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This study was performed to evaluate the incidence of and risk factors for Enterocytozoon bieneusi carriage
in an orphanage in Bangkok, Thailand. E. bieneusi has been identified by PCR every 2 consecutive months since
June 2003. The incidence ranged between 0.6 and 4.7/100 person-months. Person-to-person transmission was
indicated by risk factor analysis and genotyping information.

Enterocytozoon bieneusi, the most common microsporidial
organism infecting humans, causes chronic diarrhea, especially
in AIDS patients (4, 12). It can also cause diarrhea in immu-
nocompetent individuals (15, 17). In Thailand, E. bieneusi is
one of the most common causes of diarrhea in both adults and
children with AIDS (9, 24, 25). It is assumed that E. bieneusi is
transmitted by the fecal-oral route; however, the sources of
infection and the modes of transmission remain unclear (3).
Recently, knowledge about this infection has been increased
because of PCR-based detection methods which have higher
sensitivity and can identify the organisms’ species and geno-
types (16, 19). Genotyping of E. bieneusi is determined based
on the polymorphic sequences of the internal transcribed
spacer (ITS) of the rRNA gene (2, 11, 18). Recent epidemio-
logical studies have indicated the transmission modes of E.
bieneusi including person-to-person, zoonotic, waterborne, and
food-borne routes (2, 5–7, 10).

We previously reported that �4% of human immunodefi-
ciency virus (HIV)-negative children in an orphanage in
Bangkok were positive for E. bieneusi (10). To develop effec-
tive control strategies, it is essential to understand the epide-
miology of this infection. Thus, we conducted a 1-year longi-
tudinal study of E. bieneusi infection in this orphanage. This
study was approved by the Ethical Committee, Royal Thai
Army Medical Department. A total of 540 orphans and 81
child care workers were enrolled in the study during June 2003
to April 2004. The orphanage consisted of 12 rooms (10 rooms
for orphans and 2 rooms for milk and food preparation). Or-
phans within specific groups were assigned to 10 different
rooms (Table 1). Each room accommodated 30 to 40 orphans
with 3 child care workers. The child care workers in each room
were asked to collect stool samples and complete standardized
questionnaires for the orphans for whom they were responsible
every 2 months from June 2003 to April 2004. The information,
including age, sex, weight, height, HIV status, and present

illness, was recorded. The numbers of enrolled subjects dur-
ing each consecutive round of survey were 338, 337, 321,
286, 340, and 306, respectively. Of 540 orphans, 318 (58.9%)
were males. The median age of the orphans was 13 months
(0.26 months to 11 years). Seventy-seven orphans (14.3%)
were HIV positive (47 males and 30 females). Information
on CD4� T-lymphocyte count was not available. All HIV-
positive orphans were prescribed antiretroviral therapy (i.e.,
zidovudine and didanosine). Child care workers who partic-
ipated in this study had a median age of 38 years (19 to 55
years).

Stool specimens were examined for microsporidial spores
under a light microscope using gram-chromotrope staining
(13). A sedimentation technique was used to concentrate mi-
crosporidial spores as described by van Gool et al. (22). DNA
was prepared from concentrated specimens using FTA filter
paper (Whatman, Bioscience, United Kingdom) (19).
Genomic DNA and primer pairs (MSP3/MSP4B) were used in
PCR under the conditions described by Katzwinkel-Wladarsch
et al. (8). Genotyping of E. bieneusi was determined by poly-
morphic sites on the ITS region of the rRNA gene. DNA
purification and sequencing were conducted by Macrogen,
Inc., Seoul, South Korea. Data analysis was performed using
Bioedit for multiple alignments. Chromatograms were manu-
ally checked and edited using Sequencher version 4.0.5 (Gene
Codes Corporation, Inc., Ann Arbor, MI). The genotype of E.
bieneusi from each specimen was confirmed by the homology
of the sequenced PCR product to the published sequence in
GenBank by multiple alignments in ClustalX version 1.81 for
Windows (20).

E. bieneusi-infected cases are defined as patients with PCR-
positive stool specimens. Of 1,930 stool specimens from 621
individuals, 37 samples from the orphans (1.9%) were positive
for microsporidial spores by gram-chromotrope staining, while
84 samples (4.4%) were positive by PCR amplification. All
PCR-negative specimens were negative by microscopy. None
of the stool samples from child care workers was positive by
PCR. These findings confirm that PCR is suitable for epide-
miological study of E. bieneusi infection because of its higher
sensitivity. ITS sequencing showed that all 84 E. bieneusi sam-
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ples had 100% identity to E. bieneusi genotype A (accession no.
AF101197).

To determine the incidence and risk factors of E. bieneusi
infection, standardized questionnaires was used in this study.
Incidence was defined as the number of new cases occurring
during the observation period. The estimated date of infection
for the incident cases was taken as the midpoint between the
last test negative result and first positive result for E. bieneusi
PCR amplification. Possible risk factors were analyzed using
incidence rate ratios and their 95% confidence intervals. The
chi-square test was used to compare proportions. Poisson re-

gression using STATA 9.2 was performed for multivariate
analysis to assess the independent association of the risk fac-
tors and E. bieneusi infection.

