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Abstract

:

Blastocystis is one of the most common protozoa found in the human gut and are genetically diverse and widely distributed around the world. Nonspecific and inconsistent symptoms have been associated with this protozoon; thus, its clinical importance remains controversial. Our aim was to estimate the relative frequency of Blastocystis subtypes 1, 2, and 3, which are the predominant subtypes reported in South America, based on conserved regions of SSU rDNA sequences and determine the factors associated with them. A total of 116 Blastocystis-positive stool samples were processed using conventional PCR with Blastocystis-specific primers. We identified subtype 1 (10.3%), subtype 2 (7.8%), subtype 3 (25.0%), and mixed subtype infections (8.7%). However, we could not identify any Blastocystis subtypes in 48.3% of the samples; therefore, it is likely that other subtypes were present in the area. No association was found between any gastrointestinal symptom and single or mixed Blastocystis subtypes. We found a statistically significant association between Blastocystis subtype 2 and irritable bowel syndrome (OR = 17.8, 95% CI = 1.5–408.4, p = 0.039); however, the number of samples with IBS was small (n = 4). There was no association between the Blastocystis subtypes and any epidemiological variable studied. In rural populations, we only identified subtype 1, while in urban and periurban populations, we identified subtypes 1, 2, and 3.
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1. Introduction


Blastocystis is a protozoon found in the gut of humans and animals [1]. This microorganism is genetically diverse, with 17 known subtypes [1] distributed throughout the world [2]. Subtypes 1–9 are found in both humans and animals, subtype 9 is only found in humans [3], and subtypes 10–17 are found in domestic and wild animals [4]. Subtypes 1, 2, and 3 are the most common subtypes that are associated with gastrointestinal symptoms [5,6] and the most prevalent in South America [7]; subtype 4 is mainly found in Europe and Asia [6].



Over the last decade, Blastocystis has been studied widely, but it remains unclear whether it is pathogenic [8]. Some studies report an association between Blastocystis and gastrointestinal symptoms, such as abdominal pain, diarrhea, vomiting, constipation, and irritable bowel syndrome (IBS) [5,9,10], whereas other investigations failed to prove any correlation between Blastocystis and health issues [11,12] or suggest that Blastocystis could be considered normal or beneficial for the microbiota [13,14]. Blastocystis transmission is generally associated with poor access to healthcare and unsanitary living conditions around the world [3,15].



In South America, there have been some studies focused on this protozoon [2,16,17,18], with only one study of Blastocystis subtypes in Peru [7]. However, Blastocystis infection has been reported in some Peruvian cities [19,20,21] and Arequipa has had the highest prevalence levels with 48.3% in elementary school children and 81.9% in low-income communities [22,23]. Our primary aim was to estimate the relative presence of South America’s most common subtypes of Blastocystis (subtypes 1, 2, and 3) in urban and periurban human populations in Arequipa city, Peru. We also assessed the association of these subtypes with gastrointestinal symptoms and sanitary living conditions.




2. Materials and Methods


2.1. Ethical Statement


The protocol for this study was reviewed and approved by the Institutional Review Boards of the Universidad Peruana Cayetano Heredia (reference number 18006). Written informed consent was provided by all participants prior to the study. Written assent and parents’ informed consent was provided for minors under the age of 18.




2.2. Study Site


Arequipa city is the second-most populous city in Peru, with approximately a million inhabitants, located in the country’s southern highlands at 2400 meters above sea level [24]. The sprawling growth of the city in the last few decades established two kinds of well-defined areas: periurban and urban. Periurban areas grew around the city with limited access to basic services, such as water, sanitation, health, and education, whereas urban areas have comprehensive access to these services. Thus, the socioeconomic status of participants from periurban areas is generally lower than that of urban participants [24,25]. Arequipa is also surrounded by a widely rural area with similar sanitary features to the periurban areas.




