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A B S T R A C T

The purpose of this study was to investigate the presence and transmission of Cryptosporidium spp., Blastocystis 
sp., Giardia intestinalis and Entamoeba histolytica between different hosts and their shared environment in a slum 
area of Bangladesh. A total of 102 samples were collected from Mymensingh, Bangladesh. This collection 
encompassed 16 human samples, 35 soil samples and 51 animal samples from various households within the 
region. The detection of Cryptosporidium spp., Blastocystis sp., G. intestinalis, and E. histolytica was carried out 
using nested PCR and/or quantitative PCR methodologies. Among the samples, 24 human, animal, and soil out of 
102 were found positive for Blastocystis sp., spanning seven subtypes: ST2, ST3, ST7, ST10, ST23, ST24 and ST25. 
Additionally, eight samples (8/102) including human, animal and soil tested positive for Cryptosporidium spp., 
including C. parvum, C. baileyi, C. bovis, and C. meleagridis. Furthermore, one soil sample tested positive for 
G. intestinalis assemblage B, while no samples tested positive for E. histolytica. The detection of Cryptosporidium 
spp., Blastocystis sp., and G. intestinalis in this study has provided insights into their presence, extending beyond 
humans. Moreover, these findings highlight the importance of embracing a One Health perspective with an 
emphasis on specific parasitic microorganisms.

1. Introduction

Parasite-induced diarrhoea is a global public health issue. Moreover, 
diarrhoea-related mortality is concerning, especially in low- and middle- 
income countries, due to factors such as limited access to clean water 
and poor hygiene. The proximity of humans to animals, their shared 
living conditions, and limited access to suitable diagnosis and treatment 
comprise aggravating factors that exacerbate diarrhoea in humans due 
to increased transmission dynamics, ultimately leading to an increase in 
mortality [1]. Enteric protozoans have been recognized as important 
causes of diarrhoea in humans, with Cryptosporidium spp., Giardia 
intestinalis (syn. G. lamblia, G. duodenalis), and Entamoeba histolytica 
being commonly reported in relation to diarrhoea [2–4]. These three 
protozoan parasites are known to colonize the gut of a wide assortment 
of vertebrate hosts. Among these, Cryptosporidium spp. (mainly 
C. parvum) play a significant role in morbidity and mortality in humans, 
as well as livestock, while G. intestinalis and E. histolytica can be patho-
genic for humans and can also colonize the gut of a variety of animals, 

though their veterinary pathogenic importance remains unknown [5–8]. 
In contrast, the unicellular eukaryote Blastocystis sp. is one of the most 
commonly found intestinal eukaryotic microorganisms in humans and 
other mammals [14]. However, its clinical and veterinary significance is 
not fully understood [9].

Cryptosporidium spp., G. intestinalis, E. histolytica, and Blastocystis sp. 
are transmitted through the faecal-oral route, either directly or indi-
rectly including person-to-person, waterborne, or foodborne trans-
mission [3,10–12]. The occurrence of these parasites across diverse 
communities worldwide underscores the need for One Health approach 
studies, in order to understand their cycling and transmission dynamics 
[13,14]. This becomes especially crucial in developing regions, where 
there is higher morbidity and mortality of diarrhoea-related illnesses 
[15].

Blastocystis sp. has a worldwide distribution in both developed and 
developing countries. Its prevalence, transmission routes and host 
specificity are continuously being investigated [16–18]. So far, at least 
40 subtypes of Blastocystis sp. have been identified in various hosts based 
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on the variation of the small subunit (SSU) rRNA gene, with new sub-
types increasingly being discovered [9,11,19,20]. Comparatively, 
limited data is available on the molecular prevalence of Blastocystis sp. in 
Asia and specifically in Bangladesh [21,22]. Cryptosporidium has at least 
44 validated species, among which C. parvum and C. hominis are the most 
prevalent and the ones that are more frequently associated with human 
cryptosporidiosis. Cryptosporidium meleagridis, C. bovis, C. felis, and 
C. canis are also known to cause cryptosporidiosis in humans, albeit 
sporadically [3]. Giardia intestinalis is a genetically diverse species that is 
divided in eight assemblages (A-H) [4,23] Among these, assemblages A 
and B are the only ones commonly known to infect humans. Entamoeba 
histolytica is the causative agent of amoebiasis, which is potentially fatal 
to humans [24].

