
Frontiers in Cellular and Infection Microbiology

OPEN ACCESS

EDITED BY

Abdo A. Elfiky,
Cairo University, Egypt

REVIEWED BY

Martina Maritati,
University of Ferrara, Italy
Hennie Lombaard,
Baylor College of Medicine, United States

*CORRESPONDENCE

Bahram Nikkhoo

microbiology90@gmail.com

RECEIVED 02 December 2023
ACCEPTED 28 May 2024

PUBLISHED 18 June 2024

CITATION

Ahmadi A, Khadem Erfan MB, Roshani D,
Derakhshan S, Ramazanzadeh R, Farhadifar F,
Mohsenpour B, Shahgheibi S, Zarei M,
Salimizand H and Nikkhoo B (2024) The role
of bacterial genital infections in spontaneous
preterm delivery: a case-control study.
Front. Cell. Infect. Microbiol. 14:1348472.
doi: 10.3389/fcimb.2024.1348472

COPYRIGHT

© 2024 Ahmadi, Khadem Erfan, Roshani,
Derakhshan, Ramazanzadeh, Farhadifar,
Mohsenpour, Shahgheibi, Zarei, Salimizand and
Nikkhoo. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

TYPE Original Research

PUBLISHED 18 June 2024

DOI 10.3389/fcimb.2024.1348472
The role of bacterial genital
infections in spontaneous
preterm delivery: a
case-control study
Amjad Ahmadi1,2, Mohammad Bagher Khadem Erfan1,3,
Daem Roshani4, Safoura Derakhshan5, Rashid Ramazanzadeh6,
Fariba Farhadifar7,8, Behzad Mohsenpour9, Sholeh Shahgheibi8,
Mozhdeh Zarei10, Himen Salimizand11 and Bahram Nikkhoo12*

1Cellular and Molecular Research Center, Research Institute for Health Development, Kurdistan
University of Medical Sciences, Sanandaj, Iran, 2Student Research Committee, Hamadan University of
Medical Sciences, Hamadan, Iran, 3Department of Parasitology and Mycology, Faculty of Medicine,
Kurdistan University of Medical Sciences, Sanandaj, Iran, 4Health Metrics and Evaluation Research
Center, Research Institute for Health Development, Kurdistan University of Medical Sciences,
Sanandaj, Iran, 5Environmental Health Research Center, Research Institute for Health Development,
Kurdistan University of Medical Sciences, Sanandaj, Iran, 6Department of Microbiology, Faculty of
Medicine, Ardabil University of Medical Sciences, Ardabil, Iran, 7Social Determinants of Health
Research Center, Research Institute for Health Development, Kurdistan University of Medical
Sciences, Sanandaj, Iran, 8Department of Obstetrics and Gynecology, Faculty of Medicine, Kurdistan
University of Medical Sciences, Sanandaj, Iran, 9Zoonoses Research Center, Research Institute for
Health Development, Kurdistan University of Medical Sciences, Sanandaj, Iran, 10Deputy of research
and technology, Kurdistan University of Medical Sciences, Sanandaj, Iran, 11Department of
Microbiology, Faculty of Medicine, Kurdistan University of Medical Sciences, Sanandaj, Iran, 12Liver and
Digestive Research Center, Research Institute for Health Development, Kurdistan University of
Medical Sciences, Sanandaj, Iran
Background: Spontaneous preterm delivery is defined as the beginning of the

birth process before the 37thweek of pregnancy. The presence ofmicroorganisms

in the fetal membranes is accompanied by an increase in the production of

prostaglandin, one of the important factors associated with the prevalence of

preterm birth. The invasion ofmicroorganisms leads to the production of protease,

coagulase, and elastase, which directly stimulate the onset of childbirth. We

investigated the role of genital infections in women with preterm birth.

Methods: The present case-control study was conducted in the west of Iran on

100 women with spontaneous preterm delivery (following 24 weeks of gestation

and before 36 weeks and 6 days) as the case group and 100 women with normal

delivery as controls. A questionnaire was applied to collect the data. Polymerase

chain reaction and pathological examination of the placenta were performed.

Results: The average age in women with normal delivery (30.92 ± 5.10) in

women with spontaneous preterm delivery (30.27 ± 4.93). The prevalence of

Chlamydia trachomatis, Neisseria gonorrhea, Listeria monocytogenes, and

Mycoplasma genitalium infections was zero in both groups. The highest

prevalence of Gardnerella vaginalis was 19 (19%) in the case group and

Ureaplasma parvum 15 (15%) in the control group. Also, Placental inflammation

was zero in controls and 7(7%) in the patient group. There was a significant

relationship between Gardnerella vaginalis bacteria and spontaneous

preterm delivery.
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Conclusion: The results of our study showed that except for Gardnerella

vaginalis bacteria, there is no significant relationship between the above

bacterial infections and spontaneous preterm birth. Moreover, despite the

significant reduction in the prevalence of many sexually transmitted infections

in this research, it is still suggested to increase the awareness of people, including

pregnant women, about the ways it can be transmitted by gynecologists and

health and treatment centers.
KEYWORDS
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Introduction

