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HIGHLIGHTS

o We identified that thirteen countries in the Americas had reported the presence of Blastocystis in the last two decades.

e Not all countries have performed subtyping of Blastocystis, and these studies are limited to its identification.

e Colombia has a tremendous variety of subtypes, reporting 18 different subtypes.

e ST1 is the most widely distributed subtype in the Americas.

e The most common subtype is ST3, representing the highest number of reported positive samples in human and animal hosts.

ARTICLE INFO ABSTRACT

Keywords: Blastocystis is an intestinal protist that presents worldwide distribution, colonizes animal and human hosts, and is
Blastocystis classified into at least 34 ribosomal subtypes (STs). Herein, we conducted an update based on studies reporting
STs Blastocystis-positive samples obtained from diverse hosts in the Americas. We described the distribution
it:gi eass throughout the continent by assembling maps representing the distribution of STs and the most important 18S-
Geographic distribution rRNA alleles. Thirty-nine articles from the previous study, “A summary of Blastocystis subtypes in North and
Epidemiology South America,” and forty-one additional articles from March 2019 to March 2022 were considered. The most
Diversity common subtype described was ST3, representing the highest percentage of positive samples. Other recently

identified STs include ST12, ST13, and ST16 in humans, and ST10, ST14, and ST17 in animals. Novel subtypes
have also been described in this continent. We assembled and updated the distribution of Blastocystis in the
Americas. We hope this delivers new understandings and knowledge of this microorganism’s prevalence and
genetic diversity.

1. Introduction

Blastocystis is a stramenopile known as the most common enteric
protist in humans and animals worldwide [1, 2]. Likewise, its extensive
distribution in developed and developing countries has been described
[3, 4]. It colonizes multiple host digestive systems, and the parasite
transmits through the fecal-oral route, through water, foods, and some
animals are considered the most probable means of spread [4, 5, 6, 7, 8].
Due to its high frequency in different species of animals, the hypothesis of
zoonotic transmission of Blastocystis between animals and humans has
recently been recognized [2, 5, 9, 10, 11, 12, 13, 14, 15]. Although, its
zoonotic potential and transmission should be considered in further
studies [16].
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Blastocystis is known to cause gastrointestinal infection in humans,
but it is not very well known whether Blastocystis infection causes
gastrointestinal symptoms in animals. However, Blastocystis infection has
been associated with gastrointestinal illnesses, urticaria, and other
extraintestinal signs of the inflammatory response [9, 17, 18, 19, 20, 21].
It has also been reported in asymptomatic patients [22, 23, 24]. Indeed,
the relationship between disease and colonization remains unclear. The
high prevalence of polyparasitism in the Americas accompanied by
nonspecific symptoms does not allow associations between clinical
manifestations and the presence of the microorganism or even link it to
any ribosomal subtype.

This eukaryotic microorganism has been recognized as an essential
component of the gut microbiota. It is suggested that Blastocystis role
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could be related to gut homeostasis by maintaining a higher gut bacterial
diversity [3, 20, 25, 26, 27, 28]. Other reports revealed that Blastocystis
could be a healthy member of the gut microbiota, and its interaction with
other microbial communities might regulate the host immune responses
[22, 29, 30, 31, 32, 33, 34]. Regardless of studies reporting a decrease in
the abundance of beneficial bacterial communities in the gastrointestinal
tract or intestinal dysbiosis due to the presence of Blastocystis [22, 2.3, 30,
34, 35].

Currently, there are known 28 Blastocystis Subtypes (STs) whose
assignment is based on sequence analysis of the small subunit of ribo-
somal RNA (rRNA-18S) gene and phylogeny using a numbering system
based on publication date [16]. Various tools have been used for its
subtyping; these tools include partial amplification of the 18S-rRNA
gene, a barcoding method that uses specific primers from a 600 bp re-
gion of length [36, 37, 38], and next-generation amplification
sequencing by Illumina targeting a variable region of the equal length
[39, 40]. Also, recent approaches have focused on third-generation
sequencing using the MinION by Oxford Nanopore Technologies, the
first tool that uses nanopore machinery to obtain complete sequences
(1800 pb) from the Blastocystis 18S-rRNA gene [16, 41, 42, 43].

In recent years, Blastocystis subtyping has evolved to obtain complete
sequences of the 18S-rRNA gene, allowing a robust classification to
categorize new subtypes, generate reference sequences, and build accu-
rate phylogenetic lineages [16]. Furthermore, these molecular methods
have demonstrated a considerable genetic diversity among Blastocystis
inter and intra-subtype levels; some studies reported that comparing
sequences in different hosts could show similar or highly different strains
in some STs. Within the described STs, some have been linked to specific
hosts. Of the 28 STs reported worldwide, twelve subtypes (ST1-ST10,
ST12, ST13, ST14, ST16, and ST23) have been detected in humans and
animals [44, 45], ST1-ST4 the most frequent in human samples [46, 47].
Mixed infections have been described in humans and animals, and
multiple subtypes have been described within one sample [46, 48, 49,
501].

The distribution of Blastocystis in the Americas is not yet fully clari-
fied. However, in the last five years, there has been an increased interest
in detecting and identifying Blastocystis STs in these countries, signifi-
cantly impacting this protozoan’s epidemiological and molecular char-
acterization. Environmental aspects in the American continent, such as
poverty, sanitation problems, poor access to potable water, internal civil
conflicts, and high biodiversity, lead to a high prevalence of this intes-
tinal microorganism which cannot yet be linked to intestinal manifesta-
tions, pathogenic potential, or beneficial influence on gut microbiota.
Despite the progress, the epidemiological data obtained have not yet
been consolidated. Therefore, this study aims to update the distribution
of Blastocystis throughout the Americas from samples identified in
humans and animals. Maps and graphs were constructed to identify the
most frequent subtypes and alleles, including an ample discussion of the
subtyping methods used.

2. Materials and methods
2.1. Identifying available data

Considering our previous review, “A summary of Blastocystis subtypes
in North and South America” [46], and conducting a new literature
search by using databases such as PubMed, Science Direct, Scopus, and
the Integrated Search System of Universidad del Rosario, Colombia, led
us to find forty-one (41) additional articles from March 2019 to March
2022. In total, eighty (80) papers met the requirements to be considered
for the development of this study. The keywords included Blastocystis,
subtypes, STs, molecular characterization, epidemiology, distribution,
alleles, genetic diversity, America, intestinal protozoa, and isolates.

This research was geographically limited to the American continent,
including three subcontinents: North America, Central America, South
America, and thirty-five nations. There were excluded those reports
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whose samples were taken outside the continent. We incorporated
studies from different languages: English, Spanish, and Portuguese. In-
formation was extracted from the articles containing the date of publi-
cation, country, and geographic location of sampling. Based on the
information from those reports, we established the following inclusion
criteria: methods of identification either by microscopy or molecular
methods, subtyping including the use of Next-Generation sequencing,
and the host from which the samples were obtained.

2.2. Data arrangement

Upholding the data extraction methodology of the previous paper, the
information and data from each study were collected, including country,
samples' exact location, methods of identification and subtyping, number
of positive samples, host, subtype, identified alleles, authors (last name of
the first author) and year of publication. The data extraction was per-
formed in January and March of 2021 and 2022. The database of the
previous study was used to update it with the latest information and
complement the prior publication. The current information obtained
from those studies which met the inclusion criteria was added to the
variables. The samples' geographic location was also paired with their
corresponding coordinates (latitude and longitude) from the collected
places.

Using the arranged data, maps and graphics were constructed using R
programming. Updating the distribution of Blastocystis STs throughout
the American continent, including specific geographic hotspots of ST’s
occurrence in thirteen different countries, revealing the emergence of
new subtypes and new locations of identification of this parasite. First,
we built a map that contains all subtypes identified in the Americas, in
both human and animal hosts. Subsequently, maps were constructed for
the most frequent subtypes (ST1, ST2, ST3) and individually containing
percentages of each subtype by country. This information was used to
build graphs representing the number of alleles and frequency of Blas-
tocystis subtypes in the Americas.

2.3. Data analysis

Chi-square tests were applied to identify possible associations be-
tween variables of interest (STs, hosts, and countries). Multiple com-
parisons between different categories were made by implementing post
hoc tests through the chisq.posthoc.test function included in the ved
package R software implements pairwise comparisons using Bonferroni
as an adjustment method. All statistical analyses were performed using
the R software (RStudio Team 2019). All tests of significance were two-
tailed, and P-values < 0.05 were considered statistically significant.

3. Results
3.1. Frequency of Blastocystis in the Americas

From the eighty articles, which met the selection criteria, it was
identified that thirteen countries had reported the presence of Blastocystis
in the last two decades. These countries are Argentina [24, 47, 51],
Bolivia [47, 52, 53, 541, Brazil [39, 47, 55, 56, 57, 58, 59, 60, 61, 62, 63,
64, 65, 66, 67, 68, 69, 70, 71, 72, 73], Chile [74, 75], Colombia [9, 31,
43, 47,76,77,78,79, 80, 81, 82, 83, 84, 85, 86], Ecuador [47, 87, 88],
Honduras [89], Mexico [33, 40, 49, 90, 91, 92, 93, 94, 95, 96, 971,
Nicaragua [98], Panama [99], Perta [47, 50, 100, 101, 102, 103, 104],
United States [10, 48, 105, 106, 107, 108, 109, 110, 111, 112, 113] and
Venezuela [114, 115] (Figure 1a).

The most frequent subtypes found in the Americas were ST3, ST1, and
ST2 in both animal and human hosts, ST3 1312/7898 (16,61%), ST1
1002/7898 (12,69%), and ST2 699/7898 (8,85%) respectively, and not
subtyped samples 3738/7898 (47,33%). We observed a significant as-
sociation in human positive samples and ST1 (p = 0.014211), ST2 (p =
1.00E-06), ST3 (p = 5.90E-05) measured by post hoc tests. The number of
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samples and percentages from other STs (Table 1) (Figure 1 b). It is worth
highlighting that not all countries have performed subtyping of Blasto-
cystis; these studies are limited to its identification.

