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Introduction

Preterm birth is the leading cause of perinatal mor-
tality, perinatal morbidity, and childhood neurologi-
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Problem

To study the relationship between perinatal prognosis in cases of pre-
term labor (PTL) and polymicrobial infection in amniotic fluid (AF) and
intra-amniotic (IA) inflammation using a highly sensitive and reliable
PCR-based method.

Method of Study

To detect prokaryotes using a nested PCR-based method, eukaryote-
made thermostable DNA polymerase without bacterial DNA contami-
nation was used in combination with bacterial universal primers. We
collected AF aseptically from 118 PTL cases and 50 term subjects.

Results

The prevalence of microorganisms was 33% (39/118) by PCR and only
7.6% (9/118) by culture. PTL caused by a combination of positive Myco-
plasma/Ureaplasma and other bacteria had significantly higher AF IL-8
levels and a significantly shorter amniocentesis-to-delivery interval.

Conclusions

Our newly established PCR method is useful for detecting IA microor-
ganisms. Polymicrobial infection with MycoplasmalUreaplasma and other
bacteria induces severe IA inflammation associated with poor perinatal
prognosis in PTL.

cal morbidity.' The preterm birth rate is 11.1% of
all livebirths worldwide, and it is increasing in most
countries."? The causes of preterm birth before
28 weeks of gestation appear to be multifactorial,
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but many studies indicate that microbial invasion
into a pregnant uterus is one of the important risk
factors for preterm birth.*” Mycoplasma and Urea-
plasma spp are among the organisms most frequently
isolated from both placenta and amniotic fluid (AF)
in spontaneous preterm delivery.®°

The standard microbial culture method for detect-
ing microorganisms, such as Mycoplasma, Ureaplasma,
and other aerobic or anaerobic bacteria, requires
1 week to obtain the results. Moreover, it is difficult
to detect MycoplasmalUreaplasma by conventional
culture systems.

Recently, molecular microbiology techniques
based on the polymerase chain reaction (PCR) have
emerged as a rapid and sensitive methods for the
detection of microorganisms, such as Mycoplasma and
Ureaplasma (e.g., U. urealyticum and U. parvum) in
clinical samples, including AF.®7'® Indeed, it has
been observed that the detection rate of microorgan-
isms in AF by PCR-based methodology is higher
than by standard microbial cultures.'>'*!'”22 How-
ever, concerning bacterial universal PCRs, it is diffi-
cult to obtain highly sensitive and reliable detection
of other bacteria (almost all kinds of bacteria other
than Mycoplasma and Ureaplasma) with a clear
negative control. This is because the commercially
available thermostable DNA polymerase (e.g.,
recombinant Tag polymerase) contains host (prokary-
ote)-derived trace amounts of bacterial DNA, and
therefore, false positives are detected when PCR
cycles increase.*?

We have established a nested PCR-based method
using eukaryote-made thermostable DNA poly-
merase that is free from bacterial DNA contamina-
tion.?> Using the eukaryote-made thermostable DNA
polymerase, a sensitive and reliable detection of
other bacteria has become feasible. For the detection
of microorganisms in the AF of preterm labor (PTL)
cases, we have established a methodology for detect-
ing Mycoplasma, Ureaplasma, other bacteria, and fungi
using devised primer sets.**

In this study, using this sensitive and reliable
PCR-based method, we evaluated the microbial foot-
prints for Mycoplasmal Ureaplasma, other bacteria, and
fungi in the AF of patients with PTL. In particular,
we compared the infection results with various
maternal characteristics, placental histological find-
ings, AF interleukin-8 (IL-8) levels, and neonatal
outcomes. The main focus in this study was which
microorganisms are associated with severe intrauter-
ine inflammation causing preterm delivery.

Materials and methods

Study Design

The study population consisted of 168 patients who
were admitted to the participating institution
between November 2001 and January 2014 with the
diagnosis of PTL (n = 118), term cesarean section
(n = 50), and singleton gestation and who under-
went amniocentesis for the assessment of microbio-
logic status of AF. The patients met diagnostic
criteria for PTL, that is, the presence of regular uter-
ine contractions (6/hour or more) and changes in
cervical dilatation or cervical length. Gestational age
ranged between 18 and 40 weeks. At Toyama
University Hospital, amniocentesis is offered to
patients admitted with the diagnosis of PTL and
intact membranes. We excluded cases with preterm
premature rupture of membranes (PPROM), congen-
ital abnormalities, multiple pregnancy, and maternal
severe complications such as diabetes mellitus,
preeclampsia, placenta previa, placental abruption.
The indications for delivery in PTL patients in our
institute are onset of labor, clinical chorioamnionitis
(CAM), and non-reassuring fetal status.

