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Abstract

Chorioamnionitis or intra-uterine inflammation is considered the most common infection
diagnosed in labor and delivery units worldwide. It is a leading cause of maternal morbidity
and mortality, as well as neonatal death and sepsis. The heterogeneity of this clinical
syndrome has been recently reported. The objectives of this study were to determine: 1)
placental microbiology using molecular microbiological techniques; 2) diagnostic accuracy of
the clinical criteria used to identify patients with placental bacterial infection; 3) relationship
between placental bacterial infection and histological chorioamnionitis. This prospective
cross-sectional study included 41 women diagnosed with clinical and histological
chorioamnionitis. The presence of microorganisms in the placenta was determined by
conducting placental analysis using a broad range of polymerase chain reactions (PCR).
Bacterial placental infection (defined as the presence of the 16S gene detected in placental
tissue using the molecular technique PCR) was observed in 63% (26/41) of parturients
diagnosed with histological chorioamnionitis. The traditional criteria for diagnosing clinical
chorioamnionitis exhibit poor diagnostic performance in accurately identifying proven intra-
amniotic infection. The molecular analysis (PCR) of the placenta has suggested that acute

chorioamnionitis commonly has a bacterial origin.



Introduction

Chorioamnionitis also referred to as "Inflammation or Intrauterine Infection" (triple I), repre-
sents the most prevalent pathology during pregnancy. It is characterized by acute inflamma-
tion of the amniotic membranes, choral plaque, and frequently the umbilical cord, often origi-
nating from bacterial sources. This condition is associated with a perinatal mortality rate of
12%, early neonatal mortality of 9%,' and in some instances, maternal mortality (less than
1%).2 It most commonly arises in cases of premature rupture of the fetal membranes (75%)

but can also occur with intact membranes (30%).!-

Chorioamnionitis is believed to stem from the ascending microbial invasion of the amniotic
cavity (MIAC).® This invasion prompts a maternal inflammatory response marked by clinical
indicators such as fever, maternal tachycardia, uterine tenderness, malodorous discharge, and
maternal leukocytosis.”!? Often, fetal tachycardia is present, which may reflect elevated ma-
ternal temperature and/or a fetal inflammatory response.!3-16

In 2021, a study by Romero et al.'” unveiled that clinical chorioamnionitis is not a singular
entity, but rather a syndrome associated with 1) proven intra-amniotic infection, ii) sterile in-
tra-amniotic inflammation, or iii) maternal signs of systemic inflammation without intra-am-
niotic inflammation. The most detected microorganisms in the amniotic fluid of term patients

with clinical chorioamnionitis were Ureaplasma species and Gardnerella vaginalis.'®

Consequently, the objectives of this study were to ascertain: i) the placental microbiology
through the utilization of molecular techniques (polymerase chain reactions, PCR); ii) the di-
agnostic precision of the clinical criteria used for identifying patients with intra-amniotic in-
fection; and iii) the relationship between placental bacterial infection and histological chori-

oamnionitis.

Materials and Methods

Study population



This prospective study examined 41 placentas collected from the Maternity of Ibn Sina Hospi-
tal of Rabat, Morocco. Demographic and clinical data were recorded at the time of patient ad-
mission and compiled in an SPSS 13.0 database. To ensure data confidentiality, each case was

assigned an anonymous number.

Patients included in the study were those admitted to Souissi Maternity Hospital in Rabat be-
tween February 2018 and October 2019. Inclusion criteria encompassed suspicion of maternal
or neonatal infection with the presence of one or more of the following signs: 1) Prematurity
(<37 weeks gestational age), i) Premature rupture of membranes (PROM) exceeding 12
hours, maternal fever surpassing 38°C, and iii) meconium-stained amniotic fluid. Exclusion
criteria encompassed twin pregnancies and abnormal placentation (placenta accreta, percreta,

and previa).

