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a b s t r a c t

Several studies have suggested the association of disturbed genital tract microbiota with infertility. Our
aim was to clarify the influence of sexual intercourse on partner’s genital tract microbiota in infertile
couples. Seventeen couples were studied, and in 5 men inflammatory prostatitis (IP) was diagnosed.
Semen samples were collected during menstruation of the female counterpart, two self-collected vaginal
samples were taken 3e5 days later e before intercourse and 8e12 h after intercourse. Ureaplasma
parvumwas found in 59% of women, its prevalence was higher in womenwhose partner had IP, as well as
in half of their male partners. Sexual intercourse caused significant shifts in vaginal microbiota e

increase of Nugent score and shifts in cultured microbiota (emergence and disappearance of several
species). These changes were less expressed in the presence of normal vaginal microbiota but more
prominent in the partners of IP men. These changes may interfere with fertilization.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Causes of infertility have not been completely elucidated,
however, genital tract infections of both partners certainly
contribute to this malady. Bacterial vaginosis (BV) has been found
to affect fertility in several ways e it may induce shifts in cytokine
profiles or disturb the immuno-endocrinological milieu during
implantation and early embryo development. It also may lead to
pelvic inflammatory disease and thus support tubal infertility [1,2].
Prostatitis may cause obstruction of male genital tract and impair
spermatogenesis. High-grade oxidative stress in case of prostatitis
is associated with alterations in metabolism, motility and DNA
damage of spermatozoa [3,4]. In a large WHO-conducted study,
prostatitis has been found to comprise an important proportion
(12%) and holding an outstanding 3rd place among principal causes
of male infertility [5].

Disturbed microbial communities that appear in male genital
tract in case of prostatitis [6e8] are very likely an important cause
of changes in vaginal microbiota, however, there are no studies on

this topic. Very few studies have been published about the couples’
genital tract microbiota at all because specimen collection from
both partners in parallel is complicated. These studies point out the
significant influence of male genital tract microbiota on their
partners [9e12].

Our aimwas to clarify the influence of the sexual intercourse on
partner’s genital tract microbiota in infertile couples.

2. Materials and methods

The study group included 17 couples who consulted a physician
at Andrology Centre of Tartu University Hospital due to infertility of
the couple. In 5 of the investigated men, inflammatory prostatitis
(IP) was diagnosed by leukocytospermia (>1 M WBC/ml). Clinical
and demographic data of the subjects are presented in Table 1.

Semen samples were collected during menstruation of the
partner. Two self-collected vaginal samples were taken 3e5 days
later before intercourse and 8e12 h after intercourse.

Sexually transmitted diseases (STD e Chlamydia trachomatis,
Neisseria gonorrhoeae, Trichomonas vaginalis, Herpes simplex virus 1,
Herpes simplex virus 2) and mycoplasmas (Mycoplasma hominis,
Mycoplasma genitalium, Ureaplasma parvum, Ureaplasma ure-
alyticum) were detected by PCR method. The swabs were held
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maximum three days at 4 �C prior to DNA extraction. The material
from swab specimens was suspended in PBS and collected by
centrifugation at 16 060g for 20 min. The supernatant was dis-
carded and the pellet was resolved in PBS. DNAwas extracted using
High Pure PCR Template Preparation Kit from Roche Molecular
Biochemicals (Mannheim, Germany) according to manufacturer’s
instructions. Amplification of the human b-globin gene was per-
formed to confirm the integrity of the DNA in the samples [13].
Samples were tested using PCR according to International Organi-
sation for Standardization 15189 in the diagnostics laboratory of
Quattromed Ltd. C. trachomatis was detected as described by Khan
et al. [14], N. gonorrhoeae according to Farrel et al. [15], T. vaginalis
according to Kengne et al. [16], Herpes simplex virus 1 and 2
according to Steven et al. [17], M. hominis according to Blanchard
et al. [18], M. genitalium according to Martinelli et al. [19],
U. urealyticum according to Kong et al. [20], and U. parvum
according to Nelson et al. [21]. The reactions were carried out in an
Eppendorf Mastercycler (Hamburg, Germany) using Taq poly-
merase produced by Solis Biodyne (Tartu, Estonia).

