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Abstract: Chronic endometritis (CE) is a persistent inflammatory condition of the en-
dometrium characterized by abnormal infiltration of plasma cells into the endometrial
stroma. Frequently associated with repeated implantation failure, recurrent pregnancy loss,
and infertility, CE significantly impacts women’s health, contributing to conditions such
as abnormal uterine bleeding and endometriosis. Treatment typically involves antibiotic
therapy; however, the efficacy of these treatments is increasingly compromised by the rise
of antimicrobial resistance (AMR). This paper examines the critical links between AMR and
CE, proposing strategies to enhance clinical management and optimize treatment outcomes.

Keywords: antibiotic treatment; chronic endometritis; fertility; multidrug resistance; persis-
tent chronic endometritis

1. Introduction

Chronic endometritis (CE) is defined as a persistent local inflammatory condition of
the endometrium, characterized by an abnormal infiltration of plasma cells within the
endometrial stroma [1]. CE is frequently detected in cases of repeated implantation failure
and recurrent pregnancy loss, and it may lead to several conditions that significantly impact
a woman'’s health and well-being, including infertility, recurrent miscarriages, abnormal
uterine bleeding and endometriosis [2,3]. Treatment consists of antibiotic treatment that can
be guided on the results of endometrial cultures and antibiogram or more frequently based
on standard therapy with first-line antibiotics like doxycycline and quinolones. However,
recent research has raised concerns about the failure of first-line antibiotics in treating
chronic endometritis, potentially due to links with antimicrobial resistance (AMR) [4]. This
reduces quality of life and decreases the likelihood of embryo implantation, posing substan-
tial challenges to effective treatment and management. This issue is particularly pressing in
the context of global antibiotic resistance, where Italy and Greece have some of the poorest
rankings in AMR [5]. Moreover, patients with CE often have underlying conditions that
may expose them to multiple courses of antibiotic therapy (e.g., chronic cystitis, vaginitis,
etc.), which increases the risk of multidrug-resistant pathogen development.
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Additionally, medical malpractice, including the over-prescription of antibiotics, exac-
erbates the rise of multi-resistant infections [6]. As a result, women of childbearing age are
increasingly at risk of endometritis caused by multi-resistant pathogens [7].

This may provide a significant challenge to women'’s health, similarly to the impacts
of SARS-CoV infection in pregnancy [8,9]. This literature review aims to examine the
increasing correlations between antimicrobial resistance (AMR) and chronic endometritis
(CE), providing a framework for clinicians to enhance management and treatment strategies.
By exploring the interaction between resistant pathogens and the persistent inflammation in
CE, this work seeks to address knowledge gaps and support the development of evidence-
based approaches for the effective treatment and long-term resolution of CE in the context
of growing AMR challenges.

2. Methods

We searched PubMed, Scopus, Google Scholar, EMBASE, Cochrane Library, and WHO
websites (http:/ /www.who.int) for literature addressing chronic endometritis, published
up to August 2024. The search strategy included terms such as: “Chronic endometritis
[tiab]”, “CE [mh]”, “infertility”, “ Antimicrobial resistance [tiab]”, “CE, resistance [tiab]”
and “CE, treatment failure [tiab]”, “Chronic endometritis, resistance [tiab]”. All studies
addressing epidemiology, physiopathology, clinical characteristics, screening and diagnosis,
therapy, and management were included. We included both clinical studies and systematic
reviews that offered insights into the influence of antimicrobial resistance on chronic
endometritis, with a particular focus on treatment outcomes, diagnostic methodologies,
and emerging trends in the management of resistant strains.

3. Pathogenesis and Risk Factors of Chronic Endometritis and
Implication in Antibiotic Resistance

CE is characterized by specific cellular alterations [1]. Compared with normal en-
dometrium, women with CE exhibit an increased number of B lymphocytes, which infiltrate
both the functional and basal layers of the endometrium. In these areas, B lymphocytes
breach the glandular epithelium and enter the glandular lumens. Some of these infiltrating
endometrial B cells may locally mature into endometrial stromal plasma cells (ESPCs) [10].
These ESPCs produce elevated levels of various immunoglobulin (Ig) subclasses, particu-
larly IgG2 [11]. This heightened mucosal antibody production in CE may negatively affect
embryo implantation [12]. The inflammatory environment is often due to imbalances in
the endometrial microbiota, typically resulting from ascending microbial infections from
the lower to upper genital tract [13]. Antibiotic therapy has shown up to a 100% reduction
in ESPCs in CE patients [14].

Fluid hysteroscopy is a practical technique, widely acknowledged as a diagnostic tool
with high specificity, as demonstrated in various studies [15,16].

In 2019, following a systematic review of previous studies and consensus reached
through the Delphi poll, the International Working Group for the Standardization of
Chronic Endometritis Diagnosis established specific criteria for diagnosing CE [17]. A
histological diagnosis requires the presence of 1 to 5 ESPCs per high-power field or clusters
of fewer than 20 ESPCs, as identified by CD138 staining. Additionally, the following
hysteroscopic findings during the follicular phase of the menstrual cycle are diagnostic of
CE [18]:

e  Endometrial micro-polyposis (1-2 mm protrusions from the endometrial surface) [19].

e  Stromal edema, which causes the endometrium to appear thick and pale during the
follicular phase rather than the secretory phase [20].

e  Focal reddened areas of the endometrium with sharp, irregular borders [21].
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e Large regions of hyperemic endometrium with white central points [19].
e  Focal hyperemia.

Recent studies, such as the ARCHIPELAGO study [21], highlight the potential of
deep learning models to develop predictive tools based on hysteroscopic findings, empha-
sizing the need for further research to refine the correlation between hysteroscopic and
histopathological results to improve diagnostic accuracy and clinical outcomes.