3.2. Distribution of Blastocystis subtypes by country

Blastocystis subtypes distribution throughout the American continent
is supported by the reports in recent decades that have shown the pres-
ence of the subtypes in ten (10) different countries (Argentina, Bolivia,
Brazil, Chile, Colombia, Ecuador, Mexico, Panamd, Pert, and United
States). In Figure 1, Honduras, Nicaragua, and Venezuela have identified
the presence of the protozoan but have not been subtyped. The country
with the greatest variety of subtypes was Colombia, reporting 18

a.
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different subtypes so far [9, 35, 43, 76, 77, 78, 79, 80, 81, 82, 83, 84],
followed by the United States, reporting 16 subtypes [10, 48, 105, 106,
107,108,109,110,111, 112, 113], Brazil reporting 15 subtypes [39, 47,
55, 56, 57, 58, 59, 60, 61, 63, 64, 65, 66, 67, 68, 69, 70, 76, 116]. Other
countries, such as Mexico, have reported seven subtypes [40, 49, 90, 94,
95, 96]. Bolivia [47, 52, 53], Peru [47, 50, 100, 101, 102, 103, 104] and,
Ecuador six subtypes [47, 87, 88], Argentina and Chile four subtypes [24,
47, 74, 75], the country with the least variety of subtypes is Panama
reporting two subtypes [99] (Figure 2).

ST1 is the most widely distributed, present in the 10 countries with
positive human samples for Blastocystis in the Americas [9, 24, 31, 33, 40,
43, 47, 48, 50, 53, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 66, 68, 69, 70,
74,75,76,78,79, 81, 83, 84, 87,90, 91, 92, 93, 99, 106, 107, 108, 111,
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Figure 1. Distribution of Blastocystis subtypes in North and South America based on the positive samples reported by country and hosts. a. Distribution of the most
frequent Blastocystis subtypes, each subtype is separated by color, showing the sample size per subtype for each country represented in circles. b. Frequency of
Blastocystis subtypes samples by hosts.
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112, 113, 116]. Analysis from the tests proved that Chile and Ecuador
correlated with ST1 (p = 0.000107, p = 2.00E-06) correspondingly.
Followed by ST2 [9, 24, 31, 40, 47, 52, 53, 55, 56, 57, 58, 59, 60, 62, 63,
64, 66, 67, 68, 69, 70, 74, 75, 77,79, 83, 85, 87, 90, 91, 108, 112, 113,
116] and ST3 which have been reported in 9 countries except for Panama
and Peru respectively [9, 10, 24, 40, 47, 52, 55, 56, 57, 58, 60, 62, 63, 64,
66, 68, 69, 70, 75, 81, 87, 90, 91, 93, 107, 108, 113, 116]. We then
constructed georeferenced maps with specific locations from the positive
samples from the most frequent subtypes (Figure 3). It should be noted
that Figure 3a shows the distribution of ST1-positive samples from
human hosts (red dots) and animal hosts (green dots). Figure 3b repre-
sents ST2 positive samples from humans (red dots) and animals (green
dots). Finally, Figure 3c exhibits human (red dots) and animal (green
dots) positive samples from subtype 3 (ST3).

Although ST1 is widely distributed in human samples throughout the
continent, positive samples from animal hosts were limited to the
following countries: Brazil [56, 57, 58, 69], Colombia [43, 77], México
[97], and the United States [48, 111]. The most common animal host
were mammals such as pigs, dogs, cats, and white-tailed deer. Interest-
ingly, ST2-positive samples from animal hosts were found only in pri-
mates from Brazil [58, 69] and Peri [101]. On the other hand, ST3
positive samples distribution from an animal host was also limited across
Brazil [57, 58, 69], Colombia [43], Pert [101], and the United States [10,
48, 111], being its significant representatives' of mammals and primates.

Other subtypes have limited distribution. Some subtypes have been
described in only one country. ST12 has been described in human host
samples only in Bolivia [47]; data analysis has shown a statistically sig-
nificant association between Bolivia and this subtype (p = 1.40E-05).
Likewise, ST13 has only been described in human hosts from Peru [47].
ST16 in Colombian human hosts [31], and recently in this country, a new
subtype (ST32) was identified in cows and goats [43]. Some unique sub-
types, ST27, ST28, and ST29, were identified in wild bird species [39, 71].
Furthermore, the latest studies on white-tailed deer in the United States
demonstrated the presence of new subtypes, such as ST30 and ST31 [48].
Even though ST7 and ST8 had been reported in different countries, we
found that they are correlated with Brazil (p = 0.002955; p = 6.00E-06).

It is important to recognize that samples in all the countries
mentioned are reported in human hosts but not in all animal host samples
described. Some countries such as Brazil [39, 56, 57, 58, 64, 65, 69, 71],
Colombia [43, 77], Ecuador [87], Mexico [94], Peru [101, 104], and
United States [10, 48, 105, 109, 110, 111], have demonstrated the
presence of this protozoan in animals. Hence, the number of samples
between humans and animals varies.

3.3. Blastocystis STs by animal hosts

The animal hosts in which Blastocystis positive samples were recorded
include poultry [39, 58, 65, 71, 72], an heterogenic group of primates
[58, 69, 87, 101, 104, 117], other mammals [48, 58, 69, 72, 94]
including domestic animals [10, 43, 56, 57, 72, 73, 77, 105, 109, 110].
The wide variety of species reported as animal hosts is shown in Table 2
(Table 2). ST5 showed a correlation with Gallus gallus, Leopardus tigrinus,
and Mazama gouazoubira (p = 0.017635; p = 0.017635; p = 0.017635).
ST6 with Phasianus colchicus (Pheasant) (p = 0.00266), ST7 with Anas
platyrhynchos (Wild Duck) and Anser cygnoides (Swan Goose) (p =
7.00E-06). ST8 with Alouatta caraya, Ateles sp., Dasypus septemcinctus,
Nectomys squamipes (p = 0.006597), ST24 with Struthio camelus (Ostrich)
(p = 0.001388) and ST32 with Goats (p = 0.00061).

The host that exhibited most correlations was cattle, our study demon-
strated a statistically significant association among ST14 (p = 0.004407),
ST17 (p = 0.040239), ST21 (p = 0.004817) and ST23 (p = 0.023683).

3.4. Blastocystis Alleles by ST

Considering the information obtained, sixty-two different alleles
have been reported in Blastocystis subtypes in the Americas. It was
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Table 1. Occurrence of Blastocystis in humans and animals from various locations
in the Americas.

Subtypes Number of positive samples Humans Animals

ST1 1002 (12,69%) 957 (14,37%) 35 (2,92%)
ST2 699 (8,85%) 673 (10,11%) 16 (1,34%)
ST3 1312 (16,61%) 1281 (19,23%) 21 (1,75%)
ST4 179 (2,27%) 155 (2,33%) 24 (2,00%)
ST5 141 (1,79%) 40 (0,60%) 101 (8,43%)
ST6 57 (0,72%) 26 (0,39%) 31 (2,59%)
ST7 102 (1,29%) 60 (0,90%) 42 (3,51%)
ST8 103 (1,30%) 54 (0,81%) 49 (4,09%)
ST9 72 (0,91%) 72 (1,08%) 0 (0,00%)
ST10 124 (1,57%) 0 (0,00%) 114 (9,52%)
ST12 3 (0,04%) 3 (0,05%) 0 (0,00%)
ST13 1 (0,01%) 1 (0,02%) 0 (0,00%)
ST14 59 (0,75%) 0 (0,00%) 59 (4,92%)
ST16 9 (0,11%) 9 (0,14%) 0 (0,00%)
ST17 5 (0,06%) 0 (0,00%) 5 (0,42%)
ST21 31 (0,39%) 0 (0,00%) 31 (2,59%)
ST23 30 (0,38%) 0 (0,00%) 30 (2,50%)
ST24 71 (0,90%) 0 (0,00%) 71 (5,93%)
ST25 26 (0,33%) 0 (0,00%) 26 (2,17%)
ST26 27 (0,34%) 0 (0,00%) 27 (2,25%)
ST27 5 (0,06%) 0 (0,00%) 5 (0,42%)
ST28 5 (0,06%) 0 (0,00%) 5 (0,42%)
ST29 2 (0,03%) 0 (0,00%) 2 (0,17%)
ST30 11 (0,14%) 0 (0,00%) 11 (0,92%)
ST31 19 (0,24%) 0 (0,00%) 19 (1,59%)
ST32 2 (0,03%) 0 (0,00%) 2 (0,17%)
Mixed 42 (0,53%) 42 (0,63%) 0 (0,00%)
Novel 21 (0,27%) 20 (0,30%) 1 (0,08%)
Not subtyped 3738 (47,33%) 3267 (49,05%) 471 (39,32%)
Total of samples 7898 (100%) 6660 (100%) 1198 (100%)

found that the most frequent allele in animal and human hosts was ST3
(a34), present in 503 positive samples, followed by a36, reported in
397 positive samples from ST3, and a4 described in 300 positive
samples from ST1. The alleles reported in each subtype are shown in
Table S2 and below in Figure 4. Despite its wide distribution
throughout the Americas, allele distribution is limited to countries such
as Argentina, Brazil, Colombia, and the United States [9, 24, 31, 47,
56, 59, 62, 64, 67, 68, 69, 70, 76, 77, 83, 101, 112] (Figure 4;
Table S2).

As described above, most allelic discrimination is reported in humans.
However, some alleles have been identified in a few animal hosts. ST1 a4
is described in Nasua nasua and dogs; al in Hydrochoerus hydrochaeris
[69, 77]. ST2 alleles are found in primates, all Ateles belzebuth and al2 in
Lagothrix lagotricha and Callicebus lucifer [101], al5 in Alouatta seniculus,
and a68 in Ateles belzebuth. Alleles exhibited in ST3 from animal hosts
mainly found in primates were as follows: a34 in Alouatta seniculus, a22
in Mandrillus sphinx, a23 in Papio hamadryas, and a31 in Papio Papio. ST5
allele a119 was reported in Brazilian mammals such as Leopardus tigrinus
and Mazama gouazoubira. ST8 a21 was described in primates Alouatta
caraya, Alouatta seniculus, Ateles fusciceps, Lagothrix lagotricha, and a28
identified in Hydrochoerus hydrochaeris [69].

The alleles information was obtained from those studies, which
included in their methodology allelic typing (n = 16)—summarizing
the information from those studies, which performed allele identifica-
tion from both human and animal Blastocystis positive samples, in
Table S2. Not every allele had a representative amount, and some al-
leles had less than 10% representation in each subtype. There are more
samples without allelic identification in most STs, mainly in recent
studies.
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Figure 2. Distribution of Blastocystis subtypes by country. The reported positive samples from each country in the Americas were considered, and a distinct color
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Figure 3. a. Distribution by country of the samples positive for ST1 in humans and other animals. b. for ST2 in humans and other animals. c¢. ST3 in humans and

other animals.

4. Discussion

Blastocystis is the most frequent enteric protozoan found in animal
and human hosts worldwide [12, 118]. Our findings suggest that the
number of countries reporting Blastocystis-positive samples and its sub-
types has increased in recent years, providing valuable information about
new hosts, transmission patterns, and ecological aspects and helping to
clarify genetic and evolutionary changes among subtypes.