Spontaneous preterm delivery is defined as the beginning of the

birth process before the 37th week of pregnancy (Collins et al., 2023;

Smith, 2023). Spontaneous preterm delivery is one of the most

important issues that involves obstetricians and gynecologists

because the care and treatment of the complications of the birth

of a preterm baby incur a huge cost every year and sometimes cause

irreparable emotional and psychological damage to families. Today,

a high percentage of pregnant women have preterm birth (4.9%–

6.2%), which has caused a lot of problems and costs for the health

system (Hoffman et al., 2016; Behboudi-Gandevani et al., 2023).

Complications caused by spontaneous preterm delivery in babies

include necrotizing enterocolitis, hyaline membrane disease, brain’s

intraventricular hemorrhage, and if the baby survives, deafness,

vision disorders, seizures, and neurological disorders (Stamm et al.,

2005). In general, the prevalence of preterm birth is about 10%, and

despite extensive studies and scientific advances, this phenomenon

is still a big challenge for experts (Vakilian et al., 2015; Muchie et al.,

2020; Reddy et al., 2022).In the past few years, uterine infections

have been raised as one of the causes of preterm delivery, and it is

estimated that more than two-thirds of preterm births are due to

intrauterine infection (Haywood et al., 1994). Evidence suggests

that infections and chronic inflammation are the main causes of

preterm birth (McDonald and Yarnell, 2003; Megli and Coyne,

2022). The presence of microorganisms in the fetal membranes is

accompanied by the increased production of prostaglandin, which

is one of the important factors associated with the prevalence of

preterm delivery. The invasion of microorganisms results in the

generation of protease, coagulase, and elastase, which directly
Urinary tract infection;

evice; C. trachomatis,

hea; l. monocytogenes,
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stimulate the onset of childbirth (McGregor et al., 1986;

Daskalakis et al., 2023). In some studies, such as the study by

Seong Jin Choi et al., no relationship was observed between genital

infections and preterm birth (Choi et al., 2012). In a review

conducted by Nadeau et al. on the role of infection in preterm

labor, bacterial and viral infections were not correlated with

preterm labor (Nadeau et al., 2016). In an investigation, unlike

the two previous studies conducted by Chung et al., genital

mycoplasmas had a significant relationship with preterm birth

(Chung et al., 2012). According to the contradictory studies

regarding the role of genital infections with preterm delivery, we

investigated the role of these infections in women with spontaneous

preterm delivery.
Materials and methods

The present case-control study was conducted in the west of

Iran on 100 women with spontaneous preterm delivery (following

24 weeks of gestation and before 36 weeks and 6 days) as the case

group and 100 women with normal delivery as controls. The age

range of the subjects was 18–40 years and were referred to Besat

Hospital of Sanandaj, Iran, during 2018–2023. All the patients

signed a written consent form and the project was explained to

them in detail. The inclusion criteria included not taking antibiotics

and being sexually active. The exclusion criteria were: multiple

pregnancies, high blood pressure, diabetes and immunodeficiency,

fetal abnormalities, placenta Previa, placenta accrete spectrum, vasa

Previa, prior fundal hysterectomy, preterm rupture of membranes,

oligohydramnios or polyhydramnios, preeclampsia with severe

features, and intrahepatic cholestasis of pregnancy with high total

bile acid levels. A questionnaire was applied to collect the data.

Polymerase chain reaction (PCR) was used on cervical swab

samples and the placenta was examined pathologically. For PCR,

first, an endocervical swab was taken from all women. Next,

specimens were placed in sterilized phosphate-buffered saline and

stored at -20°C until DNA extraction. In addition, the complete

placenta specimens were transported to the pathology laboratory in

containers containing 10% formalin for pathology examination.
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DNA extraction

DNA extraction was performed according to the guidelines of

the ROCH kit. After DNA extraction, the samples in 1.5 ml

microtubes were kept at the temperature of -20 C° until PCR.
PCR for detecting genital infections

The specific primers for the 16S ribosomal genes of the bacterial

genome are presented in Table 1. The total volume of the PCR

reaction was 25 microliters using the pre-made PCR master mix

(CinnaGen, Iran). Separation of PCR products was done by

electrophoresis in 1.5% gel agarose, visualized by UV light,

and photographed.
Pathologic examination

Seven tissue sections (Includes 2 sections of umbilical cord and

5 sections of placenta and curtain) were separated from samples of

both groups and were kept in 10% formalin and placed inside the

tissue processor for 16 hours. Afterward, the samples were removed

from the device and blocked by paraffin. The tissue blocks were kept

in the freezer for 1–2 hours before cutting. Next, a 3-micrometer
Frontiers in Cellular and Infection Microbiology 03
section was prepared from the samples and placed on a slide, and to

