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A B S T R A C T

Ureaplasma spp. is gaining recognition as an important pathogen associated with preterm birth (PTB) and
preterm pre-labour rupture of membranes (PPROM). The aim of this study was to investigate the clonality of this
organism in maternal/neonatal pairs with PTB or pre-labour rupture of membranes (PROM) or PPROM and the
association between sub-groups and PPROM. In total, 50 of 93 maternal/neonatal pairs that were diagnosed with
PTB, PROM or PPROM were identified with Ureaplasma spp. colonized in the amniotic fluid or umbilical cord or
placenta. All 104 clinical Ureaplasma spp. samples (50, 30, and 24 cultured from amniotic fluid, umbilical cord,
and placenta, respectively) were included for analysis of the genetic lineages using the eMLST scheme. A total of
34 eSTs were revealed, with two predominant eSTs (eST16 and eST41). Interestingly, six maternal/neonatal
pairs displayed eST differences in the above three specimen sources. In addition, phylogenetic analysis showed
two genetically significant distant clusters, and cluster I included the most clinical strains. Interestingly, there
was a significant difference in the prevalence of sub-group 1 of cluster II between women with PPROM and those
with PROM. In conclusion, the distribution of cluster I was predominately higher than that of cluster II in
maternal/neonatal pairs. In addition, sub-group 1 was prone to associated PPROM through the specific epidemic
clonal lineages.

1. Introduction

Rupture of membranes (ROM) refers to breakage of the amniotic sac
and leakage of amniotic fluid before the onset of labour. When ROM
occurs after 37 weeks' gestation, it is called pre-labour rupture of
membranes (PROM), and there is minimal risk to the foetus, and labour
typically starts soon after. However, with preterm pre-labour rupture of
membranes (PPROM), in which rupture occurs prior to 37 weeks' ge-
station, the mother and foetus are at a greater risk of having compli-
cations (Frenette et al., 2013; Kacerovsky et al., 2013). PPROM is a
precursor to approximately one-third of preterm births (PTB), and it is
an important contributor of perinatal morbidity and mortality world-
wide (Kacerovsky et al., 2014). The exact mechanisms underlying PTB
and PPROM are not well understood, however, microbial invasion of
the amniotic cavity and intra-amniotic infection have been implicated
as the leading aetiological factor. Using cultivation techniques, ap-
proximately one-third of patients with PROM have microbial invasion

in the amniotic cavity (Romero et al., 1992). Moreover, microbial in-
vasion of the amniotic cavity occurs in 50% patients with PPROM,
according to cultivation and molecular microbiologic techniques
(DiGiulio et al., 2010). Specifically, bacteria are more abundant in
foetal membranes collected from PPROM subjects compared to bacteria
collected from term and preterm subjects (DiGiulio et al., 2010; Fortner
et al., 2014; Leitich et al., 2003).