Infections of the upper genital tract are attributed to several factors:

e  Recurrent cystitis: Women with a history of recurrent urinary tract infections (UTIs)
face an increased risk of ascending infections due to the proximity of the urethra to
the vagina and cervix [22].

e  Vaginal transmission of intestinal germs: Intestinal bacteria, particularly Escherichia
coli, Klebsiella spp., and Enterococcus spp., can colonize the vaginal and perineal
areas, leading to uterine infections [23]. Poor hygiene, fecal contamination during
intercourse, or improper wiping techniques after bowel movements can facilitate
this transmission. Stress is also strongly associated with increased translocation of
intestinal bacteria to the urogenital tract, raising the risk of CE [24]. See Figure 1.
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Figure 1. Extrinsic and intrinsic risk factors for CE.

Chlamydia trachomatis remains the leading sexually transmitted infection in Europe,
with the highest notification rates in women aged 20-24 years in 2022. The rate increased
by 18% compared with 2021, according to the ECDC Epidemiological Report for 2022 [25].
This infection causes considerable acute morbidity and long-term complications, including
infertility and adverse pregnancy outcomes [26]. Unlike acute endometritis (AE), Chlamy-
dia trachomatis and Neisseria gonorrhoeae, which are primary pathogens in AE, play a
limited role in the pathogenesis of CE, as shown in several studies [12,26,27].
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4. Antibiotic Resistance and MDR in Chronic Endometritis

The emergence of AMR is a complex, multifactorial issue that poses a significant
global burden, affecting health, economic, and social dimensions. Each year, an estimated
7.7 million deaths are attributed to bacterial infections, with 4.95 million deaths being
linked to AMR [28]. AMR refers to the ability of microorganisms to survive or grow despite
the presence of antimicrobial agents commonly used to treat bacterial, fungal, viral, or
protozoan infections. Multidrug resistance (MDR) occurs when microorganisms become
resistant to multiple antimicrobial drugs. Typically, an organism is considered to be MDR
if it resists at least one agent in three or more antimicrobial categories. The mechanisms
behind MDR are similar to those of single-drug resistance but span a wider range of drugs,
often due to the combination of several resistance genes. The antimicrobial and multidrug
resistance (AMR/MDR) phenomenon represents a complex and evolving global challenge
that critically undermines the efficacy of antibacterial therapies. This multifaceted issue
arises from an interplay of genetic, ecological, and anthropogenic factors [5].

At the genetic level, resistance mechanisms are driven by chromosomal mutations;
horizontal gene transfer mediated by mobile genetic elements such as plasmids, trans-
posons, and integrons; and the dissemination of resistance determinants across diverse
microbial populations [29].

Ecologically, environmental reservoirs—including soil, aquatic systems, and agricul-
tural settings—contribute to the maintenance and propagation of resistant strains. Microbial
ecosystems within humans, animals, and environmental niches interact dynamically, facili-
tating the emergence and persistence of resistance traits [30]. Furthermore, anthropogenic
pressures, particularly the widespread misuse and overuse of antimicrobials in human
medicine, agriculture, and veterinary practices, have created significant selective pressures,
accelerating the proliferation and dissemination of AMR/MDR globally [31]. Bacteria in
water, soil, and air can acquire resistance through exposure to already-resistant germs [6].
This phenomenon correlates with human exposure to AMR in the environment, which
can occur through contact with polluted water or consumption of contaminated food,
inhalation of fungal spores or through other sources harboring resistant microbes [32]. The
economic burden of AMR is largely due to the prolonged hospitalizations needed to treat
infections caused by resistant bacteria, which increases the risk of complications, further
spreads resistance in healthcare settings, and leads to treatment failures. These failures
necessitate the use of alternative antibiotics, which may be more toxic or expensive.

The rise of AMR has also affected the treatment of conditions that predispose in-
dividuals to chronic endometritis, such as bacterial vaginosis and recurrent cystitis [14].
Additionally, medical malpractice, including overprescription and inappropriate use of
antibiotics, contributes to the selection of multi-resistant pathogens, ultimately reduc-
ing the efficacy of home treatments for chronic endometritis [7]. While the spread of
antibiotic resistance is steadily increasing, data on its impact on chronic endometritis
remain unclear. According to the European Centre for Disease Prevention and Control
(ECDC) Antimicrobial Resistance Surveillance in Europe 2021-2023 report [33], E. coli is
the most common agent of community-acquired bacteremia and urinary tract infections.
Data from the WHO in 2021 on the percentage of invasive isolates resistant to fluoro-
quinolones (ciprofloxacin/levofloxacin/ofloxacin) reveal a significant disparity in AMR
levels across regions. In 2 of the 45 countries—Finland and Norway—resistance to fluoro-
quinolones was below 10%, while 17 countries, including Italy, reported AMR levels of 25%
or higher. Cyprus, North Macedonia, Russia, and Turkey exhibited resistance rates of 50%
or more [33].

In 2021, data on resistance to third-generation cephalosporins in E. coli showed that
27% of the surveyed countries reported resistance rates below 10%, while 9% reported
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AMR levels of 50% or higher [30]. The rising global incidence of ESBL-producing E. coli is
driven by both community-acquired and healthcare-associated infections [34].