fix them and remove the paraffin, they were placed in a 70°C

incubator. Finally, slides were stained with the hematoxylin-

eosin method.
Statistical analysis

Data were entered in the SPSS software and were summarized

as tables and diagrams by mentioning percentages. The chi-square

test and t-test were applied for comparing different qualitative

variables and means between the two groups, respectively. In all

these steps, a level of 5% was considered significant. SPSS 22 was

employed for statistical analyses.
Results

The average age in women with normal delivery and

spontaneous preterm delivery was 30.92 ± 5.10 and 30.27 ± 4.93

years, respectively. The mean pregnancy termination age was 38.76

± 0.58 weeks in women who had normal delivery and 33.27 ± 2.33

weeks in women with spontaneous preterm delivery. Alcohol

consumption was zero for all groups. The highest education level

in all groups was a high school degree. The most prevent pregnancy
TABLE 1 PCR primers and cycling parameters used to detect sexually transmitted bacteria.

Bacterium Primer/sequences (5 - 3) PCR condition PCR product
(bp)

Reference

Ureaplasma
urealyticum

F: TTTGCAAAACTATAAATAGAC AC
R: TTTGTTGTTGCGTTTTCTG

30 sec 94°C, 30
sec 60°C, 1 min
72°C

363 (Zeighami et al., 2009)

Ureaplasma
parvum

F:
AATAAATCTTAGTGTTCATATTTTTTTA
R: GTAAGTGCAGCATTAAATTCAATG

1 min 94°C, 1 min
52°C, 1 min 72°C

327 (Zeighami et al., 2009)

Mycoplasma
hominis

F: CAATGGCTAATGCC GATACG C
R: GGTACCGTCAGTCTGCAAT

35 sec 95°C, 35
sec 55°C, 30 sec
72°C

334 (Maleki et al., 2013)

Mycoplasma
genitalium

F: AGTTGATGAAACCTTAACCCC
TTG G
R: CCGTTGAGGGGTTTTCCATTT TTGC

60 sec 94°C, 30
sec 64°C, 60 sec
72°C

282 (Ramazanzadeh
et al., 2016)

Chlamydia trachomatis F: TGGCGGCGTGGATGAGGCAT
R:CTCAGTCCCAGTGTTGGCGG

30 sec 94°C, 30
sec 64°C, 25 sec
72°C

300 (Ahmadi et al., 2020)

Neisseria gonorrhoeae F: GCA TACGTCTTGAGAGRGAA
R: ACACTCGAGTCACCCAGTTC

30 sec 94°C, 30
sec 64°C, 25 sec
72°C

482 (Ahmadi et al., 2022a)

Gardnerella vaginalis F: TTTCACCAGCTGTATTAGAAGTA
R: GTTCCCTGAACATTATCTTTGAT

60 sec 94°C, 60
sec 55°C, 30sec
72°C

330 (De Backer et al., 2007)

Streptococcus
agalactiae

F: TTTCACCAGCTGTATTAGAAGTA
R: GTTCCCTGAACATTATCTTTGAT

60 sec 94°C, 60
sec 55°C, 60 sec
72°C

153 (Ahmadi et al., 2018)

Listeria monosytogens F: GCTGAAGAGATTGCGAAAGAAG
R:CAAAGAAACCTTGGATTTGCGG

30 sec 94°C, 30
sec 58°C, 45 sec
72°C

370 (Ahmadi et al., 2022b)
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method in all groups was the withdrawal method. The prevalence of

Chlamydia trachomatis , Neisseria gonorrhea , Listeria

monocytogenes, and Mycoplasma genitalium infections was zero

in both groups. A summary of the results is presented in Table 2.

The results of bacterial co-infection in two groups showed

(Table 3) that the highest frequency was related to U. parvum &

G. vaginalis co-infection in both groups.

The analysis of all genital infections in this study showed that 35

(35%) people in the group of women with normal delivery and 26
Frontiers in Cellular and Infection Microbiology 04
(26%) people in the group of women with spontaneous preterm

delivery had infections. Also, there was the highest frequency of co-

infection in the group of women with spontaneous preterm

delivery Table 4.

Examining the pathology results of the placenta samples of the

patients in both groups showed that there was no inflammation in

the placenta samples in controls, but in the patient group, seven

cases had symptoms of inflammation, so their analysis showed a

significant relationship between placenta inflammation and
TABLE 2 Demographic data, risk factors, and genital infections in women with spontaneous preterm delivery and women with normal delivery.