Ureaplasma parvum (serovars 1, 3, 6, 14) and Ureaplasma urealyticum
(serovars 2, 4, 5, 7–13) are generally regarded as commensal micro-
organisms in the lower genital tract, but they can cause ascending in-
vasive infections of the upper genital tract and are implicated in a
variety of clinical manifestations, including bacterial vaginosis, non-
gonococcal urethritis, chorioamnionitis, adverse pregnancy outcomes,
infertility, bronchopulmonary dysplasia in neonates (Murtha and
Edwards, 2014; Viscardi, 2014; Waites et al., 2005). Compared to U.
urealyticum, U. parvum is more frequently isolated from the amniotic
fluid of preterm gestations (Kim et al., 2003). Although amniotic fluid
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can be colonized by Ureaplasma spp. without clinical manifestations,
increasing evidence suggests that these bacteria, isolated from the
amniotic fluid, cord blood, respiratory tract and the cerebrospinal fluid
of preterm neonates, cause inflammation and can even lead to spon-
taneous PTB and PPROM, as well as post-delivery infectious compli-
cations and neonatal infections (Kafetzis et al., 2004; Hassan et al.,
2006; Kasper et al., 2010; Senthamaraikannan et al., 2016; Viscardi,
2010). In the amniotic cavity, Ureaplasma spp. can trigger an in-
flammatory response that is more serve than that of other organisms in
patients with PPROM (Oh et al., 2010). U. urealyticum colonization of
the placenta is significantly associated with chorioamnionitis, and
neonates colonized with U. urealyticum are found to be related to in-
fection-related chronic lung disease and even mortality (Kafetzis et al.,
2004). Moreover, U. parvum has been found to colonize in the amniotic
fluid and cause uterine inflammation (Senthamaraikannan et al., 2016).
Additionally, there is evidence that Ureaplasma spp. undergoes ex-
tensive horizontal gene transfer and may exist as “quasi-species”
(Paralanov et al., 2012). Thus, in pregnant women, sufficient attention
should be directed toward the pathogenic role of Ureaplasma spp.,
particularly separated by the specific pathogenic lineages. Furthermore,
to the best of our knowledge, few studies have focused on the asso-
ciation between PTB or PPROM and the presence of specific Ureaplasma
spp. genotypes or subgroups.

Because the expanded Multilocus sequence typing (eMLST) scheme
for Ureaplasma spp. has been recently developed, few research studies
have focused on the population structure of this organism (Zhang et al.,
2014). Moreover, the clonality of Ureaplasma spp. isolated from ma-
ternal/neonatal pairs, along with PTB or PPROM, are largely unknown
and require further investigation. Therefore, the aims of the present
study were to first determine the population distribution of Ureaplasma
spp. in maternal/neonatal pairs along with PTB or PPROM, using the
eMLST analysis, and then to compare the clonality of Ureaplasma spp. in
PPROM and PROM.

2. Material and methods

2.1. Bacterial strains and clinical specimens

A total of 104 clinical Ureaplasma spp. strains, collected at Yiwu
Maternity and Child Care Hospital in China, between September 2015
and May 2016, were isolated from 93 maternal/neonatal pairs, who
suffered from PTB or PROM. Among the 93 women that participated in
this study, 47 (50.54%) were treated with antibiotics before the onset of
labour. All of the neonates were delivered spontaneously between 35
and 41weeks of gestation. The mean maternal age was 30 years (range
19–41 years; SD ± 4.84 years). Among the 104 isolates, 50 were ob-
tained from the amniotic fluid, and 30 and 24 were cultured from the
umbilical cord and corresponding placenta of neonates, respectively.

2.2. Ureaplasma spp. culture

Ureaplasma species were cultured and discriminated from
Mycoplasma hominis using a commercially available Mycoplasma IST 2
kit (bioMérieux, Marcy l'Etoile, France). Using amniocentesis, ap-
proximately 5mL of amniotic fluid was added in a sterilized plastic tube
and immediately centrifuged at 5000 rpm. After the infants were de-
livered, approximately 1 cm3 of the umbilical cord and placenta were
immediately placed in a sterilized plastic tube and homogenated using a
glass homogeniser within 2 h of sample collection. Then, the sediment
of amniotic fluid or placenta homogenate or umbilical cord homogenate
was placed in R1 medium and vortexed rapidly; then, 3mL of above
mixture was added to R2 medium. The Mycoplasma IST 2 strip was
inoculated with the rehydrated R2 medium to separate M. hominis and
Ureaplasma spp. and provided information about the antibiotic sus-
ceptibility after 24 to 48 h incubation. All broth cultures that were
positive for Ureaplasma spp. were stored at −80 °C for further testing.

