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Enterocytozoon bieneusi Genotypes in Children in Northeast China
and Assessment of Risk of Zoonotic Transmission
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The prevalence (7.5%, 19/255) and genotypes of Enterocytozoon bieneusi in children of various age categories and clinical pre-
sentations were determined herein. The co-occurrence of the known genotypes (CS-4, EbpC, and Henan-IV) in children and pigs
in the same study area, the phylogenetic characterization of novel genotypes (NEC1 to NEC5), and the assessment of potential
risk factors associated with zoonotic transmission robustly suggested that pigs could be a significant source of human E. bie-

neusi infections in northeast China.

Enterocytozoon bieneusi, a ubiquitous unicellular microsporid-
ian fungal pathogen with a broad host range, infects many
species of humans, livestock, wildlife, and birds and causes signif-
icant infectious diarrhea in immunocompromised hosts, notably
AIDS patients and children (1-3). Approximately 90% of re-
ported cases of human microsporidiosis are caused by E. bieneusi;
the risk factors for infections include an immunosuppressive con-
dition (AIDS patients), young age (children), and contact with
contaminated food and water and other infected humans and an-
imals (1).

Investigations of both human and animal samples for E. bie-
neusi genotypes that rely on hypermutation of the ribosomal in-
ternal transcribed spacer (ITS) have been helpful in elucidating
the transmission routes of microsporidiosis (3). Genotypic typing
and phylogenetic analysis facilitated classification of the almost
200 genotypes identified thus far into genetic group 1 with zoo-
notic potential and several other host-adapted genetic clusters (4—
7). Infections with E. bieneusi in humans have been repeatedly
reported worldwide, although epidemiologic data to indicate the
prevalence and risk of human microsporidiosis in China are lim-
ited (8-10). The frequent and close contact of humans with live-
stock in China is of potential zoonotic concern (6, 7). This study
investigated 255 fecal specimens from children in the cities of
Harbin and Dagqing in northeast China for E. bieneusi genotypes
and analyzed the risk for potentially zoonotic transmission of mi-
crosporidiosis.

Study population. Fecal specimens (n = 255) from children
(one specimen per child) were collected in a community hospital
(IH) (n = 40), two nursery schools (NS) (NSI, n = 20; NS2, n =
17), and a primary school (PS) (PS1, n = 57) in suburban Harbin
in June 2013 and in four primary schools (PS2, n = 41; PS3, n =
11; PS4, n = 29; PS5, n = 40) in suburban Daqing in July 2014
(Table 1). Only four children in the community hospital had di-
arrhea, while the others had nongastrointestinal illnesses. The
nursery and primary school children were all healthy at the time of
sampling. The specimens were divided into four age groups:
group I included 31 preweaned in-hospital children <1 year of
age; group II included nine weaned in-hospital children aged 1 to
3 years; group III included 37 nursery school children aged 3 to 6
years; and group IV included 178 primary school children aged 6
to 12 years (Table 1). Background information on age, gender,
and clinical presentations (diarrhea or nondiarrhea) is shown
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in Table 1. Body weights were fully available only for preweaned
children in age group I.

Specimen processing and data analysis. Specimens were
stored in 2.5% potassium dichromate solution, washed twice in dis-
tilled water, and subjected to DNA extraction using a TIANamp stool
DNA kit (Tiangen, China) following the manufacturer’s recom-
mended procedures. PCR amplification of the hypervariable re-
gion (ITS) of the rRNA gene was conducted as described previ-
ously (6). PCR amplicons of the expected size (392 bp) were
sequenced in both directions. The procedures or methods to de-
termine E. bieneusi genotypes and construct a neighbor-joining
tree were the same as those described previously (6). The differ-
ences in infection rates between any two of the four age groups
(chi-square test) and in mean body weights between pathogen-
infected and uninfected children in age group I (independent-
samples 7 test) were considered statistically significant at a P value
of <0.05. Analysis was performed with SPSS version 17.0 (SPSS
Inc., Chicago, IL).

Infection rates of E. bieneusi. Enterocytozoon bieneusi was de-
tected in children in the community hospital (22.5%, 9/40; 95%
confidence interval [CI], 0.078 to 0.372) and in primary school
PS1 (12.3%, 7/57; 95% CI, 0.032 to 0.214) in Harbin and in pri-
mary school PS5 (7.5%, 3/40; 95% CI, —0.010 to 0.160) in Daqing
(Table 1). Infection rates for the pathogen in males and females
and in diarrheic and nondiarrheic individuals from different lo-
cations are shown in Table 1. In total, 19 of 255 children were
infected with the pathogen (7.5%; 95% CI, 0.041 to 0.108), giving
an infection rate of 11.9% (16/134; 95% CI, 0.061 to 0.178) in
Harbin and 2.5% (3/121; 95% CI, —0.003 to 0.053) in Dagqing.
Males and females had total infection rates of 6.5% (8/124; 95%
CI, 0.020 to 0.109) and 8.4% (11/131; 95% CI, 0.034 to 0.134),
respectively. One of four (25%; 95% CI, —0.240 to 0.740) diar-
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TABLE 1 Infection rates of Enterocytozoon bieneusi in children in the cities Harbin and Daqing of Heilongjiang Province, China

Infection rate (% [positive no./total no.])