Parameter
Normal delivery
n=100

Spontaneous preterm
delivery
n=100

P-value

Age 30.92 ± 5.10 30.27 ± 4.93 0.33

pregnancy termination age 38.76 ± 0.58 33.27 ± 2.33 0.00

Education Illiterate 3 (3%) 9 (9%)

0.36

Elementary school 26 (26%) 25 (25%)

Junior high school 16 (16%) 20 (20%)

High school 32 (32%) 28 (28%)

University education 23 (23%) 18 (18%)

Habitat City 74 (74%) 68 (68%)
0.35

Village 26 (26%) 32 (32%)

Job Employee 10 (10%) 11 (11%)
0.81

Housekeeper 90 (90%) 89 (89%)

Smoking 0 (0%) 0 (0%) –

Alcohol 0 (0%) 0 (0%) –

Smoking in spouse 26 (26%) 18 (18%) 0.17

History of genital infection during pregnancy 13 (13%) 26 (26%) 0.02

History of genital infection before pregnancy 23 (23%) 19 (19%) 0.48

History of urinary tract infection (UTI) 11 (11%) 9 (9%) 0.63

History of spontaneous preterm birth 3 (3%) 6 (6%) 0.30

Prevention methods Withdrawal 65 (65%) 76 (76%) 0.01

Oral Contraceptive Pills (OCP) 12 (12%) 13 (13%)

Intrauterine device (IUD) 14 (14%) 2 (2%)

Barrier 9 (11.9%) 9 (5.5%)

Chlamydia trachomatis (C. trachomatis) 0 (0%) 0 (0%) –

Neisseria gonorrhea (N. gonorrhea) 0 (0%) 0 (0%) –

Listeria monocytogenes (l. monocytogenes) 0 (0%) 0 (0%) –

Mycoplasma genitalium (M. genitalium) 0 (0%) 0 (0%) –

Mycoplasma hominis (M. hominis) 4 (4%) 3 (3%) 0.70

Ureaplasma parvum (U. parvum) 15 (15%) 14 (14%) 0.84

Ureaplasma urealeticum (U. urealeticum) 3 (3%) 0 (0%) 0.08

Gardnerella vaginalis (G. vaginalis) 9 (9%) 19 (1%) 0.04

Streptococcus agalactiae (S. agalactiae) 5 (5%) 3 (3%) 0.47
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Preterm delivery, but this inflammation has nothing to do with

infections isolated from vaginal samples in this study and it was

probably due to other infections such as viruses and protozoa

(Figures 1, 2 and Table 5).

The matching of the pathology results of the placenta samples

with the molecular results of the genital swabs in the groups showed

that in only one of the samples, the patients withU. parvum infection

were also positive for placental inflammation, and in other samples,

the presence of genital infections did not match with placental

inflammation. Therefore, there was no direct relationship between

genital infections and placenta inflammation (Table 6).
Discussion

Spontaneous preterm delivery is one of the most important issues

that involve obstetricians and gynecologists because the care and

treatment of the complications of preterm birth incur a huge cost

every year and sometimes cause irreparable emotional and

psychological damage to families. Today, a high percentage of

pregnant women experience preterm birth before reaching the end

of pregnancy (Cobo et al., 2020; Collins et al., 2023). Despite the use of

birth control pills, the prevalence of spontaneous preterm delivery has

not decreased significantly (Danforth, 2008). Different factors are

involved in spontaneous preterm delivery, including multiple births,

diabetes mellitus, cardiac diseases, urinary tract infections (UTIs), renal

diseases, and recurrent pregnancy loss, of which UTIs are responsible

for 25%-40% of all cases (Pangastuti et al., 2019; Baer et al., 2021).

Infections highly affect human reproductive health, and infections

during pregnancy lead to stillbirth or prematurity or can be vertically
Frontiers in Cellular and Infection Microbiology 05
transmitted to the fetus and cause severe disease and congenital

infection (Megli and Coyne, 2022). Chronic inflammation and

infection are some important causes of spontaneous preterm delivery

(Coussons-Read et al., 2012; Barinov et al., 2022). Furthermore,

intrauterine and genital tract infections, leading to rupture of

membranes, can cause spontaneous preterm delivery (Cunnington

et al., 2013; Tedesco et al., 2020; Megli and Coyne, 2022). In 2012,

Seong et al. performed PCR to detect genital infections in preterm labor

in a case-control study on 126 women with preterm labor and 91

women who had natural labor. They used vaginal swab samples to

perform the test. Their results revealed that 17.6%, 0%, 11.5%, 0%, 0%,

and 0% cases in the control group and 3.8%, 3.8%, 16.7%, 0%, 0%, and

0% in the patient group were infected with S. agalactiae, M. hominis,

M. genitalium, U. urealeticum, N. gonorrhea, and Trichomonas

vaginalis, respectively. Therefore, they did not find a relationship

between the mentioned infections and preterm birth (Choi et al.,

2012). The results of Seong et al. were similar to our research and they

found no significant association between genital infections and preterm

delivery. However, we observed a significant relationship between G.

vaginalis and delivery. In 2014, Kwak et al. conducted a cross-sectional

study on 184 women to assess the relationship of preterm birth with

genital infection with U. urealeticum and M. hominis. They took a

cervical swab sample from each person and observed that 62% of the

women were infected with U. urealeticum and 7% of women were

infected with M. hominis. They concluded that there is a relationship

between U. urealeticum and preterm delivery (Chung et al., 2012). The

results of their research were contrary to our findings, which might

result from the type of study and the method of conducting tests in this

research because they used culture, while we applied a more sensitive

and accurate molecular method to detect the infection. In 2008, Robert

et al. performed a blood culture test on 351 umbilical cord blood

specimens to determine the role of genital infection withU. urealeticum

andM. hominis in spontaneous preterm birth. They observed that 23%

of blood cultures were positive for U. urealeticum and M. hominis.