Quantitative anaerobic, microaerobic and aerobic cultures were
performed. Freshly prepared blood agar and chocolate agar,
Fastidious Anaerobe Agar (Oxoid, Unipath, Basingstoke, UK) sup-
plemented with 5% horse blood, WilkinseChalgren medium sup-
plemented with 5% horse blood and GN supplement (Oxoid), MRS
agar (Oxoid), Endo agar (Oxoid), Sabouraud agar (Oxoid) and
Gardnerella vaginalis-selective agar (Oxoid) were used. Aerobic
(Blood agar, Sabouraud agar, Endo agar) and microaerobic (Choc-
olate agar, MRS agar, and G. vaginalis-selective agar, in 10% CO2
atmosphere) cultures were incubated at 37 �C for 1e3 days and
anaerobic cultures (Fastidious Anaerobe Agar, WilkinseChalgren

GN agar, MRS agar, in an anaerobic glove box) for 3e5 days. The
gaseous environment in anaerobic glove box consisted of 85% of
nitrogen, 10% of carbon dioxide and 5% of hydrogen. The isolates
were identified using automated system VITEK 2 (bioMérieux).

BV was diagnosed by Gram stained slides using Nugent scoring
and presence of clue cells.

Statistical analysis was performed using SigmaStat (Systat
Software, Chicago, Ill). Differences between the groups were
calculated using ManneWhitney rank sum test and t-test.
Spearman method was used for correlation analysis.

Participation in the study was voluntary. Informed consent was
obtained from all of the patients. The study was approved by the
Ethics Review Committee on Human Research of the University of
Tartu.

3. Results

U. parvum was found in 59% of women and its prevalence was
higher in these women whose partner had IP (80% vs. 50%). This
species was found also in half of male partners of the U. parvum-
positive women, and the prevalence was higher in IP group (60% vs.
17%). M. hominis was found in 1 man and T. vaginalis in 1 woman.

In total, 67 different species or genera were isolated from
cultures; 36 microorganisms were isolated from men and 54 from
women (Table 2). In women, the most frequently isolated bacteria
were lactobacilli and coagulase-negative staphylococci (both from
15 women), corynebacteria (13), anaerobic Gram-positive bacteria
(13), streptococci (11), while in men, corynebacteria (from 15 men),
streptococci (13), coagulase-negative staphylococci (12), and
anaerobic Gram-negative rods (11) were most frequently found.

Table 1
Clinical and demographic overview of study subjects.

Male partners

Parameter All men Men with prostatitis Men without prostatitis

Age 31.6 (25.40) 28.8 (25.33) 32.8 (25.40)
White blood cells in semen (M/ml) 1.6 (0.13.3) 5.1 (1.3.13.3)* 0.2 (0.0.9)*
Semen volume (ml) 3.6 (2.6.6) 3.22 (2.4.6) 3.8 (2.5.6.6)
Sperm concentration (M/ml) 60.4 (2.5.270) 49.4 (9.128) 64.9 (2.5.270)
Total sperm count (M) 203.1 (8.5.918) 134 (27.285.6) 231.9 (8.5.918)
A þ B sperm motility (%) 33.2 (0.56) 35.4 (15.54) 32.3 (0.56)
Trying to conceive (years) 1.9 (0.5.5.5) 2.4 (0.5.5) 1.8 (0.5.5.5)
Smoking (no, yes) 13, 4 3, 2 10, 2

Female partners

Parameter All women Partners of men with prostatitis Partners of men without prostatitis

Age 29.9 (21.39) 29.4 (26.34) 30.2 (21.39)
Menarche (age) 13.5 (11.15) 14.7 (14.15) 13.2 (11.15)
No of pregnancies 1.2 (0.4) 0.6 (0.3) 1.4 (0.4)
No of deliveries 0.7 (0.2) 0.2 (0.1) 0.9 (0.2)
No of artificial abortions 0.3 (0.2) 0.4 (0.2) 0.3 (0.1)
No of spontaneous abortions 0.2 (0.2) 0 (0.0) 0.3 (0.2)
Gynecological diseases in historya 16/17 5/5 11/12
Gynecological surgery in historyb 6/17 2/5 4/12
Trying to conceive (years) 1.9 (0.5.5.5) 2.4 (0.5.5) 1.8 (0.5.5.5)
Smoking (no, yes) 14, 3 3, 2 11, 1
Physical activity (no, yes) 6, 11 1, 4 5, 7
Risk factors
Chemicals 5/17 1/5 4/12
Molds 1/17 0 1/12
Stress 4/17 1/5 3/12
Poor ventilation 1/17 1/5 0
Hard physical work 2/17 0 2/12

