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Abstract To determine the prevalence of bovine giardiasis
in Heilongjiang Province in China and to molecularly char-
acterize Giardia duodenalis, feces were collected from 814
dairy and beef cattle ranging in age from 6 days to 9 years.
Clinical symptoms of diarrhea were recorded at the time of
sampling. The G. duodenalis infection rate in cattle was 5.2
% (42/814) as determined by Lugol's iodine staining. G.
duodenalis assemblages and subtypes were genetically di-
agnosed by sequence analysis of the triosephosphate isom-
erase (TPI) gene. Three assemblages were identified,
representing A (n01), B (n018), and E (n024), with a
mixed infection case of assemblages A and E. High hetero-
geneity was also observed within assemblages B and E at
the TPI locus. Among the assemblages, eight subtypes of
assemblage B and three subtypes of assemblage E were
found to be novel subtypes. Findings on assemblages A and

B are of public health importance. The zoonotic potential of
bovine giardiasis needs to be further assessed by extensive
genetic data of assemblages A and B from humans at the
subtype level. The newly found subtypes of assemblages B
and E imply that the evaluation of geographically distributed
subtypes is of importance.

Introduction

Giardia, one of the most common intestinal protozoan para-
sites worldwide, can infect humans, domestic livestock, and
wildlife. Among the six known Giardia species, only Giar-
dia duodenalis (syn. Giardia intestinalis, Giardia lamblia)
has been found to infect humans and mammals. Seven
assemblages (A to G) of G. duodenalis have been identified
and classified based on their genetic analysis and host spec-
ificity. Assemblages A and B are infectious to humans and
mammals, while assemblages C to F are mostly seen in
animals but are occasionally found in humans (Sprong et
al. 2009). Assemblage H was recently identified in marine
vertebrates (Lasek-Nesselquist et al. 2010).

Diarrhea is the common clinical symptom in human and
animal giardiasis. Giardia is responsible for abdominal
cramps, bloating, and malabsorption in children (Carvalho-
Costa et al. 2007; Nematian et al. 2008), which result in
growth and development retardation, even in asymptomatic
cases (Prado et al. 2005). Numerous human outbreaks
caused by Giardia via waterborne routes have raised con-
cerns (Karanis et al. 2007). Some studies have revealed that
close contact with farm animals is associated with the high
prevalence of human giardiasis (Hoque et al. 2002, 2003).
Due to the great number of cattle, the large feces output, and
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the high prevalence of Giardia infection, bovine giardiasis
is of great concern. Molecular studies have confirmed that
the prevalence of bovine giardiasis ranges from 2.2 to 50.7
% worldwide (Feng and Xiao 2011), and genetic data have
revealed that the two common assemblages of G. duodena-
lis in cattle are assemblages A and E (Xiao and Fayer 2008;
Feng and Xiao 2011). Although assemblage E was found to
be the predominant genotype in cattle, assemblage A is of
importance for public health. Assemblage B can also be
isolated from cattle in some countries and regions; in fact,
it is the most common species in Canada and New Zealand
(Learmonth et al. 2003; Coklin et al. 2007).

In China, the true prevalence and assemblage distribution
of G. duodenalis in humans and animals remain unclear. It is
estimated that the number of human giardiasis cases is about
28.5 million, with an average infection rate of 2.52% (Jiang
et al. 1997). Large-scale investigations of G. duodenalis in
humans showed infection rates of 2.55% (620/24348) in
Henan Province and 6.25% (102/1632) in Sichuan Province
(Li 2003; Su et al. 2010). In animals, infection rates of G.
duodenalis in Henan have been reported to be 5.27% for
rabbits and 20.73% for rodents (Qi et al. 2010; Shi et al.
2010). Molecular methods have been used in several studies,
and it has been verified that assemblages A and B have been
isolated from humans (Yong et al. 2000; Chen et al. 2001; Lu
et al. 2002; Wang et al. 2011) and an assemblage A and an
assemblage E have been found in a dog and a calf, respec-
tively (Xiao et al. 2006; Zhu et al. 2011). It is essential to
understand the potential transmission of cross-assemblages of
G. duodenalis between humans and animals in China. An
important aspect of the giardiasis epidemiology is to deter-
mine the zoonotic potential of G. duodenalis infections in
animals. This would contribute to the assessment of
the human giardiasis burden of animal origin. Assemblages
A and B were recently found in wastewater plants in Harbin
City (Liu et al. 2011). To trace G. duodenalis contamination
sources in wastewater, the prevalence of bovine giardiasis was
investigated in the present study, G. duodenalis isolates were
identified molecularly, and the genetic variation of assemb-
lages was analyzed. The zoonotic potential of G. duodenalis
genotypes and subtypes to humans in the area was further
assessed by aligning obtained sequences with those from
GenBank.