2.3. DNA extraction

To prepare the template for PCR, a total of 0.5 mL of Ureaplasma
spp. broth culture of each strain was harvested through centrifugation
at 12,000×g for 10min. A total of 50 μL of lysis buffer (10mM Tris-
HCl, pH 8.0; 50mM KCl; 2.5mM MgCl2; and 0.5% Tween 20) and
proteinase K (100 μg/mL) was used to resuspend the cells, and the
mixture was incubated at 55 °C for 1 h. Then, the sample was heated at
95 °C for 10min and centrifuged at 10,000×g for 1min to remove
debris. The supernatant was utilized immediately or stored at −20 °C
for future use.

2.4. Expanded multilocus sequence typing (eMLST)

For the 104 isolates tested in the present study, an eMLST scheme,
using primers targeting four housekeeping loci (ftsH, rpl22, valS, and
thrS) and two putative virulence loci (ureG and mba-np1), was per-
formed according to the method described in our previous study (Zhang
et al., 2014).

Novel alleles for each locus were assigned a new allele number, and
distinct allelic profiles were assigned a new eST (expanded Sequence
type). Based on the number of nucleotide differences in the con-
catenated partial sequences (total of 2814 bp) of six genes in the eMLST
scheme, a neighbour-joining tree was constructed using Molecular
Evolutionary Genetic Analysis software (MEGA 6.0), with 1000 re-
sampling for bootstrapping, to establish clonality and determine po-
tential relationships between isolates.

2.5. Statistical analysis

In the present study, IBM SPSS Statistics 19.0 was used to analyse all
data, based on the Chi-square test. Statistical significance was accepted
at P < .05.

2.6. Ethics statement

All enrolled patients provided written informed consent prior to
data collection. The study and enrolment procedures were approved by
the Institutional Ethics Committee of Yiwu Maternity and Child Care
Hospital.

3. Results

3.1. Ureaplasma spp. prevalence among different specimen sources

A total of 93 maternal/neonatal pairs participated in this study. Of
these, 82 women experienced PROM (62/93, 66.7%) or PPROM (20/
93, 21.5%), and 31/93 (33.3%) experienced PTB. Ureaplasma spp. were
detected in samples collected from 33/62 (53.2%) women with PROM
and 13/20 (65.0%) women with PPROM. A total of 104 Ureaplasma spp.
isolates were obtained from the amniotic fluid (n=50 isolates), um-
bilical cord (n=30 isolates) and placenta (n=24 isolates). All data are
shown in Table 1.

3.2. Genetic lineages of 104 Ureaplasma spp. strains

All the 104 clinical Ureaplasma spp. isolates were recovered to
analyse the genetic lineages by using the eMLST scheme. For the 50
Ureaplasma spp. isolates cultured from the amniotic fluid of women, 29
eSTs were found, with eST16 (9 isolates) and eST41 (10 isolates) being
the most predominant eSTs. Among the 30 cultured from the umbilical
cord of neonates, 22 eSTs were revealed, with eST16 (5 isolates) and
eST41 (4 isolates) as the most frequent eSTs. Similarly, among the 24
cultured from the placenta of neonates, 18 eSTs were revealed, with
eST16 (4 isolates) and eST41 (4 isolates) as the most predominant eSTs.
Moreover, 19 new eSTs (eSTs 214–232) were discovered in the present
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study.

3.3. STs/eSTs difference between the Ureaplasma spp. strains among
different specimens

For 44/50 (88%) of maternal/neonatal pairs colonized with
Ureaplasma spp., identical eSTs were detected within the amniotic fluid,
umbilical cord and placenta. In contrast, different eSTs were detected
within the amniotic fluid, umbilical cord and/or placenta in 6/50
(12%) of maternal/neonatal pairs (Table 2). In terms of the species,
clusters, and sub-groups, they were highly consistent among the isolates
collected from the amniotic fluid, umbilical cord, and placenta. How-
ever, when focusing on the allelic types and eSTs, six pairs of the iso-
lates showed at least an allelic type difference. Of the six gene frag-
ments, five maternal/neonatal pairs showed differences in rpL22 gene,
and two pairs and one pair showed differences in thrS and ureG, re-
spectively. No differences were observed between the ftsH, valS, mba-
np1 gene fragments.

