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Human Vaginal and Sperm Samples Coinfected with
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Abstract: There have been few reports on extra-enteric infections by Blastocystis STs and none have been molecularly
identified in samples from human reproductive organs. We report for the first time the identification of 3 different subtypes
of Blastocystis (ST1-3) in vaginal and sperm samples, from patients infected with Trichomonas vaginalis. Blastocystis STs
were identified by PCR-sequencing and by phylogenetic inferences using 28 vaginal swab samples and 7 sperm samples
from patients trichomoniasis. Blastocystis STs were identified in 6 of 28 vaginal swabs (21.4%) and in 3 of 7 sperm sam-
ples (42.8%). In both biological samples, STs 1-3 were found; one vaginal sample showed subtype co-infection with ST1
and ST3. High genetic variation was observed in the sequences obtained and no specific clustering in the phylogenetic
trees was detected. Most of the haplotypes identified were placed far from the main dispersal centers. Our finding sug-
gested that incorrect cleaning of the genital area or a contamination by combination of anal and vaginal intercourse.
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Blastocystis is among the most common intestinal microeu-
karyote identified in stool samples worldwide. Its pathogenic
role remains controversial; several studies have linked this mi-
crobe to the development of dermatological and intestinal dis-
orders, while others have not. Blastocystis exhibits a great vari-
ability in the size and shape of its main stages observed under
the light microscope (granular and vacuolar forms). Further-
more, it displays a marked genetic polymorphism. Up to 28 ri-
bosomal lineages proposed, known as subtypes (STs), have
been described by analyzing the small subunit 18S ribosomal
RNA (185 rRNA) [1].

There are few cases of extra-enteric Blastocystis in humans,
such as those found in knee synovial fluid |2], liver, and splen-
ic abscess [3-5]. A previous study examined vaginal parasites
in 312 Polish peasant women and found 47 persons infected
with Blastocystis (11.5%) [6]. A case of Blastocystis in the uterine
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cervix of a Mexican patient with minimal cervicitis symptoms
was recently reported [7]. Interestingly, in all cases, the vacuo-
lar stage was clearly identified by microscopy but molecular
diagnosis of STs has not been conducted.

On the other hand, the protozoan Trichomonas vaginalis is
the most common nonviral sexually transmitted infection
(STI) in the world. T. vaginalis inhabits the vagina, causing vag-
initis and cervicitis. In male it colonizes the urethra, epididy-
mis, and prostate gland, but usually asymptomatic. More im-
portantly, however, Trichomonas infections can cause infertility
in both men and women [8].

Identification of Blastocystis in the cervix of a Mexican pa-
tient who was coinfected with T. vaginalis led us to investigate
the Blastocystis STs in these samples. In the present study, we
report the unexpected identification of Blastocystis STs in hu-
man vaginal and sperm samples coinfected with T. vaginalis.

Twenty-eight women who attended the gynecology public
service at the Hospital General Dr. Manuel Gea Gonzalez
(HGMGQ) for routine check-ups were analyzed. The indica-
tions for sampling included i) not having ingested any antibi-
otics for at least 10 days prior to medical appointment, ii)
without the application of ovules or vaginal creams, iii) not
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having had sexual intercourse for at least 3 days, iv) not men-
struating or with abnormal bleeding, and iv) properly cleaned.
The samples of vaginal swabs were put in containers BD Vacu-
tainer with sterile physiological saline and diagnosed with T.
vaginalis by microscopy. Immediately after diagnosis, the sam-
ples were kept at -70°C. In men, aliquots of 7 sperm samples
that were employed for spermatobioscopy or assisted repro-
duction treatment were donated from the private fertility clinic
of Biolab, Andrology laboratory. The indications for semen
sampling included i) not having had sexual intercourse for at
least 3 days, ii) not having taken any antibiotics for at least 10
days, and iii) properly cleaned. The samples were obtained in
sterile plastic containers of 50 ml and analyzed as recom-
mended by the World Health Organization [9]. These samples
were diagnosed by microscopy with T. vaginalis, all patients
were asymptomatic; the samples were frozen at -70°C.

As part of a routine process, clinical and microbiology data
were obtained from medical records of each woman. We also
requested diagnosis for other STI such as Gardnerella vaginalis,
Ureaplasma urealyticum, Micoplasma hominis, and Chlamydia
spp., as well as microbiological and mycological cultures. All
samples were collected from 2015 to 2019.