Materials and methods

Specimen collection

Between July 2009 and May 2011, 814 fresh fecal specimens
were randomly collected from the rectum of cattle (605 from
dairy cattle and 209 from beef cattle), with 10–15 g from the
preweaned calves and 30–50 g from the other cattle on seven

farms (respectively assigned as farms 1 to 7) located in Hei-
longjiang Province, China. Their ages ranged from 6 days to
9 years. Diarrheic or nondiarrheic clinical symptoms of all the
cattle were recorded at the time of sampling. During specimen
collection, all animal work followed guidelines in accordance
with the Regulations for the Administration of Affairs
Concerning Experimental Animals and approved by the An-
imal Ethical Committee of Harbin Medical University. Micro-
scopic examinations were performed on all fecal specimens
within 48 h after collection. Fats were removed by formalin–
ethyl acetate sedimentation from approximately 10 g fecal
specimens obtained from the preweaned calves prior to iodine
wet mount staining. According to fecal consistency, the other
cattle fecal specimens of approximately 100 mg were directly
used to smear two or three slides for each specimen for iodine
wet mount staining. All G. duodenalis-positive specimens
were stored in 2.5% potassium dichromate solution at 4°C
prior to DNA extraction.

DNA extraction

After washing the G. duodenalis-positive fecal speci-
mens twice with distilled water, genomic DNA was
directly extracted from the fecal pellet using a QIAamp
DNA Stool Mini Kit (QIAgen, Hilden, Germany) according
to manufacturer-recommended procedures. DNA was
eluted in 200 μL of AE and stored at −20°C prior to PCR
analysis.

G. duodenalis genotyping and subtyping

G. duodenalis cysts in the specimens were molecularly
diagnosed by nested PCR amplification of about a 530 bp
fragment at the triosephosphate isomerase (TPI) locus
(Sulaiman et al. 2003). All secondary PCR products were
purified and directly sequenced to identify genotypes and
subtypes ofG. duodenalis-positive specimens. Each specimen
was analyzed at least twice by PCR.

DNA sequence analysis

All secondary PCR products were sequenced on an ABI
PRISMTM 3730 DNA Analyzer (Applied Biosystems,
USA), using the BigDye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, USA). Sequence accuracy of PCR
products was confirmed by sequencing directly in both
directions and by sequencing a new PCR product as neces-
sary. Nucleotide sequences obtained in the present study
were aligned with G. duodenalis reference nucleotide
sequences from GenBank and analyzed using ClustalX
1.83. Representative nucleotide sequences obtained were
deposited in the GenBank database under accession numbers
JN162347 to JN162361.
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Results

Prevalence of G. duodenalis on cattle farms

In the present study, 814 bovine fecal specimens from seven
farms located in Heilongjiang Province were examined by
microscopy. Among the specimens, 42 were positive for G.
duodenalis. The overall prevalence of bovine giardiasis was
5.2% (42/814), with 16.1% (22/137) for less than 2-month-
old calves, 5.2% (16/307) for 3- to 11-month-old heifers,
1.5% (3/199) for 12- to 24-month-old cattle, and 0.6%
(1/171) for more than 24-month-old cattle. The infection rates
were 7.8% (12/154), 11.2% (12/107), 2.9% (4/136), 4.0%
(5/124), 3.6% (3/84), 0.7% (1/143), and 7.6% (5/66), respec-
tively, on farms 1 to 7 (Table 1).