Diarrhoea is responsible for 26 % of childhood deaths in South Asia 
[1]. In Bangladesh, diarrhoeal disease accounts for one-third of the total 
child death burden [25]. Specifically, C. hominis and C. parvum were 
identified as a common cause of diarrhoea in the country, along with 
C. meleagridis [26]. The former two Cryptosporidium spp. have been re-
ported as the most prevalent in humans in Bangladesh [27]. Giardia 
intestinalis assemblage A has also contributed to the diarrhoea burden in 
humans residing within the country [28,29].

With a population density of 1330 people per km2, Bangladesh is 
considered densely populated, with inhabitants distributed across both 
rural and urban areas [30]. A third of the urban population resides in 
overpopulated slums [31]. Untreated wastewater, routinely encoun-
tered in slums, is usually discharged into polluted rivers, creating mul-
tiple paths for pathogen circulation. This increases the likelihood of their 
transmission among humans, animals, and the environment [32,33]. 
Highlighting the occurrence of medical and/or veterinary important 
intestinal parasites is critical in understanding their circulation and 
transmission routes. Therefore, the primary objective of this pilot study 
was to investigate, for the first time, the occurrence of Blastocystis sp., 
Cryptosporidium spp., G. intestinalis, and E. histolytica in various hosts and 
the environment, namely soil, within the Railway Colony slum in 
Mymensingh, Bangladesh.

2. Materials and methods

2.1. Ethical approval

The Bangladesh Agricultural University ethics committee (approval 
no: AWEEC/BAU/2022) approved the research project. Consent was 
obtained from each household before the study.

A questionnaire was also distributed to the participants and filled out 
with the help of the local researchers to collect demographic data 
(Supplementary Table S1). Information on gastrointestinal-related 
symptoms, antibiotic usage, and sources of food and drinking water 
was obtained from the humans included in this study.

2.2. Study area

This study was conducted in the Railway Colony slum in Mymen-
singh, Bangladesh, which is located approximately 120 km north of the 
capital city Dhaka, (Fig. 1). The Railway Colony slum is situated on both 
sides of a railway and holds a population of approximately 5000 in-
dividuals. The slum is divided into compounds. Each household that was 
chosen for sample collection had running water indoors and a pit latrine 
used as a toilet, however, most of the population residing within the 
Railway Colony slum utilizes water from nearby ponds for bathing and 
general household washing tasks. A tube well is used to supply drinking 
water, which is taken directly from the ground and is neither treated nor 
filtered (Supplementary Fig. 1). Garbage disposal areas are often situ-
ated in close proximity to the ponds. A wide variety of animals including 
both free-ranging and confined livestock, are also known to frequent 
these water sources for drinking purposes. This includes the animals 
included in this study.

2.3. Experimental

2.3.1. Sample collection and DNA extraction
A total of 102 samples were randomly collected from a compound 

within the Railway Colony Slum area in 2021. Of these, 16 were from 
human hosts residing in 15 different households. Fifty-one samples were 
obtained from animals, including 43 from free-ranging animals and 
eight from those reared in cages (pigeons and rabbits). Additionally, 35 
samples were obtained from soil to have an idea of the environmental 
contamination from faecal material of human/animal origin. All 16 of 
the human participants had diarrhoea, which was an inclusion criterion. 
More specifically, ten had watery diarrhoea, five had mucoid diarrhoea, 
while one had bloody diarrhoea. All human participants in this study 
utilized tube well water. At the time of sampling, nine of the sixteen 
humans included in this study were undergoing antibiotic treatment. 
The animal samples consisted of cats (n = 2), dogs (n = 2), goats (n = 9), 
sheep (n = 1), rabbits (n = 2), cows (n = 6), and birds (n = 29). The birds 
consisted of cockatiels (Nymphicus hollandicus) (n = 4), pigeons 
(Columba livia domestica) (n = 6), hens (Gallus domesticus) (n = 8), ducks 
(Anas platyrhynchos) (n = 4), doves (n = 3), koels (Eudynamys scolopa-
ceus) (n = 2), a titir (Ortygornis pondicerianus) (n = 1) and a bazrigar bird 
(Melopsittacus undulatus) (n = 1). The free-ranging animals roamed 
freely throughout the slum, with the potential to enter household 
compounds at any time. Cats, dogs, koels, titir and bazrigar were not 
owned. No animal showed symptoms of diarrhoea. Superficial soil 
samples were collected randomly from within the compound.

