role of human-

to-human transmission was highlighted in a case-

controlled study which showed that homosexuality

was one of the risk factors for intestinal

microsporidiosis (Hutin et al., 1998). The study of E.

bieneusi infection in HIV-positive patients in

Zimbabwe also showed that those who had a history

of contact with diarrheal patient had a 1.9 times

greater risk of getting the infection (Gumbo et al.,

1999). In addition, our study revealed that 9 out of 13

infected orphans, who were HIV negative, were

confined to 2 houses, while HIV-positive children

inhabiting another house were not   infected (Mungthin

et al., 2001). Further studies at the same institute

showed that orphans who were 12-23 months old,

were girls and lived in one particular house were

independently associated with E. bieneusi infection

(Mungthin et al., 2005). Genotypic characterization

of E. bieneusi identified that all of them were

genotype A, which might indicate a common source

of infection. The study suggests that E. bieneusi

infection in this orphanage might be transmitted

person-to-person.

Due to its resistance to environmental effects,

E. bieneusi spores could be transmitted via water.

A few  recent reports suggest the evidences of

waterborne transmission of E. bieneusi infection

(Dowd et al., 1998; Fournier et al., 2000). Using

molecular techniques, E. bieneusi has been detected

in different types of water. Moreover, epidemiological

studies suggested that HIV-positive patients who

went swimming in pools had a higher risk of getting

infected (Hutin et al., 1998). Evidence of foodborne

transmission was seen from an epidemiological study

that showed eating undercooked beef at least once a

month was associated with the infection (Hutin et

al., 1998).

The possibility of zoonotic transmission

The zoonotic potential of E. bieneusi is

supported by evidence that E. bieneusi was

identified in the faeces of a wide range of animals. In

addition, E. bieneusi  isolated from humans could

be successfully transmitted to macaques and pigs

(Tzipori et al., 1997; Kondova et al., 1998). Molecular

methods have been described which differentiate the

genotypes of E. bieneusi. Based on  nucleotide

polymorphisms in the 243-bp internal transcribed

spacer (ITS) of the rRNA gene, E. bieneusi

genotypes have been classified into distinct genotypes

(A, B, C, D, etc.) (Katzwinkel-Wladarsch et al., 1996;

Rinder et al., 2000; Sulaiman et al., 2003). To date,

more than 20 genotypes of E. bieneusi have been

reported to the Genbank. Of these, genotypes A, B

and C, which are mainly reported in HIV-infected

patients, have been only found in humans and not in

animals. Recent studies show results supporting the

zoonotic potential of E. bieneusi. Genotypes

identified in animals have subsequently been reported

in humans (Deplazes et al., 1996; Breitenmoser et

al., 1999; Rinder et al. 2000; Dengjel et al., 2001;

Buckholt et al., 2002; Sulaiman et al., 2003).

We have studied E. bieneusi from faecal

samples of 33 HIV-infected Thai patients
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(Leelayoova et al., submitted). An analysis of the

nucleotide variations of the ITS sequences revealed

eleven genotypes. Genotype D and E were identified

as being most frequent. These genotypes have

been previously reported in animals (Rinder et al.

2000; Buckholt et. al., 2002; Sulaiman et al., 2003).

Genotypes O and PigEBITS 7 which were

previously found only in pigs were also observed in

our study (Dengjel et al., 2001; Buckholt et. al., 2002).

Phylogenetic analysis revealed a close genotypic

relationship without transmission barriers.

Conclusion

E. bieneusi is now considered as an important

opportunistic infection in AIDS patients, including

those in Thailand. An understanding of the

epidemiology of  E. bieneusi infection will provide

data that will help in the prevention and the control

strategies for this disease. However, so far, the data

on the risk factors is rather limited. Our knowledge

about the source of infection and the mode of

transmission is still unclear. The zoonotic    potential

of E. bieneusi has been indicated by several studies.

To investigate its role, transmission from animal to

human should be determined particularly whether it

occurs naturally. Traditional epidemiological studies

to  address zoonotic transmission of E. bieneusi are

needed.
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