
Costache et al. Parasites Vectors          (2020) 13:387  
https://doi.org/10.1186/s13071-020-04248-2

RESEARCH

First multilocus sequence typing (MLST) 
of Giardia duodenalis isolates from humans 
in Romania
Carmen Costache1†, Zsuzsa Kalmár2* , Horațiu Alexandru Colosi3, Alina Mihaela Baciu1, Răzvan Vlad Opriş1, 
Adriana Györke2 and Ioana Alina Colosi1† 

Abstract 

Background: Giardia duodenalis is one of the most prevalent and highly diverse human parasites, encompassing a 
complex of eight genetically distinct assemblages, each further divided into sub-assemblages. While in recent years, 
G. duodenalis genotype distribution patterns in humans have been intensely studied, there is still very little informa-
tion available on the diversity of Giardia genotypes and sub-assemblages infecting people in Romania. In the present 
study, we investigated the genetic diversity of Giardia duodenalis in asymptomatic patients from Romania.

Methods: Over an 11-month period, human feces from 7805 healthy adults were screened by microscopic analysis 
for G. duodenalis cysts during their obligatory periodic check-ups. DNA extraction was performed from microscopic-
positive fecal samples, followed by multilocus sequence typing of four genetic loci of the ITS region, gdh, tpi and bg 
genes, followed by DNA sequencing and phylogenetic analysis. Statistical analysis was performed using EpiInfo 2000 
software.

Results: The prevalence of giardiasis in the present study was 0.42% (33/7805). Twenty-three samples (76.67%) were 
successfully genotyped at each locus. The bg and tpi genes had the highest typing success rate (100%). The identified 
assemblages were assemblage A in 27 cases (subtypes A2 and A3), and B in 3 cases.

Conclusions: To our knowledge, the present study is the first report of multilocus sequence typing of G. duodena-
lis isolated from humans in Romania. The present results may shed light on G. duodenalis infection in humans at a 
regional and national level, thus increasing awareness against this parasitic infection. 
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The non-invasive flagellated protozoan Giardia duodena-
lis (synonyms Giardia intestinalis and Giardia lamblia) 
has been ranked by the Food and Agriculture Organiza-
tion (FAO) as the 11th most important food-borne path-
ogen [2]. Giardia has a global distribution, with human 
contamination occurring in both tropical and temper-
ate areas. It remains the most frequently identified par-
asite from human fecal samples and the most common 
cause of parasitic gastroenteritis [3], registering annually 
around 280 million new cases worldwide [4]. Infection 

Background
Foodborne diseases represent a serious public health 
concern that greatly impedes economic and social devel-
opment in both developed and developing countries [1]. 
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with G. duodenalis is the most frequently diagnosed gas-
trointestinal parasitic disease in Romania [5].

Human infection most often occurs by fecal-oral route 
through consumption of infested foods and water, by 
cysts (the resistant and infectious form of the parasite), 
and less frequently, through sexual practices (anal-oral 
sex). The cyst is largely resistant to environmental fac-
tors, thus contributing to its ability to infect animals and 
humans alike for months [6]. Giardia duodenalis infec-
tion can appear as endemic (mainly in subtropical and 
tropical regions), water-related epidemic and travel-
related epidemic (accounting for 2–3% of traveler’s diar-
rhea) [7].

Infection with G. duodenalis can present as asymp-
tomatic or symptomatic, acute or chronic. The clinical 
presentation of giardiasis is greatly influenced by the 
host’s immune response, duration of infection, virulence 
and the infective dose of the parasite, with the main 
symptoms including nausea, diarrhea (followed by dehy-
dration), abdominal pain, vomiting and bloating [8, 9]. 
The evolution and severity of an infectious disease greatly 
depend on the interaction between the host factors and 
the virulence factors expressed by the etiological agent 
[10]. The expression of the virulent features of the para-
site results from their genotype (e.g. assemblage). Cur-
rently, efforts are being made to correlate genetic traits to 
infectivity, routes of transmission and clinical symptoms 
[9, 11].

