pathogens

Review

Epidemiology of Blastocystis Infection: A Review of Data from
Poland in Relation to Other Reports

Monika Rudzifiska *

check for
updates

Citation: Rudziriska, M.; Sikorska, K.
Epidemiology of Blastocystis
Infection: A Review of Data from
Poland in Relation to Other Reports.
Pathogens 2023, 12, 1050. https://
doi.org/10.3390/ pathogens12081050

Academic Editors: Szymon Nowak,

Pawel Zmora and Jerzy Stefaniak

Received: 3 July 2023
Revised: 10 August 2023
Accepted: 12 August 2023
Published: 16 August 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Katarzyna Sikorska

Department of Tropical Medicine and Epidemiology, Faculty of Health Sciences, Medical University of Gdarsk,
80-210 Gdarnsk, Poland; ksikorska@gumed.edu.pl
* Correspondence: mrudz@gumed.edu.pl; Tel.: +48-58-349-17-62

Abstract: Blastocystis is a common gut protist of humans and various animals worldwide, with a high
level of genetic diversity. Neither its zoonotic potential and transmission routes nor its pathogenicity
are fully known. This fact, and the fact that Blastocystis is the most abundant eukaryote in human
faeces, raises the question of its relevance to public health. Here, we summarise (in relation to other
reports) the results of studies on the prevalence and genotypic variation of Blastocystis, which were
carried out in animals, humans, and in water environments in Poland. In humans, the prevalence
ranged between 0.14 and 23.6%, in some animals reached 58.97%, and in water environments was
5.1%. Seven subtypes were identified in humans (ST1-ST4, ST6, ST7, and ST9), of which ST3 was
the most common. Among animals (wild, livestock, and pet animals), eleven STs were identified,
with differential host specificity. Humans and animals shared ST1, ST2, ST3, ST6, and ST7, while
ST1 and ST3 were present in humans, animals, and water sources. These observations indicate the
possibility of Blastocystis transmission between animals and humans. Further studies should be
continued in search of the sources and transmission routes of Blastocystis in order to prevent the
spread of infections among humans and animals.
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1. Background

Blastocystis spp. are anaerobic eukaryotic microorganisms that reside in the intestines
of humans and many species of domestic and wild animals [1-5]. They are the most com-
monly detected eukaryotes in human faecal samples worldwide, especially in hot climates
and countries/communities with low sanitary and hygienic standards [6]. Infection occurs
(as in the case of enteric pathogens) by the faecal-oral route—in this case, by ingestion
cysts that may be present in water or food or by direct contact with the reservoir of the
microorganism. It is estimated that as many as 1 billion people worldwide are infected
with Blastocystis [7].

These organisms exhibit a high degree of genetic variability—based on differences
in the sequence of the gene encoding the small subunit of ribosomal RNA (SSU rRNA),
34 genetic groups called subtypes (ST) have been identified, although the validity of four
of these STs (ST18-5T20, and ST22) is considered debatable. In humans, 14 subtypes (ST1-
ST10, ST12, ST14, ST16, and ST23) have been reported, but four of them, ST1-ST4, account
for more than 90% of human infections. ST5-ST8 are reported less frequently, and the other
five are sporadic [7-12].

Epidemiological studies in non-human hosts have shown high infection rates in pri-
mates, pigs, domestic ruminants (including cattle, goats, and sheep), and birds [5,13,14].
Animals and humans who come into contact with them are often infected with the same
subtypes, and some studies have shown identical sequences of Blastocystis isolated from
animals and humans, raising the suspicion of a zoonotic nature of Blastocystis infections
in humans [15-22]. However, reverse transmission, i.e., human to animal, has also been
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reported [23,24]. The impact of Blastocystis on human health ranges from that of a pathogen
to a commensal or potentially beneficial organism. Usually, infection in humans is mild
and self-limiting. Up to 50% of infected people may be asymptomatic carriers for months
or years [25-28]. On the other hand, many people with Blastocystis-only invasion report
symptoms, primarily gastrointestinal (mainly lack of appetite, nausea, loose stools, abdom-
inal pain of varying severity, flatulence, bloating, and constipation), and less frequently,
skin lesions or pruritus [29-32]. Additionally, a possible association of Blastocystis with the
development of irritable bowel syndrome (IBS) and inflammatory bowel disease (IBD) has
been reported [33-36].

The highly variable course of Blastocystis infection in humans, ranging from asymp-
tomatic to severely symptomatic, may result from the fact that morphologically identical
Blastocystis isolates are genetically very diverse (6—20% of the coding genes are unique to
the subtype). This information has led to the suspicion that only certain subtypes have
pathogenic potential. However, despite numerous studies, this has not been definitively
confirmed, possibly due to intra-subtype variation, which may also influence the virulence
or pathogenicity of the subtypes [37-41].

Moreover, an increasing number of studies on the human gut microbiome show both
a higher richness and a higher evenness of the gut bacterial microbiota in people colonised
with Blastocystis, which is beneficial for gut health. Hence, an emerging hypothesis is that
Blastocystis colonisation of the intestines may be a sign of health rather than a disease, as
previously thought [26,42—-44].

Laboratory diagnosis of Blastocystis is a challenge. Molecular methods are the most
accurate tool for detecting Blastocystis, but numerous countries still lack the proper facilities
to perform them. Microscopy (routine coproscopic methods are usually helpful and valu-
able for diagnosing gastrointestinal parasites) in the case of Blastocystis may have reduced
sensitivity due to the high morphological variability (at least four different morphological
forms) and the instability of the microorganism’s cells. To increase the accuracy of the
diagnosis, only experienced laboratory personnel should perform microscopy or a culture
of Blastocystis should be performed in parallel [45,46].

Clinical diagnosis of blastocystosis is also challenging due to the lack of criteria
distinguishing colonisation from disease. The indications for treatment are debatable, the
more so that the treatment is often ineffective, with the eradication of the protozoa failing
or the infection recurring [47-50].

