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ABSTRACT
Background: Blastocystis is a common protist detected in fecal samples of humans and a wide range of animals. The 
parasite exhibits extensive genetic diversity with seventeen distinct subtypes (STs) identified collectively from humans, 
other mammals and birds. Shared STs between animal and human hosts were considered to be potentially zoonotic. 
However, Blastocystis infection among non-human hosts, in Egypt has not been investigated so far. 
Objective: To determine the occurrence and ST distribution of Blastocystis species isolated from domestic mammals, 
poultry and their in-contact humans. 
Material and Methods: A total of 416 fecal samples from domestic animals (mammals and poultry) as well as their 
in-contact humans were screened by inoculation into Jones' media. Positive samples were subtyped using seven pairs of 
ST-specific sequence-tagged-site (STS) primers. 
Results: The occurrence of Blastocystis spp. infection was 69.8% in poultry, 17.7% in domestic mammals and 35.7% in 
humans. Among the studied animal species ST1-ST7 were identified with varying percentages; however, only four STs 
(ST1-ST4) were identified in humans. A minority of human subjects examined (16/56, 28.5%) were carrying the same ST 
detected in their domestic animals. 
Conclusion: The detection of all the tested STs among the infected animal species examined highlights the broad genetic 
diversity observed among Blastocystis spp. isolated from animals. However, the detection of only four STs among humans 
suggests that these STs can easily infect humans and the animals carrying the same STs could be possible reservoirs. 
Surprisingly, direct handling of animals was not found to be a major contributor to human blastocystosis in Egypt, 
denoting the role of anthroponotic transmission and the possibility of fecal cross-contamination from other potential 
reservoir animals in the surrounding environment.

INTRODUCTION                                                                 

Blastocystis is an anaerobic parasite that inhabits the 
intestinal tract of humans and a wide range of animals such 
as non-human primates, other mammals, birds, amphibians, 
reptiles and arthropods[1,2]. It is one of the most common 
eukaryotic organisms detected in human fecal samples 
worldwide[3]. Four main forms of Blastocystis have been 
described: vacuolar, granular, amoeboid and cyst forms[4,5].

It is transmitted primarily through the fecal-oral 
route via food or drinks contaminated with the infective 
cyst stage[6,7]. Moreover, waterborne transmission via 
untreated water or poor sanitary conditions has also been 
known[8,9]. Based on molecular analysis of the small-
subunit rRNA gene, seventeen distinct subtypes (STs) have 
been identified from humans, non-human primates, other 

mammals and birds[10]. Humans are potential hosts to nine 
Blastocystis STs (ST1–ST9), where they most frequently 
host ST3 but are also commonly found to carry ST1, ST2 
and ST4[11,12]. The five other STs (ST5–ST9) have been 
reported sporadically from humans[13-17], with ST9 being 
reported in human only and not in non-human hosts until 
now[18]. 

Several studies have linked human infections with 
specific Blastocystis STs to potential animal sources, 
providing evidence to support the parasite’s zoonotic 
potential[12,19-22]. Such knowledge is of great importance for 
epidemiological studies and allows development of control 
strategies to the parasite's spread[12]. The aim of the present 
study is to investigate the occurrence and the distribution 
of Blastocystis STs in various non-human hosts (domestic 
animals) and its role in transmission to in-contact humans 
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to understand the epidemiology and zoonotic potential of 
this parasite in Egypt.

MATERIAL AND METHODS                                   

Collection of fecal samples: In this descriptive 
study samples were collected from five different regions 
of Ismailia Governorate in Egypt, mostly from rural areas 
(Ismailia, Abu Suweir, Fayed, Tell El Kebir and El Qantara) 
between the period from January 2015 to June 2016. Upon 
informed consent, samples were collected concurrently 
from humans and their domestic animals and transferred 
on the same day to the laboratory of the Parasitology 
Department, Faculty of Medicine, Suez Canal University 
where further processing of the samples was carried out. 
All the procedures were conducted according to the ethical 
standards approved by the Human Ethics Committee, 
Faculty of Medicine, Suez Canal University, Egypt.