Samples were transported within 24 h after sample collection to the 
laboratory located at the Department of Parasitology at Bangladesh 
Agricultural University and kept at a temperature of − 20 ◦C until DNA 
extraction.

DNA was extracted from 200 mg of stool and soil using the Pure-
Link™ Microbiome DNA Purification Kit (Invitrogen, Carlsbad, Cali-
fornia, USA) following the manufacturer’s protocol that enables 
purification of microbial and host DNA from a wide variety of sample 
types. A total of 50 μl of the extracted DNA was subsequently stored at 
− 20 ◦C until shipped to the laboratory at the University of Kent, United 
Kingdom, for further molecular analysis.

2.3.2. Molecular detection of Cryptosporidium spp
Cryptosporidium spp. was amplified using nested polymerase chain 

reaction (nPCR) targeting a 631 fragment of the SSU rRNA as previously 
described [34]. Using the primers CRY_SSU_F1 (5′-GATTAAGCCATG-
CATGTCTAA-3′) and CRY_SSU_R1 (5′-TTCCATGCTGGAGTATTCAAG- 
3′), the initial amplification included a denaturation step for 2 min at 

Fig. 1. The upper portion of the map shows the geographical location of the 
study area. The lower section of the map shows the studied slum area and 
houses included in this study, the road network, and nearby lake. The adjacent 
railway is highlighted in red. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.)
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94 ◦C, followed by 24 cycles of denaturation at 94 ◦C for 50 s, annealing 
at 53 ◦C for 50 s, and extension at 72 ◦C for 1 min. Lastly, a final 
extension step was carried out at 72 ◦C for 10 min. In the second PCR 
reaction, using the primers CRY_SSU_F2 (5′ -CAGTTA-
TAGTTTACTTGATAATC- 3′) and the reverse primer CRY_SSU_R2 (5′- 
CCTGCTTTAAGCACTCTAATTTTC- 3′) were employed. Additionally, 1 
μl of the PCR product obtained from the initial reaction was used as the 
template. The cycling conditions for the second PCR reaction differed 
from those of the initial reaction in two aspects: cycle number and 
annealing condition. The second reaction consisted of 30 cycles, 
compared to the previous publication [24]. Moreover, instead of an 
annealing temperature at 53 ◦C for 50 s, the second reaction employed 
an annealing temperature of 56 ◦C for 30 s. Cryptosporidium parvum/ 
hominis were further genotyped by amplifying an 850 bp fragment of the 
60 kDa - glycoprotein (gp60) gene, as previously described [34]. The 
gp60 amplification with nested PCR (nPCR) involved the utilisation of 
primers AL3531 (5′ -ATAGTCTCCGCTGTATTC- 3′) and AL3535 (5′ 
-GGAAGGAACGATGTATCT- 3′) in the primary reaction, and primers 
AL3532 (5′-TCCGCTGTATTCTCAGCC- 3′) and AL3534 (5′ -GCA-
GAGGAACCAGCATC- 3′) in the secondary reaction. For both the first 
and second reaction, the cycling conditions consisted of an initial 
denaturation step at 94 ◦C for 3 min, followed by 35 cycles of dena-
turation at 94 ◦C for 45 s, annealing at 50 ◦C for 45 s, and extension at 
72 ◦C for 1 min. Lastly, a final extension step at 72 ◦C for 7 min 
concluded the process. When amplifying the targeted gp60 locus, each 
sample was run in triplicates.

2.3.3. Molecular detection of Giardia intestinalis and Entamoeba 
histolytica

To detect G. intestinalis and E. histolytica, a probe-based quantitative 
PCR (qPCR) approach was employed, targeting the SSU rRNA gene 
[35,36]. Specifically, for detection of E. histolytica the primers Ehd-239F 
(5′-ATTGTCGTGGCATCCTAACTCA-3′) and Ehd-88R (5′- 
GCGGACGGCTCATTATAACA-3′) were employed, alongside an 
E. histolytica-specific probe (VIC-5′-TCATTGAATGAATTGGCCATTT-3′- 
NFQ). Additionally, PCR conditions comprised an initial denaturation 
phase at 95 ◦C for 2 min, followed by 50 cycles of denaturation at 95 ◦C 
for 15 s, annealing at 54 ◦C for 30 s, and a final elongation step at 72 ◦C 
for 30 s. Each PCR run included positive DNA from an E. histolytica 
isolate as a positive control, along with PCR water serving as a negative 
control.