Figure 1 shows the prevalence and incidence of E. bieneusi
carriage in orphans at each time point. The patterns of the
incidence were similar to those observed for the prevalence.
This finding suggests that E. bieneusi infection is a self-limited,
short-course disease, which is also supported by our previous
study showing that the number of excreted spores tended to
decrease and disappear after a period of time (14). A few
studies demonstrated that E. bieneusi infection was signifi-
cantly prevalent in children between 1 and 3 years of age (10,
21). Lower incidence in older age groups may reflect the de-
velopment of protective immunity. Spore shedding of E. bie-
neusi in some asymptomatic children could last nearly 2
months (14), so we defined 4-month intervals between two
positive PCRs as reinfection. Nine orphans were reinfected in
the study. Of these, three orphans had HIV infection. Thus,
protective immunity might not be fully developed after an
infection in some children since reinfection occurred.

The incidence of E. bieneusi carriage in this orphanage was
higher during the rainy to early winter season. This seasonal
variation was similar to that found among children with diar-
rhea in Uganda (21). However, the gradually decreased prev-
alence and incidence of E. bieneusi carriage in this orphanage
might be due to the interventions that were introduced during
early 2004: i.e., cleaning of clothes and accessories using auto-
clave heat treatment and health education of child care work-
ers. Although no study has directly supported the effect of
autoclave heat treatment against E. bieneusi spores, boiling for
5 min or autoclaving at 120°C for 10 min can kill spores of
Encephalitozoon cuniculi, another species of microsporidian
(23). Thus, this approach might reduce the viability or infec-
tivity of E. bieneusi spores.

Characteristics of E. bieneusi carriers are shown in Table 1.
Significant differences in the prevalence of E. bieneusi carriage
were found among children by different age groups, sexes, and
rooms. Seven (1.3%) orphans experienced episodes of diar-
rhea; only two HIV-negative orphans were positive for E. bie-
neusi. Most cases of symptomatic intestinal microsporidiosis
were among HIV-positive patients with low CD4� T-cell
counts (1). Thus, asymptomatic infection in these children
could be due to their intact immunity. These asymptomatic

TABLE 1. Characteristics of 75 orphans with
intestinal microsporidiosis

Characteristic No. positive for
E. bieneusi

Total
(% positive) P value

Age (mo)
0–12 18 265 (6.8)
13–24 33 134 (24.6)
25–36 6 56 (10.7)
37–48 4 31 (12.9)
49–60 8 29 (27.6)
�60 6 106 (5.7) �0.001

Room no. (specific group)
1 (36–60 mo) 13 54 (24.1)
2 (newborn to 8 mo) 3 39 (7.7)
3 (newly enrolled) 3 93 (3.2)
4 (HIV positive) 15 90 (16.7)
5 (32–36 mo) 0 45 (0.0)
6 (24–32 mo) 14 40 (35.0)
7 (newborn to 8 mo) 0 43 (0.0)
8 (8–12 mo) 7 47 (14.9)
9 (12–18 mo) 6 47 (12.8)
10 (18–24 mo) 14 42 (33.3) �0.001

Sex
Male 52 318 (16.4)
Female 23 222 (10.4) 0.031

HIV infection
No 61 463 (13.2)
Yes 14 77 (18.2) 0.159

Diarrhea
No 73 533 (13.7)
Yes 2 7 (28.6) 0.252

FIG. 1. Prevalence and incidence of Enterocytozoon bieneusi infection among orphans from June 2003 to April 2004.
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carriages were the unexpected sources of E. bieneusi infection.
Univariate and multivariate analyses of risk factors associated
with E. bieneusi carriage are shown in Table 2. Multivariate
analysis showed that the only significant risk of E. bieneusi
carriage was for orphans living in room 10. Since this room was
occupied by children 18 to 24 months of age, the high incidence
was probably related to their behavior favoring the spread of
this infection: i.e., active movement with independent eating
habits but poor toilet training and poor hygienic food-handling
habits. In addition, the crowded condition of each room could
favor the spread of infection. This might also explain the high
prevalence in the lower age group compared to that found in
the study by Nkinin et al. (15), together with the finding that all
E. bieneusi isolates from these orphans were the human-spe-
cific genotype, A. Thus, person-to-person transmission plays
the most important role in E. bieneusi infection in this setting.
Based on this information, universal precautions should be
performed since most infected children were asymptomatic.
Careful handling of contaminated materials and regular hand-
washing should be effective preventative measures.
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TABLE 2. Univariate and multivariate analysis of risk factors
associated with E. bieneusi infection

Characteristic No. positive for
E. bieneusi

Person-mo of
follow-up

Incidence rate ratio (95%
confidence interval)

Crude Adjusted

Age (mo)
0–12 15 643.0 1 1
13–24 21 282.3 3.2 (1.6–6.7) 1.8 (0.8–4.1)
�24 13 774.9 0.7 (0.3–1.6) 0.7 (0.3–1.5)

Sex
Female 17 772.3 1 1
Male 32 927.8 1.6 (0.8–3.0) 1.4 (0.8–2.5)

Room
Others 36 1,603.8 1 1
No. 10 13 96.3 6.0 (2.9–11.6) 3.5 (1.6–7.6)

HIV status
Negative 39 1,257.5 1
Positive 10 310.6 1.0 (0.5–2.1)
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