Brazil, Colombia, Mexico, and the United States have been high-
lighted as the major representatives in terms of Blastocystis reports in the
Americas [31, 39, 43, 48, 57, 67, 68, 69, 70, 72, 80, 81, 82, 83, 84, 85,
94, 95, 96,112, 117, 119, 120]. Our study demonstrated that Colombia
provides the largest number of Blastocystis-positive samples (1495),
mainly from ST1, ST2, ST3, and ST4, and the country with the highest
variability of reported subtypes [9, 31, 43, 47, 76, 77,78, 79, 81, 83, 84].

Colombia is considered a heterogeneous country regarding geography,
climate, ecosystems, and biodiversity. Its biogeographical regions have
their features, including variations in socioeconomic conditions, health
care, waste collection, sewage treatment, and cultural and behavioral
factors. These considerations could be linked to the high frequency of
intestinal pathogens due to factors that may favor their transmission [83,
121]. According to data from the Institute of Hydrology, Meteorology
and Environmental Studies (IDEAM - Instituto de Hidrologia, Meteor-
ologia y Estudios Ambientales), population growth has driven an
expansion of economic activities, which influences the reduction in the
availability of resources in the country [122]—leading to a disturbance
in the ecological niches where some pathogens may be found, possibly
promoting their propagation, and affecting their circulation.

Brazil, Mexico, Argentina, and Ecuador [24, 33, 40, 47, 51, 55, 56, 57,
58, 59, 60, 62, 64, 66, 69, 87, 88, 90, 91, 92, 93, 95, 96, 116, 123] have
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Table 2 (continued )

Table 2. Animal Host species in Blastocystis positive samples.

Host species References
Host species References Horse [43, 72]
Poultry Llama [43]
Anas spp [58, 711 Rabbit [43]
Anser spp (Goose) [58, 71, 72] Cat [73,111]
Gallus gallus [58] Goat [43, 72]
Chicken [39, 65, 72] Donkey [72]
Pavo cristatus (Indian Peafowl) [71] Other Animals
Struthio camelus (Ostrich) [71] Chelonoidis sp [58]
Agapornis nigrigenis (Black-cheeked Lovebird) [71] Periplaneta americana [58]
Numida meleagris (Helmeted Guineafowl) [71, 72] Crassostrea virginica [971
Cairina moschata momelanotus (Muscovy Duck) [71]
Coturnix coturnix (Quail) [71]
. . also contributed a large number of positive samples for ST3, ST1 and ST2
Phasianus colchicus (Pheasant) [71] R .
Primates exceedlr'lg one hundred samples per country. Interestingly, we. observed .a
R B0 ] correlation betheen human hosts and. the subtype:s mentloned.. This
= suggests a particular role of these STs in the Americas, and their pre-
Alouatta spp [58, 69, 7] ponderant distribution might be related to particular regional features.
aouslp 58, 104] More studies are needed to identify the biological properties and their
(Gaiiiies e (69, 1171 implications for virulence and disease outcomes.
(Celliedion o oy Previous studies in Europe, Asia, and Oceania highlighted the genetic
Cebus spp [69, 117] diversity of this protozoan. Numerous reports in European countries have
Lagothrix lagotricha [58, 69, 101] shown that ST4 is the most common subtype in human samples [36, 44,
Leontopithecus chrysomelas [69] 124, 125]. However, it is also reported a high prevalence of ST1, ST2, and
Macaca spp [58] ST3 in Europe, Australia, and Southeastern Asian countries [44, 126,
Mandrillus sphinx [69] 127]. There can be contrasting realities within the countries that conform
Pan troglodytes [58] to each continent. Nemati et al. published an overview of Blastocystis
Papio spp [58, 69] subtypes reported in Asia and Australia, indicating that ST1 and ST3 were
Pithecia monachus [101] the most prevalent subtypes from human samples in Asian countries
Mammals [128]; in southern countries such as Thailand, these subtypes were found
Akodon spp [58] in human samples as well [44].
Cuniculus paca 721 Additionally, other subtypes have been described in this country
DS (58, 72] (ST2, ST10, ST11, ST13, ST14) [128]. Unlike European countries, the
T —— [72] actual source of ST4 is unclear in the southern Asian region; it is more
Herpailurus yaguarondi 169] common in East Asian co.unFries and zoonotic subtypes ST6 and ST7 [44,
Leopardus spp (6] 12.9].. Based on. th.ese .ﬁndmgs, the authors suggested that ‘the trans-
E—— 6] mission and distribution patterns may be affected by climate and
geographic features, not only by socioeconomic conditions. As the trop-
Nasua nasua [69] . . . . L.
. ical climate increases, the prevalence of this protozoan changes, which is
Procyon cancrivorus [69] . . . .
reflected in the high frequency of some STs in eastern than western Asian
Elsocaildichotpu 691 countries [129]. The communities living close to their animals, belonging
Mazama gouazoubira 1691 to a rural environment with a single water source, could explain the
Recapliyocy (691 presence of previously undescribed subtypes in humans (ST23 and
Myrmecophaga tridactyla [69] ST10), suggesting the importance of identifying the different routes of
Hydrochoerus hydrochaeris [69, 72] parasite transmission [44].
Didelphis spp [58, 69] These differences between continents highlight the importance of
Akodon spp [58] further investigating the molecular distribution of Blastocystis to explain
Rattus rattus [58] if ST3 is associated with transmission patterns between humans and
Metachirus nudicautatus [58] identify the spreading mechanism of ST1-ST4 in non-human hosts. Also,
Nectomys squamipes [58] it is essential to add new phenomena related to the distribution of Blas-
Dasypus septemcinctus [581 tocystis and its subtypes, understanding these factors as climate, socio-
Philander opossum [94] economic conditions, hydrographic distribution, water management, and
Siimina [k [94] treatment, among others that may be associated with the prevalence in
Heteromys spp [94] different geographical locations.
Sus scrofa (58, 72] Even though subtypes 1 to 9 are primarily described in humans, the
White-tailed deer [48] information obtained from this review revealed that in smaller percent-

ages, ST1-ST8 were found in animal hosts, including different species
[10, 43, 48, 56, 57, 58, 69, 77, 94, 97, 101, 105, 109, 111]. Some STs

Domestic Animals

Cattle [10, 43, 57, 72, 73, 109, 110] " Intion b e animal b culad
pig [43, 56, 57, 72, 105, 109] showed a strong correlation etween specific animal o'sts., particularly
pv— (43] ST5-ST8 (Table S3). Our analysis showed several associations between
Pig the same subtype with different hosts, as well as it was demonstrated that
Sheep [43, 72, 73] s I . .
the same host could have significant associations with multiple subtypes,
Dog [43, 56, 64, 73, 77, 111]

one of them being cattle, which showed correlations with more than one
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Figure 4. Blastocystis 18S Alleles distribution based on the positive samples for each subtype in human and animal hosts.

subtype (ST14, ST17, ST21, and ST23). Our results indicate that livestock
could be a risk factor for Blastocystis transmission, which reinforces the
idea of possible interactions through contact between animals from the
same and different species, humans, and their environment.

Furthermore, ST12, ST13, and ST16 were reported in human hosts
instead of animal hosts from Bolivia, Peru, and Colombia [31, 47]. The
first two subtypes reported by Ramirez et al., in 2016 showed contrasting
results, ST12 and Bolivia were significantly correlated, but ST13 and
Peru were not correlated. ST16 was reported by Osorio-Pulgarin et al. in
2021, where there was no correlation with Colombia either; there have
been no new reports of these subtypes in humans or animals, which leads
to thinking about Blastocystis zoonotic potential. This indicates that there
might be a relationship or contact between animal hosts and human hosts
either by domestication, farming, or zootechnic production, which has
allowed the colonization of the different subtypes of human potential and
its spread to animal hosts. The hypothesis of multiple transmission
mechanisms, including anthropo-zoonotic relationships, arises in those
subtypes defined in human hosts as ST3. Not to mention other trans-
mission routes such as human-to-human, animal-to-human, and pre-
sumably environment-to-host. However, the approach of defining
particular transmission routes for each subtype should be studied and
include environmental samples to unveil the life cycle of Blastocystis.

Additionally, new subtypes have been described in the Americas, and
most of them have been identified in animal hosts. Novel subtypes such
as ST24, ST25, and ST27-ST29 were not previously reported in some
countries such as Colombia and Brazil [39, 71]. New subtypes in the
United States, such as ST30 and ST31, were first detected in white-tailed
deer, including ST21 and ST23-ST26 [48]. Higuera et al. reported sub-
types ST21, ST23-ST26 in Colombian sheep, goats, horses, llamas, and
cattle. Furthermore, they detected a previously reported new subtype,
ST32, in goats and cattle [43]. These recent novel subtypes demonstrate
an innovative approach to estimating Blastocystis genetic diversity and
emerging subtypes. This suggests that using NGS (Next Generation
Sequencing) strategies will facilitate our understanding of the molecular
epidemiology of Blastocystis and the implications of mixed STs within
individuals.

The distribution of Blastocystis in the Americas has exposed an in-
crease in the number of reports in the last few years and a growing in-
terest in identifying subtypes. This is supported by new methodological
subtyping techniques such as next-generation sequencing and criteria to
establish the nomenclature of novel subtypes [39]. Complete sequencing
of the 18S-rRNA gene has opened the door to many possibilities for
identifying subtypes. It could bring a closer look to elucidate the
geographical and molecular distribution of the protozoan in a more
precise and complete way, hence the importance of having more coun-
tries and researchers using these methods.

This work shows that the use of NGS has decreased the reports of
“Novel ST” terminology in the last two years, increasing the identifica-
tion of numerical classification of subtypes, including the description of

new subtypes in North and South America [39, 43, 48]. Since the in-
formation on these novel subtypes is still limited to certain countries, the
application of these methods has been reported mainly in Brazil,
Colombia, and the United States, and the reports before 2019 use
different molecular techniques. It should be considered to continue
sequencing the complete gene (18S) to provide genuinely novel STs and
determine the genetic differences between the detected STs throughout
the continent. Lastly, as NGS continues to be employed by researchers
across the Americas (sequencing capacity increased due to the worldwide
efforts deployed for genomic surveillance during the COVID-19
pandemic), novel targets should be developed, or even Whole Genome
Sequencing typing strategies should be in place for the better compre-
hension of Blastocystis genetic diversity.

Thirty-five nations integrate the American continent, and Blastocystis-
positive samples have been reported in thirteen countries. Despite the
interest in the molecular identification of Blastocystis, more investigation
is needed to explain the unknown data, to have a complete molecular
distribution description of this protozoan, and encourage those twenty-
two countries that have not yet reported or subtyped it. The previous
statement could indicate that most countries of the continent are devel-
oping countries; access to new technology, molecular tools, and reagents
can be expensive. Therefore, it can be considered a limitation in
achieving molecular diagnosis and robust analysis in parasite research.
Understandably, most of the reports in this study are performed by mi-
croscopy identification; those with access to advanced tools such as Next
Generation platforms are limited.