The detection of G. intestinalis was conducted through probe-based 
quantitative real-time PCR using the G. intestinalis-specific primers 
Giardia-80F (5′-GACGGCTCAGGACAACGGTT-3′) and Giardia-127R (5′- 
TTGCCAGCGGTGTCCG-3′), along with a G. intestinalis-specific probe 
(FAM-5′-CCCGCGGCGGTCCCTGCTAG-3′-black hole quencher). PCR 
conditions included an initial denaturation step at 95 ◦C for 2 min, 
followed by 50 cycles of denaturation at 95 ◦C for 15 s, annealing at 
57 ◦C for 30 s, and a final elongation step at 72 ◦C for 30 s. Each PCR run 
included positive DNA from a G. intestinalis isolate as a positive control, 
along with PCR water serving as a negative control.

Furthermore, in order to obtain assemblage information for the 
samples that were qPCR positive for G. intestinalis, genotyping through 
nested amplification were performed by targeting glutamate dehydroge-
nase (gdh) [37], triosephosphate isomerase (tpi) [38] and β-giardin (bg) 
[39] genes following the methodology as previously described [35]. 
Positive control consisting of G. intestinalis positive DNA sample as well 
as a negative control, consisting of PCR water, were included in each 
batch of samples analysed.

The secondary PCR products underwent electrophoresis on a 2 % 
agarose gel, after which the targeted band was cut from the gel. A total 
of 25 μl of the PCR reaction mixture was carefully loaded onto the gel for 
analysis. Following this, for samples that tested positive, a DNA purifi-
cation process was carried out using the Thermo Scientific GeneJET Gel 
Extraction Kit (Thermo Fisher Scientific, CA, USA) and subsequently 10 
μl of the gel extract were sent to Eurofins (Cologne, Germany) for bi- 

directional Sanger sequencing using 5 μl of the primers employed in 
the secondary PCR process.

2.3.4. Blastocystis species detection
For the detection of Blastocystis sp., the samples were analysed using 

nPCR targeting the barcoding fragment of the SSU rRNA gene. In the 
initial PCR reaction, the broad specificity primer pair RD3 (5′- 
GGGATCCTGATCCTTCCGCAGGTTCACCTAC-3′) and RD5 (5′- 
GGAAGCTTATCTGGTTGATCCTGCCAGTA-3′) was utilized [40]. The 
reaction conditions included an initial denaturation step at 95 ◦C for 5 
min, followed by 30 cycles of denaturation at 94 ◦C for 1 min, annealing 
at 59 ◦C for 1 min, and extension at 72 ◦C for 1 min. A final elongation 
step was performed at 72 ◦C for 10 min. Subsequently, a second nPCR 
was conducted to amplify the 650 bp barcoding fragment using the 
forward RD5f (5′-ATCTGGTTGATCCTGCCAGT-3′) and the reverse 
primer BhRDr (5′-GAGCTTTTTAACTGCAACAACG-3′) [41]. The PCR 
conditions for the second reaction involved an initial denaturation at 
95 ◦C for 5 min, followed by 30 cycles of denaturation at 94 ◦C for 1 min, 
annealing at 50 ◦C for 1 min, and extension at 72 ◦C for 1 min. A final 
elongation step was performed at 72 ◦C for 10 min. Positive and negative 
controls were included in each batch of samples analysed. The second-
ary PCR products underwent electrophoresis on a 2 % agarose gel, after 
which the targeted band was cut from the gel. Following this, DNA 
purification was performed using the Thermo Scientific GeneJET Gel 
Extraction Kit (Thermo Fisher Scientific, CA, USA), and subsequently 
sent to Eurofins (Cologne, Germany) for sanger sequencing.

Additionally, SYBR Green qPCR was employed as an extra detection 
method for Blastocystis sp., encompassing all samples included in this 
study, to amplify a 330 bp segment of the SSU rRNA gene. [42]. The 
qPCR reaction mixture contained 10 μl mastermix volume consisting of 
2 μl of water, 5 μl Luna Taq Universal MasterMix (New England Biolabs, 
USA), 0.5 μl of both forward (BL18SPPF1; 5′-AGTAGTCA-
TACGCTCGTCTCAAA-3′) and reverse (BL18SR2PP; 5′- 
TCTTCGTTACCCGTTACTGC-3′) Blastocystis-specific primers and 2 μl of 
genomic DNA as previously described [13,43]. Reactions were run in 96- 
well plates in Quantstudio 3 (Thermo Scientific, USA). Positive and 
negative controls were used in each qPCR run.

