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We identified genotypes of Enterocytozoon bieneusi from 33 stool samples of Thai human immunodeficiency
virus (HIV)-infected adult patients. Genotype D was identified at the highest frequency (36.4%), while genotype
E was the second most common (15.1%). Genotypes O and PigEBITS 7, previously found only in pigs, were
observed in Thai HIV-infected patients. Phylogenetic analysis supported a zoonotic nature for E. bieneusi.

Human infections from microsporidia have been reported
globally, with the majority of cases involving human immuno-
deficiency virus (HIV)-infected patients. The most widely dis-
tributed among humans is Enterocytozoon bieneusi, causing
diarrhea and weight loss in immunocompromised patients (6).
In Thailand, E. bieneusi genotype A was identified in HIV-
negative and HIV-positive children in an orphanage (9). In-
formation on genotypes of E. bieneusi infection in HIV-posi-
tive adult patients has never been studied. In this study, we
used the 243-bp internal transcribed spacer (ITS) region of the

rRNA genes for genotypic characterization of E. bieneusi in
stool specimens of Thai HIV-infected adults.

Thirty-three positive E. bieneusi stool specimens collected
during 1999 to 2002 at Siriraj Hospital, Bangkok, Thailand,
were analyzed. All specimens were examined for microspo-
ridia with Gram-chromotrope staining as previously de-
scribed (13) and screened for E. bieneusi using electron mi-
croscopy (26). DNA extraction was performed using FTA filter
paper (Whatman Bioscience) (19). The E. bieneusi rRNA
genes were amplified using MSP3 and MSP4B primers, which
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FIG. 1. Summary of the polymorphic sites of the ITS region of the rRNA genes of 23 genotypes of Enterocytozoon bieneusi reported for humans
(2, 11, 16, 22, 25; this study).
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amplify a 508-bp fragment containing 122 bp of the 3� end of
the small-subunit rRNA gene, 243 bp of the ITS, and 143 bp of
the 5� region of the large-subunit rRNA gene (8). The purified
PCR product was cloned using the TOPO TA Cloning kit
(Invitrogen), following the manufacturer’s instructions. Direct
DNA sequencing of the PCR products as well as cloning PCR
products prior to sequencing validated the accuracy of nucle-
otide sequences. The genotype of E. bieneusi from each spec-
imen was classified by the homology of the published se-
quences of alignments performed by Clustal X 1.83 for
Windows (24). Figure 1 shows 33 polymorphic sites in the E.
bieneusi ITS rRNA genes from 23 representative sequences of
E. bieneusi isolated from humans, compared with nucleotides
of the consensus sequence. Among the 33 stool samples, 24
exhibited 5 previously identified genotypes (D, E, O, Peru 11,
and PigEBITS7). Six new genotypes (R, S, T, U, V, and W)
were observed. Genotype D was the most common with 36.4%
(12 of 33), followed by genotype E with 15.2% (5 of 33).
Genotypes PigEBITS 7 and S were each identified for four
patients (12.1%), while genotype Peru-11 was identified for
two patients (6.1%). Additionally, genotypes O, R, T, U, V,
and W were each found in one patient (3%). No mixed infec-
tions of E. bieneusi genotypes were found in this study based on
the results from sequences of clone PCR products.

Information compiled in previous studies indicated that the
genotypes of E. bieneusi may differ in their geographical dis-
tributions (1, 4, 10, 11, 14, 17). Genotype B was the most
common genotype reported for HIV-positive patients in
France (10, 11), Germany (14, 4), Switzerland (1), and also the
United Kingdom (17), while the less-common genotypes were
A, C, D, and K, respectively. In South America, the most-
common genotypes were Peru-1 (or genotype A) and Peru-2
(or genotype K) for HIV-positive patients in Peru (20). In
contrast, genotype K was the most prevalent reported for HIV-
negative children in Uganda (25). The observation of predom-
inant genotypes found in different geographical areas suggests
differences in the epidemiology of E. bieneusi infection. Fur-
ther studies utilizing greater numbers of infected patients will
be needed to confirm this hypothesis.