Resistance to third-generation cephalosporins in K. pneumoniae has significantly in-
creased across the WHO European Region. In 2021, 42% of countries reported resistance
rates of 50% or higher. K. pneumoniae also exhibited a higher prevalence of carbapenem
resistance compared with E. coli [6]. This increase in resistance is concerning, as frequent
and repeated antibiotic use selects for resistant strains, including ESBL-producing or
carbapenem-resistant K. pneumoniae. These resistant strains pose substantial challenges,
particularly in the context of relapsing urinary tract infections (UTIs) due to inappropriate
prescriptions or insufficient microbiological data to guide therapy. These challenges often
require a shift to intravenous (IV) antibiotics, resulting in increased healthcare costs, longer
hospital stays, and higher mortality rates [33].

In recent years, Enterococcus spp. has gained attention as a cause of nosocomial infec-
tions due to its ability to cause MDR infections [35]. Enterococci naturally exhibit resistance
to several classes of antimicrobials, and any additional AMR further restricts treatment op-
tions. The WHO has classified vancomycin-resistant E. faecium as a high-priority pathogen
on its global list of antibiotic-resistant bacteria, underscoring the limited availability of
effective treatments [33]. Although high-level gentamicin resistance in E. faecalis remains
stable according to European Antimicrobial Resistance Surveillance Network (EARS-Net)
data, the persistence of high resistance emphasizes the ongoing challenge of managing
antimicrobial-resistant Enterococci, which cause significant healthcare-associated infections
in Europe [33]. By 2021, 17.2% of E. faecium isolates were vancomycin-resistant. Addition-
ally, nearly one-third of all E. faecalis isolates reported to EARS-Net showed high-level
resistance to gentamicin, and 45.2% of E. faecium isolates were resistant to two antimicrobial
groups [28,35]. A staggering 93.0% of E. faecium isolates were resistant to at least one an-
timicrobial group under surveillance (aminopenicillins, gentamicin, and vancomycin) [28].

In 2021, fluoroquinolone resistance levels were generally lower in the northern and
western regions of the WHO European Region but higher in the southern and eastern
regions. As a result, first-line antibiotics, which were highly effective in treating chronic
endometritis just a few years ago, may now be rendered ineffective. This finding is substan-
tiated not only by the latest ECDC report [28], which provides a comprehensive analysis of
current epidemiological trends but also by a recent meta-analysis conducted by Naghavi
et al. [32], which represents the first comprehensive assessment of the global burden of
antimicrobial resistance (AMR) from 1990 to 2021 and highlights the interplay between
epidemiological patterns and various environmental and climatic conditions, offering a
detailed understanding of the observed outcomes and their potential future implications.

Therefore, studies on antibiotic resistance in pathogens causing endometritis are crucial
for revising therapeutic recommendations and tailoring treatments to specific pathogens
and their resistance profiles.

A meta-analysis conducted by Kato and colleagues [36] on pregnancy outcomes in
CE highlighted that standard antibiotic treatments did not improve implantation rates,
illustrating the risk of failure with first-line regimens in the case of MDR infections [37].
As shown in Table 1, according to the CDC, first-line treatment for CE involves the use
of doxycycline, with metronidazole/ciprofloxacin serving as second-line treatments [38].
However, recent studies indicate growing resistance to these first-line treatments [39].

Moreover, evidence suggests that administering corticosteroids in combination with
antibiotics may enhance reproductive outcomes.

Corticosteroids, with their anti-inflammatory properties, can reduce immune-mediated
damage and improve tissue receptivity, while antibiotics address underlying infections,
creating a more favorable environment for successful implantation and pregnancy [40,41].
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Table 1. Antibiotic regimes recommended by CDC for CE [38].
Line Antibiotic Dosage Duration of Treatment
1° Doxycycline 100 mg orally twice daily 14 days
2° Metronidazole 500 mg orally daily 14 days
PLUS
Ciprofloxacin 400 mg orally daily 14 days

Subsequent studies have shown that another quinolone less commonly used in routine
clinical practice, moxifloxacin, exhibits superior activity against the pathogens responsi-
ble for CE, surpassing both ciprofloxacin and metronidazole. This makes moxifloxacin
a promising therapeutic option for managing multidrug-resistant chronic endometritis
(MDR-CE) [1]. In Table 2, we summarize the characteristics of several studies focused
on the treatment of CE, including information on the authors, country, study design, eti-
ological agents, treatments used, treatment durations, and a comparison with the most
recent antimicrobial resistance (AMR) data from the CDC/WHO Antimicrobial Resistance
Surveillance in Europe 2023-2021 report [33]. Based on this data, we offer a personal
perspective by stratifying the risk of treatment failure.

The studies conducted in various countries including Italy, Japan, China, the USA,
Turkey, and Argentina, vary in sample size and study design (retrospective and prospec-
tive) [42] describe the different etiological agents responsible for CE, such as Escherichia coli,
Streptococci, Enterococcus faecalis, Ureaplasma, and Mycoplasma. The treatments commonly in-
volve antibiotics such as ciprofloxacin, amoxicillin/clavulanate, doxycycline, levofloxacin,
and combination therapies with metronidazole. We evaluate the potential risk of treatment
failure by comparing the study results with the CDC/WHO Antimicrobial Resistance
Surveillance in Europe 2023-2021 data.

The risk of treatment failure is stratified based on two critical factors: the antimicrobial
resistance rate and the type of pathogen involved. These factors are essential in predicting
the success or failure of therapy. We define the risks as follows:

e Lowrisk:

e AMR rate: resistance rates for etiological agents are below 10% for
first-line antibiotics.

e Pathogen type: well-known and easily treatable pathogens with low virulence
and minimal resistance (e.g., Streptococcus agalactiae).

e  Moderate risk:

e AMR rate: resistance rates range from 10% to 30%.
e  Pathogen type: pathogens with partial resistance to commonly used antibiotics
(e.g., Escherichia coli resistant to fluoroquinolones).

e High (severe) risk:
e AMR rate: resistance rates exceed 30%, particularly for multidrug-resistant bacte-
ria (e.g., E. coli or Klebsiella pneumoniae).

e  Pathogen type: multidrug-resistant pathogens that are difficult to treat, such as
Klebsiella pneumoniae resistant to carbapenems or ESBL-producing E. coli.