The PCR positive products underwent electrophoresis on a 2 % 
agarose gel, after which the targeted band was cut from the gel. 
Following this, DNA purification was performed using the Thermo Sci-
entific GeneJET Gel Extraction Kit (Thermo Fisher Scientific, CA, USA) 
and subsequently sent to Eurofins (Cologne, Germany) for sanger 
sequencing.

Human, animal, soil, and water samples were run in separate qPCR 
plates in order to reduce cross-contamination.

2.3.5. Cloning
Sequences that tested positive Blastocystis sp. and/or Cryptosporidium 

spp. that had overlapping peaks, and no clear single infection were 
cloned using the pGEM-T easy vector system I (Promega, Madison, WI, 
USA) using the methodology as previously described by Betts et al., 2018 
[44]. A total of eleven nPCR-positive samples were cloned, with five of 
them, including three Cryptosporidium- and two Blastocystis-positive 
samples, being successful. Furthermore, nine samples that tested posi-
tive for Blastocystis sp. with qPCR were chosen for cloning; however, 
none of these samples were successfully cloned.

Five individual colonies were collected from each sample for 
analysis.

2.3.6. Blastocystis subtype identification
Subtypes were identified using the curated publicly accessible 

database pubMLST. (https://pubmlst.org/bigsdb?db=pubmlst_Blast 
ocystis_seqdef).
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3. Results

3.1. Occurrence of Blastocystis sp., Cryptosporidium spp., Giardia 
intestinalis and Entamoeba histolytica

A total of 23.5 % (24/102) of the samples were positive for Blasto-
cystis sp. (Table 1). This included 19 % of the human samples (3/16) 
with two participants having watery diarrhoea and one having mucoid 
diarrhoea at the time of sample collection. Moreover, 41.2 % (21/51), 
and 2.9 % (1/35) of animal and soil specimens, respectively, were 
positive for Blastocystis sp. The organism was not detected in any of the 
carnivores (cats, dogs; 0 %, 0/4), while it occurred in 61 % of the her-
bivores (11/18) and 35 % of the avian hosts. Specifically, occurrence 
was 33 % (2/6) in cows, 100 % (9/9) in goats, 75 % (6/8) in hens, 33 % 
(2/6) in pigeons, 50 % (1/2) in koel birds and 100 % (1/1) in titir birds, 
while Blastocystis sp. was not detected in the sheep, rabbits, cockatiels, 
doves and bazrigars sampled in this study. Eleven samples tested posi-
tive for Blastocystis sp. when employing nPCR, while qPCR identified an 
additional eight. Six samples tested positive with both qPCR and nPCR.

Overall, seven Blastocystis subtypes were identified: ST2, ST3, ST7, 
ST10 ST23, ST24 and ST25. Of these, ST3 (n = 2) was the only subtype 
found in humans. One human-origin sequence could not be subtyped as 
it was of lesser quality and very short, but it was clearly Blastocystis due 
to a high percentage of identity similarities to reference Blastocystis se-
quences. Animals carried diverse subtypes as follows: ST23 were the 
most abundant of the five detected, followed by ST24 (n = 4), ST10 (n =
2), ST2 (n = 2), ST7 (n = 2), and ST25 (n = 1). A mixed infection of ST24 
and ST23 was noted. A single ST24 sequence was detected in soil. Five 

subtypes (ST2, ST10, ST23, ST24, ST25) were detected in herbivores and 
four in birds (ST2, ST7, ST23, ST24). Combining subtype and host in-
formation, ST10 was the most widespread in two hosts (a cow and a hen) 
together with ST23 in two hosts [goats (n = 4), hen (n = 1)], ST2 
detected in two hosts (a goat and a koel bird), ST7 in two (a titir bird and 
a hen), ST24 in two [goats (n = 3) and a hen], followed by ST25 in one (a 
cow).