These researchers concluded that there is a significant relationship

between U. urealeticum and M. hominis with spontaneous preterm

birth (Goldenberg et al., 2008). The results of this research were similar

to the findings of Kwak et al. and were in contrast to our study. This

discrepancy may result from the use of culture instead of the molecular

method, just like the results of Kwak et al. In 2020, Ahmadi et al.

conducted PCR to detect genital C. trachomatis infection in women

who had spontaneous preterm delivery, a case-control study on 75

women who had spontaneous preterm delivery and 75 women who

had normal delivery. They used vaginal swab samples to perform the

test and after conducting the test, they observed that 7 (9.33%) of the

controls and 2 (2.67%) of the patient group participants were infected

withC. trachomatis. Therefore, they did not find a relationship between
TABLE 3 Frequency of the co-existence of evaluated bacteria.

Bacteria Normal
delivery
n=100

Preterm
delivery
n=100

M. hominis & U. parvum 3 (3%) 0 (0%)

M.hominis & G. vaginalis 1 (1%) 0 (0%)

M.hominis & S. agalactiae 1 (1%) 0 (0%)

U. urealeticum & G. vaginalis 1 (1%) 0 (0%)

U. parvum & G. vaginalis 5 (5%) 2 (2%)

U. parvum & S. agalactiae 1 (1%) 0 (0%)

S. agalactiae & G. vaginalis 0 (0%) 1 (1%)

U. parvum & S. agalactiae &
M. hominis

1 (1%) 0 (0%)
TABLE 4 Total frequency of genital infections in female subjects with normal delivery and women with spontaneous preterm delivery.

Groups Negative
infection

Positive
infection

A type
of infection

Two types
of infection

Three types
of infection

Normal delivery 65 (65%) 35 (35%) 25 (25%) 9 (9%) 1 (1%)

Spontaneous
preterm delivery

74 (74%) 26 (26%) 23 (23%) 3 (3%) 0 (0%)
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the mentioned infections and spontaneous preterm delivery (Ahmadi

et al., 2020). Although the results of this study were similar to our

research, the noteworthy point was the significant reduction of

chlamydia infection and its zero prevalence in our study. Overall, the

results of our investigation showed no significant relationship between

the above bacterial infections and spontaneous preterm birth. Although

in this study, the prevalence of G. vaginalis bacteria was higher in

women who had spontaneous preterm delivery than in women who

had normal delivery, also the results of examining the pairs of patients

showed that the studied bacterial infections did not directly play a role

in spontaneous preterm birth, but the inflammatory reactions of the

immune system against them may be one of the factors that cause

spontaneous preterm birth, and it is better to understand the role of

inflammatory cytokines in These infections should be considered and

investigated at the same time. However, the decrease in its frequency in

inflamed placentas diminishes its role in preterm delivery. However, it

seems that due to the high prevalence of genital infection in the patient

group (26%) compared to the control group (13%) in Table No. 2, the
Frontiers in Cellular and Infection Microbiology 06
role of other infections in preterm labor such as viruses and protozoa

should be given more attention by gynecologists. However, more

detailed studies such as the simultaneous examination of vaginal and

amniotic fluid samples are necessary for the presence of bacterial

infections. Also, although there significant relationship was detected

between the prevalence of urinary tract infection and preterm delivery,

from a clinical point of view, its increase is very significant in both

groups, and it seems that in order to reduce these infections, preventive

and conscious measures should be taken among pregnant women.
Conclusion

The results of our study showed that except for G. vaginalis

bacteria, there is no significant relationship between the above

bacterial infections and spontaneous preterm birth. However, the

cause-and-effect relationship for most bacterial infections and its

relationship with spontaneous preterm delivery is still controversial.
FIGURE 1

Microscopic slide image of the amniotic membrane of placenta specimens from women who had spontaneous preterm delivery.
FIGURE 2

Microscopic slide image of the amniotic membrane of placenta specimens from women who had normal delivery.
TABLE 5 Frequency of the inflammation of placenta specimens in women who had normal delivery and women who had spontaneous
preterm delivery.