*P ¼ 0.002 (ManneWhitney Rank Sum Test).
a Partners of men with inflammatory prostatitis reported trichomoniasis (2 cases), bacterial vaginosis (1 case), candidiasis (1), U. parvum (1), human papillomavirus (1),

cystitis (2). Partners of men without prostatitis reported Chlamydia infection (4),M. hominis (1),M. genitalium (1), U. parvum (1), bacterial vaginosis (1), human papillomavirus
(1), tubal infertility (1), trichomoniasis (1), candidiasis (1), polycystic ovary syndrome (2), cystitis (7).

b Partners of menwith inflammatory prostatitis reported laparoscopy in 2 cases. Partners of menwithout prostatitis reported laparoscopy (2 cases), examination of fallopian
tubes (1), and abrasion after spontaneous abortion (1).
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Table 2
Microorganisms isolated from semen and vaginal fluid.

Microorganism Semen Vaginal fluid before intercourse Vaginal fluid after intercourse

No of positive
subjects

Median count (range) No of positive
subjects

Median count (range) No of positive
subjects

Median count (range)

S. aureus 0 0 (0.0) 0 0 (0.0) 2 0 (0.50 000)
S. epidermidis 0 0 (0.0) 0 0 (0.0) 1 0 (0.500 000)
S. haemolyticus 1 0 (0.100 000) 0 0 (0.0) 0 0 (0.0)
S. hominis 0 0 (0.0) 0 0 (0.0) 1 0 (0.10 000)
S. saccharolyticus 0 0 (0.0) 1 0 (0.100 000) 0 0 (0.0)
Other coagulase-negative

staphylococci
11 100 (0.10 000) 15 1000 (0.100 000) 12 100 (0.1 000 000)

Streptococcus sp 6 0 (0.50 000) 2 0 (0.5000) 4 0 (0.5000)
S. agalactiae 0 0 (0.0) 1 0 (0.500 000) 0 0 (0.0)
S. anginosus 2 0 (0.50 000) 5 0 (0.100 000) 3 0 (0.100 000)
Streptococcus group B 0 0 (0.0) 2 0 (0.100 000) 3 0 (0.1 000 000)
Streptococcus group F 1 0 (0.10 000) 0 0 (0.0) 0 0 (0.0)
S. mitis/S. oralis 2 0 (0.100 000) 1 0 (0.100 000) 3 0 (0.100 000)
S. pluranimalium 1 0 (0.100) 0 0 (0.0) 0 0 (0.0)
S. pneumoniae 1 0 (0.100) 0 0 (0.0) 0 0 (0.0)
S. salivarius 0 0 (0.0) 1 0 (0.10 000) 0 0 (0.0)
S. sanguinis 1 0 (0.100 000) 1 0 (0.100 000) 1 0 (0.5000)
S. thoraltensis 0 0 (0.0) 0 0 (0.0) 2 0 (0.100 000)
Enterococcus sp 4 0 (0.1000) 5 0 (0.1000) 3 0 (0.10 000)
E. faecalis 3 0 (0.100 000) 1 0 (0.100 000) 3 0 (0.100 000)
Micrococcus sp 1 0 (0.100) 1 0 (0.100) 0 0 (0.0)
Kocuria cristinae 0 0 (0.0) 2 0 (0.500 000) 3 0 (0.500 000)
K. rosea 1 0 (0.100) 1 0 (0.100 000) 2 0 (0.500 000)
Aerococcus viridans 0 0 (0.0) 1 0 (0.50 000) 2 0 (0.10 000)
Lactococcus garvieae 0 0 (0.0) 1 0 (0.500 000) 2 0 (0.500 000)
Leuconostoc mesenteroides ssp

cremoris
1 0 (0.100) 1 0 (0.100 000) 1 0 (0.100 000)

Pediococcus pentosaceus 0 0 (0.0) 2 0 (0.100 000) 1 0 (0.1000)
Microaerophilic Lactobacillus sp 0 0 (0.0) 12 500 000 (0.5 000 000) 12 100 000 (0.1 000 000)
Anaerobic
Lactobacillus sp

0 0 (0.0) 8 0 (0.500 000) 8 0 (0.100 000)