5. Conclusions

In the last two decades, attempts have been made to demonstrate
Blastocystis genetic variability and the differences between subtypes.
Likewise, its prevalence in the world is also highly variable, drastically
impacting its geographic distribution worldwide. This molecular and
geographic variety has been shown in the American continent. Countries
such as Colombia, Brazil, Mexico, Peru, and the United States have
promoted the publication of new studies that support the update of
valuable epidemiological data. However, the information obtained
allowed us to update the existing subtypes but is insufficient to determine
the current subtypes circulating in the Americas as a whole; this is only a
slight approximation.

Additionally, we remark to consider in further studies environmental
factors such as biodiversity, climatology, hydrographic, and sociodemo-
graphic, among others, which could explain the emergence of novel
subtypes or changes in its distribution. We encourage countries that have
already demonstrated the protozoan presence to conduct subtyping
studies. Equally, we suggest applying new subtyping methods, such as the
complete sequencing of the 18S-rRNA gene, to adequately detect new
and currently circulating subtypes, maintaining the criteria to avoid
typing errors or wrong molecular distribution. Each researcher in the
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Blastocystis community is responsible for maintaining an adequate Blas-
tocystis nomenclature and promoting valuable information for the pop-
ulation, generating awareness of the existence and prompt identification
of potentially pathogenic microorganisms such as Blastocystis. Finally, we
call upon scientists to continue innovating methodologies and maintain
an interest in identifying this parasite, whose importance lies in its high
prevalence.

Declarations
Author contribution statement

Paula Jiménez: conceived and designed the study; performed the
study; analyzed and interpreted the data; wrote the paper.

Marina Munoz: conceived and designed the study; analyzed and
interpreted the data; wrote the paper.

Juan David Ramirez: conceived and designed the study; performed
the study; analyzed and interpreted the data; wrote the paper.

Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Data availability statement

Data included in article/supp. material/referenced in article.

Declaration of interest’s statement

The authors declare no conflict of interest.

Additional information

Supplementary content related to this article has been published
online at https://doi.org/10.1016/j.heliyon.2022.e12592.

Acknowledgements

We acknowledge Yakov Damian Daza for his support in the assembly
of the maps and other figures and Sergio Andres Castaneda for his
assistance in the data analysis.

References

[1] C.R. Stensvold, K.S. Tan, C.G. Clark, Blastocystis, in: Trends in Parasitology, vol
36, 2020, pp. 315-316.

[2] J.S. Hublin, J.G. Maloney, M. Santin, Blastocystis in domesticated and wild
mammals and birds, Res. Vet. Sci. 135 (2020) 260-282.

[3] C. Audebert, G. Even, A. Cian, A. Loywick, S. Merlin, E. Viscogliosi, et al.,
Colonization with the enteric protozoa Blastocystis is associated with increased
diversity of human gut bacterial microbiota, Sci. Rep. 6 (1) (2016), 25255.

[4] A. Bart, E.M. Wentink-Bonnema, H. Gilis, N. Verhaar, C.J. Wassenaar, M. van
Vugt, et al., Diagnosis and subtype analysis of Blastocystis sp.in 442 patients in a
hospital setting in The Netherlands, BMC Infect. Dis. 13 (1) (2013) 389.

[5] L.I Lee, T.T. Chye, B.M. Karmacharya, S.K. Govind, Blastocystis sp.: waterborne
zoonotic organism, a possibility? Parasites Vectors 5 (2012) 130.

[6] S.C. Parija, S.S. Jeremiah, Blastocystis: taxonomy, biology and virulence, in:
Tropical Parasitology, vol 3, 2013, pp. 17-25.

[7] E.Javanmard, H.M. Rahimi, M. Niyyati, H.A. Aghdaei, M. Sharifdini, H. Mirjalali,
M.R. Zali, P. Karanis, Molecular analysis of Blastocystis sp. and its subtypes from
treated wastewater routinely used for irrigation of vegetable farmlands in Iran,
J. Water Health 17 (5) (2019) 837-844.

[8] S.A. Noradilah, L.L. Lee, T.S. Anuar, F.M. Salleh, S.N. Abdul Manap, N.S. Mohd
Mohtar, S.M. Azrul, W.O. Abdullah, N. Moktar, Occurrence of Blastocystis sp. in
water catchments at Malay villages and Aboriginal settlement during wet and dry
seasons in Peninsular Malaysia, PeerJ 4 (2016), e2541.

[9] J.D. Ramirez, C. Flérez, M. Olivera, M.C. Bernal, J.C. Giraldo, Blastocystis
subtyping and its association with intestinal parasites in children from different
geographical regions of Colombia, PLoS One 12 (2) (2017), e0172586.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Heliyon 8 (2023) e12592

J.G. Maloney, J.E. Lombard, N.J. Urie, C.B. Shivley, M. Santin, Zoonotic and
genetically diverse subtypes of Blastocystis in US pre-weaned dairy heifer calves,
Parasitol. Res. 118 (2) (2018).

U. Parkar, R.J. Traub, M. Mungthin, S. Vitali, S. Leelayoova, Direct
characterization of Blastocystis from faeces by PCR and evidence of zoonotic
potential, Parasitology 134 (3) (2007).

M.A. Alfellani, A.S. Jacob, N.O. Perea, R.C. Krecek, D. Taner-Mulla, J.J. Verweij,
B. Levecke, E. Tannich, C.G. Clark, C.R. Stensvold, Diversity and distribution of
Blastocystis sp. subtypes in non-human primates, Parasitology 140 (8) (2013)
966-971.

M.A. Alfellani, C.R. Stensvold, A. Vidal-Lapiedra, E.S. Onuoha, A.F. Fagbenro-
Beyioku, C.G. Clark, Variable geographic distribution of Blastocystis subtypes and
its potential implications, Acta Trop. 126 (1) (2013) 11-18.

M.A. Alfellani, D. Taner-Mulla, A.S. Jacob, C.A. Imeede, H. Yoshikawa,

C.R. Stensvold, C.G. Clark, Genetic diversity of blastocystis in livestock and zoo
animals, Protist 164 (4) (2013) 497-509.

L.H. Li, X.N. Zhou, Z.W. Du, X.Z. Wang, L.B. Wang, J.Y. Jiang, H. Yoshikawa,

P. Steinmann, J. Utzinger, Z. Wu, J.X. Chen, S.H. Chen, L. Zhang, Molecular
epidemiology of human Blastocystis in a village in Yunnan province, China,
Parasitol. Int. 56 (4) (2007) 281-286.

J.G. Maloney, A. Molokin, M. Santin, Use of Oxford Nanopore MinION to generate
full-length sequences of the Blastocystis small subunit (SSU) rRNA gene, Parasites
Vectors 13 (1) (2020) 595.

L. Deng, L. Wojciech, N. Gascoigne, G. Peng, K. Tan, New insights into the
interactions between Blastocystis, the gut microbiota, and host immunity, PLoS
Pathog. 17 (2) (2021), e1009253.

M.E. Nieves-Ramirez, O. Partida-Rodriguez, 1. Laforest-Lapointe, L.A. Reynolds,
E.M. Brown, A. Valdez-Salazar, P. Moran-Silva, L. Rojas-Veldzquez, E. Morien,
L.W. Parfrey, M. Jin, J. Walter, J. Torres, M.C. Arrieta, C. Ximénez-Garcia,

B.B. Finlay, Asymptomatic intestinal colonization with protist blastocystis is
strongly associated with distinct microbiome ecological patterns, mSystems 3 (3)
(2018) e00007-e000018.

R. Lappan, C. Classon, S. Kumar, O.P. Singh, R.V. de Almeida, J. Chakravarty,
P. Kumari, S. Kansal, S. Sundar, J.M. Blackwell, Meta-taxonomic analysis of
prokaryotic and eukaryotic gut flora in stool samples from visceral leishmaniasis
cases and endemic controls in Bihar State India, PLoS Neglected Trop. Dis. 13 (9)
(2019), e0007444.

R.Y. Tito, S. Chaffron, C. Caenepeel, G. Lima-Mendez, J. Wang, S. Vieira-Silva,
G. Falony, F. Hildebrand, Y. Darzi, L. Rymenans, C. Verspecht, P. Bork,

S. Vermeire, M. Joossens, J. Raes, Population-level analysis of Blastocystis subtype
prevalence and variation in the human gut microbiota, Gut 68 (7) (2019)
1180-1189.

L. Deng, K. Tan, Interactions between Blastocystis subtype ST4 and gut microbiota
in vitro, Parasites Vectors 15 (1) (2022) 80.

J.A. Yason, Y.R. Liang, C.W. Png, Y. Zhang, K. Tan, Interactions between a
pathogenic Blastocystis subtype and gut microbiota: in vitro and in vivo studies,
Microbiome 7 (1) (2019) 30.

P. Poirier, I. Wawrzyniak, C.P. Vivares, F. Delbac, H. El Alaoui, New insights into
Blastocystis spp.: a potential link with irritable bowel syndrome, PLoS Pathog. 8
(3) (2012), €1002545.

R.D. Casero, F. Mongi, A. Sanchez, J.D. Ramirez, Blastocystis and urticaria:
examination of subtypes and morphotypes in an unusual clinical manifestation,
Acta Trop. 148 (2015) 156-161.

L.O. Andersen, Bonde, H.B. Nielsen, C.R. Stensvold, A retrospective metagenomics
approach to studying Blastocystis, FEMS Microbiol. Ecol. 91 (7) (2015).

L.O. Andersen, A.,B. Karim, H.M. Roager, L.K. Vigsnes, K.A. Krogfelt, T.R. Licht, et
al., Associations between common intestinal parasites and bacteria in humans as
revealed by qPCR, Eur. J. Clin. Microbiol. Infect. Dis. Off. Publ. Eur. Soc. Clin.
Microbiol. 35 (9) (2016).

F. Beghini, E. Pasolli, T.D. Truong, L. Putignani, S.M. Caccio, N. Segata, Large-
scale comparative metagenomics of Blastocystis, a common member of the human
gut microbiome, ISME J. 11 (12) (2017).