Composite severe neonatal morbidity was defined
as intraventricular hemorrhage (IVH) 2Zgrade 2,
bronchopulmonary dysplasia (BPD), and necrotizing
enterocolitis (NEC) during hospitalization in the
neonatal care unit. Written informed consent was
obtained from all subjects to donate AF for research
purposes. The study was conducted with the
approval of the institutional review board of our
institution.

AF Sample Collection and DNA Extraction

A total of 5-10 mL AF samples were collected from
pregnant women in PTL by transabdominal amnio-
centesis, or at the time of term cesarean section at
Toyama University Hospital. In cases of cesarean sec-
tion, amniocentesis was performed before cutting
the fetal membrane.

One millilitre of AF or, in the case of extraction
control, 1 mL of distilled water (water deionized
and sterilized for molecular biology; Nacalai Tesque,
Inc. Kyoto, Japan) was centrifuged at 20,000x g
for 20 min to spin down the microorganisms, and
950 pL of the supernatant fraction was carefully
removed so as not to rupture the pellet, leaving
the pellet with 50 pL of supernatant. DNA was
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isolated from the resulting pellet using a DNA
extraction kit (High Pure PCR Template Preparation
Kit, Roche Applied Science, Basel, Switzerland) in
accordance with the supplier’s instructions. Finally,
the bacterial DNA was eluted with 100 pL of
elution buffer.

Nested PCR Assays for Detecting Mycoplasma,
Ureaplasma, and Other Bacteria

The following is the nested PCR procedure (first
PCR: 30 cycles = dilute 500-fold = second, nested
PCR: 30 cycles). The LightCycler Nano (Roche
Applied Science) was used for the amplification and
real-time detection of the target DNA. We used
1.5-mL PCR-clean Eppendorf tubes that were RNase
and DNase free (Eppendorf, Hamburg, Germany) and
0.1-mL PCR tubes (Roche Diagnostics). All oligonu-
cleotide primers were designed using a multiple align-
ment software program (Clustal X) comparing more
than 200 kinds of bacterial 16S rRNA sequences and
were synthesized by Life Technologies Japan, Ltd.
(Tokyo, Japan). The primer information has been
described previously.**

During the first PCR procedure, all reactions were
performed in one tube. The PCR reaction mixture
(20 puL) contained 2 pL of DNA template or, as a
positive control, 2 pL (8.0 ng/uL) of DNA extracted
from Escherichia coli (ATCC 25922) or, as a negative
control for the PCR step, 2 pL of distilled water (wa-
ter deionized and sterilized for molecular biology;
Nacalai Tesque, Inc.) in 200 um of each dNTP (Clea-
nAmp Hot Start dNTP Mix, Sigma-Aldrich, St. Louis,
MO, USA) filtered using an Amicon Ultra 50K cen-
trifugal filter (Merck Millipore, Darmstadt, Ger-
many), 50 mm KCI, 2.25 mm MgCl,, 10 mm Tris—HCI
(pH 8.3), 0.3 pm each of Bacterial Universal Primer
for Ist PCR, 1xEvaGreen (Biotium Inc. CA, USA),
and 1.0 unit (0.5 pL) of eukaryote-made ther-
mostable DNA polymerase supplemented with stock
buffer solution. The generation of eukaryote-made
thermostable DNA polymerase using Saccharomyces
cerevisiae has been described previously.

The sample was incubated for 5 min at 95°C to
activate the Hot Start dANTPs, then was denatured for
10 s at 95°C, annealed for 15 s at 57°C, extended for
30 s at 72°C, and subjected to fluorescence acquisi-
tion for 2 s at 82°C for 30 cycles. The PCR product
was diluted 500-fold with distilled water (water
deionized and sterilized for molecular biology; Naca-
lai Tesque, Inc.) and then used as a template for the
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second (nested) PCR procedure. Even if no amplifi-
cation curve was observed by the 30th cycle in the
first PCR, the second (nested) PCR was still per-
formed.

For the second (nested) PCR, all reactions were
performed in four tubes for detecting bacteria, Myco-
plasma, Ureaplasma, and bacteria other than Myco-
plasma and Ureaplasma, respectively. The PCR
reaction mixture (20 pL) contained 8 pL of DNA
template of the diluted first PCR product in 200 um
of each dANTP (CleanAmp Hot Start dNTP Mix;
Sigma-Aldrich) filtered using an Amicon Ultra 50K
centrifugal filter (Merck Millipore), 50 mm KCl,
2.5 mm MgCl,, 10 mm Tris—=HCl (pH 8.3), 0.25 pum
each of each primer (Bacterial Universal Primer for
2nd PCR, Mycoplasma-specific primer, Ureaplasma-
specific primer, NotMycoUrea Bacterial Universal
Primer), 1xEvaGreen (Biotium, Inc., Hayward,
USA), and 1.0 unit (0.5 pL) of eukaryote-made ther-
mostable DNA polymerase supplemented with stock
buffer solution. Each sample was incubated for
5 min at 95°C to activate the Hot Start dNTPs, then
denatured for 10 s at 95°C, annealed for 15 s at
57°C, extended for 10 s at 72°C, and subjected to
fluorescence acquisition for 2 s at 82°C for 30 cycles.
If no amplification curve was observed by the 30th
cycle in the second (nested) PCR, we defined the
sample as containing no bacteria other than Myco-
plasmal Ureaplasma. The presences of Mycoplasma,
Ureaplasma, and/or other bacteria were judged
according to the real-time detection of target DNA.
In addition, amplicons were further confirmed by
agarose gel electrophoresis (2% agarose gel, ethid-
ium bromide staining) or microchip electrophoresis
(MCE-202 MultiNA; Shimadzu, Tokyo, Japan). The
term ‘other bacteria” means aerobic, anaerobic bacte-
ria except for Mycoplasma/Ureaplasma.