Sequence comparison of a 289 bp fragment revealed identical se-
quences of Blastocystis species. Specifically, two ST23 sequences from a 
goat and a hen residing in the same household were identical along with 
three from free-ranging animals (hen, pigeon, and goat). Moreover, two 
identical Blastocystis ST24 sequences were detected in one hen and one 
goat. A total of 71 samples, comprising 13 humans, 31 soil, and 27 an-
imal samples, were false positive for Blastocystis sp. when using nested 
PCR. Most of these were fungi. The high number of false positives is 
likely due to the use of the broadly specific primers used in the first 
round of amplification. No false positive was detected among the qPCR 
positive samples. Five samples of animal origin, namely hen (n = 2), 
goat (n = 2) and pigeon (n = 1), could not be subtyped due to the 
presence of mixed sequences. A total of eight samples (8/102) tested 
positive for Cryptosporidium spp. This included a human sample that 
tested positive for Cryptosporidium parvum subtype IIaA17G2R2. This 
host was not undergoing any antibiotic medical treatment at the time of 
sampling (Table 1). Notably, the presence of mucus in their stool was 
observed. Furthermore, six animal samples tested positive for C. bovis (n 
= 2), C. parvum (n = 2), C. meleagridis (n = 1) and C. baileyi (n = 1). This 
included goats (n = 3) and hens (n = 3). Out of these, five were freely 
roaming animals, consisting of three goats and two hens, along with one 
hen that was confined to a household. The household-owned hen and 
one of the free-ranging hens were infected with C. parvum IIaA15G2R1. 
One of the free-ranging hens tested positive for C. meleagridis. The 
remaining three free-ranging animals that tested positive for Crypto-
sporidium were all goats, of which two tested positive for C. bovis, while 
one had a mixed infection with C. parvum subtype IIaA15G2R1, and 
C. baileyi. One soil sample tested positive for C. meleagridis. The origin of 
this sample was from a location within a household compound where 
none of the samples collected from humans nor animals tested positive 
for Cryptosporidium spp.

The samples that tested positive for C. meleagridis were not further 
subtyped.

When the primers targeting tpi, bg, and gdh were used for 
G. intestinalis assemblage detection, only one soil sample tested positive 
for G. intestinalis. The genetic sequence of this particular soil sample was 
then analysed and subsequently classified as assemblage B using primers 
targeting the tpi gene.

None of the samples tested positive for Entamoeba histolytica.
A total of 18 different samples were positive for either Blastocystis sp. 

or Cryptosporidium spp. (Table 1). Additionally, five samples tested 
positive for the presence of Cryptosporidium spp. and Blastocystis sp. or 
Blastocystis sp. and G. intestinalis (Table 2). This included four samples, 
namely two goats and two hens, with a double infection of 

Table 1 
Infection data from human, various animal, and soil samples in this study were 
compiled, presenting a summary of the results regarding the prevalence of 
Blastocystis sp., Cryptosporidium spp., and Giardia intestinalis. Additional infor-
mation gathered from the questionnaire used for humans in this study is also 
included.

Sample Cryptosporidium 
species

C. parvum 
subtype

G. intestinalis 
subtype

Blastocystis 
subtype

Human 
1

Cryptosporidium 
parvum

C. parvum 
IIaA17G2R2

– –

Human 
2

– – – ST3

Human 
3

– – – ST3

Soil 1 Cryptosporidium 
meleagridis

– G. intestinalis B –

Soil 2 – – – ST24
Goat 1 Cryptosporidium 

bovis
– – ST23

Goat 2 – – – ST23
Goat 3 – – – ST24 + ST23
Goat 4 – – – ST24
Goat 5 Cryptosporidium 

baileyi
C. parvum 
IIaA15G2R1

– ST24

Goat 6 Cryptosporidium 
bovis

– – –

Goat 7 – – – ST2
Goat 8 – – – ST23
Hen 1 Cryptosporidium 

parvum
C. parvum 
IIaA15G2R1

– –

Hen 2 Cryptosporidium 
parvum

C. parvum 
IIaA15G2R1

– ST10

Hen 3 Cryptosporidium 
meleagridis

– – ST7

Hen 4 – – – ST23
Hen 5 – – – ST24
Titir 

bird 1
– – – ST7

Koel 
bird 1

– – – ST2

Cow 1 – – – ST10
Cow 2 ST25

Table 2 
Summary of mixed infections in the samples used in this study.

Host Cryptosporidium 
species

C. parvum 
subtype

Giardia 
intestinalis 
subtype

Blastocystis 
ST

Goat Cryptosporidium 
bovis

NA Negative Blastocystis 
ST23

Goat Cryptosporidium 
baileyi

C. parvum 
IIaA15G2R1

Negative Blastocystis 
ST24

Hen Cryptosporidium 
parvum

C. parvum 
IIaA15G2R1

Negative Blastocystis 
ST23

Hen Cryptosporidium 
meleagridis

NA Negative Blastocystis 
ST7

Soil Cryptosporidium 
meleagridis

NA Assemblage B Negative
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Cryptosporidium spp. and Blastocystis sp., and one soil sample with the 
presence of both Cryptosporidium and G. intestinalis.