V. Iebba, F. Santangelo, V. Totino, F. Pantanella, A. Monsia, V. Di Cristanziano, et
al., Gut microbiota related to Giardia duodenalis, Entamoeba spp. and Blastocystis
hominis infections in humans from Cote d’Ivoire, Infect. Dev. Ctries 10 (9) (2016).
L.E. Aguilar Huezo, E.A. Barahona Ayala, E.V. Rivera Lopez, Parasitos Intestinales
Asociados A Episodios Agudos De Diarrea En Habitantes De Comunidades Rurales
De Los Municipios De Guacotecti, San Isidro, Sensuntepeque, Ilobasco Y Dolores
Del Departamento De Cabanas En Octubre De 2014, UNIVERSIDAD DE EL
SALVADOR FACULTAD DE MEDICINA, 2015.

C. Ocana-Losada, J.A. Cuenca-Gomez, M.T. Cabezas-Fernandez, J. Vazquez-
Villegas, M.J. Soriano-Pérez, I. Cabeza-Barrera, J. Salas-Coronas, Clinical and
epidemiological characteristics of intestinal parasite infection by Blastocystis
hominis. Caracteristicas clinicas y epidemioldgicas de la parasitacion intestinal
por Blastocystis hominis, Rev. Clinica Espanola 218 (3) (2018) 115-120.

M.IL. Osorio-Pulgarin, A. Higuera, J.C. Beltran-Alzate, M. Sanchez-Jiménez,

J.D. Ramirez, Epidemiological and molecular characterization of blastocystis
infection in children attending daycare Centers in Medellin, Colombia, Biology 10
(7) (2021) 669.

T.R. Riabi, H. Mirjalali, A. Haghighi, M.R. Nejad, M.A. Pourhoseingholi,

P. Poirier, et al., Genetic diversity analysis of Blastocystis subtypes from both
symptomatic and asymptomatic subjects using a barcoding region from the 18S
rRNA gene, Infect. Genet. Evol. 61 (2018) 119-126. Available from: http://ez.uro
sario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true
&amp;db=edswsc&amp;AN=000432516900017 &lt;=es&amp;site=eds-live
&amp;scope=site.


https://doi.org/10.1016/j.heliyon.2022.e12592
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref1
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref1
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref1
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref2
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref2
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref2
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref3
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref3
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref3
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref4
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref4
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref4
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref5
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref5
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref6
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref7
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref8
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref8
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref8
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref8
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref9
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref10
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref10
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref10
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref11
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref11
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref11
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref12
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref13
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref14
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref15
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref16
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref17
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref17
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref17
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref18
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref19
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref20
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref20
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref20
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref20
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref20
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref20
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref21
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref21
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref22
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref22
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref22
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref23
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref23
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref23
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref23
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref24
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref24
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref24
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref24
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref24
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref25
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref25
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref26
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref26
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref26
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref26
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref27
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref27
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref27
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref27
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref28
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref28
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref28
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref28
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref29
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref30
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref31
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref31
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref31
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref31
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref31
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref31
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref31
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000432516900017%3c=es&amp;site=eds-live&amp;scope=site

P. Jiménez et al.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

G.B. Vargas-Sanchez, M. Romero-Valdovinos, C. Ramirez-Guerrero, 1. Vargas-
Hernandez, M.E. Ramirez-Miranda, J. Martinez-Ocana, A. Valadez, C. Ximenez,
E. Lopez-Escamilla, M.E. Hernandez-Campos, G. Villalobos, F. Martinez-
Hernandez, P. Maravilla, Blastocystis isolates from patients with irritable bowel
syndrome and from asymptomatic carriers exhibit similar Parasitological loads,
but significantly different generation times and genetic variability across multiple
subtypes, PLoS One 10 (4) (2015), e0124006.

M. Defaye, C. Nourrisson, E. Baudu, A. Lashermes, M. Meynier, M. Meleine, et al.,
Fecal dysbiosis associated with colonic hypersensitivity and behavioral alterations
in chronically Blastocystis-infected rats, Sci. Rep. 10 (1) (2020) 9146.

F. Salvador, E. Sulleiro, A. Sanchez-Montalva, C. Alonso, J. Santos, 1. Fuentes,

I. Molina, Epidemiological and clinical profile of adult patients with Blastocystis
sp. infection in Barcelona, Spain, Parasites Vectors 9 (1) (2016) 548.

S.M. Scicluna, B. Tawari, C.G. Clark, DNA barcoding of blastocystis, Protist 157 (1)
(2006) 77-85.

C.R. Stensvold, Comparison of sequencing (barcode region) and sequence-tagged-
site PCR for Blastocystis subtyping, J. Clin. Microbiol. 51 (1) (2013) 190-194.
C.R. Stensvold, C.G. Clark, Molecular identification and subtype analysis of
blastocystis, Curr. Protoc. Microbiol. 43 (2016) 20A.2.1-20A.2.10.

J.G. Maloney, M. da Cunha, A. Molokin, M.C. Cury, M. Santin, Next-generation
sequencing reveals wide genetic diversity of Blastocystis subtypes in chickens,
including potentially zoonotic subtypes, Parasitol. Res. 120 (6) (2021)
2219-2231.

L. Rojas-Velazquez, J.G. Maloney, A. Molokin, P. Moran, A. Serrano-Vazquez,

E. Gonzélez, H. Pérez-Judrez, C. Ximénez, M. Santin, Use of next-generation
amplicon sequencing to study Blastocystis genetic diversity in a rural human
population from Mexico, Parasites Vectors 12 (1) (2019) 566.

J.G. Maloney, M. Santin, Mind the gap: new full-length sequences of blastocystis
subtypes generated via Oxford nanopore Minion sequencing allow for
comparisons between full-length and partial sequences of the small subunit of the
ribosomal RNA gene, Microorganisms 9 (5) (2021) 997.

C.R. Stensvold, C.G. Clark, Pre-empting Pandora’s Box: blastocystis subtypes
revisited, Trends Parasitol. 36 (3) (2020) 229-232.

A. Higuera, G. Herrera, P. Jimenez, D. Garcia-Corredor, M. Pulido-Medellin,
D.M. Bulla-Castaneda, J.C. Pinilla, D.A. Moreno-Pérez, J.G. Maloney, M. Santin,
J.D. Ramirez, Identification of multiple blastocystis subtypes in domestic animals
from Colombia using amplicon-based next generation sequencing, Front. Vet. Sci.
8 (2021), 732129.

V. Jinatham, S. Maxamhud, S. Popluechai, A.D. Tsaousis, E. Gentekaki,
Blastocystis one health approach in a rural community of Northern Thailand:
prevalence, subtypes and novel transmission routes, Front. Microbiol. [Internet]
(2021) 12 [cited 2022 Jun 30].

S. Khaled, N. Gantois, A.T. Ly, S. Senghor, G. Even, E. Dautel, R. Dejager,

M. Sawant, M. Baydoun, S. Benamrouz-Vanneste, M. Chabé, S. Ndiaye,

AM. Schacht, G. Certad, G. Riveau, E. Viscogliosi, Prevalence and subtype
distribution of blastocystis sp. in Senegalese School Children, Microorganisms 8 (9)
(2020) 1408.

P.A. Jiménez, J.E. Jaimes, J.D. Ramirez, A summary of blastocystis subtypes in
North and South America, Parasites Vectors 12 (1) (2019) 376.

J.D. Ramirez, A. Sanchez, C. Hernandez, C. Florez, M. Consuelo Bernal, J. Cesar
Giraldo, et al., Geographic distribution of human Blastocystis subtypes in South
America [Internet], Infect. Genet. Evol. 41 (2016) 32-35. Available from: http
://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct
=true&amp;db=edswsc&amp;AN=000375652800006&lt;=es&amp;site=ed
s-live&amp;scope=site.

J.G. Maloney, Y. Jang, A. Molokin, N.S. George, M. Santin, Wide genetic diversity
of blastocystis in white-tailed deer (Odocoileus virginianus) from Maryland, USA,
Microorganisms 9 (6) (2021) 1343.

L. Rojas-Velazquez, P. Moran, A. Serrano-Vazquez, L.D. Fernandez, H. Pérez-
Juarez, A.C. Poot-Hernandez, T. Portillo, E. Gonzélez, E. Hernandez, O. Partida-
Rodriguez, M.E. Nieves-Ramirez, U. Magana, J. Torres, L.E. Eguiarte, D. Pinero,
C. Ximénez, Genetic diversity and distribution of blastocystis subtype 3 in human
populations, with special reference to a rural population in Central Mexico,
BioMed Res. Int. 2018 (2018), 3916263.

K. Ascuna-Durand, R.S. Salazar-Sénchez, R. Castillo-Neyra, J. Ballon-Echegaray,
Relative frequency of blastocystis subtypes 1, 2, and 3 in urban and Periurban
human populations of arequipa, Peru, Trop. Med. Infect. Dis. 5 (4) (2020) 178.
E.C. Visciarelli, N.E. Basabe, D. Pedersen, V.R. Randazzo, L.D. Lucchi, J.I. Munoz,
et al., Blastocystis: estudio coproparasitologico, clinico-epidemioldgico y de
prevalencia de subtipo 3 en pacientes de hospitales de Bahia Blanca, Argentina,
Acta Bioquimica Clinica Latinoam. 55 (2) (2021) 195-206.

F. Macchioni, H. Segundo, S. Gabrielli, V. Totino, P.R. Gonzales, E. Salazar,

R. Bozo, A. Bartoloni, G. Cancrini, Dramatic decrease in prevalence of soil-
transmitted helminths and new insights into intestinal protozoa in children living
in the Chaco region, Bolivia, Am. J. Trop. Med. Hyg. 92 (4) (2015) 794-796.

F. Macchioni, H. Segundo, V. Totino, S. Gabrielli, P. Rojas, M. Roselli,

G.A. Paredes, M. Masana, A. Bartoloni, G. Cancrini, Intestinal parasitic infections
and associated epidemiological drivers in two rural communities of the Bolivian
Chaco, J. Infect. Dev. Ctries 10 (9) (2016) 1012-1019.

J. Aruni Chura, F. Macchioni, F. Furzi, V. Balboa, E. Mercado, J. Gémez, P. Rojas
Gonzales, V. Poma, A. Loup, M. Roselli, P. Halkier, A. Montresor, P. Olliaro,

A. Bartoloni, M. Spinicci, S. Gabrielli, Cross-sectional study on intestinal parasite
infections in different ecological zones of the Department of La Paz, Bolivia, One
Health (Amsterdam, Netherlands) 13 (2021) 100271.

A.F. Malheiros, C.R. Stensvold, C.G. Clark, G.B. Braga, J.J. Shaw, Short report:
molecular characterization of Blastocystis obtained from members of the

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[771

[78]

Heliyon 8 (2023) 12592

indigenous Tapirapé ethnic group from the Brazilian Amazon region, Brazil, Am.
J. Trop. Med. Hyg. 85 (6) (2011) 1050-1053.