The present work aimed to review the prevalence and distribution of Blastocystis
subtypes in Poland’s human and non-human populations on the background of data from
other countries.

2. Acquisition of Data

Articles on the prevalence and subtypes of Blastocystis identified in Poland were
searched in the PubMed, Scopus, Web of Science, and Google Scholar databases using the
following keywords: Blastocystis, prevalence, subtypes, human, animal, water, epidemiol-
ogy, Poland.

All studies conducted in humans, non-human hosts, and environmental samples
in which infection rates were determined and/or Blastocystis subtypes were identified
(using coproscopic, culture, and/or molecular techniques) were considered. The search
had no limitations regarding the start date and was conducted in January 2023. Our study
contains some shortcomings. The main weakness of this review is its purely descriptive
formula. This limitation results from the fact that there are not many published papers on
Blastocystis in Poland. In addition, they concern heterogeneous, often selected study groups
of small sample sizes and describe different ways of collecting and processing material. In
Poland, standards for diagnosing Blastocystis infection have not yet been defined. There
is neither obligation to include Blastocystis on the diagnostic list of parasitological reports
nor to identify its subtypes. Usually, in medical laboratories, the presence of Blastocystis is
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determined based on a microscopic examination of stool samples, while in research and
scientific laboratories culture and molecular methods are also used.

This limitation makes it challenging to set inclusion and exclusion criteria for the final
review and perform a typical meta-analysis according to the adopted rules using the quality
assessment scale for the selected articles. On the other hand, all included papers come from
reliable research and health centres dealing with parasitic infections, including Blastocystis.

3. Results

The collected material shows that studies on the prevalence of Blastocystis in Poland
were conducted mainly in humans, slightly less often in animals, and sporadically in
samples from water environments. Tables 1 and 2 display the infection rates and Blastocystis
subtypes reported in humans, while Table 3 shows those reported in animals. Some analyses
were carried out using microscopic methods, which do not allow for the identification of
Blastocystis subtypes (Table 1). In contrast, other studies focused on determining Blastocystis
subtypes, resulting in the lack of information on the prevalence of the microorganism in
the study groups (Table 2).

Table 1. Blastocystis infection frequency and subtypes identified in patients from different groups and
regions in Poland.

No. of Positive

Study Group; No. of Subij . i Region of
> . jects Subiects Identified STs .
Study Time (If ) Method (s) ) (n; If Applicable) Poland (Main  Reference
Given 4) n % Town)
Kindergarten
children 3-7 years . . Lubelskie
old 1504 microscopy not given 8 na (Lublin) [51]
1953-1954
Children with the
symptoms of . Mazowieckie
gastroenteritis 257 ficroscopy 13 > na (Warsaw) [(52]
1986-1988
C};llill‘e?ov;:stkz)(;ut Warmirisko-
ymptom 998 microscopy 108 10.7 na Mazurskie [53]
parasitic diseases (Olsztyn)
2010 yn
Symptomatic/asymptomatic .
patients of IMTM 19,261 microscopy 2315 1.34-18.8 B na Izgfi‘;’;zlﬁ)e [54]
1992-2010
s g
peacexeeping 913 microscopy 140 15.33 na morskie [55]
missions (Szczecin)
2008-2010
ST1 (9), ST2 (nng), .
. Warminsko-
microscopy; 17 6.6 ST3 (10), ST4 (nng), .
Volunteers 259 barcoding 31 12 ST6 (1),ST7 (2), 1\(’[5125‘;?1;1)‘? [56]
STun (3) y
children 3-6 years . azowieckie
old 1823 microscopy 14 0.77 na (Warsaw) [57]
2014
Voivodeship
Sanitary— Kujawsko-
Epidemiological 24,609 microscopy 27 0.14-0,87 € na Pomorskie [58]
Station (Bydgoszcz)

2000-2014
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Table 1. Cont.

No. of Positive

Study Group; No. of Subjects ; Identified STs Region of
Study Time (If (11) ) Method (S) Sub]eCts (n; If Appllcable) Poland (Main Reference
Given #) n % Town)
Immunocompetent
(ic) and . Lo
. . . . . . ST3 (2 ic), Mazowieckie
immunodeficient (id)  283; (46 ic, 237 id) barcoding 3 1 . [59]
patients ST2 (1id) (Warsaw)
2007-2015
ST1, ST2, ST3, ST4,
Symptomatic 72 17 23.6 ST7 Dolnoslaskie
Asymptomatic 40 barcoding 4 10 ST1,ST2, ST3, ST7 (Wi {a ) [60]
Healthy persons 101 2 21.7 ST1, ST2, ST3, ST7; roclaw
(nng)
ST3,ST7,ST1, ST2
Young volunteers 384 barcodin 39 10 (in order of Mazowieckie [61]
8 g quantity, details (Warsaw)
not given)
Patients of
Pomeranian Medical Zachodniopo-
University in 9760 microscopy 0.3-1.19P na morskie [62]
Szczecin (Szczecin)
1983-2012
Zoo animal Pomorskie
caregivers 35 barcoding 6 17.14 ST1 (3), ST3 (3) . [63]
2018-2019 (Gdanisk)
Pre- and 2%; Eg;’ 2%21 g;’ Zachodniopo-
perimenopausal 425 barcoding 26 6.1 ST6 (2)’ ST7 (1)’ morskie [64]
women ST,9 (1) ! (Szczecin)
Pet animal owners . ST3 (1), ST4 (1), Pomorskie
2018-2020 67 barcoding 3 45 ST7 (1) (Gdansk) [65]
A Some authors did not specify the time period in which they conducted the research, see publication date;
B Blastocystis frequency range in years 1992-2010, € in years 2009-2014, P in years 1983-2012; na—not applicable,
performed using microscopy only; nng—number not given; STun—subtype failed to be identified.
Table 2. Blastocystis subtypes identified in patients from Poland in studies conducted using molecular
methods only on Blastocystis-positive individuals (order by year of publication).
Study Group; Identified STs Region of
oy P; No. of Subjects (n) Method Poland Reference
Study Time (If Given) (n) .
(Main Town)
Symptoma:lltciéstssy mptomatie ST1(16), 5T2 (28), ST3 Pomorskie
P . 147 STS PCR (84),ST4 (4), ST1/ST3 B [66]
of IMTM; (2), STun (13) (Gdanisk)
2005-2010 !
Patients of National
. . ST1 (3), ST2 (2), ST3 L
Institute of Hyglene (PZH) 25 barcoding (15), ST6 (2), ST7 (1), Mazowieckie [67]
and Hospital for STun (3) (Warsaw)
Infectious Diseases *
Symptomatic/asymptomatic ST1 (16), ST2 (24), ST3 Pomorskie
patients of IMTM; 122 STS PCR (72), ST6 (4), ST7 (4), (Gdansk) [68]
2012-2013 ST1/ST3 (2)
. Pomorskie
Two owners of a dog; 2017 2 barcoding ST3 (1), ST7 (1) (Gdansk) [69]