GenBank accession numbers for the SSU rRNA sequences for Cryp-
tosporidium are OR947712 – OR947716, for Cryptosporidium parvum 
PP067103- PP067106 and for the tpi sequences for Giardia intestinalis 
assemblage B PP481986.

4. Discussion

The study took place in a slum located near a major railway in 
Mymensingh, Bangladesh. Within the slum, 5000 people live and share 
the same space with animals (domesticated and stray), most of which 
roam free. Garbage disposal and sewage are in close proximity to water 
sources making the area an ideal environment for gastrointestinal par-
asites to thrive and associated diseases to manifest. Hence, this small- 
scale pilot study aimed to get an overview of certain microbial para-
sites circulating in the community.

Of the 16 human samples, three tested positive for Blastocystis sp. Of 
these, two were successfully subtyped and came from individuals 
residing in two different households. The two sequences were identical, 
suggesting a possible circulation of the same allele in the community. 
Notably, both human samples that tested positive for Blastocystis sp. 
exhibited watery stool. However, caution should be exercised in asso-
ciating watery stool with Blastocystis sp., especially since all human 
study participants were diarrhoeic at the time of sampling and the 
presence of other microbes such as additional intestinal parasites, bac-
teria, and viruses was not analysed. In comparison to previous in-
vestigations in Bangladesh, the sample size and moreover the Blastocystis 
sp. carriage in humans was low in this study [45,46]. Given recent hy-
potheses that have come forth on Blastocystis sp. being part of the 
healthy gut microbiome, one possible explanation of the low Blastocystis 
sp. occurrence could be that the absence of the organism is due to 
unfavourable conditions in the gut ecosystem of participants. Alterna-
tively, or perhaps additionally, subtype-level differences could be at 
play. However, as no subtyping was performed in previous slum-based 
studies, we cannot draw any conclusions.

Blastocystis carriage was much higher in non-human hosts, especially 
herbivores and birds. The organism was absent in the carnivores. 
Overall, six Blastocystis subtypes were detected in animal hosts. Subtype 
23 was detected in four herbivores and one bird. Though the occurrence 
of ST23 is expected in ruminants, this is not a typical bird subtype 
[47–52].

Sequence analysis revealed that five animals (goats, hens, and a 
caged pigeon) shared identical ST23 sequences, suggesting cycling in 
these hosts and potentially others with multiple routes of transmission. 
Similarly, ST24, another ruminant subtype with identical sequences, 
was also found in a hen and a goat, suggesting cycling of these subtypes 
in these hosts and potentially others with multiple routes of trans-
mission. The presence of ST23 in a pigeon is one of the few instances of 
this subtype in an avian species and the first instance in this bird [51]. 
Blastocystis ST2 was also detected in a koel bird. This subtype is more 
commonly detected in humans; however, it has also been detected in a 
wide range of animals, including monkeys, cattle, chickens, and pigs 
[53]. Several Blastocystis subtypes have previously been detected in a 
variety of birds, such as ST7, ST8, ST10 and ST14 [47,49,54]. However, 
to our knowledge, there have not been any previous reports of Blasto-
cystis ST2 in koel birds. Earlier data pertaining to Blastocystis presence in 
Bangladesh, namely in a zoo of wildlife animals, identified a rich di-
versity of subtypes including ST1-ST3, ST10-ST11, and ST13-ST14 [21]. 
Herein, we add ST24 to the subtypes found in the country. Moreover, 
goats have previously been found to host a diverse array of Blastocystis 
species, encompassing ST1, ST3, ST6, ST7, and ST10 [50,51].