This assessment is based on CDC/WHO AMR surveillance data, underscoring the
growing importance of updated antimicrobial stewardship practices to combat resistance
trends and improve clinical outcomes in CE treatment.
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Table 2. Characteristics of the studies about CE treatment.

Country

Patients

Duration of

CDC/WHO Antimicrobial

Authors and Year with CE Study Design Etiological Agents Treatment Procedure Treatment Resistance Surveillance in Risk of Failure
Europe 2023-2021 Data
Repeated course (up to three times)
Escherichia coli 38/128 C1proﬂoxa(c;1n 500 mg twice a day (if 10 days o .
. ram negative) 30% of E. coli isolates show
Streptococci 31/128 AMR phenotype to
Cicinelli Retrospective Staphylococci 2/128 Amoxicillin/Clavulanate 1 g twice a . phenotyp o .
Italy, 2021 128 ; . o 8 days aminopenicillins, 5.4% show High
etal. [43] study Enterococcus faecalis 33 /128 day (if Gram-positive) AMR
) ; phenotype to
Klebsiella pneumoniae 2 /128 . . - . LR
Josamycin 1 g twice a day (if Aminopenicillins
Ureaplasma 36/128 1 du i Fl inol
Yeast 2/128 mycoplasma and U. urealyticum) 12 days + Fluoroquinolones
PLUS Minocycline 100 mg twice a
day (if persistent)
Enterococcus 15/142 (10.6) Repeated course (up to two times)
Escherichia coli 14/142 (9.9) - -
Ureaplasma paroum 14/46 (30.4) Doxycycline 100 mg twice a day 14 days
Mycoplasma hominis 8/46 (17.4) 21.6% of E. coli isolates show
Streptococcus agalactiae 8/142 (5.6) AMR phenotype to
Corynebacterium 10/142 (7.0) fluoroquinolones, including
Kitaya Japan, 142 Prospective Staphylococcus aureus 7/142 (4.9) Ciprofloxacin Mod
etal. [39] 2017 study Lactobacillus 7/142 (4.9) Metronidazole 250 mg twice a day 33.6% of K. pneumoniae oderate
Ureaplasma urealyticum 6/46 (13.0) PLUS Ciprofloxacin hydrochloride 144 isolates with AMR
Staphylococcus saprophyticus 4/142 (2.8) 200 mg twice a day (if resistance ays phenotype to
Mycoplasma genitalium 4/46 (8.7) to doxycycline) fluoroquinolones,
Streptococcus pyogenes 3/142 (2.1) including ciprofloxacin
Klebsiella pneumoniae 2/142 (1.4)
Staphylococcus epidermidis 1/142 (0.7)
Chlamydia trachomatis 2 /142 (1.4)
¥ R ) Single course
an China, etrospective
etal. [%1] 2014 88 stupdy no data Levofloxacin 500 mg once a day 14 days
PLUS Metronidazole 1 g once a day
Johnston- . Doxycycline 100 mg twice a day 14 days
Retrospective
MacAnanny USA, 2009 43 study no data Ciprofloxacin PLUS metronidazole 144
etal. [44] 500 mg twice a day, respectively ays
Doxycycline 100 mg twice a day 14 days
Xiong et al. China, 2 Retrospective no data Levofloxacin 200 mg twice a day
[45] 2021 study PLUS Metronidazole 500 mg three 14 days

times a day
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Table 2. Cont.
Count Patient Duration of CDC/WHO Antimicrobial
Authors ano;Ye?; w? tile CE Study Design Etiological Agents Treatment Procedure T:le:tn(:en(: Resistance Surveillance in Risk of Failure
Europe 2023-2021 Data
) Single course
Demirdag Turkey, 129 Retrospective d - - -
etal. [46] 2021 study no data Ciprofloxacin 500 mg twice a day 14 days
PLUS Ornidazole 500 mg twice a day
Doxycycline 100 mg twice a day 14 days
Metronidazole 1 g once a day PLUS
Tersoglio Argentina, 14 Prospective dat Ciprofloxacin 1 g once a day (if 14 days
etal. [47] 2015 study no data culture negative)
Linezolid 600 mg once a day
(if persistent) 10 days
. 21.6% of E. coli isolates show
Enterococcus faecalis 16/61 (33) First-line therapy: Ciprofloxacin 104 AMR phenotype to
Mycoplasma/ Ureaplasma 14/61 (30) 500 me twice a da ays . / .
S g twice y fluoroquinolones, including
Escherichia coli 11/61 (23) Ciprofloxacin
Streptococciis a3 lactiae 5-61 (10) Amoxicillin/Clavulanate 1 g twice a 33.6% of K. pneumoniae
Chlamydia 4/61 (8) dav (I : 8d . .
Cicinelli 1 0 5015 Retrospective Streptococcus bovis 2/61 (4) ay (In case of ays isolates with AMR
etal. [4] aly, 61 study Candida 1/61 (2) gram-positive bacteria) phenotype "EO ‘ Moderate
Klebsiella pneumoniae 1/61 (2) Josamycin 1 g twice a day in case of 12 davs ﬂuorqu}nol?]nes, 1.nc1udmg
Staphylococcus epidermidis 1/61 (2) Mycoplasma spp. and U. urealyticum y ciprotioxacin .
4.7% of S. aureus isolates with
Staphylococcus aureus 1/61 (2) Minocycline 100 mg twice a day (in AMR ph
Streptococcus milleri 1/61 (2) Y & y 12 days phenotype

case of persistence)

to fluoroquinolones
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5. Nutritional Role in Chronic Endometritis

Traditionally, the uterine microenvironment was considered sterile. However, recent
genomic research, including the discovery of 16S rRNA in the uterine compartment, has
revealed the presence of bacteria in the uterus [48]. The female reproductive tract hosts
distinct microbial communities in the vagina, cervix, uterus, and fallopian tubes, and
alterations in the uterine microbiota can play a crucial role in uterine-related pathologies
and impair female fertility [27,42].