3.4. Phylogenetic analyses

Based on the concatenated sequences of six gene fragments of the
eMLST scheme, a neighbour-joining tree was constructed to illuminate
the genetic relationship of 50 Ureaplasma spp. strains isolated from
amniotic fluid and 14 reference strains of Ureaplasma spp. serovars, and
two genetically significantly distant clusters were revealed (Fig. 1).
Among the 50 clinical isolates, cluster I included most of the isolates
(41/50), and cluster II contained only 9/50 isolates. In cluster I, five
sub-groups (sub-group A, B, C, D, and E) were observed. Sub-group A,
B, and C comprised the majority strains, with 15, 12, and 9 strains,

respectively. Sub-group D contained 4 strains, and sub-group E con-
tained only one strain. Within cluster II, sub-group 1 included 8 iso-
lates, while only one strain existed in sub-group 2.

3.5. Relationship with PPROM or PROM

Five sub-groups (sub-group A–E) in cluster I and sub-group 1 in
cluster II were selected to analyse the association with PPROM and
PROM (Table 3). Analysis of the 13 Ureaplasma spp. strains isolated
from women with PPROM revealed that 2 (15.4%), 2 (15.4%), 2
(15.4%), 1 (7.7%) and 1 (7.7%) isolates clustered in sub-group A, B, C,
D and E of cluster I, respectively. Five (38.5%) strains were clustered in
cluster II sub-group 1; however, no isolates from women with PPROM
clustered in cluster II sub-group 2. Cluster II sub-group 1 isolates were
detected at a significantly higher rate in women with PPROM compared
to those with PROM (p= .031).

4. Discussion

Numerous previous studies have described a significant association
between the isolation of Ureaplasma spp. in pregnant women and PTB
or PPROM (Kafetzis et al., 2004; Kasper et al., 2010;
Senthamaraikannan et al., 2016; Viscardi, 2010). In recent years, the
differences (in the genome sizes and in the correlations with clinical
manifestation) between U. parvum and U. urealyticum have received
increasing attention. In this study, the analysis of 50 Ureaplasma spp.
strains recovered from maternal/neonatal pairs, suffered from PTB or
PROM, showed that there was a statistically significant difference in the
detection of cluster II sub-group 1 in women with PPROM compared to
PROM.

Herein, 50 maternal/neonatal pairs were identified as being colo-
nized by Ureaplasma species in the amniotic fluid, umbilical cord or
placenta. Our results showed the colonization of Ureaplasma spp. was
uneven. Ureaplasma spp. was isolated in 50 (100%) specimens of am-
niotic fluid, while it was isolated in only 30 (60%) and 24 (48%) um-
bilical cord and placenta specimens, respectively. The low sensitivity of
culture methods for Ureaplasma spp. could be responsible for this
phenomenon, and we may have missed a group of low-titre infected
people using broth culture to identify Ureaplasma spp. in the amniotic
fluid, umbilical cord or placenta.

Analysis of 104 Ureaplasma spp. isolates (50 amniotic fluid speci-
mens, 30 umbilical cord specimens, and 24 placenta specimens) iden-
tified 34 eSTs and the two most predominant cases (i.e., eST16 and
eST41). Additionally, eST82, one of the most prevalent eSTs in male
patients, was less common in maternal/neonatal pairs, which aligned
with the findings in female patients analysed in our previous study
(Ruan et al., 2017; Zhang et al., 2014). The predominant sequence types
(i.e., ST1, ST9, eST16 and eST41) also corresponded to the known
prototype serovars, according to the phylogenetic analysis in our pre-
vious study (Zhang et al., 2014). Our data presented here suggest that
eMLST is a valuable tool that is capable of identifying genetic clusters of

Table 1
Comparison of Ureaplasma spp. prevalence among different specimen sources.