Fecal samples from domestic animals: Samples 
included 130 from cattle, donkeys, horses, camels, rabbits, 
goats, sheep, dogs and cats and 129 from chicken, ducks, 
geese, turkeys and pigeons, reared in houses and farms, 
and also animals from veterinary clinics. These domestic 
animals were in close contact with humans and were reared 
close to their dwellings. Samples were collected in plastic 
bags immediately after deposition by the animals; special 
care was taken to avoid contamination from soil. On some 
occasions, rectal fecal samples were collected using a 
sterile swab when fresh fecal samples were not available or 
when the samples found were significantly contaminated 
with soil. Owners of domestic animals were asked about 
diarrheic symptoms in their animals. In the case of poultry, 
two to three samples of the same species were selected 
from the same place because of the large number of birds 
reared in the same place.

Human fecal samples: A total of 157 human fecal 
samples were collected from all subjects (1 sample/subject) 
who had close contact with animals (involved in animal 
feeding, cleaning and/or waste removal). A standardized 
questionnaire was conducted, covering the demographic 
data, source of drinking water, occupational experience, 
lifestyle, current contact with animals, presence of 
gastrointestinal symptoms and current health status.

Culture of fecal samples: To overcome the rather 
insensitive nature of direct smear and concentration 
methods in the detection of Blastocystis spp., in vitro 
cultivation was performed for each stool sample[22] using 
Jones' medium[23] supplemented with 10% horse serum. 
When the typical vacuolar and/or granular forms were 
observed in cultures by standard light microscopy, they 
were judged to be positive for infection. If they were not 
detected until the seventh day of culture, samples were 
considered negative. Positive cultures were subsequently 
cultured for at least two subcultures to remove fecal 
matters. From the second subculture, Blastocystis forms 

were isolated by centrifugation at 500 ×g for 10 min. 
The pellet was then washed with Ringer's solution before 
centrifugation at 500 ×g for 10 min, and this was repeated 
twice. The supernatant was discarded, and the pellet was 
transferred to a sterile Eppendorf  tube. 

DNA extraction and PCR: Blastocystis genomic 
DNA was extracted from the cell pellets using DNAzol 
(Gibco-BRL, USA) according to the manufacturer’s 
protocol. The extracted DNA was then analyzed using seven 
ST-specific (STS) primer sets described by Yoshikawa  et 
al.[24] and according to the nomenclature established by 
Stensvold et al.[25], namely: SB83 for ST1(351 bp), SB340 
for ST2 (704 bp), SB227 for ST3 (526 bp), SB337 for 
ST4 (487 bp), SB336 for ST5 (317 bp), SB332 for ST6 
(338 bp), and SB155 for ST7 (650 bp). A final volume of 
25 µl PCR reaction mixture was prepared from 25 pmol 
of each primer pair (of one subtype at a time), 12.5 µl 
Quick-Load Taq 2X Master Mix (New England Biolab, 
UK), 9.5 µl nuclease-free water and 1 µl of template DNA 
(40–50 ng/µl). A negative control tube was prepared as 
previously described in which template DNA was replaced 
by nuclease-free water. The PCR procedure consisted of 
an initial denaturing at 94°C for 3 min, followed by 30 
cycles that included denaturing at 94°C, annealing at 57°C 
for 30 sec each and extension at 72°C for 1 min, then an 
additional cycle with a 10 min chain elongation at 72°C. 
PCR amplification for each primer pair was repeated at 
least twice for each isolate. The amplified products were 
electrophoresed on 1.5% agarose gels (Promega, USA) in 
Tris-borate-EDTA buffer. Gels were stained with ethidium 
bromide and were photographed using an ultraviolet gel 
documentation system (Uvitec, United Kingdom).

Statistical analysis: Collected data were coded and 
processed using a Microsoft Excel software file and the 
SPSS (version 16.0, Chicago, SPSS Inc., USA) program 
for analysis. A descriptive analysis of the percentages 
was used to investigate Blastocystis spp. occurrence and 
subtype distribution among the studied population. 