PCR Assays for Detecting Fungi

To detect fungi, the LightCycler Nano (Roche
Applied Science) and PCR-clean tubes were used as
described above. During the PCR, the PCR reaction
mixture (20 pL) contained 2 pL of DNA template or
2 pL (8.0 ng/uL) of DNA extracted from Candida albi-
cans as a positive control, or distilled water (Nacalai
Tesque, Inc.) as a negative control in 50 mm KCl,
2.5 mm MgCl,, 10 mm Tris—HCI (pH 8.3), 200 um of
each deoxynucleoside triphosphate (dNTP), 0.25 pm
each of fungal universal primer, 1xEvaGreen (Bio-
tium Inc.), and 2.0 units (0.4 pL) of conventional
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thermostable DNA polymerase (r-Taq: Toyobo,
Osaka, Japan) supplemented with stock buffer solu-
tion. Each sample was incubated for 3 min at 95°C,
then denatured for 10 s at 95°C, annealed for 15 s
at 57°C, extended for 20 s at 72°C, and subjected to
fluorescence acquisition for 2 s at 82°C for 40 cycles.

Highly Sensitive and Reliable PCR-Based Method
for Detecting Mycoplasma, Ureaplasma, Other
Bacteria, and Fungi in AF Samples

Using this PCR-based method, pathogens can be
detected within 3 hr of AF sample collection (Fig-
ure Sla,b). The workflow of the detection method is
divided into two parts. One part is the detection of
Mycoplasma, Ureaplasma, and other bacteria, and the
other part is the detection of fungi. To prevent the
occurrence of unreliable results in PCR-based assays
of AF samples for both bacterial and fungal patho-
gens, because of contamination by bacterial or fun-
gal DNA, two kinds of thermostable DNA
polymerase are used. That is, to detect prokaryotes
such as Mycoplasma, Ureaplasma, and other bacteria,
eukaryote-made thermostable DNA polymerase,
which is free from bacterial DNA contamination®*%?,
is used in combination with bacterial universal pri-
mers. In contrast, to detect eukaryotes such as fungi,
conventional bacterially made thermostable DNA
polymerase, which is usually free from fungal DNA
contamination, is used in combination with fungal
universal primers. Consequently, highly sensitive
and reliable detection of bacteria and fungi with a
minimum contamination risk makes it possible to
obtain more accurate diagnostic results, which can
be useful for the management of PTL cases.

To construct a sensitive and specific detection
assay for Mycoplasma, Ureaplasma, and other bacteria
in AF samples, we applied a nested PCR assay
employing devised primer sets (Figure S1b). Using
the current protocols, the limit of detection (Escheri-
chia coli) of this assay is 0.74 CFU/PCR tube
(37 CFU/mL of AF).

Nucleotide Sequence-Based Analysis of Bacterial
Genomic DNA

Amplicons from the samples amplified in the first PCR
procedure were purified (QIAquick PCR Purification
Kit; Qiagen, Venlo, Netherlands) and then sequenced
(3500 Genetic Analyzer; Applied Biosystems, Foster
City, CA, USA) using the forward Bacterial Universal

Primer for 1st PCR and the reverse Bacterial Universal
Primer for 1st PCR. An online homology search was
performed for strain identification using the BLAST
nucleotide database tool of the DNA Data Bank of
Japan (http://www.ddbj.nig.ac.jp/index-j.html). The
presence of several species of bacteria in a sample was
confirmed based on overlapping sequence data
(reads). This sequencing method can be used to iden-
tifty the dominant bacteria in a sample; however,
when the sample contains similar amounts of two or
more species of bacteria, the sequencing method can-
not identify the bacterial isolate due to the presence of
multiple overlapping reads.