Despite its importance in the etiology of parasitic diar-
rheal disease, there is little, and sometimes contradictory 
information about the incidence of giardiasis in develop-
ing countries. The burden of the disease is usually esti-
mated in these countries at the level of symptomatic 
groups, but the real prevalence and incidence in the gen-
eral population remain largely unknown. The prevalence 
of G. duodenalis is influenced to a great extent by the 
diagnostic methods that are employed and by the exper-
tise of medical professionals who participate in the diag-
nosis [12–14].

Besides humans, Giardia infects more than 40 other 
animal species [15]. Currently, eight morphologically 
distinct and valid species of Giardia have been described 
[8, 16, 17]. Giardia duodenalis is a genetically hetero-
genic parasite, and in relation to its hosts, this protozoan 
infects a wide range of mammalian species. Eight genetic 
groups, referred to as assemblages or genotypes (A to 
H) have been described [18], with assemblages A and B 
being the predominant human pathogens [9]. However, 
infections with assemblages C, D, E and F have also been 
identified in humans from Thailand (assemblages C and 
D), Egypt (assemblage E) and Ethiopia (assemblage F) 
[19]. Assemblage A has also been commonly reported in 
pets and livestock, while assemblage B is reported, as the 

dominant genotype in a smaller number of animal spe-
cies. Due to their extended host specificity, both A and 
B assemblages are considered zoonotic pathogens [19, 
20]. Studies on the worldwide prevalence of Giardia 
assemblages indicate that assemblage B is more often 
implicated in human infections (approximately 58%) 
than assemblage A (approximately 37%) [18]. However, 
it is important to note that the majority of these stud-
ies focused on symptomatic patients. This, coupled with 
the observation that assemblage A is more often found 
in asymptomatic patients [21, 22], indicates that the 
real prevalence of the two assemblages remains largely 
unknown. Additionally, depending on the region, the dis-
tribution of the two assemblages varies greatly. For exam-
ple, while in Canada, Uganda and South Korea, studies 
have reported only assemblage A [23], a study in India 
has identified only assemblage B [24].

In Romania, the prevalence of human giardiasis varies 
from 2% to 27% in symptomatic patients, depending on 
the county [25]. Despite the high prevalence of this infec-
tion, the genetic characterization of the parasite has been 
documented only from animal fecal samples [26, 27] and 
water sources [28]. The present study aimed to investi-
gate the molecular prevalence and genetic diversity of 
G. duodenalis from human isolates through multilocus 
sequence typing (MLST) of four genetic loci: β-giardin 
(bg); the glutamate dehydrogenase (gdh); the triosephos-
phate isomerase (tpi) genes; and the internal transcribed 
spacer (ITS) region of the ribosomal unit (ITS1-5.8S-
ITS2). To our knowledge, this is the first molecular char-
acterization of G. duodenalis identified in human stool 
samples from Romania.

Methods
Sample collection
All of the fecal samples included in the present study 
were collected by private laboratories (from Cluj-Napoca 
city, Cluj County, Romania) that were employed to 
carry out mandatory periodic check-ups. The laborato-
ries in question serve both rural and urban areas in the 
western, north-western and central regions of Romania. 
Samples were then analyzed for the presence of G. duo-
denalis cysts at the Department of Microbiology, “Iuliu 
Hatieganu” University of Medicine and Pharmacy (Cluj-
Napoca, Romania).

Between May 2018 and March 2019, 7805 healthy 
adults were screened for G. duodenalis during their man-
datory periodic check-ups. Adults included in the study 
were apparently healthy, with no clinical suspicion of 
giardiasis. Stool samples (n = 3) from each subject were 
collected every 2 days (days 1, 3 and 5), in a sterile plas-
tic container, void of preservatives. However, from the 
patients (n = 28) in which G. duodenalis was detected 
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in the first stool sample, the second and the third sam-
ple was not collected, and from the patients (n = 5) in 
which G. duodenalis was detected in the second sample, 
the third sample was not collected. Each sample was kept 
at 4 °C and examined by light microscopy within 8 h of 
collection [29]. DNA extraction was carried out within 2 
months of sample collection.

Microscopic analysis
The fecal samples were analyzed for the presence of G. 
duodenalis cysts by direct microscopic examination of a 
wet mount. Prior to examination, each sample was con-
centrated by flotation technique and stained with 2% 
Lugol iodine solution [30, 31]. The wet mount was exam-
ined under a light microscope (Zeiss, Jena, Germany), 
using the 20× and 40× objectives to screen the entire 
sample area. Microscopic-positive samples were vortexed 
and stored in 95% ethanol (1 part sample, 4 parts etha-
nol) at − 20 °C [32].