Clinical definitions

Clinical chorioamnionitis was diagnosed based on the presence of an elevated maternal tem-
perature (cut-off > 37.8°C) associated with two or more of the following criteria:i) maternal
tachycardia (heart rate > 100 beats/min); ii) fetal tachycardia (heart rate > 160 beats/min); iii)
uterine tenderness; iv) malodorous vaginal discharge; and v) maternal leukocytosis (leukocyte
count > 15,000 cells/mm?).!%20

The criteria for an elevated maternal temperature were the same as those proposed by Gibbs
and Duff7 and Gibbs et al.® and subsequently employed by other investigators studying intra-

amniotic infection.2!-2*

Sample collection

Molecular identification of infection was carried out at the Biology and Medical Research
Unit (BMRU) of the 'National Center for Energy, Nuclear Sciences, and Technologies in Ra-
bat.

The analysis focused on 41 placental samples collected from parturients who exhibited signs
of clinical chorioamnionitis. Among these cases, 18 placental tissues (chorion and chorionic
villus) were frozen at -80°C, and 23 were fixed in paraffin blocks (amniotic membrane blocks

and placental tissue blocks).



Fresh tissues were directly used for DNA extraction, while for paraffin-embedded tissues, a

deparaffinization step was necessary before proceeding with the extraction of nucleic acids.

Placental histopathologic examination

Placentas were collected at the Souissi Maternity of Ibn Sina Hospital in Rabat and then trans-
ferred to the Laboratory of Anatomy and Pathological Cytology at the Children's Hospital,
CHU Ibn Sina in Rabat.

Sampling of the placentas was conducted following the protocols established by the Perinatol-
ogy Research Directorate, as previously described in our article published in 2020.%

For each case, a minimum of five full-thickness sections of the chorionic plate, three sections
of the umbilical cord, and three rolls of chorioamniotic membrane were examined by

pathologists.

Acute inflammatory lesions of the placenta (maternal inflammatory response and fetal inflam-

matory response) were diagnosed according to the Amsterdam consensus (Table 1).2%%7

Detection of bacterial infection utilizing molecular methods (PCR)

Tissue dewaxing

Each of the 23 paraffin blocks was meticulously cut using a microtome. In total, five sections
of 5 pm were produced for each sample, with care taken not to deplete the paraffin block.
These sections were gently placed in labeled Eppendorf tubes and stored at +4°C.

After each section, it is essential to clean the microtome, blade, and forceps thoroughly using
xylene and ethanol to prevent any potential cross-contamination.

For the deparaffinization process, a volume of 700 pL to 1 mL of xylene was added to the
tube containing the sections. The mixture was then vortexed and incubated at 50°C for 20
minutes. After centrifugation at 10,000 rpm for 5 minutes, the supernatant was discarded, and
the pellet was washed a second time with xylene to remove any remaining paraffin residue.
To eliminate traces of xylene, approximately 1 mL of absolute ethanol was added to the Ep-
pendorf tube containing the tissue. The tube was shaken up and down. After centrifugation at
12,000 rpm for 5 minutes, the ethanol was removed, and the samples were dried either under
vacuum or at 37°C until the ethanol had completely evaporated.?3->? In terms of the methodol-
ogies employed in our work, we drew inspiration from several previous studies that utilized

similar approaches. Additionally, we consulted established protocols in the academic



literature to develop our experimental protocols. These protocols were adapted to our specific
context, taking into account the particularities of our study. While our protocols were influ-
enced by previous work, we also conducted specific adjustments and validations to meet the
needs of our research, making them partly a modification of existing protocols, but with sig-

nificant adaptations for our particular study.

DNA extraction

DNA extraction was conducted following the conventional alkaline lysis method and purifica-
tion using phenol chloroform. Initially, the pellet was suspended in 600 pL of lysis buffer
containing proteinase K (final concentration of 200 pg/uL). The volume could be adjusted
based on the pellet quantity. The mixture was vortexed and then incubated overnight at 37°C
with gentle agitation. If the pellet was not fully digested, this step could be repeated. After di-
gestion, the tubes were incubated at 90°C for 5 minutes to inactivate proteinase K.