As part of the mucosal immune system, the endometrium provides an immunologi-
cally suitable niche for the microbiota, with a potential role in modulating inflammatory
and immune responses [49]. The mucosal immune system in the endometrium features gen-
ital epithelial cells expressing pattern recognition receptors (PRRs) like Toll-like receptors
(TLRs) and NOD-like receptors, which are essential for defending against pathogen inva-
sion and facilitating tissue adaptation and reproductive success. The molecular functions
of the endometrial microbiota have been linked to metabolism, genetic information pro-
cessing, immune system regulation, and cellular signaling processes [43,44]. The intestinal
microbiota and female genital tract microbiota represent highly complex, interconnected
ecosystems [45].

The crosstalk between these two systems is vital for maintaining physiological, im-
munological, and metabolic homeostasis [46]. The human endometrium undergoes cyclic
processes such as shedding, repair, regeneration, and remodeling. As part of this dynamic
system, the mucosa serves as a protective barrier, not only guarding against pathogens but
also promoting immune tolerance, which is essential for successful pregnancy [44].

Endometrial receptivity is key to embryo implantation, and immunological tolerance
to fetal antigens, as well as tightly regulated inflammatory mediators, are fundamental in
this context [47,50].

Failures in implantation during assisted reproduction are often due to low-quality
embryos and poor endometrial receptivity, both of which are influenced by the cellular
immune response and microbiota composition [47,51].

A proper diet and the use of probiotics can positively influence the composition of
the intestinal microbiota, improve intestinal integrity, and help maintain or restore normal
vaginal microbiota [52].

Numerous studies demonstrate that diet is a key modifiable factor influencing in-
testinal microflora composition [50]. The Mediterranean diet, rich in fruits, vegetables,
whole grains, healthy fats (e.g., olive oil), and lean proteins, provides essential nutrients
and antioxidants that contribute to an overall anti-inflammatory effect and enhanced im-
mune function [47]. This dietary approach promotes the growth of beneficial bacteria,
particularly Lactobacillus species, which are crucial for maintaining vaginal pH and pre-
venting pathogenic overgrowth. High fiber content in the diet supports gut health, which
is increasingly understood to have a bidirectional relationship with vaginal health via the
gut-vaginal axis [53].

Pre- and probiotic supplements, along with a balanced diet low in fats and rich in
folates, antioxidants, and vitamins (E, C, A, and D), can help maintain the barrier function of
the intestinal mucosa and reduce the proliferation of pathogenic microorganisms [47,50]. An
imbalanced diet, marked by high energy density and low intake of essential micronutrients,
may increase the risk of developing bacterial vaginosis (BV) [47]. In addition to direct
microbial transmission, the gut microbiota, via the estrobolome—the assemblage of gut
bacteria that can metabolize estrogens—indirectly influences hormone levels that impact
the composition of the genital microbiota and the health of the reproductive tract [51,53,54].

Dysbiosis in the gut or vaginal microbiota has been linked to several reproductive
tract disorders, including BV, cervical and endometrial cancer, polycystic ovary syndrome
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(PCOS), postmenopausal syndrome, endometriosis, endometritis, and uterine fibroids
(UFs) [50].

Probiotics have been shown to support vaginal health by competitively excluding
pathogens, producing bacteriocins, and reinforcing the vaginal microbiota’s natural protec-
tive functions [50]. This helps prevent and treat infections such as vulvovaginal candidiasis
(VVC) and BV [46]. Bastani et al. [55] confirmed the effectiveness of probiotics, particularly
L. acidophilus, L. rhamnosus GR-1, and L. fermentum RC-14, in restoring normal urogeni-
tal flora and preventing BV recurrence. Prebiotics, naturally present in foods like garlic,
chicory, artichokes, and bananas, selectively stimulate the growth of beneficial bacteria in
the colon, supporting overall health by modulating the microbial ecosystem [47]. Personal-
ized nutritional interventions that address nutrient deficiencies and reinforce protective
factors, such as prebiotic fibers, can significantly contribute to optimizing endometrial
health and female fertility [56,57].

6. Conclusions

CE remains as an underdiagnosed and poorly known pathology, but it is a frequent
cause of infertility, significantly impacting both the quality of life and the patient’s right to
parenthood. This paper highlights the growing global issue of antibiotic resistance and the
emergence of multidrug-resistant pathogens causing chronic endometritis, which increases
the risk of failure in first-line or empirical treatments. In addition to global AMR risk
factors, patients with endometritis frequently have conditions that require high antibiotic
use (e.g., chronic cystitis, vaginitis), making them more vulnerable to infections caused by
multidrug-resistant organisms.