DNA extraction and PCR analysis
DNA extraction was performed using Isolate Fecal DNA 
kit (Bioline, London, UK) from Giardia-positive sam-
ples confirmed by microscopic examination. All isolates 
were investigated at three coding genes (gdh, bg and tpi) 
and the ITS region. The amplification was performed on 
a T100 Thermal Cycler (Bio-Rad, California, US) using 
the 2× Red PCR Master mix (Rovalab, Teltow, Germany) 
without addition of DMSO. In all cases, nested-PCR 
(nPCR) was performed in a final volume of 25 µl using 
10 µM of each primer (GeneriBiotech, Hradec Králové, 
Czech Republic). In the first PCR reaction  1 µl of tem-
plate DNA, while in the second reaction, 1 µl of template 
from the first-round PCR was used. Cycling conditions 
and primers are detailed in Table 1.

Agarose gel (1.5%) electrophoresis, stained with SYBR 
Safe DNA gel stain (Invitrogen, California, US), was per-
formed for the visualization of PCR products. Positive 
and negative controls were included in each PCR reac-
tion set and DNA extraction.

DNA sequencing
The PCR products were purified by using a QIAquick 
PCR purification kit (Qiagen, Hilden, Germany) and 
sequenced (Macrogen Europe, Amsterdam, Nether-
lands). Nucleotide sequence data from this study were 
submitted to the GenBank database under the fol-
lowing accession numbers: MN457734–MN457735; 
MN457739–MN457741; MT060490–MT060492; 
MT078609; MT001293; and MT060487–MT060489. 
Nucleotide sequences were aligned with all homologous 
sequences (> 99% similarity) available in GenBank using 
the Basic Local Alignment Search Tool (BLAST).

Statistical analysis
Data analysis was performed using the EpiInfo 2000 soft-
ware (CDC, Atlanta, GA, USA) and VassarStats (Website 
for Statistical Computation; http:// vassa rstats. net).

Phylogenetic analysis
Because there are very limited intra-assemblage vari-
ations in ITS sequences, phylogenetic analysis of 
sequences at this locus was not performed in the pre-
sent study. The phylogenetic trees were obtained using 
sequences of the tpi, gdh and bg genes available in Gen-
Bank of G. duodenalis species isolated from feces (host 
Homo sapiens). Phylogenetic analysis was performed 
with MEGA X software [36]. The evolutionary history 
was inferred using the Neighbor-Joining method. The 
bootstrap consensus tree inferred from 1000 replicates 
is taken to represent the evolutionary history of the taxa 
analyzed. Branches corresponding to partitions repro-
duced in less than 50% bootstrap replicates are collapsed. 
The percentage of replicate trees in which the associated 
taxa clustered together in the bootstrap test (1000 repli-
cates) are shown above the branches. The evolutionary 
distances were computed using the Kimura 2-parameter 
model and are in the units of the number of base substi-
tutions per site. The sequences from Romanian isolates 
were aligned using reference sequences of G. duodenalis 
(as G. lamblia) from GenBank.

Results
Among the total number of 7805 patients included in the 
study, 33 (0.42%; 95% CI: 0.3–0.59%) tested positive for 
G. duodenalis by optical microscopy. PCR analysis and 
sequencing confirmed 30 (0.38%; 95% CI: 0.27–0.55%) 
Giardia-positive samples. Amplification of 3 fecal sam-
ples were weak, thus these samples were unsuccessfully 
sequenced. Representative sequences were submitted to 
the GenBank database. GenBank accession numbers are 
presented in Table 2.

Molecular genotyping
Of the 30 samples submitted for genotyping 100% were 
successfully genotyped at least at three or four loci. 
Twenty-three samples (76.67%; 95% CI: 57.72–90.07%) 
were successfully genotyped at each locus, while 7 sam-
ples (23.33%; 95% CI: 9.93–42.28%) were genotyped at 
three loci. The bg and tpi genes had the highest typing 
success rate (100%; 95% CI: 83.43–100%), followed by gdh 
gene (93.33%; 95% CI: 77.93–99.18%), and lastly, the ITS 
sequence presenting an 83.33% (95% CI: 65.28–94.36%) 
success rate (Table 3). Data for reference sequences used 

http://vassarstats.net
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in the sequence alignment and analysis are provided in 
Table 2.