Metagenomic Sequencing of 16S rRNA Gene

Hypervariable regions (V1-2) of 16S rRNA gene were
PCR-amplified with universal primers (27Fmod and
338R).%° The 16S metagenomic sequencing libraries
were constructed by DNA stored at —80 Celsius (°C)
and negative control (Nuclease-Free Water; Ambion,
Foster City, CA, USA), according to the manufac-
turer’'s manual (16S Metagenomic Sequencing
Library Preparation, Part # 15044223 Rev. A, Ilu-
mina, San Diego, CA, USA). Annealing temperature
was modified from 55 to 60°C because KAPA HiFi
HotStart Ready Mix (Kapa Biosystems, Boston, MA,
USA) protocol recommends high annealing tempera-
ture. After 25 cycles of PCR, the V1-2 amplicons
were purified with Agencourt AMPure XP Kit (Beck-
man Coulter, Koto-ku, Tokyo, Japan), and then,
indices and sequencing adapters were attached using
Nextera XT Index Kit (Illumina). After purification,
each PCR product was quantified by high-sensitivity
D1000 Screen Tape (Agilent Technologies, Santa
Clara, CA, USA). Equal amount of purified PCR
products from samples was mixed, and the products
of the size from 400 to 1000 bp were selected by
Pippin Prep (Sage Science, Beverly, MA, USA). The
selected products were subjected to MiSeq sequenc-
ing platform (paired-end, 300 base pairs) with 20%
of PhiX Control kit v3 (Illumina). Average number
of passed-filter reads was 345,322 in case samples
and 120,320 in blank control samples.

OTU Analysis of Metagenomic Sequencing Data

Two paired-end reads were merged using the fastq-
join program. Low-quality reads (quality value <25)
and suspected chimeric reads (BLAST match length of
<90% with reference sequences in the database;
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Ribosomal Database Project v. 10.27 and/or in-house
16S sequenced database in Tokyo University) were fil-
tered out. After trimming off adapter sequences, we
randomly selected 3000 reads. Selected reads were
clustered into operational taxonomic units (OTUs)
using a 96% pairwise-identity cutoff with the
UCLUST program (Edgar 2010) version 5.2.32 (http://
www.drive5.com/). To assign OTUs to taxonomy, rep-
resentative sequences of each OTUs were classified by
BLAST search against the databases described above.
We have reported that 96% pairwise-identity cutoff is
subjected to OTU analysis at the species level.?> After
removing the minority OTUs having <0.1% abun-
dance in any samples,?® positive decision criterion is
that OTU was dominant in each sample and not
detected in any negative control samples.

Culture-Based Detection of Mycoplasma, Bacteria
Other Than Mycoplasma and Ureaplasma, and Fungi

The AF samples were analyzed according to the stan-
dard methods used by the Clinical Laboratory Center
(certified 1SO15189) at Toyama University Hospital.
First, 1 mL AF sample was centrifuged at 1880x g for
15 min to spin down the microorganisms, and 800 puL
of the supernatant fraction was carefully removed so
as not to rupture the pellet, leaving the pellet with
200 pL of supernatant. One drop of the resulting pel-
let with 200 pL of supernatant was placed on the
appropriate agar media (PPLO agar for Mycoplasma,
Brucella HK agar for anaerobic bacteria, blood agar,
BTB agar, and chocolate agar, respectively) and incu-
bated aerobically or anaerobically until sufficient
growth was present to proceed with testing (PPLO
agar was incubated anaerobically at 35°C with 10%
CO, for up to 7 days, Brucella HK agar was incubated
anaerobically at 35°C with 10% CO, for up to 72 hr,
blood agar and BTB agar were incubated aerobically
at 35°C for up to 72 hr, and chocolate agar was incu-
bated aerobically at 35°C with 5% CO, for up to
72 hr). For all samples, the specific identification
methods differed according to the organism, although
they included the MicroScan WalkAway system (Sie-
mens Healthcare Diagnostics, IL, USA), RapID ANA II
(Thermo Fisher Scientific, Waltham, UK), and various
latex agglutination and biochemical spot tests.

Culture-Based Detection of Ureaplasma

One millilitre AF sample was centrifuged at 1880x g
for 15 min to spin down the microorganisms, and
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800 puL of the supernatant fraction was carefully
removed so as not to rupture, leaving the pellet with
200 pL of supernatant. The resulting pellet with
200 pL of supernatant was suspended in UMCHs
medium: Mycoplasma broth base (Becton, Dickinson
and Co., Baltimore, MD, USA) 1.47% (wt/vol), 2.5%
(wt/vol) yeast extract (Becton, Dickinson and Co.),
20% (vol/vol) horse serum (Biowhittaker, Walk-
ersville, MD, USA), 1.0% (vol/vol) supplement VX
(Becton, Dickinson and Co.), 0.04% (wt/vol) urea,
0.001% (wt/vol) phenol red, 0.01% (wt/vol) t-
cysteine hydrochloride, and 1000 U/mL penicillin G.
After incubation at 35°C for up to 72 hr, the color of
the medium changed from yellow to red due to the
hydrolysis of urea, and these color changes were
regarded as indicating positivity for Ureaplasma spp.
To confirm the presence of Ureaplasma spp., we also
detected Ureaplasma spp. by colony formation.