Limitations of this study should be acknowledged: The reliance on existing literature
and secondary data may introduce biases or inconsistencies due to variations in study
design, sample populations, and diagnostic criteria across sources. Additionally, the
complex interactions between antimicrobial resistance (AMR) and chronic endometritis
(CE) are influenced by several factors, such as patient comorbidities, hormonal variations,
and environmental influences, which were not fully explored in this work. Furthermore,
the heterogeneity in the methodologies used to detect and characterize microbial pathogens
and their resistance profiles may limit the generalizability of conclusions. Future research
incorporating standardized diagnostic protocols, larger and more diverse patient cohorts,
and longitudinal designs would be essential to address these limitations and deepen
the understanding of AMR’s role in CE. A comprehensive exploration of AMR/MDR
requires a systematic approach, addressing specific subtopics such as molecular resistance
mechanisms, gene dissemination pathways, and their impact on resistance dynamics.

Effective chronic endometritis (CE) management necessitates a coordinated, multidis-
ciplinary approach involving infectious disease specialists, gynecologists, nutritionists, and
other relevant professionals. This approach should include the establishment of surveil-
lance programs, the advancement of diagnostic techniques, and the creation of a unified
strategy to improve both our understanding of AMR/MDR and therapeutic outcomes
in CE.

Author Contributions: ED.G. conceptualized and designed the study. L.F,, G.G., and P.L. drafted the
initial manuscript and approved the final manuscript as submitted. A.S., ED.G., and E.C. reviewed
and revised the manuscript. L.E, L.P, A.V,, G.G., and M.B. have contributed to the review and
enhancement of the quality of this paper. All authors take full responsibility for the integrity of the
work. All authors have read and agreed to the published version of the manuscript.



Microorganisms 2025, 13, 197 11 of 13

Funding: This research was partially supported by EU funding within the Next Generation EU-MUR
PNRR Extended Partnership initiative on Emerging Infectious Diseases (Project no. PE00000007,
INF-ACT).

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Kitaya, K.; Yasuo, T. Inmunohistochemistrical and Clinicopathological Characterization of Chronic Endometritis: Characteriza-
tion of chronic endometritis. Am. J. Reprod. Immunol. 2011, 66, 410-415. [CrossRef] [PubMed]

Kimura, F,; Takebayashi, A.; Ishida, M.; Nakamura, A.; Kitazawa, J.; Morimune, A.; Hirata, K.; Takahashi, A.; Tsuji, S.; Takashima,
A.; et al. Review: Chronic endometritis and its effect on reproduction. |. Obstet. Gynaecol. Res. 2019, 45, 951-960. [CrossRef]
[PubMed]

Cicinelli, E.; Trojano, G.; Mastromauro, M.; Vimercati, A.; Marinaccio, M.; Mitola, P.C.; Resta, L.; De Ziegler, D. Higher prevalence
of chronic endometritis in women with endometriosis: A possible etiopathogenetic link. Fertil. Steril. 2017, 108, 289-295.el.
[CrossRef] [PubMed]

Cicinelli, E.; Matteo, M.; Tinelli, R.; Lepera, A.; Alfonso, R.; Indraccolo, U.; Marrocchella, S.; Greco, P.; Resta, L. Prevalence of
chronic endometritis in repeated unexplained implantation failure and the IVF success rate after antibiotic therapy. Hum. Reprod.
2015, 30, 323-330. [CrossRef]

Salam, M.A.; Al-Amin, M.Y,; Salam, M.T.; Pawar, ].S.; Akhter, N.; Rabaan, A.A.; Alqumber, M.A.A. Antimicrobial Resistance: A
Growing Serious Threat for Global Public Health. Healthcare 2023, 11, 1946. [CrossRef]

Mestrovic, T.; Robles Aguilar, G.; Swetschinski, L.R.; Ikuta, K.S.; Gray, A.P.; Davis Weaver, N.; Han, C.; Wool, E.E.; Gershberg
Hayoon, A.; Hay, S.I; et al. The burden of bacterial antimicrobial resistance in the WHO European region in 2019: A cross-country
systematic analysis. Lancet Public Health 2022, 7, e897-€913. [CrossRef]

Song, D.; He, Y.; Wang, Y.; Liu, Z.; Xia, E.; Huang, X; Xiao, Y.; Li, T.-C. Impact of antibiotic therapy on the rate of negative test
results for chronic endometritis: A prospective randomized control trial. Fertil. Steril. 2021, 115, 1549-1556. [CrossRef]
Frallonardo, L.; Vimercati, A.; Novara, R.; Lepera, C.; Ferrante, I.; Chiarello, G.; Cicinelli, R.; Mongelli, M.; Brindicci, G.; Segala,
E.V, et al. Use of Sotrovimab in a cohort of pregnant women with a high risk of COVID 19 progression: A single-center experience.
Pathog. Glob. Health 2023, 117, 513-519. [CrossRef]

Di Gennaro, F.; Guido, G.; Frallonardo, L.; Segala, F.V.; De Nola, R.; Damiani, G.R.; De Vita, E.; Totaro, V.; Barbagallo, M.; Nicastri,
E.; et al. Efficacy and safety of therapies for COVID-19 in pregnancy: A systematic review and meta-analysis. BMC Infect. Dis.
2023, 23, 776. [CrossRef]

Cicinelli, E.; Vitagliano, A.; Kumar, A.; Lasmar, R.B.; Bettocchi, S.; Haimovich, S.; Kitaya, K.; De Ziegler, D.; Simon, C.; Moreno, L;
et al. Unified diagnostic criteria for chronic endometritis at fluid hysteroscopy: Proposal and reliability evaluation through an
international randomized-controlled observer study. Fertil. Steril. 2019, 112, 162-173.e2. [CrossRef]

Klimaszyk, K.; Svarre Nielsen, H.; Wender-Ozegowska, E.; Kedzia, M. Chronic endometritis-is it time to clarify diagnostic criteria?
Ginekol. Pol. 2023, 94, 152-157. [CrossRef] [PubMed]