Molecular typing of the ITS region
Amplification of the ITS-positive samples was obtained 
in 25 samples. Sequence analysis revealed assemblages A 
(73.33%) and B (10%); sub-assemblage AII was recorded 
in 21 (70%) out of 30 PCR-positive samples, whereas 
subtypes A2 (46.67%) and A3 (13.33%) were identified. 
Sequence analysis of 3 (10%) of the samples showed equal 
degree similarity with sequences with subtype A2 and A3, 
thus these sequences were identified as A2/A3 (Table 4). 
The BLAST analysis at each locus for one of the samples 
showed a low degree of identity with reference sequences 
and was identified as assemblage A without subtype 
identification.

Molecular typing of the gdh gene
Amplification of the gdh-positive samples was obtained 
in 28 (93.33%) out of 30 samples (Table  3). Sequence 
analysis revealed assemblages A (25/30, 83.33%) and B 
(3/30, 10%). Twenty-four (80%) isolates were identified 
as sub-assemblage AII, from which 22 (73.33%) isolates 
showed complete sequence identity with subtype A2, 
while 1 (33.3%) with subtype A3. Equal degrees of simi-
larity with subtypes A2 and A3 were identified in one of 
the samples (3.33%) (Table 4).

Molecular typing of the bg gene
Amplification of the bg gene was successfully obtained 
in all of the samples. Sequence analysis revealed assem-
blages A (27/30, 90%) and B (3/30, 10%). In total, 26 
(86.67%) isolates showed complete sequence identity with 
sub-assemblage AII, while subtype A2 (22/30, 73.33%) 
and subtype A3 (2/30, 6.67%) were identified (Table  3). 
Equal degree identity of infections with subtype A2 and 
A3 were found in 2 (6.67%) of the samples (Table 4).

Molecular typing of the tpi gene
Amplification of the tpi gene was successfully obtained 
in all of the samples. Assemblages A (27/30, 90%) and B 
(3/30, 10%) were identified. Sequence analysis revealed 
sub-assemblage AII in 26 (86.66%) samples. Twenty-five 
(83.33%) isolates showed complete sequence identity 
with subtype A2, while 1 (3.33%) isolate with subtype 
A3. The sub-assemblage of 1 of the sample could not be 
determined, since its sequence did not show similarity to 
assemblage A reference sequences (Table 4).

Phylogenetic analysis
Figures 1, 2 and 3 include the phylogenetic trees with the 
relative position of G. duodenalis isolates from Romania 
for bg, gdh and tpi genes. For all the genes, sequences 
were grouped in two distinct lineages, in assemblages 
A and B. Subtypes A2/A3 were identified in 2 of the 

Table 1 Primers and PCR conditions

Notes: PCR conditions: A (1 cycle: 95 °C for 5 min; 40 cycles: 95 °C for 45 s, 50 °C for 30 s, 72 °C for 60 s; 1 cycle: 72 °C for 7 min); B (1 cycle: 95 °C for 5 min; 35 cycles: 95 °C 
for 45 s, 55 °C for 30 s, 72 °C for 45 s; 1 cycle: 72 °C for 7 min); C (1 cycle: 95 °C for 5 min; 40 cycles: 95 °C for 45 s, 60 °C for 30 s, 72 °C for 45 s; 1 cycle: 72 °C for 7 min); D 
(1 cycle: 95 °C for 5 min; 35 cycles: 95 °C for 30 s, 59 °C for 30 s, 72 °C for 30 s; 1 cycle: 72 °C for 7 min)

Gene PCR reaction Product length 
(bp)

Primer name Primer (5’-3’) PCR conditions Reference

bg 1st 753 G7 AAG CCC GAC GAC CTC ACC CGC AGT GC A [37]

G759 GAG GCC GCC CTG GAT CTT CGA GAC GAC 

2nd 511 B-F GAA CGA ACG AGA TCG AGG TCCG B

B-R CTC GAC GAG CTT CGT GTT 

gdh 1st n.g. GDHeF TCA ACG TYA AYC GYG GYT TCCGT A [37]