The cell lysate was then combined with phenol-chloroform in equal volumes, and the result-
ing mixture was vortexed for 1 minute until an emulsion was formed. After centrifugation for
5 minutes at 13,000 rpm, two phases were separated: an organic phase at the bottom and an
aqueous phase at the top containing the extracted DNA, which was separated from a protein
layer. The aqueous phase was carefully collected without disturbing the protein layer and
transferred to a new tube containing 150 pL of 7.5M ammonium acetate. To this mixture, 2
volumes of absolute ethanol were added, and the mixture was inverted to promote DNA pre-
cipitation. After centrifugation at 13,000 rpm for 5 minutes, the ethanol was removed, and the
DNA pellet was washed with 70% ethanol, dried, and then resuspended in 20 pL of sterile
distilled water (DNAse-free). The extracted DNA was either used immediately or stored at -
20°C 2832

DNA assay

To assess the quality of extraction and determine the DNA concentration (ng/pL) in each
sample, the specimens were analyzed using a NanoDrop 8000 Spectrophotometer® (Thermo
Scientific, Boston Massachusetts, USA) coupled with the ND8000 V2.0.0 software, enabling
the assessment of optical densities at 260 and 280 nm.

The measurement at 260 nm provides the means to evaluate DNA concentration, while the

0D260/0D280 ratio serves to gauge DNA purity.


https://fr.wikipedia.org/wiki/Massachusetts

Furthermore, the extracted DNA is deemed "pure" when the ratio ranges between 1.8 and 2. A
notably lower ratio (<1.8) indicates the presence of proteins, phenol, or other contaminants
that absorb at or near 280 nm. In such cases, extraction and/or re-purification procedures were

repeated to enhance the quality of the extracted DNA.28-32

Qualitative amplification by p-globin

The integrity of the DNA extracts was assessed through PCR amplification of a 268 base pair
(bp) sequence from the gene coding for B-globin using PC04 and GH20 primers (Table 2).
The reaction was conducted in a final volume of 25 pL, following the composition outlined in
Table 3. For each PCR run, it is essential to include a negative control that lacks template
DNA to verify potential reagent contamination. In the negative control, sterile water replaces
the DNA. Extracted DNA was deemed of good quality if a visible amplification of the -glo-
bin fragment was achieved, and it was of the correct size.

The reaction commences with a denaturation step at 94°C for 5 minutes. Following this DNA
template denaturation, 40 amplification cycles are conducted, each consisting of denaturation
at 94°C for 1 minute, primer hybridization at 55°C for 1 minute, and elongation at 72°C for 1
minute. After the final cycle, an additional elongation at 72°C for 1 minute is carried out to
ensure the completion of elongation for all newly synthesized DNA strands. PCR products are
subsequently incubated at 4°C until utilized. All PCR amplifications were performed in a Ge-

neAmpR PCR System 9700 thermocycler (AB/Applied Biosystems, Foster City, CA).2832

Bacterial identification by 16S rDNA broad-spectrum

The purpose of this technique is to amplify the 16S ribosomal RNA gene present in all bacte-
ria. Amplification of the 16S gene was performed using the 16Sa (forward) and 16Sb (re-
verse) primers, enabling the amplification of a fragment approximately 1,500 bp in length
(Table 4).

The composition of the 16S PCR reaction mixture is detailed in Table 5. For each series of
PCR, it is essential to include a negative control without template DNA to ensure the absence
of potential reagent contamination; in this control, sterile water replaces the DNA. Addition-
ally, a positive control containing bacterial DNA extracted from Streptococcus B is included.
PCR was conducted using the GeneAmpR PCR System 9700 thermocycler (AB/Applied Bio-
systems, Foster City, CA), following these conditions: after an initial denaturation at 94°C for
5 minutes, 40 cycles were performed. Each cycle consisted of denaturation at 94°C for 1 mi-

nute, hybridization at 59°C for 1 minute and extension at 72°C for 30 seconds. After the final
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cycle, an extra extension at 72°C for 10 minutes was carried out. The PCR products were ei-