Variable Spontaneous
preterm delivery

Normal delivery P-value

Placental
inflammation

The presence
of inflammation

7 (0%) 0 (0%) 0.007

Absence
of inflammation

93 (93%) 100 (100%)
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Also, despite the significant reduction in the prevalence of many

sexually transmitted infections in this research, it is suggested to

increase the awareness of pregnant women about the ways it can be

transmitted by gynecologists and health and treatment centers. It is

also better to consider the diagnosis of other infections such as

viruses, fungi, and protozoa.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Author contributions

AA: Supervision, Writing – review & editing. MK: Writing –

review & editing. DR: Writing – review & editing, Formal analysis.

SD: Methodology, Writing – review & editing. RR: Investigation,
Frontiers in Cellular and Infection Microbiology 07
Writing – review & editing. FF: Data curation, Writing – review &

editing. BM: Writing – review & editing, Data curation. SS:

Resources, Writing – review & editing. MZ: Resources, Writing –

review & editing. HS: Resources, Writing – review & editing. BN:

Writing – original draft.
Funding

The author(s) declare the financial support of this research was

provided by Kurdistan University of Medical Sciences.
Acknowledgments

We would like to thank Kurdistan University of Medical

Sciences and Research Deputy of Kurdistan University of Medical

Sciences and Cellular & Molecular Research Center, Research

Institute for Health Development, Kurdistan University of

Medical Sciences. We also appreciate the Department of

Gynecology, Besat Hospital, Sanandaj, for providing endocervical

swab specimens and data collection.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
Ahmadi, A., Farhadifar, F., Rezaii, M., Zandvakili, F., Seyedoshohadaei, F., Zarei, M., et al.
(2018). Group B Streptococci and Trichomonas vaginalis infections in pregnant women and
those with spontaneous abortion at Sanandaj, Iran. Iranian J. Microbiol. 10, 166.

Ahmadi, A., Mousavi, A., Salimizand, H., Hedayati, M. A., Ramazanzadeh, R.,
Farhadifar, F., et al. (2022a). Prevalence of Neisseria gonorrhoeae in western Iran. Jpn J.
Infect. Dis. 75, 1–4. doi: 10.7883/yoken.JJID.2021.006

Ahmadi, A., Ramazanzadeh, R., Derakhshan, S., Khodabandehloo, M., Farhadifar, F.,
Roshani, D., et al. (2022b). Prevalence of Listeria monocytogenes infection in women
with spontaneous abortion, normal delivery, fertile and infertile. BMC pregnancy
childbirth 22, 974. doi: 10.1186/s12884-022-05330-6

Ahmadi, S. J., Farhadifar, F., Sharami, S. R. Y., Zare, S., Rezaei,M., Soofizadeh,N., et al. (2020).
The role of chlamydia trachomatis in preterm delivery: A case-control study in Besat hospital,
Sanandaj, Iran, (2018–2019). Iranian J. Microbiol. 12, 325. doi: 10.18502/ijm.v12i4.3936

Baer, R. J., Nidey, N., Bandoli, G., Chambers, B. D., Chambers, C. D., Feuer, S., et al.
(2021). Risk of early birth among women with a urinary tract infection: a retrospective
cohort study. AJP Rep. 11, e5–e14. doi: 10.1055/s-0040-1721668
Barinov, S., Tirskaya, Y., Kadsyna, T., Lazareva, O., Medyannikova, I., and Tshulovski,
Y. I. (2022). Pregnancy and delivery in women with a high risk of infection in pregnancy.
J. Matern Fetal Neonatal Med. 35, 2122–2127. doi: 10.1080/14767058.2020.1781810

Behboudi-Gandevani, S., Bidhendi-Yarandi, R., Hossein Panahi, M., Mardani, A.,
Prinds, C., Vaismoradi, M., et al. (2023). Prevalence of preterm birth in Scandinavian
countries: a systematic review and meta-analysis. J. Int. Med. Res. 51,
3000605231203843. doi: 10.1177/03000605231203843

Choi, S. J., Park, S. D., Jang, I. H., Uh, Y., and Lee, A. (2012). The prevalence of
vaginal microorganisms in pregnant women with preterm labor and preterm birth.
Ann. Lab. Med. 32, 194. doi: 10.3343/alm.2012.32.3.194

Chung, H. K., Park, S. Y., Park, M. H., Kim, Y. J., Chun, S. H., Cho, S. J., et al. (2012).
Association of genital Mycoplasmas infection in women who had preterm delivery and
outcomes in premature infants. Korean J. Obstet. Gynecol. 55, 158–165. doi: 10.5468/
KJOG.2012.55.3.158

Cobo, T., Kacerovsky, M., and Jacobsson, B. (2020). Risk factors for spontaneous
preterm delivery. Int. J. Gynaecol. Obstet. 150, 17–23. doi: 10.1002/ijgo.13184
TABLE 6 Co-frequency of bacteria in the vaginal swab samples of
women with spontaneous preterm delivery and inflamed placentas.