2.3. Study Population


We obtained stool samples from 116 Blastocystis-infected participants from different districts of Arequipa, both with and without gastrointestinal symptoms, both adults and children, and from both sexes. The recruitment method was described elsewhere [26]. All participants completed epidemiological surveys to assess their clinical symptoms and sanitary living conditions.




2.4. Detection of Blastocystis


Each participant’s sample was collected in a sterilized plastic mouth flask without any additive. All participants were instructed about the correct procedure to collect their stool sample. Those instructions were given in a short letter to each participant. At that point, we answered any questions that the participants had.



All stool samples were analyzed using a rapid concentration saline solution. We examined the pellet under light microscopy at 400× magnification and confirmed with blue methylene-stained stool smear under 1000× magnification, as was explained previously [26]. Blastocystis-positive samples were aliquoted in cryovials and stored at −80 °C.




2.5. DNA Extraction and PCR Amplification


We used 200 mg of stool samples stored at −80°C to extract DNA using the Norgen Stool DNA Isolation Kit (Norgen, Biotek Corporation, Thorold, ON, Canada). PCR was performed with 25 μL of 2X PCR Taq Plus MasterMix (Applied Biological Materials Inc. ABM, Richmond, BC, Canada), 100 ng (~2 ng/μL) of a DNA template, and 200 nM of Blastocystis-specific primers based on the conserved regions of SSU rDNA sequences: F:5′-GAAGGACTCTCTGACGATGA-3’/R:5′-GTCCAAATGAAAGGCAGC-3’ (351 bp) for subtype 1 [5], F:5′-CATGAGTAAAGTCCCGTWGGGA-3’/R:5′-CCCTTTTACAGTTCATTCGCCTA-3’ (1500 bp) for subtype 2 [27], and F:5′-TAGGATTTGGTGTTTGGAGA-3’/R:5′-TTAGAAGTGAAGGAGATGGAAG-3’ (526 bp) for subtype 3 [5], obtaining a final volume of 50 μL. The PCR parameters were standardized experimentally with reference to the setting parameters used by the authors of the primers [5,27] and adjusted according to the amplification kit manufacturer’s specifications for use under local conditions and equipment. The PCR conditions used for Blastocystis subtypes 1 and 3 were one cycle of initial denaturation at 94 °C for 3 min, followed by 35 cycles for denaturation at 94 °C for 30 s, annealing at 54 °C for subtype 1 and 57 °C for subtype 3, extension at 72 °C for 60 s, and an additional cycle for the final extension at 72 °C for 5 min. For subtype 2, the PCR conditions were one cycle of initial denaturation at 94 °C for 5 min, followed by 35 cycles for denaturation at 94 °C for 30 s, annealing at 58 °C for 50 s, extension at 73 °C for 90 s, and an additional cycle for the final extension at 73 °C for 7 min. Electrophoresis was performed by adding 8 µL of the PCR products to a 1.7% agarose gel and staining with GelRed® Nucleic Acid Gel Stain, 10,000× in Water (Biotium Inc., Fremont, CA, USA) for 30 min at 100 V. Blastocystis samples were considered positive for a subtype when a clear visible band of the correct size for the primer pairs were observed in the gel under UV light.




2.6. Statistical Analysis


Descriptive analysis was used to explore Blastocystis subtypes frequencies per study area, the composition of subtypes within households, and other variables of interest, such as household sanitary conditions, demographics, and food consumption behaviors. The association of Blastocystis subtypes with gastrointestinal symptoms and sanitary living conditions were analyzed using chi-square and Fisher’s exact tests. The association between Blastocystis subtypes and the patients’ ages was analyzed using the Kruskal–Wallis test. For the epidemiological analysis, we selected variables that could explain the possible source of Blastocystis subtypes, as were suggested in previous studies [28,29]. Odds ratios (ORs) and 95% confidence intervals were used to estimate the association between specific Blastocystis subtypes and potential risk factors. We also explored the spatial distribution of subtypes in the city. All analyses were conducted using R 3.6.2 [30].