RESULTS                                                                   

The occurrence of Blastocystsis spp.: A total of 
129 samples were collected from poultry, of which 29 
samples (69.8%) were proven positive for Blastocystis, 
while out of 130 samples collected from different domestic 
mammals, 23 samples (17.7%) were positive. Some 
mammal species such as horses, rabbits, sheep, domestic 
cats and dogs examined were negative for Blastocystis 
infection. The occurrence of Blastocystis spp. was 72.2% 
in cattle, 7.1% in donkeys, 25% in camels and 28.6% in 
goats (Table 1). All domestic mammals and poultry found 
positive for Blastocystis spp. appeared healthy and active 
and did not show diarrhea at the time of sample collection. 
As for humans, 157 samples were collected from those 
who have routine contact with these animals, of which 
56 samples (35.7%) were positive for Blastocystis spp.                
(Table 1).
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Identification of Blastocystis subtypes: The ST 
distribution of the isolates from different domestic animals 
and humans in this study is displayed in table (1). The 
majority of samples had single ST infection, and only a 
few had mixed ST infections (MSI) (4/90, 3/23 and 5/56 
from poultry, domestic mammals and human samples, 
respectively). Mixed infections were with two STs except 
for one isolate from a camel (triple ST infection) (Table 1). 
Among the five poultry species examined (chicken, ducks, 
geese, turkeys and pigeons), ST7 predominated (77.8%), 
followed by ST6 (17.8%), ST1 (7.8%) and ST2 the least 
(1.1%). In contrast, among the four infected domestic 
mammal species (cattle, donkeys, camels and goats), ST1 
predominated (43.5%), followed by ST4 (17.4%), ST3 

(13%), ST5 (8.7%), and ST6 and ST7 were equally the 
least (4.3% each). Six positive samples isolated from cattle 
were not typed with the used STS primers. Among human 
samples examined, ST1–ST4 were identified, with a 
predominance of ST3 (60.7%), followed by ST1 (35.7%), 
ST2 (7.1%) and ST4 was the least (5.4%) (Table 2 and 
Figure 1).

Regarding the coincidence of detected STs in humans and 
their domestic animals, 40% of humans with ST1 infection 
(8/20 cases) were found to have the same ST as their 
animals. The coincidence was 0% for ST2, 14.7% (5/34 
cases) for ST3 and 100% (3/3) for ST4 (Table 3). 

Table 1: Occurrence of Blastocystis spp. and ST classification among studied poultry, domestic mammals and humans

Host Scientific name
Collected 
samples 

no.

Positive 
no. (%)

Blastocystis ST no.

ST1 ST2 ST3 ST4 ST5 ST6 ST7 Mixed 
(STs)

Not 
typed

Domestic birds

Chicken Gallus gallus domesticus 57 47 (82.5) 3 - - - - 8 34 2 (6+7) -

Ducks Anas platyrhynchos 25 25 (100) 1 - - - - - 23 1 (6+7) -
Geese Anseranser 20 5 (25) 1 1 - - - 1 2 - -
Turkeys Meleagris gallopavo 12 6 (50) 1 - - - - 2 2 1 (1+6) -
Pigeons Columba livia domestica 15 7 (46.7) - - - - - 1 6 - -
Total 129 90 (69.8) 6 1 - - - 12 67 4 -
Domestic mammals
Cattle Bostaurus 18 13 (72.2) 2 - 3 - 2 - - - 6
Donkeys Equus africanus asinus 14 1 (7.1) 1 - - - - - - - -
Horses Equus ferus caballus 15 0 - - - - - - - - -
Camels Camelus dromedarius 20 5 (25) 3 - - - - - - 1 -

Rabbits Oryctolagus cuniculus 12 0 - - - - - -
(1+4+6),
1 (4+7) -

Goats Capra aegagrus hircus 14 4 (28.6) 2 - - 1 - - - - -
Sheep Ovisaries 8 0 - - - - - - - - -