E.B. David, S. Guimaraes, A.,P. de Oliveira, T.C. Goulart de Oliveira-Sequeira,
G.N. Bittencourt, A.R. Moraes Nardi, et al., Molecular characterization of intestinal
protozoa in two poor communities in the State of Sao Paulo, Brazil, Parasites
Vectors 8 (1) (2015) 103.

M. Cabrine-Santos, R.G.F. Moura, A.L. Pedrosa, D. Correia, M.B. Oliveira-Silva,
Molecular characterization of blastocystis subtypes isolated in the city of Uberaba,
Minas Gerais state, Brazil, Rev. Soc. Bras. Med. Trop. 54 (2021), e03052021.

C. Valenga-Barbosa, T.C.B. do Bomfim, B.R. Teixeira, R. Gentile, S.F.D.C. Neto,
B.S.N. Magalhaes, et al., Molecular epidemiology of Blastocystis isolated from
animals in the state of Rio de Janeiro, PLoS One 14 (1) (2019), e0210740.

G.B. Melo, F.M. Paula, F.M. Malta, C.W. Maruta, P.R. Criado, V.L.P. Castilho, et al.,
Identification of blastocystis subtypes in clinical stool samples from Sao Paulo city,
Brazil, Parasitol. Open 9 (7) (2017), e00124.

R. Segui, D. Klisiowicz, C. Oishi, G. Esteban, P. Koster, D. Carmena, et al.,
Molecular characterization of blastocystis sp. in campo do Tenente (curitiba,
Parana, Brasil), Rev. Soc. Bras. Med. Trop. 54 (2019).

R. Segui, D. Klisiowicz, C.Y. Oishi, R. Toledo, J.G. Esteban, C. Munoz-Antoli,
Intestinal symptoms and blastocystis load in schoolchildren of Paranagud Bay,
Parand, Brazil, Rev. Inst. Med. Trop. Sao Paulo 21 (59) (2017) e86.

R. Segui, C. Munoz-Antoli, D.R. Klisiowicz, C.Y. Oishi, P.C. Koster, A. de Lucio,
M. Hernandez-de-Mingo, P. Puente, R. Toledo, J.G. Esteban, D. Carmena,
Prevalence of intestinal parasites, with emphasis on the molecular epidemiology
of Giardia duodenalis and Blastocystis sp., in the Paranagua Bay, Brazil: a
community survey, Parasites Vectors 11 (1) (2018) 490.

C.V. Barbosa, M.M. Barreto, R.J. Andrade, F. Sodré, C.M. d’Avila-Levy,

J.M. Peralta, R.P. Igreja, H.W. de Macedo, H. Santos, Intestinal parasite infections
in a rural community of Rio de Janeiro (Brazil): prevalence and genetic diversity
of Blastocystis subtypes, PLoS One 13 (3) (2018), e0193860.

A.P. Oliveira-Arbex, E.B. David, S. Guimaraes, Blastocystis genetic diversity
among children of low-income daycare center in Southeastern Brazil, Infect.
Genet. Evol. 57 (2018) 59-63.

M. Satin, M.J. Rodruigues da cunha, J.G. Maloney, M.C. Cury, Widespread
presence of human - pathogenic Blastocystis subtypes in chikens, in: 2nd
International Blastocystis Conference, October 9-12th, Bogota, Colombia, 2019.
G.B. Melo, F.M. Malta, C.W. Maruta, P.R. Criado, V. Castilho, E. Gongcalves,

M. Espirito-Santo, F.M. Paula, R. Gryschek, Characterization of subtypes of
Blastocystis sp. isolated from patients with urticaria, Sao Paulo, Brazil, Parasite
Epidemiol. Control 7 (2019), e00124.

G.B. Melo, W. Roldan, F.M. Malta, S. Lescano, V.L. Castilho, E. Goncalves,

F.M. Paula, R. Gryschek, Culture isolation and molecular identification of
Blastocystis sp., in: Brazilian human isolates: preliminary results, vol 62, Revista
do Instituto de Medicina Tropical de Sao Paulo, 2020, p. e51.

G.B. Melo, M.C. Mazzaro, M.S. Gomes-Gouvéa, E.A. dos. Santos, L.V. de. Souza,
J. Elias-Oliveira, et al., Blastocystis subtypes in patients with diabetes mellitus
from the Midwest region of Brazil, Rev. Inst. Med. Trop. Sao Paulo 63 (2021) e32.
A.P. Oliveira-Arbex, E.B. David, M. Tenério, P. Cicchi, M. Patti, S.T. Coradi,

S.B. Lucheis, J. Jim, S. Guimaraes, Diversity of Blastocystis subtypes in wild
mammals from a zoo and two conservation units in southeastern Brazil, Infect.
Genet. Evol. 78 (2020), 104053.

M. Silva, G.B. Melo, F.M. Malta, E. Abdala, S.F. Costa, L.C. Pierrotti, E. Gongalves,
V. Castilho, P.P. Chieffi, R. Gryschek, F.M. Paula, Subtypes of Blastocystis sp.
isolated in fecal samples from transplant candidates in Sao Paulo, Brazil, Parasite
Epidemiol. Control 8 (2019), e00128.

J.G. Maloney, A. Molokin, M. da Cunha, M.C. Cury, M. Santin, Blastocystis subtype
distribution in domestic and captive wild bird species from Brazil using next
generation amplicon sequencing, Parasite Epidemiol. Control 9 (2020), e00138.
A.S. Zanetti, L.F. de Barros, M.S. de Aratijo, H.A. Garcia, D.M. Aguiar,

O.A. Espinosa, A.F. Malheiros, Diversity and prevalence of intestinal parasites of
zoonotic potential in animal hosts from different biomes in the central region of
Brazil, Ann. Parasitol. 67 (1) (2021) 95-105.

R.G.F. Moura, M.B. Oliveira-Silva, A.L. Pedrosa, G.A.N. Nascentes, M. Cabrine-
Santos, Occurrence of blastocystis spp. in domestic animals in Triangulo Mineiro
area of Brazil, Rev. Soc. Bras. Med. Trop. 51 (2) (2015).

S. Pena, G. Carrasco, P. Rojas, M. Gotteland, D. Castillo, L.S. Ozaki, et al., Different
subtypes of blastocystis hominis (ST1, ST2 and ST4) are present in Chilean
patients with inflammatory bowel disease, in: 2nd International Blastocystis
Conference, October 9-12th, Bogota, Colombia, 2019.

S. Pena, G. Carrasco, P. Rojas, D. Castillo, L.S. Ozaki, R. Mercado, Determination of
subtypes of Blastocystis sp. in Chilean patients with and without inflammatory
bowel syndrome, A preliminary report, Parasite Epidemiol. Control 8 (2019),
e00125.

A. Sanchez, N. Gémez, J. Tabares, L. Segura, A. Salazar, C. Restrepo, et al.,
Comparacion de resultados por microscopia comparada con qPCR y
caracterizacion molecular de parasitos intestinales en menores de 15 anos de una
comunidad indigena del Amazonas, Colombia vol 37, Revista del Instituto
Nacional de Salud, Biomédica, 2017, p. 197.

X. Villamizar, A. Higuera, G. Herrera, L.R. Vasquez-A, L. Buitron, L.M. Munoz,
F.E. Gonzalez-C, M.C. Lopez, J.C. Giraldo, J.D. Ramirez, Molecular and descriptive
epidemiology of intestinal protozoan parasites of children and their pets in Cauca,
Colombia: a cross-sectional study, BMC Infect. Dis. 19 (1) (2019).

J.C. Luna, A. Zamora, N. Hernandez-Arango, D. Munoz-Sanchez, M.I. Pinzon,
J.A. Cortés-Vecino, F. Lora-Suarez, J.E. Gomez-Marin, Food safety assessment and
risk for toxoplasmosis in school restaurants in Armenia, Colombia, Parasitol. Res.
118 (12) (2019) 3449-3457.


http://refhub.elsevier.com/S2405-8440(22)03880-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref33
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref34
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref34
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref34
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref35
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref35
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref35
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref35
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref35
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref36
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref36
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref36
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref37
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref37
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref37
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref38
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref38
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref38
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref39
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref39
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref39
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref39
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref39
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref40
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref41
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref41
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref41
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref41
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref42
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref42
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref42
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref43
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref43
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref43
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref43
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref43
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref43
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref43
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref44
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref44
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref44
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref44
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref45
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref45
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref45
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref45
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref45
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref45
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref46
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref46
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref46
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://ez.urosario.edu.co/login?url=http://search.ebscohost.com/login.aspx?direct=true&amp;db=edswsc&amp;AN=000375652800006%3c=es&amp;site=eds-live&amp;scope=site
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref48
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref48
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref48
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref49
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref50
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref50
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref50
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref50
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref50
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref50
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref51
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref51
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref51
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref51
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref51
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref51
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref51
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref51
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref52
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref52
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref52
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref52
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref52
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref53
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref53
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref53
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref53
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref53
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref54
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref54
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref54
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref54
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref54
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref54
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref54
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref55
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref55
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref55
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref55
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref55
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref55
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref56
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref56
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref56
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref56
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref57
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref57
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref57
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref58
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref58
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref58
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref58
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref59
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref59
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref59
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref60
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref60
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref60
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref60
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref60
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref61
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref61
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref61
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref61
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref61
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref61
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref62
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref62
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref62
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref62
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref62
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref62
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref62
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref62
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref62
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref63
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref63
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref63
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref63
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref63
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref64
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref64
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref64
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref64
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref64
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref64
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref65
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref65
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref65
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref65
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref66
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref66
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref66
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref66
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref66
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref67
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref67
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref67
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref67
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref68
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref68
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref68
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref68
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref68
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref69
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref69
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref69
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref69
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref69
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref69
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref69
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref70
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref70
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref70
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref70
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref70
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref71
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref71
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref71
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref72
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref72
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref72
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref72
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref72
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref73
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref73
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref73
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref73
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref74
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref74
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref74
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref74
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref74
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref74
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref75
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref75
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref75
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref75
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref75
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref76
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref77
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref77
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref77
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref77
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref77
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref78
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref78
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref78
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref78
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref78
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref78
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref78
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref78
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref78
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref78
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref78

P. Jiménez et al.

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

C. Potes, L. Osorio, J.C. Carranza, G.A. Vallejo, Detection and molecular
characterisation of Blastocystis spp. in human faecal samples from Igagué,
Colombia, in: 2nd International Blastocystis Conference, October 9-12th, Bogota,
Colombia; 2019, 2019.