ther used immediately or stored at -20°C until needed.?®

Analysis of PCR products

After PCR amplification, electrophoresis was conducted each time to visualize the obtained
amplicons. The PCR products were separated through electrophoresis on a 2% agarose gel
containing BET. The agarose gel was laid out horizontally, and a volume of 7 puL of the am-
plified PCR product from each sample was mixed with 3 pL of loading buffer. This mixture
was then placed into the wells of the gel, which was submerged in an electrophoresis tank
containing 0.5X TBE buffer. Additionally, 4 pL of the molecular weight marker (Hyper-
LadderTM IV, Bioline, ranging from 100 bp to 1013 bp) was deposited to aid in assessing the
size of the amplicons.

Electrophoresis was carried out for one hour at 100 volts in an electrophoresis tank connected
to an electric generator (Bio-Rad Laboratories, Marnes-la-Coquette, France).

DNA was visualized under ultraviolet illumination (302 nm). The amplified fragment ap-
peared as a band, the length of which was compared to the various fragments of the size

marker.28:32

Statistical analysis

Clinical, histopathological, and molecular characteristics were assessed using the statistical
software SPSS version 13.0 (Licensed by University Mohammed V-Rabat). The level of sta-
tistical significance was set at p < 0.05.

Both descriptive and analytical analyses were conducted, including univariate and multivari-
ate approaches. For the descriptive study, variables exhibiting a Gaussian distribution were
presented as mean and standard deviation, and their comparison was carried out using Stu-
dent's t-test. Variables with a non-Gaussian distribution were represented as median and inter-
quartile ranges and compared using the Mann-Whitney test.

Qualitative variables were expressed in terms of numbers and percentages and subsequently
compared using the exact Chi-square and Fisher tests based on the specific conditions for
their application. The search for a correlation between placental infection and histological
chorioamnionitis was performed through logistic regression in both uni- and multivariate
analyses. Variables with a significant p-value were included in a multivariate model to ex-

plore their association with histological chorioamnionitis.



Ethics approval and consent to participate

Our study was conducted according to the principles of the Declaration of Helsinki. Ensuring
the confidentiality and protection of participants' personal information was of utmost im-
portance during data collection and analysis. Each case was assigned an anonymous number
to ensure that no personal data was identifiable.

As all analyses were performed using anonymized data, ethical approval, and written in-

formed consent were not required due to the anonymous nature of the data.

Results

Demographic and clinical data

The average age of the patients was 28+6 years. The gestational age averaged 39+2 weeks.
Cesarean sections were performed in 27% of the population. Experience with one or more in-
duced abortions due to infection, in-utero fetal death, stillbirth, and other medical conditions
was observed in only eight patients. Clinical signs of infection, such as PROM, fever, and
stained amniotic fluid, were present in 43%, 21.6%, and 17.8% of the population, respec-

tively.

Results of molecular examination

Microbial infection in placental tissue and amniotic membranes of 41 parturients presenting
signs of presumed chorioamnionitis was investigated by amplifying the 16S gene specific to
all bacteria using conventional PCR. The results revealed that 63% of the cases (26/41) exhib-

ited an amplification band of the expected size.

Correlation between molecular examination and clinical parameters

To identify predictive clinical markers for microbial infection in amniotic membranes, we
correlated PCR results with infection-related clinical signs, such as PROM, fever, and tinted
amniotic fluid. The outcomes are detailed in Table 6. Statistical analysis demonstrated that no
clinical signs (PROM, fever, and tinted amniotic fluid) displayed a significant correlation with

bacterial infection.

Correlation between molecular and pathological examination
To determine the association between the presence of microbial DNA in placental tissues and

amniotic membranes and histological chorioamnionitis, PCR results were cross-referenced
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with the findings of histological examination of the placenta. The results are presented in Ta-
ble 7. Statistical analysis did not indicate any significant correlation between bacterial infec-

tion and histological criteria.