Candida albicans 0 0 (0.0) 3 0 (0.100 000) 2 0 (0.100 000)
Bacillus sp 1 0 (0.100) 0 0 (0.0) 0 0 (0.0)
Corynebacterium sp 15 10 000 (0.100 000) 13 1000 (0.100 000) 13 1000 (0.1 000 000)
Gardnerella vaginalis 2 0 (0.100 000) 7 0 (0.100 000) 7 0 (0.100 000)
Neisseria cinerea 0 0 (0.0) 0 0 (0.0) 1 0 (0.1000)
Haemophilus segnis 0 0 (0.0) 1 0 (0.1000) 0 0 (0.0)
Cardiobacterium hominis 0 0 (0.0) 0 0 (0.0) 1 0 (0.5000)
Escherichia coli 2 0 (0.100) 3 0 (0.10 000) 3 0 (0.100 000)
Other coliforms 2 0 (0.100) 0 0 (0.0) 0 0 (0.0)
Oligella urealytica 0 0 (0.0) 1 0 (0.1000) 1 0 (0.1000)
Morganella morganii ssp morganii 0 0 (0.0) 0 0 (0.0) 1 0 (0.1000)
Sphingomonas paucimobilis 0 0 (0.0) 1 0 (0.100 000) 0 0 (0.0)
Sarcina 10 100 (0.100 000) 4 0 (0.10 000) 5 0 (0.100 000)
Peptostreptococcus sp 5 0 (0.5000) 3 0 (0.100 000) 3 0 (0.100 000)
P. anaerobius 0 0 (0.0) 0 0 (0.0) 1 0 (0.1000)
Peptoniphilus asaccharolyticus 1 0 (0.1000) 0 0 (0.0) 0 0 (0.0)
Finegoldia magna 0 0 (0.0) 1 0 (0.100 000) 0 0 (0.0)
Micromonas micros 0 0 (0.0) 1 0 (0.100 000) 1 0 (0.100 000)
Gemella sp 0 0 (0.0) 0 0 (0.0) 1 0 (0.10 000)
G. morbillorum 0 0 (0.0) 0 0 (0.0) 1 0 (0.1000)
Actinomyces sp 1 0 (0.100) 2 0 (0.10 000) 1 0 (0.10 000)
A. naeslundii 0 0 (0.0) 0 0 (0.0) 1 0 (0.1000)
Bifidobacterium sp 1 0 (0.100) 0 0 (0.0) 1 0 (0.100)
Clostridium bifermentans 1 0 (0.50 000) 0 0 (0.0) 2 0 (0.100 000)
C. cadaveris 0 0 (0.0) 1 0 (0.1000) 0 0 (0.0)
C. sporogenes 1 0 (0.100 000) 0 0 (0.0) 0 0 (0.0)
Propionibacterium sp 0 0 (0.0) 0 0 (0.0) 1 0 (0.100)
P. acnes 1 0 (0.100) 1 0 (0.10 000) 1 0 (0.10 000)
Veillonella spp 4 0 (0.100 000) 3 0 (0.100 000) 4 0 (0.100 000)
Prevotella bivia 4 0 (0.50 000) 2 0 (0.10 000) 2 0 (0.100 000)
P. disiens 2 0 (0.50 000) 2 0 (0.100 000) 1 0 (0.10 000)
P. melaninogenica 2 0 (0.100 000) 0 0 (0.0) 0 0 (0.0)
P. oralis 0 0 (0.0) 0 0 (0.0) 1 0 (0.50 000)
Bacteroides ureolyticus 1 0 (0.10 000) 0 0 (0.0) 0 0 (0.0)
Parabacteroides distasonis 1 0 (0.100) 0 0 (0.0) 0 0 (0.0)
Capnacytophaga spp 1 0 (0.100) 0 0 (0.0) 0 0 (0.0)
Fusobacterium sp 0 0 (0.0) 1 0 (0.1000) 0 0 (0.0)
F. nucleatum 1 0 (0.100) 0 0 (0.0) 0 0 (0.0)
Other anaerobic Gram-negative rods 7 0 (0.100 000) 5 0 (0.100 000) 2 0 (0.1000)
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After the intercourse, up to 7 new species (mean 3.4, median 4)
could emerge in one woman while up to 7 (mean 2.6, median 2)
species could disappear. If we considered only predominant micro-
organisms, we noted the emergence of 0e3 new species (mean 1.7,
median 2) in significant counts (>10 000 CFU/swab) in the post-
intercourse sample. This tendency was more prominent in the
partners of IP patients (2.4 vs. 1.4 species). Staphylococci and strep-
tococci were the most frequent new predominant species (7 cases
both), followed by enterococci, corynebacteria and Prevotella sp. (3
cases each), Kocuria sp., Veillonella sp. and anaerobic lactobacilli (2
cases each), lactococci, lactobacilli,Gemella sp., Propionibacterium sp.,
Sarcina sp., Clostridium sp. and Escherichia coli (1 case each). Fig. 1
illustrates the intercourse-driven change of microbiota.