Dogs Canis lupus familiaris 21 0 - - - - - - - - -

Cats Felis catus 8 0 - - - - - - - 3 -

Total 130 23 (17.7) 8 - 3 1 2 - - 4 (1+3) 6

Humans Homo sapiens 157 56 (35.7) 16 3 29 3 - - - 1 (2+3) -

Table 2: Collective distribution of Blastocystis STs among the studied poultry, domestic mammals and humans

Host
Total no. 

of positive 
samples

No. of each subtype* (%)

ST1 ST2 ST3 ST4 ST5 ST6 ST7 Not typed

Poultry 90 7 (7.8) 1 (1.1) 0 0 0 16 (17.8) 70 (77.8) 0
Mammals 23 10 (43.5) 0 3 (13) 4 (17.4) 2 (8.7) 1 (4.3) 1 (4.3) 6 (26.1)
Humans 56 20 (35.7) 4 (7.1) 34 (60.7) 3 (5.4) 0 0 0 0

*The number includes isolates with MSI



Blastocystis species subtype analysis Mokhtar et al.

93

DISCUSSION                                                            

Several factors suggested the zoonotic potential 
of blastocystosis. These include; its high frequency 
in animals and animal handlers with morphologically 
indistinguishable parasites[26-29], and the detection of 
identical or highly similar genetic STs of the parasite in 
both humans and a wide range of animals[12,21,30]. Thus, it 
has been proposed that human infections may result from 
zoonotic transmission of the parasite. In Egypt, there is 
limited data on Blastocystis STs, especially in non-human 
hosts. In this study, we investigated the occurrence and ST 

distribution of Blastocystis spp. isolated from various non-
human hosts (domestic mammals and poultry) and their in-
contact humans.

The occurrence of Blastocystis spp. among poultry in the 
present study was 69.8%. Similarly, high prevalence rates 
were detected among domestic fowls and ostriches (100%) 
in Japan[31], free-range chicken (80–100%) in Malaysia[32], 
and other bird species (90%) from Colombia[33]. Moderate 
prevalence rate (27%) was reported from a poultry center 
in Pakistan[29]. The scavenging habits of birds, especially 
those reared in rural areas where birds are left free-ranging 

Fig. 1: Examples of PCR products of different Blastocystis STs detected: a) in domestic mammals showing positive bands of ST1 (351 bp) 
in lane 1, ST3 (526 bp) in lane 2, ST4 (487 bp) in lane 3, ST5 (317 bp) in lane 4, ST6 (338 bp) in lane 5 and ST7 (650 bp) in lane 6; b) in 
poultry showing positive bands of ST1 (351 bp) in lane 1, ST2 (704 bp) in lane 2, ST6 (338 bp) in lane 3, and ST7 (650 bp) in lane 4; and c) 
in humans showing positive bands of ST1 (351 bp) in lane 1, ST2 (704 bp) in lane 2, ST3 (526 bp) in lane 3, ST4 (487 bp) in lane 4. M is the 
molecular weight marker at 100-bp.

Table 3: Coincidence of detected Blastocystis STs in humans and their domestic animals

Similar ST detected in domestic 
animals

ST detected in humans (n= 56)*
ST1 (n=20) ST2 (n=4) ST3 (n=34) ST4 (n=3)

No. % No. % No. % No. %
Yes 8 40 0 0 5 14.7 3 100
No 12 60 4 100 29 85.3 0 0

* The number includes isolates with MSI
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for feeding, increased the likelihood of acquiring the 
infection from the environment. Also, the drinking water 
pots used for these birds are usually contaminated with their 
feces, which presents a chance of spreading the infection to 
the same or other species of birds reared together, which is 
also common in rural areas. Transmission of Blastocystis 
infection was proven to occur easily between the same or 
different bird species[34].