Ethics and Research Committees of the HGMGG approved
the study with the reference number 12-75-2015. Written in-
formed consent was obtained from all patients.

Total DNA was extracted from approximately 500 pl of the
physiological saline immersed with vaginal swabs or 100 pl of
sperm samples using Puregene DNA Purification System (Gen-
tra Systems, Germany) according to the manufacturer's proto-
col. To confirm the presence of T. vaginalis in vaginal and

Table 1. Main clinical status and microbiological co-infections
identified in 28 vaginal samples from symptomatic women and 7
asymptomatic men

No. of positives/Total ~ No. of positives to

it No. of samples (%) Blastocystis
Pregnancy 12/28 (42.8)* 3*
Overweight/obesity 13 [9 female +4 2 [both female]
male]/35 (37.1)
Gestational diabetes 5/28 (17.8)* 2*
Co-infections
Gardnerella vaginalis 9/28 (32.1)* 3*
Ureaplasma urealyticum 11/28 (39.3)* €
Micoplasma hominis 7/28 (25)* 2*
Enterococcus faecalis 1/28 (3.6)* 0
Trichomonas vaginalis 35/35 (100) 9
Chlamydia 0 0

*Data analyzed only in women.

sperm samples, internal transcribed spacer 1 (ITS1)-5.8 S
rRNA-ITS?2 region was amplified using primers described pre-
viously [10]. Additionally, the presence of Blastocystis ST [11]
was searched by PCR-sequencing. To rule out STs co-infections,
PCR using ST-specific primers (for ST1, ST2, and ST3) were
performed: Primers SB83 F 5-GAAGGACTCTCTGACGAT-
GA-3" and R 5-GTCCAAATGAAAGGCAGC-3’ for ST1, yielding
an amplicon of 351bp; SB340 F 5"-TGTTCTTGTGTCITCT-
CAGCTC-3" and R 5-TTCTTTCACACTCCCGTCAT-3’ for ST2,
yielding an amplicon of 704 bp; SB227 F 5 TAGGATTTGGT-
GITTGGAGA-3" and R 5"-TTAGAAGTGAAGGAGATGGAAG-3’
for ST3, yielding an amplicon of 526 bp [12,13]. Samples with
mixed STs infections were submitted to sequencing 3 more
times to obtain the sequences for both STs.

The PCR products were purified and sequenced in both di-
rections. All sequences were subjected to a BLAST search in the
GenBank database (MZ700049-MZ700058). Multiple align-
ments were performed using the MUSCLE tool from the
MEGA Program. The algorithms used to obtain the phyloge-
netic analyses were Neighbor Joining (NJ), maximum likeli-
hood (ML), and Bayesian algorithms (BA). NJ and ML were
performed with 1,000 bootstrap replicas under the Tamura-
Nei model of evolution, and the algorithms were implement-
ed in MEGA?. For the BA reconstruction, the General Time Re-
versible model of evolution specifying a gamma distribution
and invariable sites (GTR+ G +1) was used. Mr. Bayes version
3.4 was used [14], and the analysis was performed with 5 x 10°
generations, sampling trees every 100 generations. Trees with a
score lower than those at the stationary phase (burn-in) were
discarded, and trees that reached the stationary phase were
collected and used to build consensus trees. Sequences of Blas-
tocystis spp. (isolates representing ST1-ST14) were taken from

Table 2. No. of Blastocystis STs identified in vaginal and sperm
samples

B/gstogystis' No. of positives/Total GenBank access
identification No.of samples (%)
In vaginal samples
ST2 4/28 (14.2) MZ700049,
MZ700052-3,
MZ700055
ST3 1/28 (3.6) MZ700054
ST1+ST3 (coinfections) 1/28 (3.6) MZz700050-1
In sperm samples
STH 1/7 (14.9) MZz700058
ST2 1/7 (14.9) MZ700057
ST3 1/7 (14.9) MZ700056