3. Results


We obtained DNA from 116 Blastocystis-positive individuals, 50 of which were co-infected with other protozoa. The participants’ ages ranged from 2 to 82 years old and 50.4% were female. Out of the 116 stool samples analyzed, 61.2% came from periurban areas, 33.6% came from urban areas, and 5.2% from rural areas.



Participants were enrolled from urban, periurban, and rural areas across the city (Figure 1). The spatial distribution of subtypes shows that the presence of Blastocystis subtype 3 was the most prevalent subtype, was found across the city, and was the only one subtype identified in many districts. Blastocystis subtype 2 was the only subtype identified in two districts. Blastocystis subtypes other than 1, 2, or 3 (unknown subtype) were present in all areas across the city. Tiabaya district, located in the southwestern area of the city where sewage water is disposed into the river, showed the presence of Blastocystis subtypes 1, 2, and 3, including unknown subtypes. The map also shows a concentration of unknown subtypes in the northeastern part of the city.



We identified 43.1% of samples with single subtype infections and 8.7% samples with mixed subtype infections. Blastocystis subtype 3 was the most prevalent in the study sample (25.0%), followed by subtypes 1 (10.3%) and subtype 2 (7.8%). The most common mixed subtypes identified were subtypes 1 and 3 (7.8%), followed by subtypes 1, 2, and 3 (0.9%) (Table 1). We could not identify Blastocystis subtypes 1, 2, or 3 in almost half of the samples (48.3%). The median age with single-subtype infections was 36.5 years old, whereas the median age with mixed infections was 16.5. Figure 2 shows the frequency of Blastocystis subtypes in each study area, with Blastocystis subtype 3 being the most frequent in both urban and periurban areas (28.2% and 25.4%, respectively). Subtype 2 was the least frequent in periurban areas (4.2%) and subtype 1 was the least frequent in urban areas (2.6%); only subtype 1 was identified in participants from rural localities (Figure 2).



Figure 3 shows the composition of Blastocystis subtypes 1, 2, and 3, as well as unknown Blastocystis subtypes in each household (n = 78 households), where the most common composition involved subtypes 1 and 3 with 10.3% (8/78 households). Twenty households presented with only one subtype (ST1 = 2, ST2 = 6, ST3 = 12), where subtype 3 was most prevalent in urban and periurban areas (18/42 and 14/33 respectively). A total of 61.5% of households had an unknown subtype: urban 15/33, periurban 29/42, and rural 4/5. Additionally, we observed the presence of the three Blastocystis subtypes (1, 2, and 3) in one participant from an urban household, and the presence of the three subtypes and unknown subtype(s) in one periurban household but in four different household members. We also identified other intestinal protozoa in the stool samples. The different coinfection combinations between Blastocystis subtypes and other protozoa are detailed in Table S1.



In order to exclude intestinal symptoms and disorders caused by other protozoa, the statistical analysis of clinical manifestations was performed only with Blastocystis-positive participants who were negative to other microorganisms. Fisher’s exact test showed no association between single-subtype infections and individual gastrointestinal symptoms. However, there was a statistically significant association between Blastocystis subtype 2 and IBS (OR = 17.8, 95% CI = 1.5–408.4, p = 0.039). Figure 4 shows the frequency of gastrointestinal symptoms by single- and mixed-subtype infections.



In the analysis, we considered the mixed subtype infections (n = 10) as an additional subtype group to compare, though we excluded the rural area from the analysis because we had only one participant in that category. We did not find any statistical association between the participants’ age and infection with specific Blastocystis subtypes (p = 0.993). We also did not find any statistically significant association between Blastocystis subtypes, either single or mixed, and sanitary living conditions (Table 2).