With regards to Blastocystis infection in the domestic 
mammal species examined, it was 72.2% in cattle, 28.6% 
in goats, 25% in camels and 7.1% in donkeys. These 
findings are comparable with other studies reporting 
blastocystosis in 71% of cattle in Japan[28], in 30.9% of goats 
in Malaysia[35], in 24% of camels in Libya[10] and in 12.5% 
of horses in Thailand[36]. However, a lower percentage was 
reported in cattle from the UK (22.5%). Furthermore, the 
infection was not reported in cattle samples from France 
and Italy, or in donkey samples from Libya and the UK[10]

and in goat samples from Japan[28]. These differences may 
be attributed to a difference in the number of samples 
examined, different diagnostic techniques, different 
management systems in farms and barns owned by farmers 
or different adaptation by animals[37].

In this study, the occurrence of Blastocystis spp. among 
humans in contact with animals was 35.7%, which was in 
accordance with previous reports of human blastocystosis 
in Egypt, regardless of the state of contact with animals. 
A prevalence of 22.4% was reported among subjects 
from Dakahlia governorate[38], while it was 33.3% among 
patients complaining of GIT symptoms[39] and 26.5% 
among pregnant women[40]. The situation was quite similar 
in other developing countries: a prevalence of 41% was 
reported among animal handlers from Malaysia[27], 26.1% 
in subjects from rural communities in Nepal[41] and 37.2% 
in Thailand[42]. Generally, prevalence of Blastocystis spp. 
infection appears to be higher in developing countries than 
in developed countries. This could be attributed to several 
risk factors including poor community sanitation and/or 
low level of care to environmental hygiene, the absence 
of potable water and adequate elimination of feces, 
socioeconomic status, poor personal hygiene and high-risk 
behavior[43]. 

In this study, we used seven sets of STS primers for the 
amplification of ST1–ST7. This method does not enable the 
detection of other STs (ST8–ST17). The use of STS primers 
was proven advantageous for epidemiological studies 
and for resource-limited countries[44]. Also, it allows the 
detection of MSI involving ST1–ST7 that are not detected 
by sequencing and are therefore greatly underestimated 
in most data sets derived from sequencing[10]. Moreover, 
this method allows the identification of samples worthy of 
further investigation. Such samples include Blastocystis 
isolates that cannot be typed by STS primers and isolates 
with shared STs in both humans and animals that could 
support the zoonotic potential of this parasite. However, 

with the use of STS primers, it should be noted that some 
mixed infections could be missed if they involve ST8–
ST17. Also, some ST4 infections could be under diagnosed 
by the STS method, especially when mixed with other STs, 
due to genetic variation within this ST[45].

Among the domestic bird species examined, ST7 
predominated (77.8%), followed by ST6 (17.8%) indicating 
that a strong association between these STs and avian 
hosts exists[8,12]. Conversely, ST1 and ST2 infections were 
reported less frequently (7.8% and 1.1%, respectively) in 
domestic birds. These STs were also reported previously 
among chicken in Japan[46]. ST6 was reported as the 
only detected ST among 52 samples from different bird 
species[33], which could be attributed to geographically 
restricted distribution[12].

As for domestic mammals, we observed the occurrence 
of ST1 and STs 3–7 among infected mammals' samples, 
but ST2 was not detected. Previous studies reported ST2 
mainly from humans and non-human primates[12], and only 
few isolates from pigs, dogs, rodents and a chicken[20,33,37,46]. 
In the present study, ST4 infection was detected in four 
animals (two camels and two goats) with MSI. Rodents 
were previously proposed as a reservoir of ST4 as this 
ST was mostly isolated from different rodent species. 
However, Alfellani et al.[10] could not find ST4 in any of 
the rodent hosts screened. Infection of camels with ST4 
has not been reported previously, although it was reported 
from a buffalo, a goat and two pigs[22]. In this study, we 
detected ST6 and ST7 in camels with MSI. These STs were 
detected in goats with MSI using STS primers[35]. Alfellani                                                                                                    
et al.[10], using ‘barcoding’ of the small-subunit rRNA gene, 
did not find these STs in camels which could have been 
missed if they had been integrated with MSI. Detection of 
these STs (ST6 and ST7) in domestic mammals, giving 
the high incidence in avian hosts, could be due to cross-
transmission occurring between host species, as domestic 
animals are often kept in close proximity to each other in 
rural areas. In this study, six samples isolated from cattle 
could not be typed with STS primers used. Recently, ST10 
was the most common ST detected in cattle samples from 
four countries (Denmark, Libya, the UK, and the USA), 
proving that the distribution of this ST has no geographic 
restriction. Also, ST14 was reported from cattle samples 
from Libya and the USA in the same study[10]. Subsequent 
sequence analysis of isolates that could not be typed may 
reveal the underlying subtype in these isolates. 