According to the Nugent scores, normal vaginal flora (score 0e3)
was found in 9women in both specimens. Intermediate score (4e6)
was found in 3 women and bacterial vaginosis (score �7) in 1
woman whose partner had prostatitis. It was interesting to note
that in 4 women normal microbiota was found in the first sample
but intermediate microbiota in the post-intercourse sample. In
addition, the score increased in two more women (Fig. 2), and in
total, the mean score was higher after intercourse (1.94 vs. 2.71).
The mean score was higher also in the partners of IP patients (2.04
vs. 3.00).

We could note protective effect of normal vaginal microbiota
against post-intercourse shifts. The women with low Nugent score
(0e3) had less new species after intercourse in comparison with
the women whose score was �4 (2.9 � 1.6 vs. 5.0 � 1.4, p ¼ 0.035).
We could also note positive correlation between the number of
emerged and disappeared species after intercourse (R ¼ 0.59,
p ¼ 0.012), and that the women with score 0e3 had lower total
microbiota shift (emerged plus disappeared species) after inter-
course in comparison with the women whose score was �4
(5.1 � 2.9 vs. 9.0 � 3.2, p ¼ 0.037).

4. Discussion

Under physiological conditions, the vaginal primarily harbours
lactobacilli, which ideally confer in mutualism with the vaginal
epithelium colonization resistance to other microorganisms,
thereby preventing ascending or systemic infection [22]. At the
same time vaginal microbiota is an open ecosystem that can be

significantly affected by sexual intercourse. Semen contains several
factors like male reproductive proteins, markers of inflammation
and microorganisms. Alkalinization of the vaginal niche during
intercourse may enhance a shift from lactobacilli-dominated
microbiota to a BV-like type. Therefore the fluctuations in vaginal
ecosystem are highly likely while significant disbalance of this
system may lead to several maladies including infertility. Although
male genital tract microbiota directly influences the other partner,
there are scarce studies concerning microbiota of couples. Kjaer-
gaard et al. [9] have suggested that male genital tract microbiota is
associated with preterm, prelabour rupture of membranes in their
spouses. Eschenbach et al. [12] have noted increased counts of
coliforms in both vagina and urine after sexual intercourse. As
revealed by Wittemer et al. [10], the implantation rate in IVF
patients was significantly diminished in case of positive culture
from both partners. All these studies strongly suggest the signifi-
cant influence of male genital tract microbiota on their partners. At
the same time, according to our best knowledge there are no
studies that compare vaginal microbiota status just before and
shortly after sexual intercourse although some studies have
assessed vaginal microbiota 3e4 days after intercourse [12,23,24].
We hereby present the results of the first step of our study e

quantitative cultures, Nugent scoring and mycoplasmas.
We have noted the increase in Nugent scores in 6 out of 17

women after intercourse although no cases of BV (score �7)
emerged after intercourse. In former studies BV has been associated
with a variety of sexual behaviour-related characteristics including
young age at coitarche, life time number of sex partners, recent
history of multiple sex partners, and recent history of a new sex
partner. Current body of knowledge suggests that BV may be
considered a sexually enhanced disease [25]. In our study the
increase in Nugent scores after intercourse was accompanied by
shifts in cultured microbiota e some species disappeared while
others emerged. These shifts were more prominent in partners of IP
patients, indicating the significant influence of prostatitis-associated
microbial communities on vaginal microbiota. It is very important to
stress the protective effect of normal vaginal microbiota against
post-intercourse shifts. Previous studies have indicated important
role of normal vaginal flora in protection against urogenital tract
infections [22]. We have been first to reveal the immediate effect of
unprotected sexual intercourse on vaginal microbiota as well as the
guarding virtue of normal lactoflora against these shifts.