Blastocystis ST7 (HQ641661)
Blastocystis STT (HQ641660)
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100//991.00 - Blastocystis ST9 (AF408425)
[B.‘astocysﬁs ST9 (AF408426)
100/99/1.00 Blastocystis ST6 (JQ665849)
10011991 00 L Blastocystis ST6 (JQ665850)
100/96/1.00 Blastocystis ST11 (GU256907)
ﬂstocysﬁs ST11 (GU256900)
99/80/0.89 L Blastocystis ST11 (GU256901)
Blastocystis ST1(MZ700058) S
01/92/1.00 10011001.00 [ Blastocystis ST1 (MZ700051%) —
Blastocystis ST1 (HQ641595
90/86/0.96 | Brastocystis ST1 (HQE41596)
100/99/1.00 Blastocystis ST2 (MK874811)
69/56/0.89 - Blastocystis ST2 (MZ700053) Ap—
100/100/1.00 Blastocystis ST2 (JX305875)
Blastocystis ST2 (KT591774)
Blastocystis ST2 (KT591771)
Blastocystis ST2 (HQ641602)
Blastocystis ST2 (KU147354)
Blastocystis ST2 (HQ641654)
92/55/0.65 |~ Blastocystis ST2 (MZ700055) e
Blastocystis ST2 (MH453918)

100/100/1.00

76/43/0.57 |

81/85/1.00

100/1.

Blastocystis ST2 (MH453929)

Blastocystis ST2 (M2700049) <4
Blastocystis ST2 (MZ700052) <=
Blastocystis $T2 (MZ700057) <t

100/99/1.00 — Blastocystis ST5 (HQ641636)
4'_7[ Blastocystis ST5 (HQ641635)
99/79/0.80 L Blastocystis ST5 (HQ641634)

100/100/1.00 { Blastocystis ST12 (GU256902)
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100110011.00 Blastocystis ST13 (GU256934)
1 Blastocystis ST13 (GU256935)
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1m[[8.‘astocysﬁs ST14 (JQY96357)
81/76/0 65LBlastocystis ST14 (JQ996358)
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4':[ Blastocystis ST4 (HQ641621)
00 100/100/1.00 — Blastocystis ST4 (HQ641652)
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Fig. 1. Phylogenetic inference of 18S rRNA gene partial sequence of Blastocystis STs. The values of the nodes indicate the bootstrap
proportions and Bayesian posterior probabilities in the following order: Neighbor Joining/maximum likelihood/Bayesian analysis. Gen-
Bank accession number are shown at the end of each branch in bold letters. Pink arrows show sequences obtained from vaginal sam-

ples, while blue arrows show those for sperm samples.

*indicates the sample with mixed Blastocystis STs infection.
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Fig. 2. Haplotype networks for Blastocystis ST1-3 using 18S rRNA sequences from different countries for ST1 to ST3. Numbers in
branches refer to mutational changes; sizes of circles and colors are proportional to haplotype frequencies. Arrows show the haplotypes
identified in the present study. Pink arrows show sequences obtained from vaginal samples, while blue arrows show those for sperm

samples. *indicates the sample with mixed Blastocystis ST infections.

the GenBank and incorporated into the phylogenetic analysis.
A Median Joining Network analysis was performed using NET-
WORK 4.611 with 906 sequences (Supplementary Table S1)
obtained from the GenBank, which showed high identity with
the samples obtained in the present study according to the
BLAST search, haplotype networks were established by default
settings and assumptions.

Descriptive statistics are expressed as mean and standard de-
viation (SD). Analysis by Mantel-Haenszel test was performed
to find associations. Data analysis was performed with SSPS
software Version 15.0 (SPSS Institute, Chicago, Illinois, USA).

The mean female age was 34 (SD=13.7) years and for men
it was 32 (SD=2.9) years; all patients lived in Mexico City. Ta-
ble 1 summarizes the main clinical and microbiological char-
acteristics of the patients whose samples were analyzed in this
study. Amplicons corresponding to Blastocystis STs were identi-
fied in 6 out of 28 vaginal samples (21.4%) and in 3 out of 7
sperm samples (42.8%) (Supplementary Fig. S1). In both bio-
logical samples STs 1-3 were found; interestingly, 1 vaginal
sample showed a mixed infection with ST1 and ST3 (Table 2).

No statistical associations between variables were found.