* Authors did not specify the period they conducted the research; see publication date; STun—subtype failed to
be identified.
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Table 3. Blastocystis infection frequency and subtypes identified in animals from various regions in
Poland (order by year of publication); all studies performed using molecular methods.

Study Group; No. of No. of Positive . Region of
Study Time (If Given 2) Subjects (1) n A ST (n—If Given) Poland Reference
Wild ducks 15 0 - -
Pigeons 25 0 - - Mazowieckie [70]
Free-range chickens 41 11 26.8 ST6 (5), ST7 (6)
Chickens .
2016-2019 100 ng ng ST5, ST6, ST7 Mazowieckie [71]
Primates and
Artiodactyla gé ng ng S?;S’SSTF?B Dolnoslaskie [72]
from Wroctaw ZOO ng ng !
ST1,ST5 B, ST3/ST1,
. ST5/ST1,ST5/ST3, STun
Plgziizfgi;ns) 149 70 46.97 (numbers vary Pomorskie [73]
depending on the PCR
method used)
Domestic dogs ..
31 1 3.2 ST7 Mazowieckie [69]
2017
Geese (five flocks) . Kujawsko-
2016-2019 989 74 7.48 ST has not been studied Pomorskie [74]
. ST1 (4), ST2 (7), ST3 (6),
Animals from
Gdarnsk ZOO 201 54 26.86 ST5 (17), ST8 (1), ST10 (2), Pomorskie [63]
20182019 ST13 (6), ST14 (6),
NMASTs (5)
Wild Artiodactyla and ST1 (3), ST3 (1), ST5 (3),
Carnivora from Biatowieza 102 8 7.8 .
. ST7 (1) Podlaskie [75]
Primeval Forest 11 1 9 ST5 (1)
2018-2020
Pet animals (dogs, cats,
rodents, reptiles) 145 3€ 2.1 NMAST (3) Pomorskie [65]
2018-2020

A Some authors did not specify the period in which they conducted the research, see publication date; B dominant
subtype; € only lizards were Blastocystis-positive; NMAST—not a mammal, not avian ST; STun—subtype failed to
be identified; ng—not given.

Most of the studies were carried out in asymptomatic adult populations, and only
a few studies also included groups of people with gastrointestinal symptoms, people
travelling to hot climates, people dealing with animals, and children.

Figure 1 shows a map of Poland with sampling sites and the Blastocystis subtypes
identified in these regions in humans, animals, and water and water organisms.
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Pomorskie
@sr1.514,576,5T7 Warminsko-
Zachodnio- ST1-ST3,575,577, Mazurskie
pomorskie STS, ST10, ST13, ST14 @ s11-514,516,5T7
@ 571.574,576,517,519 Kujawsko- Podlaskie
A stism3 Pomorskie @ 511,513,5T5,517
: sT* Mazowieckie
ST*
_ . @ s11.513,576,517
W:Ikopolslue @ s15.517
ST*
Lubelskie
Dolnoslaskie
* @ sr
® srisra sy
Jo® sT1,572,5T5,518
Matopolskie
@ sr

Figure 1. Regions of Poland where Blastocystis research was conducted [red dot—human research,
blue dot—animal research, triangle—water environment; ST*—microscopy examination only, STs has
not been identified; (details in Tables 1-3)].

4. The Prevalence of Blastocystis in Humans in Poland

The prevalence of parasitic infections in humans is related to the environmental, sani-
tary, and hygienic conditions in which they live. The specificity of parasitological research
concerning organisms whose reservoir is the natural environment requires comparison with
a possibly broad spectrum of data from the world. The result of the comparison may be
the determination of universal factors affecting the level of infection with a given parasite
species, as well as the identification of unique situations depending on the specificity of the
environment, culture, and health in a given region of the world. This condition also applies
to Blastocystis [76-80]. Numerous literature data indicate that the percentage of people
infected with this microorganism in developed countries is usually lower (ranging from less
than 1% to about 30%) than in developing countries, where it often exceeds 50% and may
reach 70 or 80% [81,82]. Data from Poland, reporting infection rates of 0.14% to 23.6% in
various study groups from 1955 to 2022 (Table 1), align with data from developed countries.