4. Discussion


This study determined the presence and frequency of Blastocystis subtypes 1, 2, and 3 in Arequipa, Peru, at a molecular level, analyzing their relationships with clinical and epidemiological findings in urban and periurban areas in the city. The presence of subtype 3 and an unknown subtype in Peru was previously reported in a molecular study based on 13 participants [7]. In our study, we used a much larger sample size, but we only looked for subtypes 1, 2, and 3. We found that Blastocystis subtype 3 was the most prevalent, followed by subtypes 1 and 2. Similar prevalence were reported in other study sites in South America [2,7,31] and other places around the world [5,32,33]. However, other studies from Brazil and Lao People’s Democratic Republic reported that subtype 1 was the most prevalent in their study areas [34,35], whilst in Europe, the most prevalent subtypes were 3 and 4 [36,37].



Regarding the high number of non-identified Blastocystis subtypes in half of the samples, it is possible that other Blastocystis subtypes that are less reported in surrounding countries (different than 1, 2, and 3) were more prevalent in this area of Peru [7]. Furthermore, the high prevalence of more than three Blastocystis subtypes circulating in human Peruvian populations increased the chances of different combinations of mixed subtype infection between subtypes 1, 2, 3, and others. These mixed infections could lead to low accuracy in the amplification process for primer competition or inhibition for the presence of the whole stool DNA in the sample [5,27], which made the subtype identification difficult to achieve. Other possible explanations are related to a novel Blastocystis subtype; however, these hypotheses should be studied in detail.



Varying prevalence of dual-mixed subtype infections between Blastocystis subtypes 1, 2, and 3 were reported in Brazil, Turkey, and Iran [5,32,34]. Here, we report dual-mixed subtype infections between subtypes 1 and 3. We also report a triple-mixed subtype infection (1, 2, and 3) in only one sample. An influx of other subtypes into Arequipa could be caused by job migration [38,39,40,41], tourism [33], or even zoonotic transmission due to farming activities [2]. For this reason, it is necessary to carry out more studies to understand the relative frequency of other subtypes that are less common in other countries.



We assumed that human migration in Arequipa city established a complex mixing of subtypes between periurban and urban areas across the city. Unfortunately, we could not extend this finding to rural areas because we had few participants from this area. Our findings also showed clustering in the distribution of subtypes between rural and urban/periurban areas. However, the wide spatial distribution of subtypes all over Arequipa city contrasted with the distribution of subtypes in Turkey, where subtypes 1, 2, and 3 were restricted to cities and subtypes 5, 6, and 7 occurred in less urban areas [42]. Other factors or conditions that allow or facilitate the transmission of Blastocystis subtypes across communities and districts remain unknown.



There is limited available research about the role of sanitary conditions on transmission routes and Blastocystis sources. Only subtype 3 has been associated with drinking unpurified water [29]. Other variables, such as food consumption and raising domestic animals, have not been reported to be associated with subtypes 1 and 3 [43]. We did not find any association between sanitary conditions nor the presence of animals nor fresh vegetables and fruit consumption and subtypes 1, 2, or 3 of Blastocystis. These findings were similar to those from Spain, which showed no association with drinking water or hand- or food-washing behavior [44]. However, in rural areas, socioeconomic status and food or water contamination are associated with exposure to livestock and wildlife, which could explain the reported distribution of specific subtypes in rural communities of Turkey [42]. General prevalence studies on intestinal parasite infections have been associated with the presence of Blastocystis infection and untreated water consumption, feces disposal practices, and inadequate hand-washing habits [21,45]. There is little literature available related to how dietary practices influence the presence of Blastocystis in the human gut. However, this factor should be studied because it has previously been found to be an important factor that affects Blastocystis prevalence, subtypes, and the pathogenicity linked to gut microbiota [46,47]. Our results showed no association.