Assemblage distribution of G. duodenalis on cattle farms

From the 42G. duodenalis-positive specimens, 43 TPI gene
sequences were obtained due to one mixed infection case. The
sequences obtained were aligned with reference sequences and
identified as three G. duodenalis assemblages: one was assem-
blage A, 18 were assemblage B, and 24 were assemblage E.
The assemblage percentages in the study area were 2.3% for
assemblage A, 41.9% for assemblage B, and 55.8% for assem-
blage E; assemblage E was more prevalent than assemblage B
in cattle in the study area. The distribution of assemblage E was
the most widespread as it was found on all seven farms, while
assemblages A and B were found only on one farm and five
farms, respectively (Table 1). Assemblage A was positively
identified in only one 6-month-old calf with assemblage E.

Subtypes of assemblages B and E

Both G. duodenalis assemblages B and E showed high
polymorphism at the TPI locus in the present study. The
intragenotypic diversity of G. duodenalis assemblage B was

observed in the 18 TPI nucleotide sequences obtained. Us-
ing the sequence AY368171 as a reference sequence, single
nucleotide polymorphisms were found in the nine represen-
tative sequences obtained (respectively named as subtypes
B-I to B-IX for convenient description), with one- to five-
base variations noted at 18 different nucleotide sites
(Table 2). Among the subtypes, B-I was identical to assem-
blage B isolates from rabbits (HQ397719) and wastewater
(HQ603781) in the study area. It was also the most common
subtype in the study area, accounting for a high percentage of
33.3% (6/18). The remaining eight subtypes (B-II to B-IX)
have never been described. The percentages of assemblage B
positive isolates were 16.7% (3/18) for B-VIII, 11.1% (2/18)
for B-II and B-IV, and 5.6% (1/18) for B-III, B-V, B-VI,
B-VII, and B-IX.

Sequence analysis of the TPI gene of G. duodenalis
revealed the presence of six subtypes (respectively named as
E-I to E-VI for convenient description) in 24 assemblage E
isolates. Using the sequence EF654682 as a reference se-
quence, genetic polymorphism was observed with one- to
two-base variations at seven nucleotide sites (Table 3); 17 of
them, including subtypes E-I (n09), E-II (n04), and E-III
(n04), had 100% similarity with the previous cattle-derived
sequences; EF654682, AY228646, and AY655706 for sub-
type E-I; AY655705, EF654692, and AY228645 for subtype
E-II; and EF654684 and AB569406 for subtype E-III. Among
the subtypes, E-I was the most common, accounting for the
highest percentage of 37.5% (9/24). The percentages of the
remaining seven sequences representing three new subtypes
were 16.7% (4/24) for E-IV, 4.2% (1/24) for E-V, and 8.3%
(2/24) for E-VI. High diversities of assemblages B and E were
commonly found on some individual farms (Table 4).

Correlation between diarrhea and G. duodenalis assemblages

Among the 42G. duodenalis-positive specimens, 16 diar-
rheic cases and 26 nondiarrheic cases were observed. Of the

Table 1 Prevalence and assemblage distribution of G. duodenalis on seven cattle farms in Heilongjiang Province

Farm Cattle species No. of positive/no. of examined (%) No. of G. duodenalis
assemblages B and E

Age group (month)

<2 3–11 12–24 >24 Total

Farm1 Dairy cattle 9/28 (32.1) 2/54 (3.7) 1/19 (5.3) 0/53 (0) 12/154 (7.8) B (7), E (5)

Farm2 Dairy cattle 6/28 (21.4) 5/57 (8.8) 1/9 (11.1) 0/13 (0) 12/107 (11.2) B (6), E (6)

Farm3 Dairy cattle 1/5 (20.0) 3/26 (11.5) 0/43 (0) 0/62 (0) 4/136 (2.9) B (2), E (2)

Farm4 Dairy cattle 2/28 (7.1) 2/31 (6.5) 1/55 (1.8) 0/10 (0) 5/124 (4.0) B (2), E (3)

Farm5 Dairy cattle 2/31 (6.5) 0/20 (0) 0/18 (0) 1/15 (6.7) 3/84 (3.6) E (2), A+E (1)

Farm6 Beef cattle 0/5 (0) 1/78 (1.3) 0/42 (0) 0/18 (0) 1/143 (0.7) E (1)