GDHeR GTT RTC CTT GCA CAT CTC C

2nd 432 GDHiF CAG TAC AAC TCY GCT CTC GG C

GDHiR GTT RTC CTT GCA CAT CTC C

ITS1 1st 347 FW1 TGG AGG AAG GAG AAG TCG TAAC A [16]

RV1 GGG CGT ACT GAT ATG CTT AAGT 

2nd 315 FW2 AAG GTA TCC GTA GGT GAA CCTG B

RV2 ATA TGC TTA AGT TCC GCC CGTC 

tpi 1st 605 ALA3542 AAATIATG CCT GCT CGT CG A [38]

ALA3542 CAA ACC TTITCC GCA AACC 

2nd 530 ALA3544 CCC TTC ATCGGIGGT AAC TT

ALA3545 GTG GCC ACCACICCC GTG CC
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Table 2 GenBank accession numbers for tpi, gdh and bg genes used for sequence analysis and in the phylogenetic tree construction

Abbreviation: na, not applicable

Gene Assemblage Subtype GenBank ID

bg A A2 AY072723, FN386482, MN457734

A3 MN457735

A2/A3 MN457741

Not specified JQ978667, MN457740

B na AY072726, AY072728, EU014384, EU216429, KP026314, KP026313, HM165226, LC437422, MN457739

C LC437440

D LC437467

E KC960635

F LC341557

Outgroup AY258618

gdh A A1 AB434776, EF507606

A2 AB195222, AY178735, AY178736, AY178737, AY826194, EF507674, L40510, M84604, MT078609

A3 MT060492

Not specified EU637582, KM190756

B na AB434535, AF069059, AY178738, AY826191, DQ090539, DQ090540, EF685684, EU594665, KP899844, 
L40508, MT060490, MT060491

C U60984

D U60986

E KC960651

F AF069057

G AF069058

Outgroup AF069060

tpi A A1 GU564274

A2 AB516350, L02120, KC313923, KR105400, KR902356, KY271716, KY271722, MT060487, U57897

A3 MT060488

Not specified DQ650648, KJ941325, KM190773, KT369760, KU378623, MT001293

B na AF069560, AF069561, AY368163, AY368167, GU564279, HM140722, KC632557, KF679740, KF843920, 
KT357495, KT948104, KY271715, KY271717, MT060489

C AY228641

D DQ246216

E KF891311

G EU781013

Outgroup AF069564

Table 3 Occurrence of sequence variants at each locus in G. duodenalis isolates

Locus A A2 A3 A2/A3 B Total

ITS 1 14 4 3 3 25

gdh 1 22 1 1 3 28

bg 1 22 2 2 3 30

tpi 1 25 1 0 3 30
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samples at bg and gdh loci and are closely related with the 
sequences with A2 subtypes.

Discussion
In Romania, studies that focused on the molecular diver-
sity of the parasite were conducted on samples obtained 
from animals [26, 27, 33], while Giardia infections in 
humans were analyzed from an epidemiological point of 
view, focusing on prevalence and symptomology [5, 34]. 
Genotyping studies of human isolates are lacking in our 
country. To fill in these blanks, the main goal achieved 
by this study was to investigate the genotypes of G. duo-
denalis isolated from human fecal samples taken in 
Romania.

The data published by the European Center for Dis-
ease Control (ECDC) from Romania in 2017 reported 
1060 confirmed cases; however, the notification rate was 

not calculated because the national surveillance system 
is sentinel and does not cover the whole population [35]. 
Other countries in Europe reported lower prevalence 
than our study, in routine check-ups of the population: 
0.07% in Croatia and 0.28 % in Serbia, while Hungary and 
Slovenia reported slightly higher percentages at 1.2% and 
0.96%, respectively [12].

Molecular characterization of G. duodenalis isolates 
is an important step for public health, necessary for the 
discrimination of the zoonotic assemblages (A and B) 
[37–39]. To understand the zoonotic linkage, a multi-
locus genotyping approach is suggested. In the present 
study, MLST was performed, targeting four genetic loci, 
the gdh, tpi, bg genes and the ITS region. Whereas the 
sensitivity of PCR targeting the ITS region is known, its 
intra-assemblage and sub-genotype variation is limited. 
The bg and gdh genes are frequently used discriminatory 
markers, thus may show more intra-assemblage varia-
tion [15]. The amplification success rate in the present 
study was 100% at the bg and tpi loci, and lower at the 
gdh locus and ITS region. Despite repeating molecular 
analysis, sequencing failure occurred at the ITS region 
in five of the samples, and at gdh locus in two samples, 
respectively.