A total of 71 samples, including 13 from humans, 31 from soil, and 
27 from animals, were false positives for Blastocystis sp. when utilising 
the nPCR approach. This occurrence is probably due to the nonspecific 
binding of the first set of primers, leading to the amplification of fungi in 

this instance.
In this study, a total of eight samples tested positive for Cryptospo-

ridium spp. One of these was from a human host and corresponded to 
C. parvum genotype IIaA17G2R2. This host exhibited mucoid diarrhoea 
and was not undergoing antibiotic treatment during the time of sam-
pling. This is a zoonotic subtype that has been sporadically reported in 
humans and cattle from the United States [52,55] and dogs from Brazil 
[56]. Cryptosporidium bovis was found in six animal hosts, of which two 
were goats. The third goat had a mixed infection with C. baileyi and 
C. parvum. The subtype of the latter was identified as IIaA15G2R1, which 
was also present in two hens. This is a cosmopolitan, hyper-transmissible 
subtype found mainly in calves and humans [57,58], responsible for 
previous outbreaks of human cryptosporidiosis [59,60]. Hence, the 
presence of IIaA15G2R1 in two hosts suggests cycling of this subtype in 
the community and warrants further investigation (Fig. 2). The identi-
fication of C. baileyi, a bird-specific species [61], in a goat sample along 
with the overlap of the same C. parvum subtype in goats and hens, 
suggests possible transmission between the two hosts. Furthermore, it’s 
crucial to consider that the presence of C. baileyi in a goat sample might 
result from incidental contamination. Therefore, it would be advisable 
to collect more samples from a broader range of sites for a compre-
hensive evaluation of infection.

One soil sample tested positive for both C. meleagridis and 
G. intestinalis assemblage B. The former was also present in a hen sug-
gesting a possible environmental contamination of C. meleagridis from 
infected animals within the slum. A limited number of samples tested 
positive for G. intestinalis herein, highlighting the need for further in-
vestigations with a larger and more diverse sample. Exploring the di-
versity of various Giardia species in the same region would also be a 
valuable approach to comprehend their prevalence and distribution in 
the study area.

Our results demonstrate that hens have roles in spreading parasites 
in the community (Fig. 2). We are putting forth a testable hypothesis, 
whereby hens are the vehicles of transmission for Cryptosporidium and 
Blastocystis and potentially other parasites.

5. Conclusions

The proximity of humans and animals to water sources and partic-
ularly ponds used for activities like swimming, laundry, cattle bathing, 
and cleaning vegetables and utensils in slum regions raises concerns 

Fig. 2. Visual representation of identical Blastocystis species sequences revealed 
in this study, present in the host organisms such as goats, hens, and a pigeon for 
Blastocystis ST10 and a hen and a goat for Blastocystis ST24.This figure also 
visualizes the potential spread of diverse Cryptosporidium species between 
various animals and soil.
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about potential parasite transmission via water and the surrounding 
environment. The detection of eukaryotic gut microbes in this study has 
provided insights into their occurrence not only in humans but also in 
various animals and soil in a slum in Bangladesh. This underscores the 
interconnectedness of humans, animals, and the environment and how 
all three must be considered for a comprehensive understanding and 
management of diarrhoea and associated intestinal parasitic diseases. 
Continuous investigations are important to enhance our knowledge of 
parasite transmission, especially in developing countries. Moreover, 
conducting future One Health studies in Bangladesh, encompassing 
larger populations, and expanding the research scope to include various 
study areas and sample types, such as different water sources, will yield 
valuable insight into intestinal parasites and their transmission 
dynamics.

5.1. Limitations

While the current study, serving as a pilot study, offers valuable in-
sights into the presence of intestinal parasites within a specific context, 
its findings are subject to limitations. Primarily, the sample size, 
particularly the representation of human subjects and the diversity of 
environmental samples, is insufficient to comprehensively grasp the full 
spectrum of intestinal parasite prevalence and transmission dynamics. 
Including a wider array of locations and hosts would facilitate a better 
understanding of parasite distribution and transmission pathways. Thus, 
while this study serves as a valuable starting point, further research with 
expanded sample diversity is necessary to enhance our understanding of 
intestinal parasite dynamics.

5.2. Low incidence of Blastocystis sp. in humans

The notably low incidence of Blastocystis sp. observed in our study 
may be influenced by several factors that differ from previous research. 
Seasonal variations, which were not accounted for in earlier studies, 
could significantly affect parasite prevalence. Additionally, variations in 
hygiene practices, dietary habits, or health status (these were in-
dividuals with diarrhoea) among the populations studied may also play 
a critical role in influencing Blastocystis sp. prevalence. Furthermore, 
methodological differences in sample collection, storage, and processing 
between our study and previous reports could have impacted the 
detection rates. These factors should be considered when interpreting 
the lower prevalence found in our analysis.

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.parint.2024.102967.
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