In Poland, the presence of Blastocystis in microscopic examinations of patients’ faeces
was noticed as early as the 1970s in the laboratory of the Institute of Maritime and Tropical
Medicine (IMTM) in Gdynia (now the Medical University of Gdarisk; MUG) Pomorskie
Province. However, there was no infection registry until 1992, when the number of reports
on the potential pathogenicity of Blastocystis began to increase. That year, the prevalence
rate was found to be 1.34%, and then in the following years, this percentage increased
almost continuously, reaching 18.8% in 2010. It should be emphasised that the frequency
of infections with other gastrointestinal parasites (helminths and protozoa) among IMTM
patients decreased during this period [54]. This 14-fold increase in infection cases can
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be partly explained by the specific group of IMTM patients, many of whom are people
travelling (often repeatedly and for many months) to hot climate zones. The literature has
often pointed out that staying in the tropics and subtropics is a risk factor for acquiring
infections with gastrointestinal pathogens [83]. However, studies of stool samples from
a broad population of children and adults with gastrointestinal symptoms and returnees
from tropical and subtropical regions conducted in southern Poland (Matopolskie Province)
between 2000 and 2006 did not find a single case of Blastocystis infection using similar
microscopic techniques (direct saline and iodine staining smears) as in IMTM [84].

Similarly, no case of Blastocystis infection was recorded in Kujawsko-Pomorskie
Province between 2000 and 2008, while in 2009-2014, the percentage of infected patients
ranged between 0.14% and 0.87% [58]. On the other hand, among patients in Zachod-
nipomorskie Province studied between 1983 and 2012, Blastocystis was the second most
frequent cause of intestinal parasite infections, with an average prevalence of only 0.89%.
In this centre, sporadic cases of Blastocystis infection were recorded in 1988, the 1990s, and
2003-2008. However, a significant increase in infected patients (up to 4.8%) was recorded
only in 2009-2012 [62].

Obtaining such different results may indicate a different level of ability to recognise
Blastocystis in microscopic slides. However, it cannot be ruled out that Blastocystis may
have been observed in microscopic slides but was not mentioned in the study reports, as
this finding was considered clinically insignificant. The remarkable variation in the preva-
lence of Blastocystis in different communities within the same country has been reported
by many authors; for example, 0.9% vs. 45.2% in Thailand [85,86], 18.5% vs. 40.7% in
Malaysia [87,88], or 6.1% vs. 41.2% in France [77].

In Europe, similar rates of infection to those in Poland were reported in France
(18.1%) and Spain (17.35%) [77,89] and in many countries outside Europe, such as Australia
(19.1%) [90], Malaysia (18.5%) [87], Iran (14.5%) [39], Thailand (9.96%) [91], and the United
States (7.19%) [92]. In Europe, higher values were observed only in Italy (34.13%; people
with and without symptoms) [93] and in asymptomatic individuals in Cyprus (27.8%) [94],
Belgium (30%) [95], and Ireland (56%) [42], which confirms that Blastocystis infections can
be asymptomatic in many people. In the Czech Republic, among asymptomatic people
who travelled outside Europe, Blastocystis infection was detected 10% more frequently
than people who did not leave the country or travelled within Europe [96]. Similarly, in
the Netherlands, among intercontinental travellers, the rate of Blastocystis infection upon
return was 10% higher than before departure, and Blastocystis was one of the most common
enteric organisms acquired during travel [77,83]. Many authors point out that the results
of studies evaluating the frequency of Blastocystis infection in the studied population may
be influenced by the methods used to detect the microorganism. Higher values were
often reported when molecular methods, considered more sensitive and specific, were
used [46,97]. This fact is confirmed by the studies mentioned above from Poland, in which
microscopic methods resulted in an average infection rate of 5.8% (ranging from 0.14% to
18.8%) compared with 11.8% (ranging from 1% to 23.6%) for molecular methods (Table 1).

The available world literature shows that Blastocystis is commonly found in children,
with the range of infection rate as wide as in adults, varying from 0.5% to more than
80%, depending on the populations studied (Table 4) and provided methods of examining
the samples.

Table 4. Frequency of Blastocystis infection in children from different countries.

No. of Subjects (1) Infection Rate (%) Country Reference
372;106 0.5-45.2 Thailand [86,98]
2000 0.39-0.95 Slovakia [99]

572 4.2 Switzerland [100]
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Table 4. Cont.

No. of Subjects (1) Infection Rate (%) Country Reference
1760 10.6 Malaysia [101]
9 11.1 North Cyprus [94]
not given 11.9 Sri Lanka [102]
52 15 Czechia [103]
40 15 Jordan [103]
265; 258 15.8; 39.22 Colombia [10,104]
351 25.6 Angola [105]
15 26.3 France [77]
227,123,172 38.3; 40.7; 86.67 Brazil [106-108]
303 37.9 Turkey [109]
204 40.7 Philippines [110]
51 45 Azerbaijan [103]
59 47 Sudan [103]
15 53 Tanzania [103]
27,199 55; 84 Nigeria [103,111]
731;93 51.7-100; 100 Senegal [8,112]

To the best of our knowledge, in Poland, the presence of Blastocystis was first described
in 1955 in children (37 years old). The percentage of children who had Blastocystis detected
by microscopic examination of a stool sample was 8%, and interestingly, in this paper, Blas-
tocystis was still referred to as “a unicellular plant organism—non-pathogenic element” [51].
In another study of children (with symptoms of gastroenteritis) carried out in 1991, the
percentage of infected children was 5%, while in the another study in 2011 (children without
symptoms of parasitic diseases), it was higher and amounted to 10.7% [52,53]. In 2014,
screening for Blastocystis in children from Warsaw kindergartens showed a prevalence of
only 0.77% [57]. In each of the studies mentioned above, the children came from a different
region in Poland. In European countries with sanitary and socio-economic conditions
comparable to Poland (Slovakia, Switzerland, the Czech Republic, and France), Blastocystis
was detected in children with a frequency ranging from 0.65% to 26.3% [77,99,100,103].
The analysis of the above reports shows that the higher prevalence values may have been
influenced by the size of the group and the use of molecular methods in the study more
than other factors related to the characteristics of the population. Many reports show that
children are often asymptomatic carriers of Blastocystis, with a surprisingly high infection
rate (Table 4). For example, an unprecedented 100% infection rate with this protistan was
recorded in Senegalese children from villages where clean tap water is accessible for less
than 20% of dwellings. In this study, over half of the subjects experienced gastrointestinal
disorders [112].