Former studies have shown that infertile couples have twice the
incidence of genital Ureaplasma infections as fertile couples. Ure-
aplasma infection can lead to disturbances in spermatogenesis,
sperm function, transport and penetration as well as the death of
spermatozoa. These bacteria have also been associated with
unexplained infertility in women, reduced pregnancy rates after

Fig. 1. Quantitative composition of vaginal microbiota in two women before and after
intercourse. In subject 14 (14a and 14b), the Nugent score increased from 1 to 6. In
subject 17 (17a and 17b), the Nugent score increased from 0 to 2. White sector in all
figures indicates the proportion of lactobacilli.
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in vitro fertilization and endometritis [26e28]. Before 1999, no
distinction was made between U. urealyticum and U. parvum while
some studies have indicated that most of the genital ureaplasmas
may actually be U. parvum. A recent report revealed this species in
57% of Australian women [29] that is similar to our result, although
there is a mismatch between the two study groups. This species
may play a role in pregnancy complications and newborn diseases
as well [30]. Our previous study has revealed association between
U. parvum and prostatitis as this species was present in 17% of
prostatitis patients but in none of the controls [31]. Theweakness of
the present study is the absence of fertile control group. However,
this kind of study is quite complicated to carry out and the healthy
couples are not enough motivated to participate.

In conclusion, U. parvum is frequently found in genital tract of
infertile couples. Sexual intercourse causes significant shifts in
vaginal microbiota that are less expressed in the presence of
normal vaginal microbiota but more prominent in the partners of IP
patients. These changes may interfere with fertilization.

Acknowledgements

The authors would like to thank Dr. Kadri Kermes, Dr. Siiri
Kõljalg and Ms. Kadri Poolak for excellent technical help and Prof.
Marika Mikelsaar for valuable discussion. This study was supported
by Estonian Science Foundation (grant No. 5701), Estonian Ministry
of Education and Research (target financing No. SF0180132s08) and
Enterprise Estonia (grant No. EU30200).

References

[1] Spandorfer SD, Neuer A, Giraldo PC, Rosenwaks Z, Witkin SS. Relationship of
abnormal vaginal flora, proinflammatory cytokines and idiopathic infertility in
women undergoing IVF. J Reprod Med 2001;46:806e10.

[2] Ugwumadu A. Role of antibiotic therapy for bacterial vaginosis and interme-
diate flora in pregnancy. Best Pract Res Clin Obstet Gynaecol 2007;21:
391e402.

[3] Dohle GR. Inflammatory-associated obstructions of the male reproductive
tract. Andrologia 2003;35:321e4.

[4] Erenpreiss J, Spano M, Erenpreisa J, Bungum M, Giwercman A. Sperm chro-
matin structure and male fertility: biological and clinical aspects. Asian
J Androl 2006;8:11e29.

[5] World Health Organization. Infections, pregnancies, and infertility: perspec-
tives on prevention. Fertil Steril 1987;47:964e8.

[6] Punab M, Lõivukene K, Kermes K, Mändar R. The limit of leukocytospermia
from the microbiological viewpoint. Andrologia 2003;35:271e8.

[7] Korrovits P, Punab M, Türk S, Mändar R. Seminal microflora in asymptomatic
inflammatory (NIH IV category) prostatitis. Eur Urol 2006;50:1338e46.

[8] Kermes K, Punab M, Lõivukene K, Mändar R. Anaerobic seminal fluid micro-
flora in chronic prostatitis/chronic pelvic pain syndrome patients. Anaerobe
2003;9:117e23.

[9] Kjaergaard N, Hansen D, Hansen ES, Schoenheyder HC, Uldbjerg N, Madsen H.
Pyospermia and preterm, prelabor, rupture of membranes. Acta Obstetricia
Gynecologica Scand 1997;76:528e31.

[10] Wittemer C, Bettahar-Lebugle K, Ohl J, Rongières C, Viville S, Nisand I.
Abnormal bacterial colonisation of the vagina and implantation during
assisted reproduction. Gynecol Obstet Fertil 2004;32:135e9.

[11] Szöke I, Török L, Nagy E. The frequency of anaerobic infections among infertile
couples. Magyar Venerologiai Archivum 2000;4:93e8.

[12] Eschenbach DA, Patton DL, Hooton TM, Meier AS, Stapleton A, Aura J, et al.
Effects of vaginal intercourse with and without a condom on vaginal flora and
vaginal epithelium. J Infect Dis 2001;183:913e8.