Discussion

The advancement of molecular techniques for detecting bacterial DNA in placental tissues
and amniotic membranes has illuminated the fact that conventional bacterial culture methods
often underestimate the prevalence of bacteria in these tissues. This is because some microbes
are challenging to culture or cannot be cultured at all.?® Han et al. demonstrated that molecu-
lar techniques not only identify microbial invasion but also reveal the diversity of bacterial

species involved.?

The majority of molecular studies on infections indicate that bacterial prevalence in amniotic
membranes is higher than in amniotic fluid.3**! Therefore, exploring bacterial colonization in
the amniotic membranes is deemed more reliable than in the amniotic fluid. Particularly for
bacteria accessing the uterine cavity through the vagina, the membranes serve as the initial
point of contact, and it is at the chorizo-deciduous interface where interaction with the innate

immune system takes place.

However, not all studies using molecular techniques have reported high rates of bacterial col-
onization due to challenges in amplifying bacterial DNA in placental tissue.*? To address this,
our study optimized the protocol by extracting bacterial DNA from two distinct sites for each

placenta (amniotic membranes and placental tissue) to enhance the quality of DNA extraction.

Using this approach, we utilized universal 16S ribosomal DNA primers, capable of amplify-
ing a DNA fragment from all known bacteria, to investigate bacterial colonization in amniotic
membranes of 41 cases with presumed chorioamnionitis. We identified microbial invasion in
amniotic membranes in 63% of cases (26/41), consistent with the findings reported by DiGiu-

lio et al. (55%), who employed a similar molecular approach.?

To ascertain the correlation between clinical signs suggestive of chorioamnionitis and bacte-
rial colonization in the amniotic membranes, we compared PCR results with various clinical
parameters. In our study, the association between rupture of membranes (RPM) and bacterial

colonization in amniotic membranes and placental tissue was confirmed by a higher rate of
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bacterial infection in the RPM group (22/26 cases) than in the intact membranes group (4/26
cases). This supports the observations of Cahill et al.,** further affirming that chorioamni-
onitis or intrauterine bacterial infection is more frequent after PROM. Bacterial invasion is fa-

cilitated by membrane rupture, making the passage of bacteria easier.

For the 4 cases that exhibited bacterial infection with intact membranes, several explanations
are plausible: 1) the presence of bacteria does not invariably trigger an inflammatory response
or PROM. This could be attributed to brief bacterial colonization of the membranes that did
not lead to an established infection; ii) universal treatment of PROM cases with erythromycin
(but not cases with intact membranes) could have reduced bacterial DNA load below detec-
tion limits in certain instances, thereby underestimating the role of bacteria in this group.
However, a study by Gomez et al. indicated that administering antibiotics to women with

PROM did not alter intraamniotic infection rates.?’

Our study indicated that bacterial colonization in amniotic membranes and placental tissues is
more prevalent in parturients who gave birth vaginally. This finding aligns with Seong et al.,>
confirming that the prevalence of bacteria in women giving birth vaginally, preterm, or at
term, is higher compared to those undergoing cesarean section. This suggests that the process
of labor and vaginal birth heightens bacterial prevalence, which could occur through vaginal

flora contamination or because of labor itself.

Furthermore, our study demonstrates that the presence of bacteria in amniotic membranes in
women giving birth at term does not necessarily result in preterm birth. This concurs with

1‘38

Steel et al.,’” although Jones et al.*® argued that bacteria play a significant role in many cases

of preterm birth.

Several studies have highlighted a robust association between clinical parameters such as fe-
ver, stained amniotic fluid, neonatal morbidity, and microbial invasion in amniotic mem-
branes, confirming a dose-response relationship and a causal link between clinical parameters
and bacterial infection.?**> However, our results differ from these studies due to the small

sample size.