5. Blastocystis Subtypes Identified in Humans in Poland

In Poland, seven out of fourteen Blastocystis subtypes (ST1-ST4, ST6, ST7, and ST9)
recorded in humans were identified (Tables 1 and 2). The vast majority of cases showed the
presence of single subtypes, with only 4 cases showing mixed infections (5T1/ST3), and in
19 cases, the subtype could not be determined. The dominant subtype, identified as the
most numerous in each of the studies conducted in Poland, was ST3, accounting for a little
over 48% in total.

ST3 was the dominant subtype in people of both sexes, of different ages, both travelling
outside Europe and never leaving Poland (Tables 1 and 2). This finding aligns with results
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from various regions worldwide, where ST3 has been reported as the most common
subtype [7,14,82,113]. Though in some countries, particularly in Asia (Iran, Pakistan, the
Philippines, Thailand, and Turkey) as well as Libya and Nigeria, the dominance of ST1
has been reported [15,81,114-116], and in some papers from Europe (Spain, Denmark, and
France), the most frequently detected subtype was ST4 [31,32,117]. The fact that ST3 is
the dominant subtype in many countries, including highly urbanized regions where the
risk of zoonotic transmission is reduced, supports the idea that ST3 is the most human-
specific subtype and is primarily transmitted between people (due to human-to-human
transmission) [118].

In Pomorskie and Zachodniopomorskie Provinces (north and north-western Poland)
and Poland in general, the second most common subtype was ST2, accounting for slightly
above 15% of cases, and the third was ST1, representing slightly above 13% of cases. How-
ever, in Warminsko-Mazurskie and Mazowieckie Provinces (north-eastern and central
Poland), the order of prevalence rates for these two subtypes was reversed, with ST1 being
the second most common and ST2 being the third. A similar rule was also observed for ST3
and ST1 Blastocystis infection rates among the northern and central Italian populations [93].
Recent meta-analyses from Asia and the Americas have confirmed the overwhelming dom-
inance of these two Blastcystis subtypes in humans. In Asia, ST3 is the most numerous and
widely distributed subtype, being identified in 15 countries, with 10 having it as the most
numerous. In the Americas, ST3 is the most numerous subtype, but ST1 is more widespread
(reported in 10 out of 10 countries), followed by ST3 (in 9 out of 10 countries) [14,119].

Interestingly, among IMTM patients, ST2 was twice as common, and ST1 was found
only in the group of people travelling outside Europe, mainly to Asia and Africa, and was
not present in those who had never left Poland [66,68]. Different results were obtained
in the group of subjects in Zachodniopomorskie Province, where none of those infected
with ST1 travelled outside Poland [64]. Observations indicating that ST1 infections may
be favoured by travelling to tropical and subtropical regions of the world were made in
patients in the Netherlands [120], while no such correlation was found in asymptomatic
volunteers studied in the Czech Republic [96].

ST4, ST6, and ST7 were identified much less frequently in all locations in Poland,
accounting for 2%, 2.2%, and 2.47% of cases, respectively. ST9 was reported only once, and
the remaining subtypes (sporadically reported in humans) were not detected in Poland
(Table 1, Figure 1). ST4 is a subtype identified much more often in Europe, with a prevalence
of almost 20%, compared to other regions where its proportion is 3-4% and in Africa
less than 1% [81,82]. In Denmark, Spain, and France, ST4 was identified most often of
all subtypes, accounting for 76%, 94.1%, and 63% of cases, respectively [31,32,117]. In
Denmark and Spain, ST4 was the predominant subtype among symptomatic individuals
with acute diarrhoea, while healthy individuals were not infected with this subtype [31,32].
Compared to the mentioned studies, in Poland, only 5 out of 11 studies (where subtypes
were identified) reported the detection of ST4 (Tables 1 and 2). Most infected patients
from whom information was obtained (7 out of 8 people) did not leave Poland. Similarly,
7 out of 8 infected (not precisely the same group of people, just a coincidence of numbers)
had gastrointestinal symptoms (diarrhoea and abdominal pain). The symptoms persisted
for years in one of these patients, and this patient was never diagnosed or treated for
blastocystosis [64—66].

ST6 and ST7 are less common subtypes in people around the world. Individually,
most cases of ST6 were reported in Egypt, Nepal, Japan, and Malaysia, and the highest
number of ST7 infections were reported in Nepal, Egypt, Japan, Malaysia, and Pakistan
(from highest to lowest number of cases). On average, these subtypes were most frequently
observed in Europe (ST6 at 1.7%, ST7 at 1.2%) and in South America (ST6 at 1.3%, ST7 at
1.1%) and less often in Asia (less than 1%) [8,82]. In Poland, ST6 infections in humans were
reported in four studies and ST7 in eight studies, with both subtypes detected in single
cases (in 1-4 people) (Tables 1 and 2). These subtypes are more frequently found in animals,
including livestock, and most commonly in wild and farmed birds; for this reason, they



Pathogens 2023, 12, 1050

10 of 20

have been named avian subtypes [5]. It is assumed that their presence in other animals and
humans is the result of acquiring the infection from birds. For instance, Greige described
slaughterhouse workers infected with these subtypes due to contact with poultry faeces
and tissues [21]. The fact that these subtypes occur at a similar frequency in humans in
the highly diverse environments of Europe and South America suggests that identifying
the sources that infect people with these subtypes requires further in-depth research. In
Poland, the faeces of chickens, geese, ducks, and pigeons were examined for the presence
of Blastocystis DNA (Table 3), and the detection of Blastocystis subtypes ST6 and ST7 was
only recorded in chickens [70,71,74].