Amniotic Fluid Studies

The levels of IL-8 in the AF (AF IL-8) were mea-
sured by an enzyme-linked immunosorbent assay
(ELISA) as reported before.?® The detection limit of
AF IL-8 by ELISA was 32 pg/mL. On average, intra-
assay and interassay coefficients of variation were
4.8% and 7.5%, respectively. The remaining sample
of the AF was stored at —80°C.

Placental Histological Examination

CAM was defined in the presence of acute inflam-
matory changes in chorion—decidua and amnion,
respectively, by Blanc’s classification.”” The classifi-
cation is as follows: Stage I: patchy-diffuse accumu-
lation of neutrophils in the subchorionic plate or
decidua. Stage II: more than a few scattered
neutrophils in the chorionic plate or membranous
chorionic connective tissue. Stage IIl: neutrophils
reach the subamniotic connective tissue and the
amniotic epithelium. Funisitis was diagnosed in the
presence of neutrophil infiltration in umbilical vessel
walls or Wharton's jelly.

Statistical Analysis

Generalized log-rank test for survival test for sur-
vival analysis was used to compare the onset-
to-delivery interval. Chi-square test or Fisher’s exact
test was used to compare the incidence of microor-
ganism among groups. The Kruskal-Wallis and
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Mann—Whitney U-tests were used to test for differ-
ences in continuous variables. All analyses were per- s ™ é =)
formed using statistical analysis software (JMP 11.0; £|522329¢9
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spp., and other bacteria, Mycoplasma/Ureaplasma only,
other bacteria only, and all negative. There were no
significant differences in the clinical characteristics
including maternal age or parity. Gestational age at
amniocentesis of polymicrobial infection with Myco-
plasma/Ureaplasma and other bacteria positive cases
was significantly earlier than that in microorganism-
negative cases (P = 0.008).

Clinical data of pregnant women and neonates are
shown in Table IV. Patients of polymicrobial infec-
tion with Mycoplasma and/or Ureaplasma spp. and
other bacteria had a significantly higher rate of
adverse outcomes such as lower gestational age at
birth (25 weeks versus 36 weeks, P < 0.0001), lower
birth weight (1219 g versus 2166 g, P < 0.0001),
and higher neonatal BPD (33.3% versus 3.8%,
P < 0.01) than those with negative AF PCR. In Myco-
plasma/Ureaplasma-only-positive cases (n = 7), gesta-
tional age at delivery and amniocentesis-to-delivery
interval were slightly shorter than those in all
negative cases.

Fig. 1 shows the amniocentesis-to-delivery inter-
val according to the results of AF PCR for Myco-
plasma/Ureaplasma and other bacteria in patients
with PTL. Patients with positive PCR for Ureaplasma
spp. and/or Mycoplasma and other bacteria had a sig-
nificantly shorter period than those with negative
PCR (P < 0.001); however, the prognosis of other
bacteria-only group was similar to that of negative
PCR group. Mycoplasma- or Ureaplasma-positive cases
also had a significantly shorter period than those
with negative PCR (P = 0.04).

Next, we have studied the inflammation such as
CAM, funisitis, AF IL-8, AF glucose, and AF WBC
(Table V). Patients of polymicrobial infection with
positive Mycoplasma/Ureaplasma and other bacteria
had significantly higher AF IL-8 level (median 95.2
(5.7-413.7) ng/mL) and CAM grade 2 or 3 rate
(58.8%, 10/17) than those with a negative AF PCR
(median IL-8: 4.5 (0.1-381.5) ng/mL, P < 0.0001)
and CAM grade 2 or 3 rate (21.3%, 17/79)
(P < 0.01). However, no significant differences were
found between patients with a positive other bacte-
ria only and a negative AF PCR (Table V).

Importantly, AF IL-8 levels in other bacteria
only were very low (3 ng/mL) compared with
those in Ureaplasma and other bacteria superinfec-
tion cases, although AF WBC counts in other
bacteria only were rather high (19,940/mm’) com-
pared to those in Ureaplasma and bacterium super-
infection.
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Fig. 2 shows the amniocentesis-to-delivery inter-
val according to the results of AF culture and PCR.
Amniocentesis-to-delivery interval of culture (—),
PCR (+) group was significantly shorter than that in
culture (—), PCR (—) group (P = 0.03).