Farm7 Beef cattle 2/12 (16.7) 3/41 (7.3) 0/13 (0) – 5/66 (7.6) B (1), E (4)

Total 22/137 (16.1) 16/307 (5.2) 3/199 (1.5) 1/171 (0.6) 42/814 (5.2) A (1), E (24), B (18)
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diarrheic cases, seven were identified as assemblage B (7/
16, 43.8%) and nine were identified as assemblage E (9/16,
56.3%). Of the nondiarrheic cases, 11 were identified as
assemblage B (11/26, 42.3%) and 15 were identified as
assemblage E (15/26, 57.7%). No obvious correlation was
found between G. duodenalis assemblages and diarrhea in
cattle (X200.0084, P00.9269).

Discussion

The present study is the first to report the prevalence and
molecular characterization of G. duodenalis in cattle in
Heilongjiang Province, China. Infection rates of G. duode-
nalis in cattle vary significantly between epidemiological
areas as well as age groups of animals. The average infec-
tion rate of G. duodenalis was 5.2% in the study area,
relatively lower than those in Portugal (9.0%) (Mendonca
et al. 2007), India (12.2%) (Khan et al. 2011), and USA
(26.6%) (Trout et al. 2007). The highest infection rate (16.1%)
was found in preweaned calves, similar to the findings from

previous studies. Giardia tends to be more prevalent in young
animals than in adults. In a longitudinal study of preweaned
calves in Western Australia, Giardia cysts were detected in
89% of specimens (Becher et al. 2004). An infection rate of
49.0% was described in an investigation on the prevalence of
G. duodenalis in less than 6-month-old calves in Norway
(Hamnes et al. 2006). In another longitudinal study of dairy
calves in USA, the highest prevalence of infection, with 25 of
30 calves infected, was found in calves at 4 and 5 weeks of age
(Santín et al. 2009). Due to the lack of epidemiological data on
bovine giardiasis, we could not find the true reasons for the low
prevalence in the current study areas. Infection rates are com-
plicated and often related to many factors, including the sensi-
tivity and specificity of diagnostic techniques, the size and
structure of specimens, and the age and health status of the
infected host. Compared to molecular methods, traditional
microscopy methods have yielded false negatives for fecal
specimens with a low intensity of G. duodenalis oocysts
(Traub et al. 2009). In the present study, the low prevalence
observed might be mainly related to the large percentage of
mature and healthy animals in the sample population as well as
the morphology method of detection used.

In the present study, of 43 positive specimens, 41.9 and
55.8% were of assemblages B and E, respectively. Assem-
blage E was more prevalent and widespread than assem-
blage B in cattle. Assemblage B was detected on five farms,
and assemblage E was detected on all the seven farms
(Table 1). One assemblage A isolate (belonging to A-I)
was identified from a specimen mixed with assemblage E.
Previous molecular epidemiological studies in Denmark,
USA, Canada, and Australia have shown that assemblage
E is the predominant G. duodenalis genotype in cattle, with
a percentage of 80–100% out of all G. duodenalis-positive
specimens (Appelbee et al. 2003; Becher et al. 2004; Trout
et al. 2006, 2007; Langkjaer et al. 2007; Feng et al. 2008).
Our findings imply that the investigated farms were polluted

Table 2 Variations in the TPI nucleotide sequences among subtypes of the G. duodenalis assemblage B in cattle in Heilongjiang Province

Subtype (no.) Nucleotide at position

65 71 77 92 198 223 229 260 278 283 304 309 343 381 438 462 476 482

AY368171 T G T T G A C T T A C A C C T A A T

B-I (6) T G T T A A C T T A C A C C T A A T

B-II (2) T G T T A A C T T A C A T C T A A T

B-III (1) T T C T A A C T T A C G C C T A A T

B-IV (2) T G T T A A T T T A C A C C T G A T

B-V (1) T G T T A A C T T A T A C C C A A T

B-VI (1) T G T T A A C T T G C A C C T A G T

B-VII (1) T G T T A A C T A A C A C C T A A T

B-VIII (3) C G T C A A C T T A C A C C T A A T

B-IX (1) T G T T A G C C T A C A C T T A A C

Table 3 Variations in the TPI nucleotide sequences among subtypes of
the G. duodenalis assemblage E in cattle in Heilongjiang Province