To the best of our knowledge, Blastocystis ST9 has so far been found in only seven people
worldwide: a Danish patient who suffered from IBS [121]; three patients from Iran diag-
nosed with schizophrenia, including two patients with recurrent abdominal pain and
diarrhoea and one without symptoms [122]; and three patients from Japan [123]. Notably,
the Blastocystis sequences of ST9 from Iran were very similar to those of ST9 from Denmark,
with a genetic divergence of 0.5% while 1.1-1.2% compared to those from Japan [122]. In
Poland, ST9 was detected in a 60-year-old woman who did not experience gastrointestinal
symptoms, resided in a large city, never drank unboiled water, or travelled outside Poland
but had contact with dogs [64]. Comparing the ST9 sequences from different regions,
the divergence between Japanese ST9 sequences and the sequence obtained in Poland
was over 3%, while the divergence between Danish and Polish ST9 sequences was 1.8%.
Unfortunately, the Polish ST9 sequence does not cover the same fragment as the Iranian
one, so comparing them was impossible. Additionally, it is essential to note that the Polish
and Iranian sequences are shorter than those obtained in Danish and Japanese studies.
Therefore, the divergence between the sequences has different values than those reported
by Sheikh et al. [122].

The reason that only four cases of mixed infection (ST3/ST1) were detected in Poland
could be attributed to the methods used in the studies. Most of the studies relied on the
barcoding method, which involves PCR amplification of the SSU-rDNA gene of Blastocystis
with universal primers and subsequent sequencing [124]. This method does not allow or
significantly impedes the detection of mixed Blastocystis infections [7]. Scanlan noted a
high prevalence of ST1 in mixed infections and that ST1 was overlooked in these infections,
possibly because ST2, ST3, and ST4 were preferentially amplified over ST1 [125]. Conversely,
the detection of such mixed infections is possible (although only within nine subtypes, i.e.,
ST1-ST9) using polymerase chain reaction with ST-specific sequence-tagged-site primers
(STS-PCR) [123]. In Poland, in the study of Rudziriska, which compared the effectiveness
of both methods, all mixed infections were detected using STS primers. Direct sequencing
of the barcode region allowed only one subtype to be detected: ST1 in a mixed sample
of ST1/ST3, and ST5 in samples containing ST5/ST1 and ST5/ST3 [73]. Worldwide, a
high frequency of mixed subtypes has been identified in Indonesia (47 cases) [126], the
Philippines (42 cases) [127], and Italy (80 cases in immigrants from Africa, South America,
and Asia) [93]. The most commonly reported mixed infections were ST3/ST1, and it is
important to note that none of these studies used the barcoding method. Therefore, it might
be that the frequency of mixed subtypes in other studies in Poland may be underestimated
due to methodological issues. In Poland, all cases of mixed infections, which are believed
to result from different sources of infection [93], have been found in people who travelled
outside the European continent, to Asia and Africa. It has also been postulated that mixed
infections may result from immunodeficiencies, which could facilitate co-colonization by
more than one subtype [125]. However, data from Polish publications do not contain
information on the immunological status of people with mixed infections.

6. Blastocystis Prevalence and Subtypes Identified in Non-Human Hosts in Poland

In Poland, research on non-human hosts covered various groups of animals, including
farm animals (pigs and poultry), pet animals, zoo animals, and wild animals, including
mammals, birds, and reptiles.
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The prevalence of Blastocystis infection among non-human hosts was more variable
than in humans (Table 3). The highest values were observed in non-human primates (NHPs)
in the Gdansk Zoo (58.97%) and in pigs (46.97%), whereas in some groups of animals (e.g.,
cats, rodents, wild ducks, and pigeons), Blastocystis was not found.

In total, 11 Blastocystis subtypes (ST1-ST3, ST5-ST8, ST10, ST13, and ST14) have been
identified in non-human hosts in Poland, of which only ST13 has not been recorded in
humans so far. Five subtypes have been detected in NHPs (ST1, ST2, ST3, ST5, ST8, and
ST13), seven subtypes in Artiodactyla (ST1-ST3, ST5, ST7, ST10, and ST14), three in Suidae
(ST1, ST3, and ST5), and also three in birds (ST5-5T17). In companion animals of Carnivora,
Blastocystis ST7 was detected in one dog. In addition, sequences of Blastocystis that were not
similar to any of the known subtypes of mammals (including humans) and birds (hence
called non-mammal, non-avian subtypes; NMASTs) have been identified in reptiles (living
in the zoo or kept at home) [128].

The results obtained in animals and human studies in Poland suggest the possibility of
Blastocystis transmission between animals and humans, and, importantly, in both directions.

Some subtypes found in non-human hosts in Poland appear more host-specific, while
others show lower host specificity. For example, ST13 was found only in monkeys; ST10
and ST14 only in sheep and goats; ST6 only in chickens. ST5 has been observed in a broader
range of animal species, primarily in pigs, wild boar, and peccaries, as well as in 1 out of
7 wild wolves and 2 out of 90 wild bison, and in chickens. ST1 and ST3 were most prevalent
in monkeys but were also occasionally detected in pigs, both wild and captive (from zoo)
Artiodactyla. So far, in small ruminants used by humans, such as sheep, goats, and wild
Artiodactyla, ST10 and ST14 were the most often reported subtypes, while ST1 and ST2
were found much less frequently [5]. In wild Artiodactyla living in Poland, ST1 (in red
deer) and ST1, ST3, ST5, and ST7 (in European bison) were detected, i.e., different than
those commonly reported in these animals (mainly ST10 and less frequently ST13 or ST14).
According to our knowledge, so far, ST1 in deer has only been reported once in sika deer in
China [129]. These wild ruminants, in which Polish researchers detected ST1 and ST3, came
from the Bialowieza National Park, where they live in the wild. However, during the winter,
they have access to human-provided food such as hay and vegetables, and often forage on
farmland that can be fertilised with manure containing livestock faeces. The diversity of
food sources and environments these animals encounter during the winter months could
lead to a higher likelihood of being exposed to different subtypes of Blastocystis. Perhaps
this is the reason for the detection of ST1 and ST3 in the wild ruminants in Poland [75]. It is
also worth mentioning that different subtypes of Blastocystis were found in Artiodactyla in
Gdanisk Zoo (ST10, ST14) and in the Wroctaw Zoo (S5T1, ST2). However, cases of infection
with different subtypes in animals of the same genus living in various regions/parts of
the country have already been reported in the literature; for example, camels in Libya
or goats in Malaysia [130,131]. This disparity may be the result of differences in animal
management practices.