Table VI shows gestational age at delivery, CAM,
funisitis, AF IL-8, AF glucose, and AF WBC accord-
ing to the results of AF culture and PCR. Patients
with negative culture but positive PCR had signifi-
cantly higher AF IL-8 level (median 12 (0-414) ng/
mL), CAM grade 2 or 3 (43.3%, 13/30), and signifi-
cantly lower AF glucose (median 29 (2-69) mg/dL)
than those with negative culture and negative PCR
(median IL-8: 4.5 (0.1-381.5) ng/mL, P < 0.05);
CAM grade 2 or 3 (21.5%, 17/79, P < 0.05; median
37 (0-91), P < 0.05). However, there were no signif-
icant differences in the IA inflammation and infec-
tion marker between patients with negative culture
but positive PCR and positive culture and positive
PCR (Table VI).

Discussion

To study the relationship between perinatal progno-
sis in cases of PTL and the microorganisms in AF,
first, we developed an original PCR assay method.
This is the first method that can be used to detect
mixed AF infections of Mycoplasma, Ureaplasma, and/
or other bacteria. Because we use the eukaryote-
made thermostable DNA polymerase, when using
bacterial universal primer for PCR detection, our
assay can be applied to accurately diagnose the
presence or absence of bacteria in AF samples. In
addition, employing the devised bacterial universal
primer, mixed AF infections of Mycoplasma, Urea-
plasma, and/or other bacteria can be clearly
distinguished. This is because the devised primer can
detect almost all kinds of bacteria, but does not
detect Mycoplasma and Ureaplasma species, which is a
key point for our method.

The most important finding of our study is that
polymicrobial infection with Mycoplasma/Ureaplasma
and other bacteria was associated with severe
intrauterine inflammation and neonatal BPD.
A shortened amniocentesis-to-delivery interval in
polymicrobial infection with Mycoplasma and/or Urea-
plasma spp. and other bacteria was observed compared
with that pathogen-negative PTL cases. Gestational
age at delivery in polymicrobial infection with
Mycoplasma and/or Ureaplasma spp. and other bacteria
was significantly shorter than that in microorganism-
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Table Il Characteristics of the Preterm Labor Population According to the Results of Amniotic Fluid (AF) PCR for Microorganism

AF PCR (n = 118)

Mycoplasma/Ureaplasma,

Mycoplasma/Ureaplasma  Other bacteria

Characteristics and other bacteria (n = 17) only (n =7) only (n = 15) All negative (n = 79)
Maternal age (years) 31 (20-37) 29 (21-36) 32 (27-41) 31 (21-42)
Nulliparity (n) 7 (41.2%) 4 (57.1%) 4 (26.6%) 34 (43%)
Gestational age at amniocentesis (wks) 24 (18-33) 26 (22-27) 27 (21-33) 27 (20-33)
| |
P = 0.008

Antenatal corticosteroid (n/%) 7 (41.2%) 3 (42.9%) 4 (26.6%) 28 (35.4%)
Table IV Perinatal Outcome of the Study Population According to the Results of Amniotic Fluid PCR for Microorganism

Mycoplasma/

Ureaplasma

and other Mycoplasma/

bacteria Ureaplasma  Other bacteria  All negative

n=17) only (n=7) only(n=15 (=79 " p° p©
Gestational age at delivery (wks, median and range) 25 (22-37) 28 (23-37) 33 (23-398) 36 (24-40) <0.0001 <0.05 <0.01
Amniocentesis-to-delivery interval (days) 7 (0-84) 12 (0-65) 42 (0-110) 46 (0-138) <0.001 <0.1 <0.1
Birth weight (g, mean + S.D.) 1219 + 643 1540 + 631 1936 + 712.1 2166 + 565 <0.0001 <0.05 <0.05
Apgar score 1 min <7 10/15 (66.6%)  2/7 (28.6%) 6/15 (40%) 18/79 (22.8%)  <0.001 NS NS
Apgar score 5 min <7 6/15 (40%) 117 (14.3%) 1115 (6.7%) 6179 (7.6%) <0.001 NS <0.1
Cord arterial pH at birth (mean £ S.D.) 7312 + 0.06 7.286 = 0.08 7.325+ 006 7.317 +0.06 NS NS NS
Stillbirth (n) 2017 (11.8%) 017 (0%) 015 (0%) 079 (0%) <0.05 NS NS
Deaths at perinatal period,<28 days (n) 1/15 (6.7%) 0/7 (0%) 115 (6.7%) 1179 (1.3%) NS NS NS
Admission to neonatal intensive care unit (n/N) 14/15 (93.3%)  6/7 (85.7%) 8/15 (53.3%) 54/79 (68.4%) <0.05 NS <0.05
Composite severe neonatal morbidity (n/N) 6/15 (40%) 117 (14.3%) 115 (6.7%) 3/79 (3.8%) <0.001 NS <0.1
Congenital neonatal sepsis (n/N) 0/15 (0%) 0/7 (0%) 0/15 (0%) 0/79 (0%) NS NS NS
Respiratory distress syndrome (n/N) 7115 (46.7%) 47 (57.1%) 4115 (26.7%) 16/79 (20.3%) <0.05 <0.1 NS
Necrotizing enterocolitis (n/N) 115 (6.7%) 017 (0%) 4/15 (26.7%) 0/79 (0%) NS NS NS
Intraventricular hemorrhage (>grade 2) (n/N) 2/15 (13.3%) 117 (14.3%) 0/15 (0%) 0/79 (0%) <0.1 NS NS
Bronchopulmonary dysplasia (n/N) 5/15 (33.3%) 0/7 (0%) 115 (6.7%) 3/79 (3.8%) <0.01 NS NS

dComparison between Mycoplasma/Ureaplasma and bacterium versus all negative.