Specimen sources PTB ROM PPROM PROM

Total number of maternal/neonatal pairs (n=93) 31 82 20 62
Amniotic fluid+ umbilical cord+ placenta Ureaplasma spp. positive (n=50) 17 46 13 33

Ureaplasma spp. negative (n=43) 14 36 7 29
Amniotic fluid Ureaplasma spp. positive (n=50) 17 46 13 33

Ureaplasma spp. negative (n=43) 14 36 7 29
Umbilical cord Ureaplasma spp. positive (n=30) 10 27 7 20

Ureaplasma spp. negative (n=63) 21 55 13 42
Placenta Ureaplasma spp. positive (n=24) 6 22 4 18

Ureaplasma spp. negative (n=69) 25 60 16 44

Abbreviations: PTB, Pretermbirth; ROM, rupture of membranes; PPROM, preterm pre-labour rupture of membranes; PROM, pre-labour rupture of membranes.

Table 2
Allele numbers, clusters, sub-groups, and expanded sequence types (eSTs) in 6
maternal/neonatal pairs.

Strains ftsH rpL22 valS thrS ureG mba-np1 Cluster Sub-group eST

10AF 2 1 1 2 2 49 I C 226
10 UC 2 1 1 2 2 49 I C 226
10 P 2 3 1 2 2 49 I C 227
12 AF 6 3 2 27 5 29 II 1 229
12 UC 6 3 2 11 5 29 II 1 228
16AF 1 2 1 1 3 2 I A 41
16 UC 1 2 1 1 3 2 I A 41
16 P 1 1 1 1 3 2 I A 225
31 AF 1 2 1 1 3 2 I A 41
31 UC 1 1 1 8 2 2 I A 26
31 P 1 2 1 1 3 2 I A 41
50 AF 13 2 9 1 2 7 I C 231
50 UC 13 1 9 1 2 7 I C 113
50 P 13 2 9 1 2 7 I C 231
79 AF 2 1 1 8 2 2 I C 74
79 UC 2 3 1 8 2 2 I C 232
79 P 2 1 1 8 2 2 I C 74

AF, amniotic fluid; UC, umbilical cord; P, placenta.
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Ureaplasma spp. and elucidating the relationships between the expected
serovars in the absence of actual sequence analysis. Our results also
showed that the differences among the specimens of amniotic fluid,
umbilical cord, and placenta were not only the positive rate of Ur-
eaplasma spp. but also the eSTs analysed by eMLST. Although high
consistency was established in the levels of species, cluster, and sub-
groups, 6 maternal/neonatal pairs showed eST differences. This might
be due to the mixture of Ureaplasma species or serovars within a
sample, and only one species or serovar was eventually separated and
sequenced in the eMLST analysis.

To better understand the genetic relationship, a neighbour-joining
tree was constructed for the 50 Ureaplasma species isolated from am-
niotic fluid. Two genetically significant distant clusters (cluster I and
cluster II) were observed, and cluster I included the most (41, 82.0%)
isolates, which was consistent with the finding in female patients but

inconsistent with the finding in male patients (Ruan et al., 2017; Zhang
et al., 2014). Note that the assortment of the clusters showed a high
correlation with the two Ureaplasma species from cluster I (U. parvum)
to cluster II (U. urealyticum), which was consistent with previous
finding Zhang et al., 2014 (Ruan et al., 2017; Zhang et al., 2014). Five
and two sub-groups were found in clusters I and II, respectively, and the
distribution was uneven. When compared with the data of clinical Ur-
eaplasma spp. collected from symptomatic and asymptomatic female
patients in our previous study (Zhang et al., 2014), statistically sig-
nificant differences in the frequency of sub-group 1 were observed
(P < .05) (data not shown). Thus, the population distribution and
dynamics of Ureaplasma spp. showed a considerable difference, not only
between genders but also among the specimens from different disease
sources.