Similar differences were observed in NHPs; ST5 and ST8 were detected in the animals
at Wroctaw Zoo, while ST1, ST2, ST3, and ST13 were detected in the NHPs living at Gdarisk
Zoo. So far, 13 Blastocystis subtypes (ST1-ST5, ST7-ST11, ST13, ST15, and ST19) have been
identified in NHPs, with the high prevalence of ST1, ST2, and ST3. Interestingly in free-
living NHPs, mostly ST1 and ST2 were reported (in Gdarisk Zoo, the most frequent was ST2,
followed by ST3), while in captive NHPs, these and other subtypes were observed [5]. This
fact is puzzling because it is in the wild, in natural conditions, where animals have greater
opportunities for contact with each other (within species and between species) or with
the environment contaminated with the faeces of other animals than in zoos, where they
are isolated from each other in separate pens. Therefore, perhaps the greater diversity of
Blastocystis subtypes in captive NHPs is due to the participation of people (animal keepers)
who can transmit Blastocystis from other animals while caring for them.

In Gdanisk Zoo, the only subtypes present in both animals (NHPs) and humans
(their caregivers) were ST1 and ST3. Moreover, an identical ST1 sequence isolated from



Pathogens 2023, 12, 1050

12 of 20

three monkeys was found in one of the people who had contact with them, which provides
strong evidence that transmission of Blastocystis has taken place between these monkeys
and their caregiver, although it is impossible to determine its direction [63].

A similar phenomenon was noted at a UK zoo, where a high frequency of ST8 was
observed in monkeys and their keepers. ST8 is extremely rarely reported in humans, hence
the strong suspicion, almost certainty, that the caretakers of the monkeys contracted ST8
from the animals [16]. In another study on two groups of water voles, one completely
free-living and the other temporarily brought into captivity by humans, it was found that
wild water voles harboured ST4 only, whereas those who had periodic contact with humans
also harboured ST1 [132].

Worldwide, ST5 is most frequently isolated from pigs and wild boar [22,133-135] and,
to a lesser extent, from other livestock animals and birds, which is believed to be related
to animal-to-animal transmission [130,131,136]. Similarly, in Poland, ST5 was isolated
primarily from representatives of the Suidae family (pigs and wild boars) and collared
peccaries [63,73]. In wild boars and peccaries, ST5 was the only subtype found, and in pigs,
it was dominant (92.85%), confirming that the Suidae family is most likely a natural host
for this subtype. In Poland, in addition to ST5, single ST3 and ST1 infections and mixed
infections with these subtypes, i.e., ST5/ST3, ST5/ST1, and ST3/ST1, were found in pigs.
Similarly, worldwide, ST3 and ST1 have been reported much less frequently in pigs [133].
This lower frequency raises the suspicion of possible transmission of these subtypes from
humans to pigs, especially since in the Polish study, in the youngest animals, i.e., piglets up
to 4 weeks of age, only ST5 was present [73]. The possibility of transmission of Blastocystis
between pigs and humans is also indicated by a study of intensively reared pigs and their
contacts in Australia. In these pigs, as in the Polish study, the dominance of ST5 and single
cases of infection with ST3, ST1, and mixed infections with these subtypes were observed.
Notably, apart from dominant ST3 and ST1, single ST5 infections were also found in animal
keepers. Both animals and humans showed a high frequency of infection (76.7% and 83.3%,
respectively) [20]. In Poland, no case of ST5 infection in humans has been reported so far,
but the population of people dealing with pigs has not been studied.

It is suspected that the transmission of Blastocystis may also occur between humans
and companion animals due to the reduction of the distance in contact between humans
and their pets [19]. In Poland, a single case was reported where a dog and its owner
with diarrhoea were infected with the same rare subtype (ST7) [69], which was previously
described as potentially pathogenic [137]. Other dogs, cats, and some other species of small
pet animals tested in Poland were not infected with Blastocystis. The lack of infection may
be because all these animals had owners and were well cared for in terms of nutrition and
veterinary care. Literature data show that the prevalence of Blastocystis in dogs and cats
varies widely, and environmental factors such as ownership, homelessness, or staying in a
shelter may affect the level of infection [65].

Although the research showed that pets in Poland did not harbour Blastocystis, excep-
tions were found in two bearded dragons and one leopard gecko. However, the Blastocystis
sequences isolated from them do not correspond to any subtypes reported so far in humans,
other mammals, or birds [65]. This situation was also noted in the case of Blastocystis
sequences isolated from turtles from Gdarisk Zoo [63] and identified in reptiles by other
researchers [1,138]. This difference in Blastocystis harboured by reptiles allows us to hope
that they do not pose a threat to mammals (including humans) and birds; however, to
confirm this, further research on reptiles and other animals and people in contact with
them is necessary.

7. Blastocystis in the Water Environment in Poland

We have found only two reports from Poland regarding testing the water environment
for the presence of Blastocystis. The first study focused on surface water samples from
46 sites of 36 water bodies in north-western Poland, including lakes, rivers, the Szczecin
Lagoon (where river and sea water mixes), and the Baltic Sea. Water samples were collected



Pathogens 2023, 12, 1050

13 of 20

four times a year. ST1 was detected only in lagoon water during the winter, while ST3
in two rivers and two lakes during the winter, spring and summer seasons. Interestingly,
identical sequences of ST1 derived from human faeces and ST3 derived from human, pig,
and cattle faeces were found in the GenBank database [139].