Group Age (yr) City Source” Total Male Female Diarrhea Nondiarrhea
I <1 Harbin IH 25.8 (8/31) 30.8 (4/13) 22.2 (4/18) 25(1/4) 25.9 (7/27)
i 1-3 Harbin H 11.1 (1/9) 20 (1/5) 0.0 (0/4) 0.0 (0/0) 11.1 (1/9)
III 3-6 Harbin NS1 0.0 (0/20) 0.0 (0/12) 0.0 (0/8) 0.0 (0/0) 0.0 (0/20)
Harbin NS2 0.0 (0/17) 0.0 (0/9) 0.0 (0/8) 0.0 (0/0) 0.0 (0/17)
v 6-12 Harbin PS1 12.3 (7/57) 10.7 (3/28) 13.8 (4/29) 0.0 (0/0) 12.3 (7/57)
Dagqing PS2 0.0 (0/41) 0.0 (0/17) 0.0 (0/24) 0.0 (0/0) 0.0 (0/41)
Daqing PS3 0.0 (0/11) 0.0 (0/2) 0.0 (0/9) 0.0 (0/0) 0.0 (0/11)
Dagqing PS4 0.0 (0/29) 0.0 (0/14) 0.0 (0/15) 0.0 (0/0) 0.0 (0/29)
Dagqing PS5 7.5 (3/40) 0.0 (0/24) 18.8 (3/16) 0.0 (0/0) 7.5 (3/40)

“1TH, in hospital; NS, nursery school; PS, primary school.

rheic children and 18 of 251 nondiarrheic children (7.2%; 95% CI,
0.039 to 0.105) were infected with the pathogen (Table 1).

PCRs of the ITS locus revealed the presence of E. bieneusiin 8 of
31 (25.8%;3 95% CI, 0.079 to 0.437) in-hospital children (group I),
1 of 9 (11.1%; 95% CI, —0.107 to 0.329) in-hospital children
(group II), 0 of 37 nursery school children (group III), and 10 of
178 (5.6%; 95% CI, 0.021 to 0.091) primary school children
(group IV). The difference in infection rates between age groups I
and IV was significant (P < 0.01, x> = 11.2), whereas there were
no significant differences between any other age groups. The dif-
ference in average body weights between E. bieneusi-positive and
-negative children in age group I was not significant.

ITS genotyping and phylogeny. Nucleotide sequences were
obtained from all E. bieneusi-positive specimens (Table 2). Mul-
tiple-sequence alignment and analysis identified three known ge-

notypes, CS-4 (n = 2), EbpC (n = 11), and Henan-IV (n = 3),and
five novel genotypes named NEC1 to NEC5 (Table 2). The dom-
inant genotype in children was EbpC (11/19), followed by
Henan-IV (3/19), CS-4 (2/19) and one case each for NEC1 to
NEC5. Genotypes Henan-IV and NEC1 were found in a 12-
month-old male hospitalized child and EbpC and NEC4 in a
6-year-old female school child (Table 2). The distribution of ge-
notypes in various age groups is shown in Table 2.

The extent of genetic relationships among E. bieneusi geno-
types identified in this study was evaluated by molecular phyloge-
netic analysis using the neighbor-joining method, which showed
clustering of the known genotypes CS-4 (subgroup le), EbpC
(1d), Henan-IV (1d), and the new genotypes NECI (1d), NEC2
(1d), NEC3 (1e), NEC4 (1d), and NECS5 (le) in genetic group 1
with the zoonotic potential described by Thellier and Breton (4)

TABLE 2 Genotype distribution of Enterocytozoon bieneusi in children by sequence analysis of the ITS region of the rRNA gene