Pirtea, P; Cicinelli, E.; De Nola, R.; De Ziegler, D.; Ayoubi, ].M. Endometrial causes of recurrent pregnancy losses: Endometriosis,
adenomyosis, and chronic endometritis. Fertil. Steril. 2021, 115, 546-560. [CrossRef] [PubMed]

Barbara, G.; Barbaro, M.R.; Fuschi, D.; Palombo, M.; Falangone, F.; Cremon, C.; Marasco, G.; Stanghellini, V. Corrigendum:
Inflammatory and Microbiota-Related Regulation of the Intestinal Epithelial Barrier. Front. Nutr. 2021, 8, 790387. [CrossRef]
[PubMed]

Kaluanga Bwanga, P; Tremblay-Lemoine, P--L.; Timmermans, M.; Ravet, S.; Munaut, C.; Nisolle, M.; Henry, L. The Endometrial
Microbiota: Challenges and Prospects. Medicina 2023, 59, 1540. [CrossRef]

Cicinelli, E.; De Ziegler, D.; Nicoletti, R.; Colafiglio, G.; Saliani, N.; Resta, L.; Rizzi, D.; De Vito, D. Chronic endometritis:
Correlation among hysteroscopic, histologic, and bacteriologic findings in a prospective trial with 2190 consecutive office
hysteroscopies. Fertil. Steril. 2008, 89, 677—684. [CrossRef]

Yang, R.; Du, X.; Wang, Y.; Song, X.; Yang, Y.; Qiao, J. The hysteroscopy and histological diagnosis and treatment value of chronic
endometritis in recurrent implantation failure patients. Arch. Gynecol. Obstet. 2014, 289, 1363-1369. [CrossRef]

Cicinelli, E.; Haimovich, S.; De Ziegler, D.; Raz, N.; Ben-Tzur, D.; Andrisani, A.; Ambrosini, G.; Picardi, N.; Cataldo, V.; Balzani, M.;
et al. MUM-1 immunohistochemistry has high accuracy and reliability in the diagnosis of chronic endometritis: A multi-centre
comparative study with CD-138 immunostaining. J. Assist. Reprod. Genet. 2022, 39, 219-226. [CrossRef]

Hosseini, S.; Abbasi, H.; Salehpour, S.; Saharkhiz, N.; Nemati, M. Prevalence of chronic endometritis in infertile women
undergoing hysteroscopy and its association with intrauterine abnormalities: A Cross-Sectional study. JBRA Assist. Reprod. 2024,
28, 430-434. [CrossRef]


https://doi.org/10.1111/j.1600-0897.2011.01051.x
https://www.ncbi.nlm.nih.gov/pubmed/21749546
https://doi.org/10.1111/jog.13937
https://www.ncbi.nlm.nih.gov/pubmed/30843321
https://doi.org/10.1016/j.fertnstert.2017.05.016
https://www.ncbi.nlm.nih.gov/pubmed/28624114
https://doi.org/10.1093/humrep/deu292
https://doi.org/10.3390/healthcare11131946
https://doi.org/10.1016/S2468-2667(22)00225-0
https://doi.org/10.1016/j.fertnstert.2020.12.019
https://doi.org/10.1080/20477724.2023.2188839
https://doi.org/10.1186/s12879-023-08747-2
https://doi.org/10.1016/j.fertnstert.2019.03.004
https://doi.org/10.5603/GP.a2022.0147
https://www.ncbi.nlm.nih.gov/pubmed/36511457
https://doi.org/10.1016/j.fertnstert.2020.12.010
https://www.ncbi.nlm.nih.gov/pubmed/33581856
https://doi.org/10.3389/fnut.2021.790387
https://www.ncbi.nlm.nih.gov/pubmed/34790692
https://doi.org/10.3390/medicina59091540
https://doi.org/10.1016/j.fertnstert.2007.03.074
https://doi.org/10.1007/s00404-013-3131-2
https://doi.org/10.1007/s10815-021-02356-1
https://doi.org/10.5935/1518-0557.20240011

Microorganisms 2025, 13, 197 12 of 13

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.
39.

40.

Cicinelli, E.; Resta, L.; Nicoletti, R.; Zappimbulso, V.; Tartagni, M.; Saliani, N. Endometrial micropolyps at fluid hysteroscopy
suggest the existence of chronic endometritis. Hum. Reprod. 2005, 20, 1386-1389. [CrossRef]

Pitsos, M.; Skurnick, J.; Heller, D. Association of pathologic diagnoses with clinical findings in chronic endometritis. J. Reprod.
Med. 2009, 54, 373-377.

Kitaya, K.; Yasuo, T.; Yamaguchi, T. Bridging the Diagnostic Gap between Histopathologic and Hysteroscopic Chronic Endometri-
tis with Deep Learning Models. Medicina 2024, 60, 972. [CrossRef] [PubMed]

Lazarus, J.E.; Gupta, K. Recurrent UTT in Women—Risk Factors and Management. Infect. Dis. Clin. N. Am. 2024, 38, 325-341.
[CrossRef] [PubMed]

Wang, J.; Li, Z.; Ma, X,; Du, L, Jia, Z.; Cui, X,; Yu, L.; Yang, ].; Xiao, L.; Zhang, B.; et al. Translocation of vaginal microbiota is
involved in impairment and protection of uterine health. Nat. Commun. 2021, 12, 4191. [CrossRef] [PubMed]

Amabebe, E.; Anumba, D.O.C. Female Gut and Genital Tract Microbiota-Induced Crosstalk and Differential Effects of Short-Chain
Fatty Acids on Immune Sequelae. Front. Immunol. 2020, 11, 2184. [CrossRef] [PubMed]

European Centre for Disease Prevention and Control. Chlamydia. In ECDC. Annual Epidemiological Report for 2022; ECDC: Stock-
holm, Sweden, 2024. Available online: https:/ /www.ecdc.europa.eu/en/publications-data/chlamydia-annual-epidemiological-
report-2022 (accessed on 23 September 2024).