The second study did not directly concern water samples, but duck mussels (Anodonta
anating) and swollen river mussels (Unio tumidus) originated from an urban reservoir lake
in central-west Poland. It is a fairly shallow reservoir, with an average depth of 3 m
and a maximum depth not exceeding 5 m. The water residence time in the reservoir is
approximately 34 days, and it collects water from nearby rivers that may be polluted with
sewage discharge. In this study, Blastocystis was not detected in duck mussels, while it
was found in 5.1% of the samples of swollen river mussels. The tests in this study were
performed using microscopic methods, such as direct wet and hematoxylin—eosin stained
smears, but subtyping was not conducted [140].

Worldwide, the presence of Blastocystis DNA in the aquatic environment, including
drinking and surface water, has been reported multiple times in different locations. The
subtypes commonly identified in humans (ST1-ST4) were most frequently detected, while
the subtypes rarely identified in humans (ST7, ST8, and ST10) were found much less
frequently [5,6,141-145]. Many of these reports strongly indicate waterborne Blastocystis
infections in humans. For example, a study of military personnel in Thailand found that
44.1% of people in a military unit that used untreated water were infected, and the risk of
infection from consuming this water was three times higher than those using other water
sources [146]. Another support could be the detection of the same subtypes (5T1 and/or
ST4) in various types of water (water from the water tank at school, tap water, and river
water) and in people and animals using it [6,142,143,147]. In addition, the presence of
viable cysts in the water discharged from a sewage treatment plant [148,149], as well as the
detection of Blastocystis DNA in seafood, marine fish, and marine mammals, indicate the
potential for multi-directional transmission of Blastocystis between humans and animals
via water [4,150]. However, to conclusively confirm such waterborne transmission of
Blastocystis, obtaining the same sequences of subtypes isolated from water sources and
individuals using that water would be essential.

The results of both Polish studies indicate highly probable contamination of the tested
waters with faeces (from both human and/or non-human hosts) and a potential risk of
acquiring infection by people during recreational water activities (in general, water from
rivers and lakes that has not been treated or boiled is not used for human consumption in
Poland). The examined mussel species, in which Blastocystis was detected in Poland, feed
by filtering the water (they can filter over 2 L of water per hour per shellfish) and thus act
as a natural concentration system [140]. The detection of Blastocystis in their digestive tracts
is, therefore, evidence of the presence of this microorganism in the water where the mussels
lived. Previously, Blastocystis was detected in bivalve molluscs of the genus Donax from
the Peruvian northern coast [150]. These above-mentioned reports from Poland, which
initiated the study of the water bodies for Blastocystis and confirmed the presence of this
protist in the water environment, highlight the need to increase the investigation of various
elements of the water-related environment. This direction of study is crucial to assess the
potential risk of acquiring Blastocystis infection by people and animals via water.

The authors intended to present, for the first time, a summary of the epidemiological
situation of Blastocystis in Poland, based on published research results. Coincidentally,
this study highlighted some weaknesses of the studies conducted so far. However, due
to the unresolved problem of the disease potential of Blastocystis, unclear mode of trans-
mission, widespread international travel, and migration pressure, this work (despite the
above-mentioned shortcomings) seems to be an essential contribution to expanding our
knowledge of possible interactions among these factors in the aspect of the health safety of
humans, animals, and the environment.
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8. Summary and Perspectives

Our study summarizes the epidemiological knowledge about the prevalence and distri-
bution of Blastocystis subtypes in Poland, as well as the sources and routes of its transmission.

The collected data show that the frequency of Blastocystis infection in humans in
Poland is similar to that observed in other developed countries, with ST3 being the most
common subtype in humans.

The observed low host specificity of ST1 and ST3, and especially the finding of identical
ST1 sequences in zoo monkeys and their caregiver, indicates that transmission of Blastocystis
between humans and monkeys is highly possible.

The high prevalence of Blastocystis in pigs, wild boars, and peccaries, with the over-
whelming dominance of ST5, confirms that Suidae are likely the natural hosts of ST5.
The presence of single ST3 and ST1 infections, as well as mixed infections with these
two subtypes, suggests the probable anthroponotic direction of the infection in pigs. How-
ever, further in-depth studies of both hosts are needed to fully understand the issue of
human-pig transmission of this protist.

The absence of Blastocystis in dogs (with one exception) and cats suggests that these
pet animals are not natural hosts of the microorganism and do not constitute a significant
reservoir of Blastocystis infection to their owners or keepers. Similarly, findings in reptiles
Blastocystis genotypes that differ from those found in humans, other mammals, and birds
argue that reptiles do not currently pose a reservoir of infection for humans.

The presence of Blastocystis in surface waters and mussels indicates that interactions
between humans and animals, including via water, can risk spreading Blastocystis infection
among users of polluted waters.

Furthermore, the observation that travelling to tropical regions may favour infection
with some subtypes of Blastocystis (especially ST1) is important in the epidemiological and
clinical aspects, especially in the era of dynamic growth in tourism after the downturn
caused by the COVID pandemic.

To gain a comprehensive understanding of the sources of infection and transmission
routes of Blastocystis, further well-designed, in-depth studies are necessary. Additionally,
the essential direction in future studies on Blastocystis human infections should probably
concern lateral gene transfers (LGT) among Blastocystis [151]. The LGT could shed light on
the relation between transferred genes encoding secreted proteins potentially involved in
adapting Blastocystis to the gut environment. These proteins can affect the gut microbiome
and are involved in the inflammation state of the gut. This genetic dependence can affect
the condition of patients and, in effect, act as a factor differentiating the number of cases of
symptomatic blastocystosis noted in different countries/regions.
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