In our study, four Blastocystis STs (ST1–ST4) were 
identified from humans in close contact with animals 
with a predominance of ST3 (60.7%), followed by ST1 
(35.7%), ST2 (7.1%) and then ST4 (5.4%). Previous 
studies in Egypt either reported three STs (ST1–ST3)[3,47]

or four STs (ST1, ST3, ST6, and ST7)[48]. Among these 
previous studies, ST3 predominance ranged from 55–62%. 
In contrast, ST4 has not been reported previously. In our 
results, all human isolates with ST4 infection had animals 
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infected with the same ST. Similarly, ST4 was detected in 
a buffalo and a pig and in their respective owner suggesting 
the zoonotic potential of Blastocystis spp. ST4[22,41]. In 
contrast, in the present study, a minority of individuals 
with ST1 (40%) and ST3 (14.7%), and none of those with 
ST2 showed ST similarities with the detected Blastocystis 
STs in their domestic mammals and/or birds, suggesting 
that direct handling of animals is not a major contributor 
to human infections with Blastocystis in Egypt. In keeping 
with our results, two Libyan studies demonstrated that 
ST1 and ST3 predominated among Libyan population 
(89%), while other STs (ST5 and ST10) predominated in 
livestock (50%). Nevertheless, ST1 and ST3 were detected 
in Libyan animals at minor percentages (7% and 9%, 
respectively) suggesting that human blastocystosis results 
mainly from anthroponotic transmission[10,49]. Related to 
this, several studies have implicated contaminated water 
as a source of Blastocystis infection, carried from infected 
human or animal feces. In China, consumption of water 
plants and drinking non boiled water were considered risk 
factors for infections with ST1 and ST3[50]. Also, ST1 and 
ST4 were detected in two rivers in Nepal[22]. Moreover, 
viable cysts of Blastocystis were detected in treated water 
samples, indicating the resistance of cysts to treatment 
processes[51]. Transmission may also occur through other 
surrounding animals (e.g. stray dogs and cats) prevalent 
in rural areas where there is an inadequate elimination 
of feces from streets, and maybe from harmful rodents 
eating crops and spreading infection through their feces. 
Recently, Blastocystis infection was detected in 24% 
of stray dogs from India with a diverse range of STs                                                                                                      
(ST1, 4, 5 and 6)[52]. Therefore, future studies need to be 
conducted to identify other potential risks of transmission 
to humans with different Blastocystis STs in Egypt, 
including water sources as well as other potential reservoir 
animals. 

CONCLUSION                                                                                                                                                                                                                                  

Blastocystis spp. was commonly detected in both 
humans and domestic animals in the present study with 
varying detection rates. All seven STs tested by the STS 
primers were detected in the infected animals examined in 
the present study, highlighting the broad genetic diversity 
observed among Blastocystis spp. isolated from animals. 
Only four STs (ST1–ST4) were identified among humans, 
suggesting that these STs can easily infect humans, and the 
animals carrying the same STs could be possible reservoirs. 
However, the predominance of ST3 in humans and the 
detection of specific STs (ST5–ST7) in animals but not in 
humans highlighted the potential role of host specificity in 
restricting the range of zoonotic transmission[53]. In addition, 
the use of multi-locus sequence typing demonstrated that 
variation within ST3 is much wider among non-human 
primates than in humans concluding that a shared ST alone 
may be too rough a criterion to 
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