City Group Source® Gender Age Wt (kg) Genotype® Host (location®) References
Harbin I IH Male 7 mo 8.35 EbpC Pig (China, Thailand, Japan, Germany, 6,7,13,15

and Switzerland), dog (China),

human (China, CZE, Vietnam, and

Thailand), and wild mammals

(China, Austria, CZE, Poland, and

United States)
Harbin I IH Female 9 mo 8.2 EbpC See above 6,7,13,15
Harbin 1 IH Male 3 mo 7.5 Henan-1V Pig (China) and human (China) 6,8
Harbin I IH Female 5 mo 11.2 CS-4 Pig (China) 6,7
Harbin I IH Male 12 mo 10.1 Henan-IV/NEC14 See above/this study 6,8
Harbin I IH Female 1 mo 5.7 NEC2 This study
Harbin I IH Male 6 mo 10.4 CS-4 See above 6,7
Harbin I IH Female 2 mo 6 NEC3 This study
Harbin II IH Male 27 mo 14.6 EbpC See above 6,7,13,15
Harbin v PS1 Female 6yr EbpC See above 6,7,13, 15
Harbin I\% PS1 Male 7yr Henan-IV See above 6,8
Harbin v PS1 Female 5yr EbpC See above 6,7,13,15
Harbin v PS1 Male 6yr EbpC See above 6,7,13, 15
Harbin v PS1 Male 6yr EbpC See above 6,7,13,15
Harbin v PS1 Female 6yr EbpC/NEC4“ See above/this study 6,7,13,15
Harbin v PS1 Female 6yr EbpC See above 6,7,13, 15
Daging v PS5 Female 6yr 36 EbpC See above 6,7,13,15
Daging vV PS5 Female 8 yr 35 NEC5 This study
Daging v PS5 Female 6yr 35 EbpC See above 6,7,13,15

“IH, in hospital; PS, primary school.
¥ The Genotype terminology is based on that of Santin and Fayer (16). NEC1 to NEC5 are new genotypes found in this study.
¢ Location where the genotypes were reported before this work. CZE, Czech Republic.

4 Mixed infection.
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AF076040 Pig EbpA
KF607052 Pig CS-6
AF135835 Pig H
JX994259 Human SH3
KJ475401 Pig HLJ-IV
AF267145 Pig O
AY945813 Human W
KF607054 Pig CS-8
JX994264 Human SH8
JX994266 Human SH10
AF348471 Pig PigEBITS3
KF607053 Pig CS-7
AF076041 Pig EbpB

780 KF724904 Pig CS-9

== A Y945811 Human U
KJ475402 Pig HLJ-I
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A NEC5
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FIG 1 Phylogenetic relationship of ITS nucleotide sequences of Enterocytozoon bieneusi in this study and known E. bieneusi genotypes, as inferred by a
neighbor-joining analysis (Mega 4 software, http://www.megasoftware.net/) based on genetic distances calculated using the Kimura two-parameter model. The
ITS tree was rooted with GenBank sequence DQ885585. Bootstrap values >75% from 1,000 pseudoreplicates are shown. NEC1 to NEC5, marked with black
triangles, are new genotypes found in this study; the known genotypes detected are indicated by white triangles.

(Fig. 1). Group 1 also included genotypes CHN7, D, EbpA, EbpB,
EbpC, EbpD, EBITS3, G, H, Henan-I, Henan-III, Henan-1V, O,
and CS-1 to CS-9 identified in diarrheic and nondiarrheic pigs in
multiple cities (including Harbin and Daqing) in northeast China
(6, 7), genotypes CS-1, D, EbpA, H, LW1, O, and HLJ-1 to HLJ-IV

December 2014 Volume 52 Number 12

in asymptomatic pigs in the cities of Harbin and Suihua in north-
east China (11), genotypes CHN7 and CHNS in pigs in the city of
Changchun in northeast China, genotypes D, EbpC, EbpD, 1V,
Peru8, Perull, PigEBITS7, and Henan-I to Henan-V in HIV-pos-
itive and -negative individuals in Henan province in central China
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(8), genotypes D, EbpA, EbpC, Henan-I (reported as SH7), IV
(reported as SH12), Perull, SHI1 to SH4, SH6, and SH8 to SH11 in
children in the city of Shanghai in central China (9), and some
other genotypes previously reported in humans and pigs in other
geographic areas of the world (3).

Zoonotic potential and public health significance. Infections
with E. bieneusi in humans have occurred worldwide, with infec-
tion rates ranging from 1.4% to 78% (1). The variances mainly
resulted from the detection methods used, the types of clinical
specimens analyzed, the geographic areas investigated, and the
gender, age, socioeconomic, clinical, and immune features of
the patients (1). Two recent studies in central China reported the
occurrence of E. bieneusi in 5.7% (39/683) of adult AIDS patients,
4.2% (29/683) of HIV-negative adult participants, 10.8% (8/74) of
hospitalized case children with an average age of 20.7 months, and
3.2% (16/499) of control children with an average age of 42.6
months (8, 9). The pathogen was also detected in 22.5% (9/40) of
in-hospital children with diarrhea (age unknown) in Changchun
(10). The present study ascertained infection with the organism in
diarrheic (25%, 1/4) and nondiarrheic (22.2%, 8/36) in-hospital
children mostly aged <12 months and 5.6% (10/178) of healthy
primary school children aged 6 to 12 years. Nevertheless, there
were no cases of infection found in nursery school children. Inter-
estingly, we observed a significantly higher infection rate of E.
bieneusi in preweaned children (group I) than in primary school
children (group IV), corresponding to the disease susceptibility of
the former. Although E. bieneusi can lead to symptomatic or
asymptomatic infections in immunocompromised and immuno-
competent individuals (1), it is uncertain whether the appearance
of diarrhea in the hospitalized child was associated with the fungal
pathogenicity of E. bieneusi in this study. One previous study con-
ducted in the city of Benin, Nigeria, indicated the significant asso-
ciation between E. bieneusi infections and weight loss in HIV-
positive persons (12), whereas this was not the case for the
immunocompetent children in this study.