Demographic characteristics were explored as another factor that could be linked to the distribution of Blastocystis subtypes. A study from Rio de Janeiro, Brazil, reported statistical differences between the prevalence of Blastocystis in men and women, and proposed that economic activities could explain this finding [2]. Contrary to these results, we did not find any statistical association between Blastocystis subtypes and sex, despite many adult women working in the household in our study population, which could increase the risk of infection due to food contamination [45,48], lack of sanitation [2], and domestic animal handling in periurban communities of Arequipa [39]. On the other hand, age is another important demographic factor associated with infection and plays a key role in intestinal infections, as described in other studies [5,42,49]. We found that participants with mixed infections were younger overall than participants with single infections. These results suggest that a person can get infected with different subtypes at earlier ages, but over time, one subtype might outcompete the others, creating a pattern associated with age. More studies must be performed to elucidate this hypothesis.



Blastocystis pathogenicity was suggested in 1986 [50]. Nowadays, some studies suggest that subtypes 1 and 3 are responsible for discrete gastrointestinal symptoms, such as abdominal pain, diarrhea, vomiting, and flatulence [5,9], which we did not find in our study. However, our data suggested a statistical association between subtype 2 and IBS, but these results should be interpreted with caution since the sample size for that analysis was low (only four participants showing IBS). These findings are similar to previous reports in Turkey, Iran, and Mexico, where subtypes 1, 2, and 3 were found in patients with IBS [51,52,53]. Additionally, another study in Chile, reported that Blastocystis subtypes 1, 2, and 4 are related to IBS [16].



An important limitation of our study was not considering the potential presence of subtypes reported at lower proportions in South America and expecting similar subtype frequencies as those previously reported in Peru [7]. Future studies could benefit from applying other molecular techniques, such as sequencing, to elucidate the relative frequency of other Blastocystis subtypes that are less common in this population. We also recommend exploring the likely association between subtypes 2 and 3 with IBS in murine models to discard this pseudo-association or conducting a case-control study with IBS patients. Our study contributes to a better understanding of the molecular epidemiology of this protozoon and its potential impact on clinical manifestations. Our findings also form the basis for future research and developing new hypotheses about the distribution and clinical manifestations of Blastocystis subtypes in Peru and Latin America.




5. Conclusions


We report the presence of Blastocystis subtypes 1, 2, and 3 in rural, urban, and periurban areas of Arequipa city in one of the few molecular studies of this protozoon conducted in South America. Even though subtypes 1, 2, and 3 are the most common worldwide and in South America, in our study population in Arequipa, they only accounted for 51.8% of the Blastocystis-positive samples, suggesting the presence of other highly prevalent subtypes that should be studied. No significant association was found between sanitary living conditions and any specific Blastocystis subtypes.
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Figure 1. Spatial distribution of the Blastocystis subtypes. All urban, periurban, and rural districts in Arequipa city are shown. 
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Figure 2. Blastocystis subtype distribution in each study area. STx corresponds to an unknown Blastocystis subtype and STmix corresponds to mixed subtypes. 
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Figure 3. Distribution and composition of Blastocystis subtypes per household and study area. * STx: unknown Blastocystis subtype. n corresponds to the number of households that participated in each study area and not the number of participants. The samples came from 116 people from 78 households within 3 areas. 
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Figure 4. Symptomatology percentage by Blastocystis subtypes 1, 2, 3, and mixed infection. 
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Table 1. Frequency and prevalence of Blastocystis subtypes 1, 2, and 3 (ST1, ST2, and ST3) and the type of infection identified in the tested samples.






Table 1. Frequency and prevalence of Blastocystis subtypes 1, 2, and 3 (ST1, ST2, and ST3) and the type of infection identified in the tested samples.