Regarding the molecular diversity of G. duodenalis, the 
present study found that the majority of human infec-
tions were caused by assemblage A, with most isolates 
successfully characterized at the subtype level. More 
than three-quarters of assemblage A isolates pertained 
to the A2 subtype, with most of the sequences matching 
previously described isolates. Our analysis found only a 
small number of A3 (mainly at the ITS region) and no A1 
subtype, thus reinforcing the status of A2 as the main A 
subtype found in humans, as previously demonstrated 
by other MLST studies [40, 41]. The high variation of 
assemblage B at the bg, tpi and gdh loci yield to an incon-
sistent typing result of assemblage B [42]. Three samples 
were identified as assemblage B at each locus. However, 
sequence analysis showed complete sequence iden-
tity with the B3 subtype reference sequence (GenBank: 
AF069561) at the tpi locus [40], while at the other three 
loci, the subtype could not be unequivocally determined.

The phylogenetic tree provides an overview of the phy-
logenetic situation of the G. duodenalis isolates from 
human feces collected in Romania. Sequencing of the 
isolates from this study at each locus, and phylogenetic 
analysis of these sequences with a large set of avail-
able sequences in the GenBank database, showed highly 
genetic homogeneity (99–100%) with the published 
sequences. Because of the high sequence heterogeneity 
of the tpi gene, sequences of this gene provided greater 
sensitivity in subtype of assemblage A differentiation. 

Table 4 Genotyping data of each sample at different loci

Sample ITS gdh bg tpi

1 A2 A2 A2 A2

2 A2 A2 A2 A2

3 A2 A2 A2 A2

4 A2/A3 A2 A2/A3 A2

5 A2 A2 A2 A2

6 A2 A2 A2 A2

7 A2/A3 – A2 A2

8 B B B B

9 B B B B

10 A3 – A2 A2

11 A2 A2 A2 A2

12 A3 A2 A2 A2

13 – A2 A2 A2

14 A2 A2 A2 A2

15 A2 A2 A2 A2

16 A2 A2 A2 A2

17 A2 A2 A3 A2

18 A2 A2 A2 A2

19 A2 A2 A2 A2

20 B B B B

21 A3 A2 A2 A2

22 A2/A3 A2/A3 A2/A3 A2

23 A3 A3 A3 A3

24 A A A A

25 – A2 A2 A2

26 – A2 A2 A2

27 A2 A2 A2 A2

28 A2 A2 A2 A2

29 – A2 A2 A2

30 – A2 A2 A2
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However, analysis of the BLAST search of tpi-sequences 
revealed 7 isolates with subtype A2 of those sequences 
that were identified as A2/A3 (3 isolates) and A3 (4 iso-
lates) subtypes on gdh (1 isolate with A2/A3 subtype), bg 
(2 isolates with A2/A3 and 1 with A3 subtype) genes and 

ITS sequence (3 isolates with A2/A3 and 2 with A3 sub-
type) (Table 3). The detected difference in the results of 
one sample at multiple loci (where two different assem-
blages were identified with the same similarity rate) may 
be due to the use of primers that may lead to imperfect 

Fig. 1 Phylogenetic tree constructed for the tpi gene sequences of G. duodenalis isolates. The evolutionary distances were computed using the 
Kimura 2-parameter method and are in the units of the number of base substitutions per site. Evolutionary analyses were conducted in MEGA X 
software and further bootstrap analysis of 1000 replicas. Sequences obtained from GenBank are indicated by their accession numbers. Values at the 
nodes represent bootstrap support
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discrimination between two assemblages within the 
same isolate (to detect mixed infections) or unsuccessful 
sequencing (low sequence similarity). However, discrep-
ancies in assemblage type were observed by sequencing 
of the ITS region and the bg gene that led to an inabil-
ity to group all the isolates into A2 or A3 subtypes. Even 
an additional PCR and chromatogram analysis of isolates 
with the A2/A3 subtype could not discriminate between 
these subtypes.