To date, there has been great controversy regarding the virulence of

Fig. 1. Neighbour-joining tree, based on concatenated nucleotide sequences from the six loci, was constructed by MEGA 6.0 software. Two genetically significant
distant clusters (cluster I and cluster II) were revealed among the 50 Ureaplasma spp. strains isolated from amniotic fluid. Cluster I included the reference sequence of
serovars 1, 3, 6, and 14 (U. parvum) whereas cluster II included reference sequence of serovars 2, 4, 5, 7–13 (U. urealyticum). Additionally, five and two sub-groups
were found in the cluster I and cluster II, respectively. The strains and the corresponding eSTs are given at the tip of each branch. Bootstrap values for 1000 replicates
are indicated on the nodes of the tree (UPA, U. parvum; UUR, U. urealyticum).

Table 3
Sub-groups of Ureaplasma spp. among PTB and ROM (PPROM and PROM).

Cluster Sub-group PTB ROM PPROM PROM Pa

Cluster I Sub-group A 3 (17.6%) 14 (30.4%) 2 (15.4%) 12 (36.4%) 0.187
Sub-group B 4 (23.5%) 10 (21.7%) 2 (15.4%) 8 (24.2%) 0.700
Sub-group C 3 (17.6%) 8 (17.4%) 2 (15.4%) 6 (18.2%) 1.000
Sub-group D 1 (5.9%) 4 (8.7%) 1 (7.7%) 3 (9.1%) 1.000
Sub-group E 1 (5.9%) 1 (2.2%) 1 (7.7%) 0 (0) 0.283

Cluster II Sub-group 1 5 (29.4%) 8 (17.4%) 5 (38.5%) 3 (9.1%) 0.031⁎
Sub-group 2 0 (0) 1 (2.2%) 0 (0) 1 (3.0%) /

Total 17 46 13 33

Abbreviations: PTB, preterm birth; ROM, rupture of membranes; PPROM, preterm pre-labour rupture of membranes; PROM, pre-labour rupture of membranes.
Pa, comparison between PPROM and PROM; /, not done.

⁎ P < .05 was displayed in bold.
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Ureaplasma spp. and the relationships between serovars or subtypes and
PTB and PPROM (Kafetzis et al., 2004; Kasper et al., 2010;
Senthamaraikannan et al., 2016). In the present study, sub-group 1, a
sub-group of cluster II, was more prone to colonize in women with
PPROM than that in those with PROM. Due to the limited number of
strains, we cannot correlate sub-group 2 and PPROM, and further stu-
dies are necessary to expand the knowledge. In our previous study, sub-
group 2, a sub-group of cluster II, seemed to be a potential risk factor in
symptomatic female patients compared to asymptomatic female pa-
tients (Zhang et al., 2014). Additionally, the ratios of cluster II/cluster I
for maternal/neonatal pairs with PPROM and PROM were 5/8 (62.5%)
and 4/29 (13.8%), respectively. The ratios of symptomatic female pa-
tients and asymptomatic female patients were 18/116 (15.5%) and 6/
129 (4.6%), respectively. Thus, our observations suggest that cluster II
is more likely to act as pathogenic bacteria, and eMLST classification
can provide a clinical treatment reference.

In conclusion, this study indicated that the prevalence of cluster I
was predominately higher than that of cluster II in maternal/neonatal
pairs. Our data demonstrated that sub-group 1 was more likely asso-
ciated with PPROM through the specific epidemic clonal lineages.

Acknowledgements

This study was supported by grants from the National Natural
Science Foundation of China (grants no. 81171629 and 81572042), the
Zhejiang Provincial Health Bureau Foundation (grants no.
2015DTA008, 2016KYB154 and 2017KY406), and Zhejiang Provincial
Innovative Medical Discipline (grant no. 11-CX18). The funders played
no role in the study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Conflicts of interest

The authors declare that they have no conflicts of interest.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.meegid.2018.12.025.