J.F. Alzate, M. Toro-Londono, F. Cabarcas, G. Garcia-Montoya, A. Galvan-Diaz,
Contrasting microbiota profiles observed in children carrying either Blastocystis
spp. or the commensal amoebas Entamoeba coli or Endolimax nana, Sci. Rep. 10
(1) (2020), 15354.

C. Potes-Morales, L.A. Osorio-Delgado, J.C. Carranza, G.A. Vallejo, The first
molecular detection of Blastocystis subtypes in human faecal samples from Ibague,
Colombia, Parasite Epidemiol. Control 9 (2020), e00132.

L. Vega, G. Herrera, M. Munoz, M.A. Patarroyo, J.D. Ramirez, Occurrence of
blastocystis in patients with clostridioides difficile infection, Pathogens(Basel,
Switzerland) 9 (4) (2020) 283.

A. Higuera, X. Villamizar, G. Herrera, J.C. Giraldo, L.R. Vasquez-A, P. Urbano,
O. Villalobos, C. Tovar, J.D. Ramirez, Molecular detection and genotyping of
intestinal protozoa from different biogeographical regions of Colombia, PeerJ 8
(2020), e8554.

L. Vega, G. Herrera, M. Munoz, M.A. Patarroyo, J.G. Maloney, M. Santin,

J.D. Ramirez, Gut microbiota profiles in diarrheic patients with co-occurrence of
Clostridioides difficile and Blastocystis, PLoS One 16 (3) (2021), e0248185.

D. Munoz-Sanchez, J. Trivino-Valencia, F. Lora-Suarez, J.E. Gémez-Marin,
Blastocystis subtypes and culture characteristics of isolates from human stools
related with the presence of gastrointestinal symptoms: a case-control study, Acta
Parasitol. 66 (4) (2021) 1466-1471.

L.A. Sarmiento-Rubiano, M. Filott, L. Gémez, M. Suarez-Marenco, M.C. Sarmiento,
J.E. Becerra, Comparative study of the intestinal parasitism profiles between
communities across the 5 municipalities of the Barranquilla metropolitan area,
Colombia, Osong Public Health Res. Perspect. 12 (5) (2021) 333-341.

W.D. Helenbrook, W.M. Shields, C.M. Whipps, Characterization of Blastocystis
species infection in humans and mantled howler monkeys, Alouatta palliata
aequatorialis, living in close proximity to one another, Parasitol. Res. 114 (7)
(2015) 2517-2525.

K.M. Sanmartin Betancourt, A.P. Jiménez Arias. Determinacion de la prevalencia e
incidencia de los genotipos de Blastocystis spp. en nifnas y ninos, a partir del
biobanco perteneciente a la cohorte ECUAVIDA, desde el nacimiento hasta los
ocho anos de edad, mediante secuenciacion del gen 18S, 2021.

S. Betancourth, O. Archaga, W. Moncada, V. Rodriguez, G. Fontecha, First
molecular characterization of cryptosporidium spp. in Patients Living with HIV in
Honduras, Pathogens (Basel, Switzerland) 10 (3) (2021) 336.

D.E. Jimenez-Gonzalez, W.A. Martinez-Flores, J. Reyes-Gordillo, M.E. Ramirez-
Miranda, S. Arroyo-Escalante, M. Romero-Valdovinos, D. Stark, V. Souza-Saldivar,
F. Martinez-Hernandez, A. Flisser, A. Olivo-Diaz, P. Maravilla, Blastocystis
infection is associated with irritable bowel syndrome in a Mexican patient
population, Parasitol. Res. 110 (3) (2012) 1269-1275.

G. Villalobos, G.E. Orozco-Mosqueda, M. Lopez-Perez, E. Lopez-Escamilla,

A. Cordoba-Aguilar, L. Rangel-Gamboa, A. Olivo-Diaz, M. Romero-Valdovinos,

P. Maravilla, F. Martinez-Hernandez, Suitability of internal transcribed spacers
(ITS) as markers for the population genetic structure of Blastocystis spp, Parasites
Vectors 7 (2014) 461.

L. Villegas-Gomez, F. Martinez-Hernandez, A. Urrea-Quezada, M. Gonzalez-Diaz,
M. Durazo, J. Hernandez, G.E. Orozco-Mosqueda, G. Villalobos, P. Maravilla,

O. Valenzuela, Comparison of the genetic variability of Blastocystis subtypes
between human carriers from two contrasting climatic regions of México, Infect.
Genet. Evol. 44 (2016) 334-340.

P. Alarcon-Valdes, G. Villalobos, W.A. Martinez-Flores, E. Lopez-Escamilla,

N.R. Gonzalez-Arenas, M. Romero-Valdovinos, F. Martinez-Hernandez,

J.G. Santillan-Benitez, P. Maravilla, Can the pyruvate: ferredoxin oxidoreductase
(PFOR) gene be used as an additional marker to discriminate among Blastocystis
strains or subtypes? Parasites Vectors 11 (1) (2018) 564.

F. Martinez-Hernandez, J.A. Martinez-Ibarra, E. Lopez-Escamilla, C. Villanueva-
Garcia, C.I. Munoz-Garcia, E. Rendon-Franco, P. Maravilla, G. Villalobos,
Molecular genotyping of Blastocystis spp. in wild mammals from Mexico,
Parasitol. Res. 119 (1) (2020) 97-104.

C.M. Yanez, A.M. Hernandez, A.M. Sandoval, M. Dominguez, S. Muniz, J. Gémez,
Prevalence of Blastocystis and its association with Firmicutes/Bacteroidetes ratio
in clinically healthy and metabolically ill subjects, BMC Microbiol. 21 (1) (2021)
339.

J.0. Guangorena-Gémez, L.I. Lozano-Ochoa, L.L. Rivera-Medina, A. Méndez-
Hernandez, J.A. Espinosa-Fematt, C. Munoz-Yanez, Relationship among
blastocystis, the firmicutes/Bacteroidetes ratio and chronic stress in Mexican
University students, Curr. Microbiol. 79 (3) (2022) 72.

LM. Barbabosa, M.G. Quirdz, L.R. Gonzalez, A.M.F. Presas, M.C. Compean,

AH. Partida, et al., Identification of Blastocystis ST1 in oysters (Crassostrea
virginica) collected in self-service markets in Mexico City, Soc. Rural Prod. Medio
Ambiente 41 (41) (2021).

M. Gonzalo, A. Pavon, R. Toledo, C. Munoz-Antoli, J.G. Esteban, Epidemiological
study of intestinal parasitism in the child population of department of Managua
(Nicaragua), Int. J. Clin. Med. Case Rep. 14 (5) (2021).

M. Perea, V. Vasquez, V. Pineda, F. Samudio, J.E. Calzada, A. Saldana, Prevalence
and subtype distribution of Blastocystis sp. infecting children from a rural
community in Panama, Parasite Epidemiol. Control 9 (2020), e00139.

R.S. Salazar-Sanchez, K. Ascuna-Durand, J. Ballén-Echegaray, V. Vasquez-Huerta,
E. Martinez-Barrios, R. Castillo-Neyra, Sociodemographic determinants associated
with blastocystis infection in arequipa, Peru, Am. J. Trop. Med. Hyg. 104 (2)
(2020) 700-707.

10

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

Heliyon 8 (2023) e12592

P.C. Koster, J. Lapuente, A. Pizarro, L. Prieto-Pérez, R. Pérez-Tanoira, A. Dashti,
B. Bailo, A.S. Muadica, D. Gonzalez-Barrio, R. Calero-Bernal, F. Ponce-Gordo,

D. Carmena, Presence and genetic diversity of enteric protists in captive and semi-
captive non-human primates in cote d’Ivoire, Sierra Leone, and Peru, Int. J.
Parasitol. Parasites Wildl. 17 (2021) 26-34.

M.X. Robles-Cabrera, J.L. Maguina, L. Gonzales-Huerta, V. Panduro-Correa,

B. Damaso-Mata, S. Pecho-Silva, A.C. Navarro-Solsol, A.A. Rabaan, A.J. Rodriguez-
Morales, K. Arteaga-Livias, Blastocystis species and gastrointestinal symptoms in
Peruvian adults attended in a public hospital, Infect. Chemother. 53 (2) (2021)
374-380.

P. Silva de la Cruz, Frecuencia de Protozoarios y Helmintos Intestinales en nifios
de 01 a 10 anos atendidos en el centro de salud San Martin de Porres 2020, 2021.
W.D. Helenbrook, C.M. Whipps, Molecular characterization of blastocystis in
captive and free-ranging new world primates, Platyrrhini, Acta Parasitol. 66 (4)
(2021) 1267-1273.

R. Fayer, T. Elsasser, R. Gould, G. Solano, J. Urban Jr., M. Santin, Blastocystis
tropism in the pig intestine, Parasitol. Res. 113 (4) (2014) 1465-1472.

M.S. 2nd. Jones, R.D. Ganac, G. Hiser, N.R. Hudson, A. Le, C.M. Whipps, Detection
of Blastocystis from stool samples using real-time PCR, Parasitol. Res. 103 (3)
(2008) 551-557.

M.S. Jones, C.M. Whipps, R.D. Ganac, N.R. Hudson, K. Boorom, Association of
Blastocystis subtype 3 and 1 with patients from an Oregon community presenting
with chronic gastrointestinal illness, Parasitol. Res. 104 (2) (2009) 341-345.
C.M. Whipps, K. Boorom, L.E. Bermudez, M.L. Kent, Molecular characterization of
Blastocystis species in Oregon identifies multiple subtypes, Parasitol. Res. 106 (4)
(2010) 827-832.

M. Santin, M.T. Gémez-Munoz, G. Solano-Aguilar, R. Fayer, Development of a new
PCR protocol to detect and subtype Blastocystis spp. from humans and animals,
Parasitol. Res. 109 (1) (2011) 205-212.

R. Fayer, M. Santin, D. Macarisin, Detection of concurrent infection of dairy cattle
with Blastocystis, Cryptosporidium, Giardia, and Enterocytozoon by molecular
and microscopic methods, Parasitol. Res. 111 (3) (2012) 1349-1355.

C.G. Ruaux, B.V. Stang, Prevalence of blastocystis in shelter-resident and client-
owned companion animals in the US Pacific Northwest, PLoS One 9 (9) (2014),
€107496.