In Romania, the assemblages B, D and E were found 
in farmed long-tailed chinchillas [26] and C, D and E in 
domestic and wild animals [27, 33]. In the present study, 
we identified two assemblages, A and B, however the 

occurrence of sequence variants at each locus revealed 
different subtypes of sub-assemblage AII (A2 and A3). 
Sub-assemblage AII is known to be more frequent in 
human isolates [19, 43], while the identification of sub-
assemblage AIII was reported to infect mainly hoofed 
wild animals [15, 42]. The difference between the types 
of assemblages identified in samples from domestic and 
wild animals in our area (B, C, D and E) and those from 
human samples (A and B) may suggest an anthroponotic 
transmission rather than a zoonotic one, especially in 
regards to assemblage A, which was overwhelmingly 
more common than B (27 vs three). Although more data 
is required for a clear image of possible infection routes, 

Fig. 2 Phylogenetic tree constructed for the gdh gene sequences of G. duodenalis isolates. The evolutionary distances were computed using the 
Kimura 2-parameter method and are in the units of the number of base substitutions per site. Evolutionary analyses were conducted in MEGA X 
software and further bootstrap analysis of 1000 replicas. Sequences obtained from GenBank are indicated by their accession numbers. Values at the 
nodes represent bootstrap support
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the lack of sub-assemblage AI (mainly found in livestock 
and pets) in our results also supports this hypothesis 
[44]. In contrast with our results, several studies world-
wide have reported a higher frequency of human infec-
tions with assemblage B [9]. In four studies carried out 
in Spain, human infections with assemblage B were more 
frequent than those with  assemblage A [21, 45–47]; 
assemblage B was also found to be the most prevalent 
(74.4%) in Belgium [41]. However, in a study conducted 
in the UK the distribution of the assemblages A and B 
were different in relation to age group; equal distribu-
tion in children, assemblage B more common in young 
adults and assemblage A more common in adults over 50 
[40]. Previous studies conducted in Rio de Janeiro, Brazil, 
found only assemblage A isolates, with the first assem-
blage B reported in 2016 [48]. All the samples from the 
present study originated from adults, and were predomi-
nantly identified as assemblage A. Similar results were 
reported in other studies conducted in UK, Rio de Janeiro 
(Brazil), Canada and South Korea [40, 48].

The association between different assemblages and 
clinical outcome is still not clear, even though a large 
number of studies have been published on this subject [9, 
18]. Regarding the clinical outcome, in our study we did 
not have the possibility to thoroughly analyze this aspect. 
However, because samples were acquired from presum-
ably asymptomatic patients (they were collected during 

regular check-ups of employees) and 90% (27/30) of them 
were assemblage A, we can hypothesize that in our study, 
similar to interpretation from other studies, patients 
infected with assemblage A are more likely to be asymp-
tomatic [19, 49–51].

Differentiation of genotypes circulating in a geographic 
area is a useful tool for the understanding of giardia-
sis epidemiology within that area, an important basis 
for effective prevention methods. Further studies on 
the molecular diversity of G. duodenalis isolated from 
symptomatic patients in Romania are required in order 
to comprehensively understand the epidemiology of giar-
diasis in our country.

Conclusions
The prevalence of asymptomatic infection with G. duo-
denalis in adults from our area was 0.42%. This study has 
produced the first molecular characterization of G. duo-
denalis isolated from human fecal samples in Romania. 
The majority of infections were caused by assemblage A, 
subtype A2. All four loci showed a high typing success 
rate, with the tpi gene being the most profitable marker 
for genotyping and sub-assemblage discrimination.

Abbreviations
gdh: glutamate dehydrogenase; bg: β-giardin; ITS: internal transcribed spacer; 
n: number of identified samples.

Fig. 3 Phylogenetic tree constructed for the bg gene sequences of G. duodenalis isolates. The evolutionary distances were computed using the 
Kimura 2-parameter method and are in the units of the number of base substitutions per site. Evolutionary analyses were conducted in MEGA X 
software and further bootstrap analysis of 1000 replicas. Sequences obtained from GenBank are indicated by their accession numbers. Values at the 
nodes represent bootstrap support
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