Bacteria Spontaneous
preterm
delivery
(n:100)

Inflammation
of the
placenta (n:7)

P-value

C. trachomatis 0 (0%) 0 (0%) –

M. hominis 3 (3%) 0 (0%) 0.81

M. genitalium 0 (0%) 0 (0%) –

U. parvum 14 (14%) 1 (1%) 0.66

U. urealeticum 0 (0%) 0 (0%) –

N. gonorrhea 0 (0%) 0 (0%) –

S. agalactiae 3 (3%) 0 (0%) 0.81

G. vaginalis 9 (9%) 0 (0%) 0.53

L. monocytogenes 0 (0%) 0 (0%) –
frontiersin.org

https://doi.org/10.7883/yoken.JJID.2021.006
https://doi.org/10.1186/s12884-022-05330-6
https://doi.org/10.18502/ijm.v12i4.3936
https://doi.org/10.1055/s-0040-1721668
https://doi.org/10.1080/14767058.2020.1781810
https://doi.org/10.1177/03000605231203843
https://doi.org/10.3343/alm.2012.32.3.194
https://doi.org/10.5468/KJOG.2012.55.3.158
https://doi.org/10.5468/KJOG.2012.55.3.158
https://doi.org/10.1002/ijgo.13184
https://doi.org/10.3389/fcimb.2024.1348472
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org


Ahmadi et al. 10.3389/fcimb.2024.1348472
Collins, S., Hayes, K., Arulkumaran, S., Arambage, K., and Impey, L. (2023). Oxford
handbook of obstetrics and gynaecology (Oxford University Press). doi: 10.1093/med/
9780198838678.001.0001

Coussons-Read, M. E., Lobel, M., Carey, J. C., Kreither, M. O., D’Anna, K., Argys, L.,
et al. (2012). The occurrence of preterm delivery is linked to pregnancy-specific distress
and elevated inflammatory markers across gestation. Brain Behav. Immun. 26(4), 650–
659. doi: 10.1016/j.bbi.2012.02.009

Cunnington, M., Kortsalioudaki, C., and Heath, P. (2013). Genitourinary pathogens
and preterm birth. Curr. Opin. Infect. Dis. 26, 219–230. doi: 10.1097/
QCO.0b013e328360dc31

Danforth, D. N. (2008). Danforth's obstetrics and gynecology (Lippincott williams &
wilkins).

Daskalakis, G., Psarris, A., Koutras, A., Fasoulakis, Z., Prokopakis, I., Varthaliti, A.,
et al. (2023). Maternal infection and preterm birth: from molecular basis to clinical
implications. Children 10, 907. doi: 10.3390/children10050907

De Backer, E., Verhelst, R., Verstraelen, H., Alqumber, M. A., Burton, J. P., Tagg, J.
R., et al. (2007). Quantitative determination by real-time PCR of four vaginal
Lactobacillus species, Gardnerella vaginalis and Atopobium vaginae indicates an
inverse relationship between L. gasseri and L. iners. BMC Microbiol. 7, 1–13.
doi: 10.1186/1471-2180-7-115

Goldenberg, R. L., Andrews, W. W., Goepfert, A. R., Faye-Petersen, O., Cliver, S. P.,
Carlo, W. A., et al. (2008). The Alabama Preterm Birth Study: umbilical cord blood
Ureaplasma urealyticum and Mycoplasma hominis cultures in very preterm newborn
infants. Am. J. Obstet. Gynecol. 198, 43. e41–43.e45. doi: 10.1016/j.ajog.2007.07.033

Haywood, J. L., Goldenberg, R. L., Bronstein, J., Nelson, K. G., and Carlo, W. A.
(1994). Comparison of perceived and actual rates of survival and freedom from
handicap in premature infants. Am. J. Obstet. Gynecol. 171, 432–439. doi: 10.1016/
0002-9378(94)90279-8

Hoffman, B. L., Schorge, J. O., Bradshaw, K. D., Halvorson, L. M., Schaffer, J. I., and
Corton, M. M. (2016). Williams gynecology (McGraw-Hill Education New York).
Available at: https://cir.nii.ac.jp/crid/1130000796453222400.

Maleki, S., Motamedi, H., Moosavian, S. M., and Shahbaziyan, N. (2013). Frequency
of Mycoplasma hominis and Ureaplasma urealyticum in females with urogenital
infections and habitual abortion history in Ahvaz, Iran; using multiplex PCR.
Jundishapur J. Microbiol. 6 (6), e10088. doi: 10.5812/jjm.10088

McDonald, J., and Yarnell, W. (2003). Diagnosis and Treatment Obstetrics and
Gynecology (New York: McGraw Hill Companies).
Frontiers in Cellular and Infection Microbiology 08
McGregor, J. A., Lawellin, D., Franco-Buff, A., Todd, J. K., and Makowski, E. L.
(1986). Protease production by microorganisms associated with reproductive tract
infection. Am. J. Obstet. Gynecol. 154, 109–114. doi: 10.1016/0002-9378(86)90404-7