PComparison between Mycoplasma/Ureaplasma only versus all negative

“Comparison between Mycoplasma/Ureaplasma and bacterium versus bacteria only.

negative cases. In addition, AF IL-8 levels in polymi-
crobial infection with Mycoplasma/Ureaplasma and
other bacteria were extremely high (95.2 (5.7-413.7)
ng/mL) compared with those in microorganism-nega-
tive cases (4.5 (0.1-381.5) ng/mL).

Microorganisms were detected in 33.1% (39/118)
in AF of PTL cases, and this frequency was signifi-
cantly higher than that of term delivery subjects. This
finding shows that IA infection is closely associated
with preterm delivery as other papers reported.'®2?

It has been reported that the PCR method detects
more species of microorganisms than conventional
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culture detection methods.'®?* We have detected
microorganisms in the AF of 9 in 118 PTL cases using
culture tests, but in the AF of 39 in cases of PTL,
microorganisms were detected using PCR method.
The frequencies of histological CAM and the
amount of AF IL-8 were significantly higher and AF
glucose was significantly lower in positive PCR and
negative culture cases than those in negative PCR
and negative culture cases, suggesting that microbial
footprints detected by PCR were associated with
maternal and fetal inflammation and infection
(Table VI). Some reports showed that AF cytokines
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© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



POLYMICROBIAL AMNIOTIC INFECTION IN PRETERM LABOR

Proportion of undelivered patients

T j
40 60 80 100 120 140
Amniocentesis-to-delivery interval  Log-rank test

20

Fig. 1 Kaplan—Meier analysis of amniocentesis-to-delivery interval
according to the results of amniotic fluid PCR. Patients with positive

PCR

sig

for MycoplasmalUreaplasma and other bacteria had a
nificantly shorter period than those with negative PCR (P < 0.001).

Mycoplasma- or Ureaplasma-only-positive cases had a significantly
shorter period than those with negative PCR (P = 0.04). Black line
shows Mycoplasma/Ureaplasma and other bacteria (n = 17), black
dotted line shows Mycoplasma/Ureaplasma spp. only (n =7), gray
dotted line shows other bacteria only (n = 15), gray line shows all
negative (n = 79).

Proportion of undelivered patients

120 140
Log-rank test

. =

40 60 80
Amniocentesis-to-delivery interval
Fig. 2 Kaplan—-Meier analysis of amniocentesis-to-delivery interval

(days) according to the results of amniotic fluid culture and PCR.
There were no significant difference in amniocentesis-to-delivery

interval between culture (+), PCR (+) group and culture (=), PCR (—)
group. Amniocentesis-to-delivery interval of culture (—), PCR (+) group
was significantly shorter period than that in culture (—), PCR (—) group
(P = 0.03). Black line shows culture (+), PCR (+) (n = 9), black dotted
line shows culture (—), PCR (+) (n = 30), gray line shows culture (—),
PCR (=) (n = 79).

Table V Intra-Amniotic Inflammation of the Study Population According to the Results of Amniotic Fluid (AF) PCR for Microorganism

Mycoplasma/

Ureaplasma and Mycoplasma/

other bacteria Ureaplasma Other bacteria  All negative

n=17) only (n =7) only (n = 15) (n =79 p? p° pe
CAM grade 2 or 3 (n/N)  10/17 (58.8%) 417 (57.1%) 415 (267% 17179 (21.3%) <001 <005 <0.1
Funisitis (n/N) 6/17 (35.3%) 417 (57.1%) 4115 (26.7%) 12179 (15%) <0.1 <0.01 NS
AF IL-8 (ng/mL) 95.2 (5.7-413.7) 13 (2-164) 3(1-74) 4.5 (0.1-381.5) <0.0001 NS <0.001
AF glucose (mg/DL) 24 (2-50) 16 (10-23) 43 (29-69) 37(0-91) <0.01 <0.01 <0.01
AF WBC (cells/mm?) 11,000 (500-540,000) 20,500 (500-120,000) 19,940 8375 (500-230,000) NS NS NS

(1000-76,000)

“Comparison between Mycoplasma/Ureaplasma and other bacteria versus all negative.