Numerous studies have established a correlation between histological chorioamnionitis, char-

acterized by the presence of neutrophils in amniotic membranes, and the detection of bacteria

12



using molecular techniques (PCR). These studies have indicated a high degree of concordance

between the two examinations.?-3243

In our study, 69% of histological chorioamnionitis cases exhibited bacterial presence in their
amniotic membranes, as detected by the 16S gene through PCR. In contrast, only 31% of
cases without bacteria in their amniotic membranes had histological chorioamnionitis. Con-
versely, the 31% of histological chorioamnionitis cases that yielded negative PCR results sug-
gest that histological chorioamnionitis is not always linked to infection, possibly reflecting

"sterile" inflammation due to extraplacental causes, as noted in several studies. 344

Finally, several factors could influence our objective of investigating the correlation between
bacterial presence in placental tissues and amniotic membranes and histological chorioamni-
onitis, as well as certain clinical signs of infection. These factors include the small size of our
sample, rendering our molecular results statistically insignificant (p > 0.05). Additionally,
bacteria detected in specimens from vaginal deliveries may indicate tissue contamination dur-

ing passage through the vagina rather than bacterial colonization before delivery.*>4¢

Conclusions

In this study, we examined 41 placentas from parturients with clinical signs of chorioamni-
onitis using PCR technology, aiming to establish a correlation between placental bacterial

PCR results and the clinical and histological aspects of chorioamnionitis.

Our study demonstrated the presence of the 16S gene sequence in 63% of chorioamnionitis
cases. Additionally, we observed a correlation between the presence of microbial DNA in pla-

cental tissues and the clinical and histological parameters of chorioamnionitis.
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Table 1. Maternal inflammatory response.

Stage 1. Subchorionitis/Acute chorionitis Grade 1. Non-severe
Stage 2. Acute chorioamnionitis Grade 2. Severe (leukocytes consisting of

confluent neutrophilic polymorphonuclear

Stage 3. Necrotizing chorioamnionitis cells with subchorionic micro-abscesses)

Table 2. Primers used for the amplification of a f-globin gene sequence.
Gene Primers Sequences Size

p-globin  PC04 5'-CAACTTCATCCACGTTCACC -3'  268pb
GH20 5'-GAAGAGCCAAGGACAGGTAC -3'
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Table 3. B-Globin PCR reaction mix volumes and concentrations.

Elements

Water

PCR Buffer 10X

MgCl12

dNTP
PrimersPC05
Primers GH20

Taq DNA polymerase (Promega, France)

DNA (50ng/uL)

Table 4. Primers used for the amplification of a 16S gene sequence.

Gene

16S rRNA

Primers
16Sa
16Sb

Sequences

5'-AGAGTTTGATCCTGGCTCAG-3'

Volume(pL)
16.875

5

0.75

0.5
0.5

0.125

Final concentration

2X

2.5mM
200 uM
0.4 uM
0.4 uM

units

4ng/uL

Size

1541pb

5'-AAGGAGGTGATCCAGCCGCA-3'

Table 5. 16S PCR reaction mix volumes and concentrations.

Elements

Water

Volume

(uL)

Final con-

centration

16.875 | -
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PCR Buffer 10X 52X

Primers F 0.5 0.4uM
Primers R 0.5 0.4uM
Taq DNA polymerase 0.125 units

(Promega, France)

DNA (50ng/uL) 2 4ng/pL

Table 6. Clinical characteristics of our patients according to PCR results.

PCR PCR
Positive  Negative
Variable N=26 N=15 p value
(%) (%)
Fever (°C) 0.091
Yes 7 (46.7) 8 (53.3)
No 19 (73.0) 7(27.0)
Mode of delivery 0.197
Vaginal 15(75.0) 5(25)
Cesarean 11(52.4) 10 (47.6)
Premature rupture of mem- 1
branes
Yes 22(62.9) 13 (37.1)
NO 4 (66.7) 2(33.3)
Amnioticfluid 0.7
Stained 9(69.2) 4 (30.8)
Normal 17 (60.7) 11(39.3)
Gestational age (weeks) 39+ 1.1*% 39+1.3 0.845
* Means£SD.
significant (p < 0.001).

Table 7. Histological characteristics of our patients according to the results of the PCR.

Histological chorioamnionitis PCR Positive PCR Negative
N=26 (%) N=15 (%)
Yes 20 (69) 9@31)
NO 6 (50) 6 (50)
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