All four E. bieneusi genotypes E, D, O, and PigEBITS7 were
not host specific and could infect both humans and pigs. It has
been shown that genotype D was not only reported for HIV
positive patients but also identified and named differently for
varieties of animals, i.e., pigs (PigEBITS9: AF348477) (2),
macaques (WL13: AY237221) (3, 7), beavers, foxes, muskrats,
and raccoons (WL8: AY237216) (21). It was found that 30 to
35% of pigs were infected with previously reported E. bieneusi
genotypes D and F and nine new genotypes, EBITS1 to
EBITS9 (2). Genotype E was reported for HIV-positive pa-
tients in Germany (4) and in Switzerland (1). However, the
sequence of genotype E was identical to those previously de-
scribed for pigs (EbpC: AF076042) (1) and those found in bea-
vers, muskrats, raccoons, otters, and foxes (WL13: AY237221)

(21). Our study describes the first observation of genotype O and
PigEBITS7 for Thai HIV-positive patients. Both genotypes O
and PigEBITS7 were previously found in pigs in Germany (4) and
in the United States (2), respectively.

The 243-nucleotide positions of the ITS sequences from E.
bieneusi of human genotypes and some animal genotypes were
aligned using Clustal X 1.83 for Windows (10, 11, 17, 20, 25, 1,
2, 4, 14, 16, 21, 22). The inferred phylogenetic tree in Fig. 2 was
constructed by the neighbor-joining analysis (18) of PAUP 4.0
beta 10 (23) to examine the evolutionary relationship between
those E. bieneusi isolates. The inferred phylogenetic tree was
demonstrated by the TREEVIEW program provided by the
Institute of Biomedical and Life Sciences, University of Glas-
gow, Scotland, United Kingdom. The reliability of the tree
topology was determined by bootstrap analysis using 1,000
replicates for the neighbor-joining analysis. The Enterocyto-
zoon sequence from a dog was used as an outgroup taxon
(AF059610) (12). The scale bar of phylogenetic tree branch
length (3.5 cm) represents 0.1 nucleotide substitutions per site.
The inferred NJ tree showed the relatedness of the isolates
grouped by sequence identity (18). The isolates included in the
same genotype clustered with each other with good bootstrap
support. Genotype A of E. bieneusi from humans in Thailand
(9) and genotype Peru-1 in Peru (20) were nested with each
other. The inferred phylogenetic tree that showed the genetic
relatedness between humans and some animal genotypes also
shows the likelihood of a zoonotic potential from these iso-
lates. For example, genotype E of E. bieneusi from this report
and genotype Peru-4 were clustered together with genotype
WL13 of isolates from beavers, muskrats, raccoons, otters, and
foxes in the United States (21) and genotype E of isolates from
pigs in Germany and Switzerland (5, 1). Genotype O was
grouped by E. bieneusi isolates from an HIV-positive patient in
this study and E. bieneusi from pigs in Germany (4). The
genotype D clade was nested by E. bieneusi isolates from hu-
mans in Thailand, Germany (15), and Peru (20) together with
genotype WL8 of E. bieneusi from beavers, muskrats, raccoons,
and foxes in the United States (21) and the genotype PigE-
BITS9 of E. bieneusi from pigs in the United States (2).

Our data supported a zoonotic nature of genotypes E, D, O,
and PigEBITS7 of E. bieneusi, in which pigs could be a signif-
icant source of transmission to humans, especially for immu-
nocompromised patients. More studies of prevalence surveys
of specific genotypes of E. bieneusi in pigs in Thailand should
be performed.

Nucleotide sequence accession numbers. The GenBank ac-
cession numbers assigned to the sequences determined in this
study are as follows: genotype R, AY945808; genotype S,
AY945809; genotype T, AY945810; genotype U, AY945811;
genotype V, AY945812; and genotype W, AY945813.

This study was financially supported by Thailand-Tropical Disease
Research Programme (T-2) (grant no. ID 02-2-ARI-24-007).

FIG. 2. A bootstrap consensus phylogram inferred by the neighbor-joining analysis of the 243 bp of the ITS region of E. bieneusi human
genotypes and genotypes in animals showing zoonotic potential. Numbers in bold letters on branches are bootstrapping values greater than 50%
using 1,000 replicates. Bold letters represent 11 genotypes identified from HIV-infected patients in Thailand in this study. Names of the isolates
and accession numbers in GenBank are shown in parentheses.
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