P.D. Scanlan, R. Knight, S.J. Song, G. Ackermann, P.D. Cotter, Research paper:
prevalence and genetic diversity of Blastocystis in family units living in the United
States, Infect., Genet. Evol. 45 (2016) 95-97.

AK. Nash, T.A. Auchtung, M.C. Wong, D.P. Smith, J.R. Gesell, M.C. Ross,

C.J. Stewart, G.A. Metcalf, D.M. Muzny, R.A. Gibbs, N.J. Ajami, J.F. Petrosino, The
gut mycobiome of the Human Microbiome Project healthy cohort, Microbiome 5
(1) (2017) 153.

D.J. Munoz, J. Ortiz, L.M. Marcano, Y. Castafieda, Blastocystis spp. y su asociacion
con otros parasitos intestinales en nifios de edad preescolar, estado Sucre,
Venezuela, Rev. Cubana Med. Trop. 73 (2) (2021). Available from: https://revime
dtropical.sld.cu/index.php/medtropical/article/view/619.

Z. Rivero, A. Nino, L. Uribe, A. Bracho, M. Calchi, R. Villalobos, et al., Prevalence
of intestinal parasites in seropositive and seronegative to HTLV I/II viruses, Bol.
Malariol. Salud Ambient 56 (2016) 1-10.

C. Valenca Barbosa, R. de Jesus Batista, R. Pereira Igreja, C.M. d’Avila Levy,

H. Werneck de Macedo, H.L. Carneiro Santos, Distribution of Blastocystis subtypes
isolated from humans from an urban community in Rio de Janeiro, Brazil,
Parasites Vectors 10 (1) (2017) 518.

J.I. Zapata-Valencia, S. Ortega-Valencia, Y.K. Silva-Cuero, L.S. Castillo-Castillo,
L.S. Ortega-Ruiz, A. Cardona-Ortiz, J. Pena-Stadlin, Frequency of enteroparasites
in Cebidae and Callitrichidae primates at the Zoolégico de Cali, Colombia:
zoonotic implications. Frecuencia de enteroparasitos en primates Cebidae y
Callitrichidae del Zoolégico de Cali, Colombia: implicaciones zoondticas,
Biomedica: revista del Instituto Nacional de Salud 41 (Supl. 1) (2021) 60-81.
M. Qi, Z. Wei, Y. Zhang, Q. Zhang, J. Li, L. Zhang, et al., Genetic diversity of
Blastocystis in kindergarten children in southern Xinjiang, China, Parasites
Vectors 13 (15) (2020).

J. Botero-Garcés, E. Villegas-Arbeldez, S. Giraldo, J. Uran-Veldsquez, L. Arias-
Agudelo, J.C. Alzate-Angell, G.M. Garcia-Montoya, A.L. Galvan-Diaz, Prevalence
of intestinal parasites in a cohort of HIVinfected patients from Antioquia,
Colombia. Prevalencia de parasitos intestinales en una cohorte de pacientes
positivos para HIV en Antioquia, Colombia, Biomédica: revista del Instituto
Nacional de Salud 41 (Sp. 2) (2021) 153-164.

R.O. Lara-Medina, G. Rodriguez-Castillejos, R.I.A. Gonzélez, H.M. Montoya,
S.C.G. Castano, B.G. Ospina, et al., Prevalencia de Blastocystis sp en ninos en edad
escolar de Reynosa, México, Infection 26 (2) (2022) 145-148.

Ministerio de Salud y Proteccién Social, Encuesta nacional de parasitismo
intestinal en poblacion escolar Colombia. [Internet], Available from: https
://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/PP/ET/enc
uesta-nacional-de-parasitismo-2012-2014.pdf, 2015.

Codazzi (IGAC) IGA, Instituto de Hidrologia M y EA (IDEAM), Humboldt IA von,
Invemar, Sinchi IA de IC, IIAP I de investigaciones ambientales del P, Ecosistemas
continentales, costeros y marinos de Colombia, Imprenta Nacional de Colombia,
2007.

E. Candela, C. Goizueta, M.V. Periago, C. Munoz-Antoli, Prevalence of intestinal
parasites and molecular characterization of Giardia intestinalis, blastocystis spp.
and entamoeba histolytica in the village of Fortin Mbororé (Puerto Iguazd,
Misiones, Argentina), Parasites Vectors 14 (1) (2021) 510.

C.R. Stensvold, G.K. Suresh, K.S. Tan, R.C. Thompson, R.J. Traub, E. Viscogliosi,
H. Yoshikawa, C.G. Clark, Terminology for Blastocystis subtypes—a consensus,
Trends Parasitol. 23 (3) (2007) 93-96.


http://refhub.elsevier.com/S2405-8440(22)03880-4/sref79
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref79
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref79
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref79
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref79
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref79
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref80
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref80
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref80
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref80
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref80
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref81
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref81
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref81
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref82
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref82
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref82
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref82
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref83
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref83
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref83
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref83
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref84
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref84
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref84
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref84
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref85
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref85
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref85
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref85
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref85
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref85
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref85
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref85
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref85
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref86
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref86
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref86
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref86
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref86
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref86
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref87
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref87
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref87
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref87
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref87
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref88
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref88
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref88
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref88
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref88
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref88
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref88
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref88
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref88
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref88
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref89
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref89
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref89
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref90
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref90
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref90
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref90
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref90
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref90
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref91
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref91
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref91
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref91
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref91
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref91
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref92
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref92
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref92
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref92
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref92
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref92
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref92
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref92
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref92
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref92
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref92
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref93
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref93
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref93
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref93
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref93
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref94
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref94
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref94
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref94
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref94
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref94
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref95
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref95
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref95
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref95
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref95
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref95
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref95
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref95
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref96
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref96
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref96
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref96
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref96
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref96
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref96
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref96
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref96
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref97
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref97
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref97
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref97
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref97
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref97
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref98
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref98
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref98
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref98
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref98
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref99
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref99
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref99
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref99
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref99
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref100
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref100
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref100
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref100
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref100
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref100
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref100
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref100
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref100
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref101
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref101
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref101
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref101
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref101
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref101
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref101
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref101
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref101
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref101
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref101
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref102
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref102
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref102
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref102
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref102
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref102
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref102
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref102
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref103
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref103
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref103
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref103
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref104
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref104
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref104
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref104
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref105
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref105
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref105
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref106
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref106
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref106
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref106
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref107
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref107
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref107
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref107
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref108
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref108
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref108
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref108
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref109
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref109
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref109
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref109
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref109
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref109
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref110
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref110
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref110
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref110
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref111
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref111
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref111
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref112
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref112
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref112
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref112
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref113
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref113
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref113
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref113
https://revmedtropical.sld.cu/index.php/medtropical/article/view/619
https://revmedtropical.sld.cu/index.php/medtropical/article/view/619
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref115
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref115
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref115
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref115
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref115
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref116
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref116
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref116
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref116
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref117
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref117
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref117
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref117
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref117
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref117
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref117
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref117
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref117
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref117
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref117
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref117
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref118
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref118
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref118
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref119
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref120
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref120
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref120
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref120
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref120
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref120
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref120
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref120
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/PP/ET/encuesta-nacional-de-parasitismo-2012-2014.pdf
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/PP/ET/encuesta-nacional-de-parasitismo-2012-2014.pdf
https://www.minsalud.gov.co/sites/rid/Lists/BibliotecaDigital/RIDE/VS/PP/ET/encuesta-nacional-de-parasitismo-2012-2014.pdf
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref122
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref122
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref122
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref122
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref123
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref123
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref123
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref123
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref123
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref123
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref124
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref124
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref124
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref124

P. Jiménez et al.

[125]

[126]

[127]

M. Lepczynska, J. Biatkowska, E. Dzika, K. Piskorz-Ogérek, J. Koryciriska,
Blastocystis: how do specific diets and human gut microbiota affect its
development and pathogenicity? Eur. J. Clin. Microbiol. Infect. Dis. 36 (9) (2017)
1531-1540.

S. Gabrielli, F. Furzi, L. Fontanelli Sulekova, G. Taliani, S. Mattiucci, Occurrence of
Blastocystis-subtypes in patients from Italy revealed association of ST3 with a
healthy gut microbiota, Parasite Epidemiol. Control 9 (2020), e00134.

C. Piubelli, H. Soleymanpoor, G. Giorli, F. Formenti, D. Buonfrate, Z. Bisoffi,

F. Perandin, Blastocystis prevalence and subtypes in autochthonous and

11

[128]

[129]

Heliyon 8 (2023) e12592

immigrant patients in a referral centre for parasitic infections in Italy, PLoS One 14
(1) (2019), €0210171.

S. Nemati, M.R. Zali, P. Johnson, H. Mirjalali, P. Karanis, Molecular prevalence
and subtype distribution of Blastocystis sp. in Asia and in Australia, J. Water
Health 19 (5) (2021) 687-704.

S.M. Fahim, M.A. Gazi, M.M. Hasan, M.A. Alam, S. Das, M. Mahfuz, et al., Infection
with Blastocystis spp. and its association with enteric infections and
environmental enteric dysfunction among slum-dwelling malnourished adults in
Bangladesh, PLoS Neglected Trop. Dis. 15 (8) (2021).


http://refhub.elsevier.com/S2405-8440(22)03880-4/sref125
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref125
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref125
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref125
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref125
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref125
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref125
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref125
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref126
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref126
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref126
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref127
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref127
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref127
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref127
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref128
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref128
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref128
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref128
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref129
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref129
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref129
http://refhub.elsevier.com/S2405-8440(22)03880-4/sref129

	An update on the distribution of Blastocystis subtypes in the Americas
	1. Introduction
	2. Materials and methods
	2.1. Identifying available data
	2.2. Data arrangement
	2.3. Data analysis

	3. Results
	3.1. Frequency of Blastocystis in the Americas
	3.2. Distribution of Blastocystis subtypes by country
	3.3. Blastocystis STs by animal hosts
	3.4. Blastocystis Alleles by ST

	4. Discussion
	5. Conclusions
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interest’s statement
	Additional information

	Acknowledgements
	References