Subtype (no.) Nucleotide at position

65 77 81 257 302 350 468

EF654682 C T A G T T G

E-I (9) C T A G T T G

E-II (4) T T G G T T G

E-III (4) C T G G T T G

E-IV (4) C G A A T T G

E-V (1) C T A G C T A

E-VI (2) C T G G T A G
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by assemblage E, and the cattle posed a serious threat to
susceptible animals, such as other cattle, sheep, goats, and
pigs. Some studies have revealed that G. duodenalis infec-
tions have a significant impact on growth and performance
of ruminants, but did not demonstrate the relationship be-
tween the assemblages and virulence (O'Handley and Olson
2006). Little information is available on the severity of
animal giardiasis caused by assemblage E. While assemblage
E has only been isolated from three Egyptian giardiasis
patients (Foronda et al. 2008), its host specificity/range still
needs to be confirmed by further study data.

Assemblage B, one of the two major assemblages caus-
ing human giardiasis, exhibits a broad host range, including
cattle, sheep, pigs, horses, dogs, cats, and rabbits (Feng and
Xiao 2011). Only individual studies have found a relatively
high percentage of assemblage B in cattle in Canada (58.3
%, 35/60) and New Zealand (45.8%, 22/48) (Learmonth et
al. 2003; Coklin et al. 2007). Our findings were similar to
the above two studies. Variations in the distributions and
percentages of G. duodenalis assemblages on cattle farms
might be related to the transmission dynamics of G. duode-
nalis. The reasons for the predominance of G. duodenalis
assemblages in cattle are still unclear. While no strong
evidence has supported the direct zoonotic transmission of
G. duodenalis from animals to humans, case-control studies
have shown that the increased infection rate of human
giardiasis is related to farm animal contact (Hoque et al.
2002, 2003). Thus, the cattle infected with assemblage B
pose significant threats to local inhabitants and are of public
health importance.

Assemblage A, another major assemblage of G. duode-
nalis found in humans, has also been found in cattle and is
common in some countries and regions, accounting for the
percentage of 22.4% in Europe (Sprong et al. 2009) and 50
% in Italy (Lalle et al. 2005). In New Zealand, assemblage A
was found to be the predominant G. duodenalis genotype
(54.2 to 87.5%) with an absence of assemblage E in cattle

(Hunt et al. 2000; Learmonth et al. 2003; Winkworth et al.
2008). However, in the present study, only one subtype A-I
isolate from the G. duodenalis-positive specimens was
detected. In comparison with other regions of the world,
the lower frequency of subtype A-I appeared to be the
endemic characterization of the G. duodenalis population
structure in Heilongjiang. Possibly, this finding was related
to the limited number of specimens in the present work.
Although humans are more commonly infected with sub-
type A-II than subtype A-I, the public health significance of
both subtypes needs to be assessed by the data from exten-
sive investigations with a large number of specimens from
animals and humans, for subtype A-I has been detected in
humans in some areas (Xiao and Fayer 2008; Feng and Xiao
2011). The true prevalence of subtype A-I in humans in the
study area remains unclear due to the lack of the data on
human giardiasis.

High genetic polymorphism was observed within both
assemblages B and E by subtyping TPI sequences in the
present study. The intragenotype diversity of G. duodenalis
assemblage B has been confirmed by many reports on
human giardiasis (Feng and Xiao 2011; Wang et al. 2011).
In China, six human isolates of assemblage B were recently
found to belong to six distinct subtypes (Wang et al. 2011).
However, no reports have described the genetic diversity of
cattle-derived isolates of G. duodenalis assemblage B in TPI
sequences. Based on the β-giardin gene, sequence hetero-
geneity was found in assemblage B isolates in humans and
cattle in Italy (Lalle et al. 2005). In the present study, nine
subtypes were obtained from 18 assemblage B isolates.
The most common subtype B-I (JN162353) (33.3%, 6/18)
showed 100% similarity with the assemblage B sequences
from rabbits (HQ397719) and wastewater (HQ603781) in the
study area. Homology analysis indicated that there was no
host specificity associated with subtype B-I. The true host
range of subtype B-I could be defined by subtyping a large
number of assemblage B isolates from different areas and

Table 4 G. duodenalis genotypes and subtypes identified in cattle on farms in Heilongjiang Province

Farm No. of positive Assemblage B Assemblage E

Number Subtype (no.) Number Subtype (no.)