References

DiGiulio, D.B., Romero, R., Kusanovic, J.P., Gómez, R., Kim, C.J., Seok, K.S., Gotsch, F.,
Mazaki-Tovi, S., Vaisbuch, E., Sanders, K., Bik, E.M., Chaiworapongsa, T., Oyarzún,
E., Relman, D.A., 2010. Prevalence and diversity of microbes in the amniotic fluid,
the fetal inflammatory response, and pregnancy outcome in women with preterm
prelabor rupture of membranes. Am. J. Reprod. Immunol. 64, 38–57.

Fortner, K.B., Grotegut, C.A., Ransom, C.E., Bentley, R.C., Feng, L., Lan, L., Heine, R.P.,
Seed, P.C., Murtha, A.P., 2014. Bacteria localization and chorion thinning among

preterm premature rupture of membranes. PLoS One 9, e83338.
Frenette, P., Dodds, L., Armson, B.A., Jangaard, K., 2013. Preterm prelabour rupture of

membranes: effect of latency on neonatal and maternal outcomes. J. Obstet.
Gynaecol. Can. 35, 710–717.

Hassan, S., Romero, R., Hendler, I., Gomez, R., Khalek, N., Espinoza, J., Nien, J.K., Berry,
S.M., Bujold, E., Camacho, N., Sorokin, Y., 2006. A sonographic short cervix as the
only clinical manifestation of intra-amniotic infection. J. Perinat. Med. 34, 13–19.

Kacerovsky, M., Cobo, T., Andrys, C., Musilova, I., Drahosova, M., Hornychova, H., Janku,
P., Jacobsson, B., 2013. The fetal inflammatory response in subgroups of women with
preterm prelabor rupture of the membranes. J. Matern. Fetal Neonatal Med. 26.

Kacerovsky, M., Musilova, I., Andrys, C., Hornychova, H., Pliskova, L., Kostal, M.,
Jacobsson, B., 2014. Prelabor rupture of membranes between 34 and 37 weeks: the
intraamniotic inflammatory response and neonatal outcomes. Am. J. Obstet. Gynecol.
210, 325.

Kafetzis, D.A., Skevaki, C.L., Skouteri, V., Gavrili, S., Peppa, K., Kostalos, C., Petrochilou,
V., Michalas, S., 2004. Maternal genital colonization with Ureaplasma urealyticum
promotes preterm delivery: association of the respiratory colonization of premature
infants with chronic lung disease and increased mortality. Clin. Infect. Dis. 39,
1113–1122.

Kasper, D.C., Mechtler, T.P., Reischer, G.H., Witt, A., Langgartner, M., Pollak, A.,
Herkner, K.R., Berger, A., 2010. The bacterial load of Ureaplasma parvum in amniotic
fluid is correlated with an increased intrauterine inflammatory response. Diagn.
Microbiol. Infect. Dis. 67, 117–121.

Kim, M., Kim, G., Romero, R., Shim, S.S., Kim, E.C., Yoon, B.H., 2003. Biovar diversity of
Ureaplasma urealyticum in amniotic fluid: distribution, intrauterine inflammatory
response and pregnancy outcomes. J. Perinat. Med. 31, 146–152.

Leitich, H., Bodner-Adler, B., Brunbauer, M., Kaider, A., Egarter, C., Husslein, P., 2003.
Bacterial vaginosis as a risk factor for preterm delivery: a meta-analysis. Am. J.
Obstet. Gynecol. 189, 139–147.

Murtha, A.P., Edwards, J.M., 2014. The role of Mycoplasma and Ureaplasma in adverse
pregnancy outcomes. Obstet. Gynecol. Clin. N. Am. 41, 615–627.

Oh, K.J., Lee, K.A., Sohn, Y.K., Park, C.W., Hong, J.S., Romero, R., Yoon, B.H., 2010.
Intraamniotic infection with genital mycoplasmas exhibits a more intense in-
flammatory response than intraamniotic infection with other microorganisms in
patients with preterm premature rupture of membranes. Am. J. Obstet. Gynecol. 203
(211.e1-8).