PComparison between Mycoplasma/Ureaplasma only versus all negative.

“Comparison between Mycoplasma/Ureaplasma and other bacteria versus other bacteria only.

such as IL-6 and IL-8 are increased in positive PCR

and

negative  culture in preterm delivery

cases.'>'%2122 Our data also supported these find-
ings that showed that IA inflammation is present in
positive PCR and negative culture cases.

Toll-like receptor (TLR) 2/6 recognizes Myco-

plasma-derived lipoprotein, and TLR1/2 recognizes
Gram-positive bacteria-derived lipoprotein. There-
fore, those interaction between TLR 2/6 and TLR4 or
TLR 2/6 and TLR 1/2 may induce severe inflamma-
tion resulting in PTL.'%?*?° Studies have reported
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the additive effects of inflammation by LPS and
Gram-positive bacteria-derived lipoprotein in vitro*®
and in vivo.>' Recent data showed that superinfec-
tion with viral infection and bacterial infection
induced PTL in mice.>*?® Treatment of vaginal
Trichomonas infection by antibiotic agents is one of
the risk factors for preterm birth. Finchorova et al.
reported that Trichomonas virus in Trichomonas
induces severe inflammation via TLR systems.>*
These inflammation may induce severe inflamma-
tion in the uterus causing preterm delivery. Bacterial

11
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Table VI Pregnancy Outcome of the Study Population According to the Results of Amniotic Fluid (AF) Culture and PCR for Microorganism

AF culture and PCR

Negative culture

Positive culture

and negative Negative culture but and positive
PCR (n = 79) p? positive PCR (n = 30)  P° PCR (n = 9)
Gestational age at delivery (wks, median, and range) 36 (24-40) <0.01 31 (22-38) <0.05 25 (23-33)
Amniocentesis-to-delivery interval (days) 46 (0-138) <0.05 32 (0-110) NS 9 (0-84)
CAM grades 2, 3 (n/N) 17179 (21.5%) <0.05  13/30 (43.3%) NS 5/9 (55.6%)
Funisitis (n/N) 12/79 (15.2%) <0.1 9/30 (30%) NS 5/9 (55.6%)
AF IL-8 (ng/mL) 45 (0.1-381.5) <0.05 12 (0-414) NS 74 (2-169)
AF glucose (mg/DL) 37 (0-91) <0.05 29 (2-69) NS 42 (16-51)
AF WBC (cells/mm?) 8375 (500-230,000) <0.1 18,600(500-540,000) NS 4500 (1000-120,000)

vaginosis is one of the risk factors for preterm
delivery. In bacterial vaginosis, Lactobacillus spp was
decreased in vagina. One of the causes for the
absence of Lactobacillus spp is phage infection.’® In
this bacterial vaginosis case, superinfection with
virus and bacteria may induce preterm delivery.
Recent data showed that the viral infection rate was
only 1.4% in PTL cases;** therefore, superinfection
with bacteria and virus may be rare. However, our
data showed that the superinfection of Ureaplasma/
Mycoplasma and other bacteria was observed in 16
cases among 86 preterm deliveries (18.6%). In our
study, we did not analyze the viral infection; so fur-
ther study is necessary to reanalyze the viral infec-
tion in the future.

In our study, some cases showed high AF IL-8 in
PCR-negative PTL cases. In sterile TA inflammation
cases, amniotic HMGBI is very high.”> HMGBI pro-
motes a p38 MAPK-associated non-infectious inflam-
matory response pathway in human fetal
membrane.’® Thus, we should measure the HMGBI
in such cases.

As one of the limitations of our study, we did not
examine the amount of microorganisms using semi-
quantitative PCR assay. It is important to evaluate
the amount of microorganisms in the AF of PTL
cases. Several studies showed that the IA inflamma-
tory responses to Ureaplasma species are dose depen-
dent.’” We are now attempting to establish a
semi-quantitative PCR assay. It is necessary to clarify
whether the amount of microorganisms is associated
with poor prognosis of PTL cases in the future.

Another problem is that 16S rRNA sequencing
might detect dead bacteria as well as live bacteria.
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“Comparison between a negative culture and negative PCR and a negative culture but positive PCR.
bComparison between a negative culture but positive PCR and a positive culture and positive PCR.

Therefore, we cannot predicate that the sequenced
16S rRNA always shows the pathogens for preterm
birth. In the future, it is necessary to distinguish live
bacteria from dead bacteria.

In our study, we firstly showed that superinfection
with Ureaplasma, Mycoplasma, and bacteria induced
severe IA inflammation. Superinfection with Urea-
plasma, Mycoplasma, and bacteria or with both bacte-
ria and virus may be important to induce preterm
delivery. For preventing preterm delivery, new ther-
apies against superinfection with Ureaplasma, Myco-
plasma, and bacteria are needed.
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