Farm1 12 7 B-I (1), B-II (2), B-III (1), B-VIII (3) 5 E-I (4), E-III (1)

Farm2 12 6 B-I (2), B-IV (2), BVI (1), B-VII (1) 6 E-I (1), E-II (1), E-IV (4)

Farm3 4 2 B-I (2) 2 E-III (1), E-V (1)

Farm4 5 2 B-I (1), B-V (1) 3 E-I (1), E-VI (2)

Farm5 3 0 3 E-III+A-I (1), E-II (2)

Farm6 1 0 1 E-I (1)

Farm7 5 1 B-IX (1) 4 E-I (2), E-II (1), E-III (1)

Total 42 18 B-I (6), B-II (2), B-III (1), B-IV (2), B-V (1),
B-VI (1), B-VII (1), B-VIII (3), B-IX (1)

24 E-I (9), E-II (4), E-III (4), E-IV (4),
E-V (1), E-VI (2),
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hosts. We could not draw definitive conclusions because of
the lack of human and other animal giardiasis data. The
remaining eight subtypes (B-II to B-IX) were novel and low
in incidence; their sequences based on TPI were not identical
to any known subtype of assemblage B. Subtypes of assem-
blage B might represent the endemic genetic characteristics of
G. duodenalis. The risk of cattle with assemblage B infecting
humans needs to be assessed in subsequent studies by
molecular epidemiology and genetics of giardiasis in local
inhabitants.

Few studies have described the intragenotype diversity of
assemblage E in cattle (Feng et al. 2008). In the present
study, six subtypes of assemblage E were found at the TPI
locus, three of which showed a large percentage (70.8%, 17/
24) in the study area, including E-I (n09), E-II (n04), and
E-III (n04). These subtypes have also been found in cattle
in other studies (Sulaiman et al. 2003; Trout et al. 2004;
Feng et al. 2008) and are worldwide with no apparent
differences in geographical distribution. The remaining
three novel subtypes, defined as E-IV (n04), E-V (n01),
and E-VI (n02), have never been reported and might be
subtypes with characteristic geographical distributions.
More data from large-scale investigations regarding the
new subtypes will contribute to the study of geographical
distributions. Moreover, the transmission dynamics and
public health significance of the new subtypes need to be
studied extensively.

Clinical symptoms of giardiasis are highly variable,
mainly ranging from asymptomatic infection to acute or
chronic diarrhea. The correlation between clinical symp-
toms and G. duodenalis assemblages has always been dis-
puted. Some studies on human giardiasis reveal that
assemblage B is associated with clinical symptoms (Gelanew
et al. 2007; Pelayo et al. 2008; MohammedMahdy et al. 2009;
Al-Mohammed 2011). In the present study, we only recorded
the presence or absence of diarrhea, the most common clinical
symptom of cattle infected with G. duodenalis, but did not
examine other pathogens existing in the intestinal tract. The
percentages of diarrheic cases were 43.8% (7/16) for assem-
blage B and 53.6% (9/16) for assemblage E. No obvious
correlations were found between diarrhea and the G. duode-
nalis assemblages. Occurrence of diarrhea and the severity of
giardiasis in animals are complicated, often involving the
immune status of the infected host, the virulence of different
G. duodenalis assemblages, the infective dose of the parasite,
and the presence or absence of other intestinal pathogens. It is
possible that they were also related with the different subtypes
within assemblages B and E. Also, changes in diet can affect
fecal consistency.

In conclusion, our findings showed that assemblages A,
B, and E of G. duodenalis were found in cattle in the study
area; assemblage E was more prevalent and widespread than
assemblage B. Cattle infected with assemblage B are highly

significant to public health. To better understand the trans-
mission dynamics of G. duodenalis in China and assess the
human burden of giardiasis caused by animals, large-scale
molecular epidemiological investigations of humans and
animals should be conducted, and the relationships between
clinical symptoms and assemblages need to be studied at the
subtype level.
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