Despite repeated reports of E. bieneusi in humans and domestic
and wild animals in China, the transmission routes of human
microsporidiosis remain unclear (1, 8-10, 13—15). Contact with
pigs was considered a risk factor for acquisition of E. bieneusi
genotype EbpC in HIV™ farmers in Henan (8). Genotype EbpC
has also been sporadically reported in dogs (city of Xian), mon-
keys (Henan), hospitalized children (Shanghai), and wastewater
(Wuhan and Qingdao) in China (5,9, 13). Our two previous stud-
ies demonstrated that EbpC was the most dominant genotype in
diarrheic (23.5%, 12/51) and nondiarrheic pigs (34.1%, 30/88) in
multiple cities (including Harbin and Daqing where this study was
conducted) in northeast China (6, 7). Genotype EbpC was also
confirmed to be the most prevalent genotype (57.9%, 11/19) af-
fecting in-hospital and primary school children in Harbin and
primary school children in Daqing in this study. As summarized
in Table 2, infections with EbpC also existed in humans, pigs, and
wild mammals in several other geographical areas of the world.
The known genotype Henan-IV originally documented in human
infections in Henan also appeared in pigs in Harbin and Suihua (a
close neighbor to the east of Harbin) (6). Itis of interest to observe
its widespread presence in hospitalized and primary school chil-
dren in Harbin in this study. Likewise, the known genotype CS-4
previously recorded in pig infections in Harbin (our unpublished
data) and Hegang (a neighbor to the south of Harbin) (6) also was
found in infected hospitalized children in Harbin in the present
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study. All together, the known E. bieneusi genotypes EbpC,
Henan-IV, and CS-4 found herein colonized both humans and
pigs residing in the same study area, strongly supporting the like-
lihood of zoonotic transmission of microsporidiosis between hu-
mans and pigs.

Almost all E. bieneusi genotypes reported in pigs thus far be-
longed to the zoonotic phylogenetic group 1 (3, 4, 6, 7). Here, the
clustering pattern of the evolutionary tree (Fig. 1) explicitly exhib-
ited a close genetic relationship of the new genotypes NECI to
NECS to the existing genotypes with zoonotic potential in group
1; thus, they were considered of public health significance.

Heilongjiang is a poor agricultural province in China, with an
extensive livestock breeding industry and low socioeconomic sta-
tus. Harbin and Dagqing are located at the southern end of Hei-
longjiang, and persons are in close contact with the livestock kept
free range or housed individually there, notably in the suburban
regions. It is possible that human microsporidiosis could be trans-
mitted through a direct fecal-oral route from free-range pigs by
frequent daily contacts. Furthermore, the environmental shed-
ding of E. bieneusi spores by pigs from huge pig factory farms
could contaminate the groundwater and surface water during the
rainy season (June and July in Heilongjiang) when our specimen
collection was processed. Considering the extensive existence of E.
bieneusi in the wastewater in multiple cities in central China (5),
waterborne transmission of microsporidiosis may occur. In addi-
tion, farmers in Heilongjiang normally use pig manure in vegeta-
ble gardens or compost piles, and E. bieneusi spores that may be in
this type of manure are more likely to survive and infect people
than those in other types of manure. Judging by the above risk
factors, children in Harbin and Daqing might acquire E. bieneusi
infections from pig fecal sources.

In conclusion, this study confirmed the infections of E. bieneusi
in children from Harbin and Daqing of various age categories and
with various clinical presentations. The co-occurrence of the
known genotypes CS-4, EbpC, and Henan-IV in children and pigs
in the same study area, identification of novel genotypes being the
members of zoonotic group 1, and assessment of potential risk
factors associated with zoonotic transmission robustly suggested
that pigs could be a significant source of human E. bieneusi infec-
tions in northeast China.

Nucleotide sequence accession numbers. Nucleotide se-
quences for NEC1 to NEC5 were deposited in GenBank under the
accession numbers KM272392 to KM272396.
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