The phylogenetic tree supported the grouping for found se-
quences inside ST1-3 clusters (Fig. 1). Similarly, the haplotype
network tree grouped sequences in each ST according to other
Mexican haplotypes and no specific clustering for the vaginal
or sperm samples was observed. Interestingly, most haplotypes
identified in the present study were placed far from the main
dispersal centers, as “isolated haplotypes” due to some muta-
tions that moved them away from their closest haplotype (Fig.
2).

To our knowledge, this is the first report of unusual Blasto-
cystis ST1-3. The presence of Blastocystis DNA in vaginal and
sperm samples is relevant, suggesting that this microorganism
has great plasticity in colonizing niches, unlike to other report
[7], where Blastocystis was only observed morphologically in a
vaginal sample by Papanicolaou staining and parasite pres-
ence was not clearly identified.

Interestingly, all the samples analyzed for Blastocystis were
Trichomonas positive by microscopy. The associations between
infection by T. vaginalis and other STIs, particularly of viral in-
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fections such as HIV, HSV-2, and HVP have been described [15].
These studies have shown that there is a high risk of acquiring
a viral infection in the women infected with T. vaginalis. The
susceptibility to a viral infection could be increased due to the
following reasons: i) the inflammatory response to Trichomon-
as infection can promote a greater appearance of target cells;
ii) Trichomonas can damage the mechanical barrier against the
virus, and iii) change the normal vaginal microbiota making it
more permissive for bacterial vaginosis [16]. The presence of T.
vaginalis could also increase the susceptibility to Blastocystis in-
fection. Future prospective cohort study is warranted to identi-
fy possible associations between the coinfection of Trichomonas
and Blastocystis, in addition to seek other potential risk factors.

Previous studies assumed that the women acquired Blasto-
cystis by anal-genital transmission during incorrect cleaning of
the genital area or by combining anal and vaginal intercourse
[6,7]. This statement is strengthened because Enterococcus fae-
calis was documented in her medical record. Since sperm sam-
ples can be infected in the same manner, Blastocysts are likely
to be present in the male reproductive system. Among the sex-
ually transmitted parasitic protozoa, only 5 species have been
demonstrated in human seminal fluid samples, which includ-
ed Entamoeba histolytica, Schistosoma haematobium, Trichomonas
vaginalis, Trypanosoma cruzi, and Toxoplasma gondii [17]. Fur-
thermore, the presence of E. histolytica in human seminal fluid
was reported once in 1923 in a 28-year-old patient who had
chronic amebic dysentery with a history of STIs [18]. We spec-
ulate that high-risk sexual activity related to STIs could increase
susceptibility to acquire Blastocystis. Further elucidation by ap-
propriate causal study design in the future awaits.

The sequences obtained here were clearly grouped into clus-
ters ST1, ST2, and ST3, without a specific distribution accord-
ing to host’s symptomatology, which is similar to other molec-
ular phylogenetic trees from symptomatic and asymptomatic
Blastocystis carriers [13]. There was only a vaginal sample with
a mixed infection with ST1 and ST3. This finding is consistent
with a previous study reporting mixed infections of ST1 and
other ST (approximately 10%) [19]. Blastocystis ST3 was found
in splenic cysts [5], but our study showed that ST1 and ST2
genotypes were also found in extra-intestinal site.

An interesting distribution in the network tree was observed.
Most haplotypes identified in this study is located far from the
main dispersal centers and appear to “isolate haplotypes”.
Some mutations have driven them away from their closest
haplotypes that contain great genetic diversity. It has been ar-

gued that Blastocystis can infect several host species and colo-
nize new environments (generalist parasites), this capacity
may be the key process for maintaining their genetic diversity
and population diversification to parasite some particular spe-
cies or niches [20].

This study included several limitations. First, fecal samples
were not collected from participants to microscopically identi-
fy Blastocystis or compare the genomes of intestinal and ex-
traintestinal parasites from the same host. However, it is worth
reporting that T. vaginalis-infected sperm and vaginal samples
were simultaneously infected with the Blastocystis ST 1-3 hap-
lotype. Second, we speculate that it is an anal-genital transmis-
sion, either during incorrect cleaning of the genital area or
during combining anal and vaginal intercourse because the
same Blastocystis haplotypes are identified in intestinal and
vaginal samples. The possibility of a colonization process of
new niches by this microorganism should be tested in future
studies.
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