Megli, C. J., and Coyne, C. B. (2022). Infections at thematernal–fetal interface: an overview of
pathogenesis and defence. Nat. Rev. Microbiol. 20, 67–82. doi: 10.1038/s41579-021-00610-y

Muchie, K. F., Lakew, A. M., Teshome, D. F., Yenit, M. K., Sisay, M. M., Mekonnen,
F. A., et al. (2020). Epidemiology of preterm birth in Ethiopia: systematic review and
meta-analysis. BMC pregnancy childbirth 20, 1–12. doi: 10.1186/s12884-020-03271-6

Nadeau, H. C., Subramaniam, A., and Andrews, W. W. (2016). “Infection and preterm
birth,” in Seminars in Fetal and Neonatal Medicine (Elsevier). doi: 10.1016/j.siny.2015.12.008

Pangastuti, N., Indraswari, L. N., and Prawitasari, S. (2019). Urinary tract infection as
a risk factor for preterm delivery: A tertiary hospital-based study. Indones Jo Obstet.
Gynecol. 7 (2), 105–109. doi: 10.32771/inajog.v7i2.667

Ramazanzadeh, R., Khodabandehloo, M., Farhadifar, F., Rouhi, S., Ahmadi, A.,
Menbari, S., et al. (2016). A Case–control study on the relationship between
Mycoplasma genitalium infection in women with normal pregnancy and
spontaneous abortion using polymerase chain reaction. Osong Public Health Res.
Perspect. 7(5), 334–338. doi: 10.1016/j.phrp.2016.07.001

Reddy, K. M., Ravula, S. R., Palakollu, S., and Betha, K. (2022). Prevalence of preterm
birth and perinatal outcome: A rural tertiary teaching hospital-based study. J. Family
Med. Prim Care 11, 3909–3914. doi: 10.4103/jfmpc.jfmpc_1440_21

Smith, R. P. (2023).Netter's Obstetrics and Gynecology E-Book: Netter's Obstetrics and
Gynecology E-Book (Elsevier Health Sciences).

Stamm, W. E., Jones, R. B., and Batteiger, B. (2005). “Chlamydia trachomatis
(trachoma, perinatal infections, lymphogranuloma venereum, and other genital
infections),” in Principles and practice of infectious diseases, vol. 1. (Elsevier
Churchill Livingstone, Philadelphia), 2239–2251.

Tedesco, R. P., Galvão, R. B., Guida, J. P., Passini-Júnior, R., Lajos, G. J., Nomura, M.
L., et al. (2020). The role of maternal infection in preterm birth: evidence from the
Brazilian Multicentre Study on Preterm Birth (EMIP). Clinics 75, e1508. doi: 10.6061/
clinics/2020/e1508

Vakilian, K., Ranjbaran, M., Khorsandi, M., Sharafkhani, N., and Khodadost, M.
(2015). Prevalence of preterm labor in Iran: A systematic review and meta-analysis. Int.
J. Reprod. Biomed. 13, 743. doi: 10.29252/ijrm.13.12.743

Zeighami, H., Peerayeh, S., Yazdi, R., and Sorouri, R. (2009). Prevalence of
Ureaplasma urealyticum and Ureaplasma parvum in semen of infertile and healthy
men. Int. J. STD AIDS. 20, 387–390. doi: 10.1258/ijsa.2008.008334
frontiersin.org

https://doi.org/10.1093/med/9780198838678.001.0001
https://doi.org/10.1093/med/9780198838678.001.0001
https://doi.org/10.1016/j.bbi.2012.02.009
https://doi.org/10.1097/QCO.0b013e328360dc31
https://doi.org/10.1097/QCO.0b013e328360dc31
https://doi.org/10.3390/children10050907
https://doi.org/10.1186/1471-2180-7-115
https://doi.org/10.1016/j.ajog.2007.07.033
https://doi.org/10.1016/0002-9378(94)90279-8
https://doi.org/10.1016/0002-9378(94)90279-8
https://cir.nii.ac.jp/crid/1130000796453222400
https://doi.org/10.5812/jjm.10088
https://doi.org/10.1016/0002-9378(86)90404-7
https://doi.org/10.1038/s41579-021-00610-y
https://doi.org/10.1186/s12884-020-03271-6
https://doi.org/10.1016/j.siny.2015.12.008
https://doi.org/10.32771/inajog.v7i2.667
https://doi.org/10.1016/j.phrp.2016.07.001
https://doi.org/10.4103/jfmpc.jfmpc_1440_21
https://doi.org/10.6061/clinics/2020/e1508
https://doi.org/10.6061/clinics/2020/e1508
https://doi.org/10.29252/ijrm.13.12.743
https://doi.org/10.1258/ijsa.2008.008334
https://doi.org/10.3389/fcimb.2024.1348472
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	The role of bacterial genital infections in spontaneous preterm delivery: a case-control study
	Introduction
	Materials and methods
	DNA extraction
	PCR for detecting genital infections
	Pathologic examination
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