Paralanov, V., Lu, J., Duffy, L.B., Crabb, D.M., Shrivastava, S., Methé, B.A., Inman, J.,
Yooseph, S., Xiao, L., Cassell, G.H., Waites, K.B., Glass, J.I., 2012. Comparative
genome analysis of 19 Ureaplasma urealyticum and Ureaplasma parvum strains. BMC
Microbiol. 12, 88.

Romero, R., Mazor, M., Morrotti, R., Avila, C., Oyarzun, E., Insunza, A., Parra, M.,
Behnke, E., Montiel, F., Cassell, G.H., 1992. Infection and labor. VII. Microbial in-
vasion of the amniotic cavity in spontaneous rupture of membranes at term. Am. J.
Obstet. Gynecol. 166, 129–133.

Ruan, Z., Yang, T., Shi, X., Kong, Y., Xie, X., Zhang, J., 2017. Clonality and distribution of
clinical Ureaplasma isolates recovered from male patients and infertile couples in
China. PLoS One 12, e0183947.

Senthamaraikannan, P., Presicce, P., Rueda, C.M., Maneenil, G., Schmidt, A.F., Miller,
L.A., Waites, K.B., Jobe, A.H., Kallapur, S.G., Chougnet, C.A., 2016. Intra-amniotic
Ureaplasma parvum-induced maternal and fetal inflammation and immune responses
in rhesus macaques. J. Infect. Dis. 14, 1597–1604.

Viscardi, R.M., 2010. Ureaplasma species: role in diseases of prematurity. Clin. Perinatol.
37, 393–409.

Viscardi, R.M., 2014. Ureaplasma species: role in neonatal morbidities and outcomes.
Arch. Dis. Child. Fetal Neonatal Ed. 99, F87–F92.

Waites, K.B., Katz, B., Schelonka, R.L., 2005. Mycoplasmas and ureaplasmas as neonatal
pathogens. Clin. Microbiol. Rev. 18, 757–789.

Zhang, J., Kong, Y., Ruan, Z., Huang, J., Song, T., Song, J., Jiang, Y., Yu, Y., Xie, X., 2014.
Correlation between Ureaplasma subgroup 2 and genitourinary tract disease out-
comes revealed by an expanded multilocus sequence typing (eMLST) scheme. PLoS
One 9, e104347.

Y. Kong et al. Infection, Genetics and Evolution 68 (2019) 172–176

176

https://doi.org/10.1016/j.meegid.2018.12.025
https://doi.org/10.1016/j.meegid.2018.12.025
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0005
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0005
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0005
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0005
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0005
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0010
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0010
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0010
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0015
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0015
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0015
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0020
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0020
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0020
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0025
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0025
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0025
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0030
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0030
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0030
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0030
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0035
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0035
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0035
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0035
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0035
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0040
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0040
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0040
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0040
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0045
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0045
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0045
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0050
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0050
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0050
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0055
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0055
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0060
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0060
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0060
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0060
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0060
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0065
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0065
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0065
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0065
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0070
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0070
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0070
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0070
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0075
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0075
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0075
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0080
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0080
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0080
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0080
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0085
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0085
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0090
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0090
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0095
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0095
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0100
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0100
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0100
http://refhub.elsevier.com/S1567-1348(18)30464-7/rf0100

	Correlation between Ureaplasma spp. sub-group 1 and preterm pre-labour rupture of membranes revealed by an eMLST scheme
	Introduction
	Material and methods
	Bacterial strains and clinical specimens
	Ureaplasma spp. culture
	DNA extraction
	Expanded multilocus sequence typing (eMLST)
	Statistical analysis
	Ethics statement

	Results
	Ureaplasma spp. prevalence among different specimen sources
	Genetic lineages of 104 Ureaplasma spp. strains
	STs/eSTs difference between the Ureaplasma spp. strains among different specimens
	Phylogenetic analyses
	Relationship with PPROM or PROM

	Discussion
	Acknowledgements
	Conflicts of interest
	Supplementary data
	References