	
Type of Blastocystis Infection

	
Blastocystis Subtype (n)

	
Prevalence

(%)

	
95% CI






	
Simple infection

	
ST1 (12)

	
10.3

	
4.3–16.3




	
ST2 (9)

	
7.8

	
2.8–12.8




	
ST3 (29)

	
25

	
17.0–33.0




	
Unknown (56)

	
48.3

	
39.3–57.3




	
Mixed infection

	
ST1,3 (9)

	
7.8

	
2.8–12.8




	
ST1,2,3 (1)

	
0.8

	
0–2.9
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Table 2. Relationship between Blastocystis subtypes and sanitary living conditions.
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Blastocystis Subtype

	




	
Variable

	
ST1

	
ST2

	
ST3

	
Mixed Infection

	
p-Value




	

	
n = 21

	
n = 10

	
n = 39

	
n = 10

	






	
Female

	
16 (76%)

	
5 (50%)

	
21 (54%)

	
7 (70.0%)

	
0.304 †




	
Age

	

	

	

	

	




	
Mean (SD)

	
32.5 (23%)

	
40.1 (23%)

	
37.3 (23%)

	
31 (26%)

	
0.995 &




	
Median (IQR)

	
33 (11–49%)

	
46 (18–57%)

	
33 (14–54%)

	
16 (10–50%)

	




	
Areas

	

	

	

	

	




	
Urban

	
6 (29%)

	
7 (70%)

	
16 (41%)

	
5 (50%)

	
0.178 †




	
Periurban

	
15 (71%)

	
3 (30%)

	
23 (59%)

	
5 (50%)

	




	
Water supply

	

	

	

	

	




	
Tap water

	
20 (95%)

	
10 (100%)

	
36 (92%)

	
10 (100%)

	
1 †




	
Not tap water

	
1 (5%)

	

	
3 (8%)

	

	




	
Final feces disposal

	

	

	

	

	




	
Piped sewer system

	
20 (95%)

	
10 (100%)

	
35 (90%)

	
10 (100%)

	
0.761 †




	
Latrine

	
1 (6%)

	

	
4 (10%)

	

	




	
Presence of animals

	
15 (71%)

	
9 (90%)

	
32 (82%)

	
7 (70%)

	
0.554 †




	
Presence of dogs

	
12 (57%)

	
8 (80%)

	
26 (67%)

	
6 (60%)

	
0.631 †




	
Presence of cats

	
5 (24%)

	
2 (20%)

	
12 (31%)

	
2 (20%)

	
0.874 †




	
Presence of guinea pigs

	
3 (14%)

	
1 (10%)

	
10 (26%)

	
2 (20%)

	
0.725 †




	
Presence of rabbits

	
5 (24%)

	
2 (20%)

	
9 (23%)

	
2 (20%)

	
1 †




	
Presence of poultry

	
5 (24%)

	
2 (20%)

	
14 (36%)

	
2 (20%)

	
0.672 †




	
Presence of flies

	
15 (71%)

	
6 (60%)

	
29 (74%)

	
7 (70%)

	
0.831 †




	
Presence of cockroaches

	
5 (24%)

	
1 (10%)

	
9 (23%)

	
2 (20%)

	
0.911 †




	
Presence of rodents

	
3 (14%)

	
2 (20%)

	
7 (18%)

	
1 (10%)

	
1 †




	
Place of food consumption

	

	

	

	

	




	
House

	
17 (81%)

	
7 (70%)

	
32 (82%)

	
8 (80%)

	
0.377 †




	
Restaurant

	
2 (10%)

	
1 (10%)

	
1 (3%)

	
1 (10%)

	




	
House and restaurant

	

	
2 (20%)

	
4 (10%)

	

	




	
House and food cart

	
2 (10%)

	

	
2 (5%)

	
1 (10%)

	




	
Kind of water consumption

	

	

	

	

	




	
Boiled water

	
18 (86%)

	
8 (80%)

	
32 (82%)

	
9 (90%)

	
0.737 †




	
Tap water

	
1 (5%)

	

	

	

	




	
Both

	
2 (10%)

	
2 (20%)

	
7 (18%)

	
1 (10%)

	




	
Fresh vegetables consumption

	
8 (38%)

	
5 (50%)

	
14 (36%)

	
4 (40%)

	
0.904 †




	
Fresh fruits consumption

	
10 (48%)

	
5 (50%)

	
16 (41%)

	
6 (60%)

	
0.755 †








† Fisher’s exact test. & Kruskal–Wallis test.
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