[13] Saiki RK, Scharf S, Faloona F, Mullis KB, Horn GT, Erlich HA, et al. Enzymatic
amplification of beta globin genomic sequences and restriction site analysis
for diagnosis of sickle cell anemia. Science 1985;230:1350e4.

[14] Khan MA, Potter CW. The nPCR detection of Chlamydia pneumonia and Chla-
mydia trachomatis in children hospitalized for bronchiolitis. J Infect 1996;33:
173e5.

[15] Farrel DJ. Evaluation of AMPLICOR Neisseria gonorrhoeae PCR using cppB
nested PCR and 16S rRNA PCR. J Clin Microbiol 1999;37:386e90.

[16] Kengne P, Veas F, Vidal N, Rey JL, Cuny G. Trichomonas vaginalis: repeated DNA
target for highly sensitive and specific polymerase chain reaction diagnosis.
Cell Mol Biol 1994;40:819e31.

[17] Read SJ, John B. Laboratory diagnosis of common viral infections of the central
nervous system by using a single multiplex PCR screening assay. J Clin
Microbiol 1999;37:1352e5.

[18] Blanchard A, Yanez A, Dybvig K, Watson HL, Griffiths G, Cassel H. Evaluation of
intraspecies genetic variation within the 16S rRNA gene of Mycoplasma
hominis and detection by polymerase chain reaction. J Clin Microbiol 1993;31:
1358e61.

[19] Martinelli F, Garrafa E, Turano A, Caruso A. Increased frequency of detection of
Ureaplasma urealyticum and Mycoplasma genitalium in AIDS patients without
urethral symptoms. J Clin Microbiol 1999;37:2042e4.

[20] Kong F, Ma Z, James G, Gordin S, Gilbert GL. Species identification and sub-
typing of Ureaplasma urealyticum using PCR-based assays. J Clin Microbiol
2000;38:1175e9.

[21] Nelson S, Matlow A, Johnson G, Th’ng C, Dunn M, Quinn P. Detection of
Ureaplasma urealyticum in endotracheal tube aspirates from neonates by PCR.
J Clin Microbiol 1998;36:1236e9.

[22] Verstraelen H. Cutting edge: the vaginal microflora and bacterial vaginosis.
Verh K Acad Geneeskd Belg 2008;70:147e74.

[23] Hooton TM, Roberts PL, Stamm WE. Effects of recent sexual activity and use of
a diaphragm on the vaginal microflora. Clin Infect Dis 1994;19:274e8.

[24] Morison L, Ekpo G, West B, Demba E, Mayaud P, Coleman R, et al. Bacterial
vaginosis in relation to menstrual cycle, menstrual protection method, and
sexual intercourse in rural Gambian women. Sex Transm Infect 2005;81:
242e7.

[25] Verstraelen H, Verhelst R, Vaneechoutte M, Temmerman M. The epidemiology
of bacterial vaginosis in relation to sexual behaviour. BMC Infect Dis 2010;
10:81.

[26] Wang Y, Wu ZW, Zhang LF, Wu XK, Yi L, Han X. Effects of Ureaplasma ure-
alyticum infection on the male reproductive system in experimental rats.
Andrologia 2010;42:297e301.

[27] Gupta A, Gupta A, Gupta S, Mittal A, Chandra P, Gill AK. Correlation of
mycoplasma with unexplained infertility. Arch Gynecol Obstet 2009;280:
981e5.

[28] Volgmann T, Ohlinger R, Panzig B. Ureaplasma urealyticum-harmless
commensal or underestimated enemy of human reproduction? A review. Arch
Gynecol Obstet 2005;273:133e9.

[29] McIver CJ, Rismanto N, Smith C, Naing ZW, Rayner B, Lusk MJ, et al. Multiplex
PCR testing detection of higher-than-expected rates of cervical Mycoplasma,
Ureaplasma, and Trichomonas and viral agent infections in sexually active
Australian women. J Clin Microbiol 2009;47:1358e63.

[30] Larsen A, Hwang J. Mycoplasma, Ureaplasma, and adverse pregnancy
outcomes: a fresh look. Infect Dis Obstet Gynecol; 2010. doi:10.1155/2010/
521921.

[31] Mändar R, Raukas E, Türk S, Korrovits P, Punab M. Mycoplasmas in semen of
chronic prostatitis patients. Scand J Urol Nephrol 2005;39:479e82.

N. Borovkova et al. / Anaerobe 17 (2011) 414e418418