Tang, W.; Mao, |.; Li, K.T.; Walker, J.S.; Chou, R.; Fu, R.,; Chen, W.; Darville, T; Klausner, ].; Tucker, ].D. Pregnancy and fertility-
related adverse outcomes associated with Chlamydia trachomatis infection: A global systematic review and meta-analysis. Sex.
Transm. Infect. 2020, 96, 322-329. [CrossRef]

Moreno, I.; Codorier, EM.; Vilella, E; Valbuena, D.; Martinez-Blanch, J.F,; Jimenez-Almazan, J.; Alonso, R.; Alam4, P.; Remohi, J.;
Pellicer, A.; et al. Evidence that the endometrial microbiota has an effect on implantation success or failure. Am. J. Obstet. Gynecol.
2016, 215, 684-703. [CrossRef]

Antimicrobial Resistance Surveillance in Europe 2023-2021 Data; European Centre for Disease Prevention and Control and
World Health Organization: Stockholm, Sweden, 2023. Available online: https:/ /www.ecdc.europa.eu/en/publications-data/
antimicrobial-resistance-surveillance-europe-2023-2021-data (accessed on 10 October 2024).

Walsh, T.R.; Gales, A.C.; Laxminarayan, R.; Dodd, P.C. Antimicrobial Resistance: Addressing a Global Threat to Humanity. PLoS
Med. 2023, 20, €1004264. [CrossRef]

Okeke, IN.; De Kraker, M.E.A.; Van Boeckel, T.P.; Kumar, C.K.; Schmitt, H.; Gales, A.C.; Bertagnolio, S.; Sharland, M.; Laxmi-
narayan, R. The scope of the antimicrobial resistance challenge. Lancet 2024, 403, 2426-2438. [CrossRef]

Belay, W.Y.; Getachew, M.; Tegegne, B.A; Teffera, Z.H.; Dagne, A.; Zeleke, T.K.; Abebe, R.B.; Gedif, A.A.; Fenta, A.; Yirdaw, G.;
et al. Mechanism of antibacterial resistance, strategies and next-generation antimicrobials to contain antimicrobial resistance: A
review. Front. Pharmacol. 2024, 15, 1444781. [CrossRef]

Naghavi, M.; Vollset, S.E.; Ikuta, K.S.; Swetschinski, L.R.; Gray, A.P.; Wool, E.E.; Robles Aguilar, G.; Mestrovic, T.; Smith, G.; Han,
C.; et al. Global burden of bacterial antimicrobial resistance 1990-2021: A systematic analysis with forecasts to 2050. Lancet 2024,
404, 1199-1226. [CrossRef]

WHO/ECDC Report: Antimicrobial Resistance Threatens Patient Safety in European Region. 14 April 2023. Avail-
able online: https://www.ecdc.europa.eu/en/news-events/whoecdc-report-antimicrobial-resistance-threatens-patient-safety-
european-region (accessed on 20 October 2024).

Bezabih, Y.M.; Bezabih, A.; Dion, M.; Batard, E.; Teka, S.; Obole, A.; Dessalegn, N.; Enyew, A.; Roujeinikova, A.; Alamneh, E.;
et al. Comparison of the global prevalence and trend of human intestinal carriage of ESBL-producing Escherichia coli between
healthcare and community settings: A systematic review and meta-analysis. JAC-Antimicrob. Resist. 2022, 4, dlac048. [CrossRef]
[PubMed]

WHO Bacterial Priority Pathogens List, 2024: Bacterial Pathogens of Public Health Importance to Guide Research, Development and
Strategies to Prevent and Control Antimicrobial Resistance; World Health Organization: Geneva, Switzerland, 24 July 2024.

Kato, H.; Yamagishi, Y.; Hagihara, M.; Hirai, J.; Asai, N.; Shibata, Y.; Iwamoto, T.; Mikamo, H. Systematic review and meta-analysis
for impacts of oral antibiotic treatment on pregnancy outcomes in chronic endometritis patients. J. Infect. Chemother. 2022,
28, 610-615. [CrossRef] [PubMed]

Kitaya, K.; Matsubayashi, H.; Takaya, Y.; Nishiyama, R.; Yamaguchi, K.; Takeuchi, T; Ishikawa, T. Live birth rate following oral
antibiotic treatment for chronic endometritis in infertile women with repeated implantation failure. Am. J. Reprod. Immunol. 2017,
78, €12719. [CrossRef]

Available online: https://www.cdc.gov/std/treatment-guidelines/pid.htm (accessed on 20 October 2024).

Kitaya, K.; Tanaka, S.E.; Sakuraba, Y.; Ishikawa, T. Multi-drug-resistant chronic endometritis in infertile women with repeated
implantation failure: Trend over the decade and pilot study for third-line oral antibiotic treatment. J. Assist. Reprod. Genet. 2022,
39, 1839-1848. [CrossRef]

Giulini, S.; Grisendi, V.; Sighinolfi, G.; Di Vinci, P.; Tagliasacchi, D.; Botticelli, L.; La Marca, A.; Facchinetti, F. Chronic endometritis
in recurrent implantation failure: Use of prednisone and IVF outcome. J. Reprod. Immunol. 2022, 153, 103673. [CrossRef]


https://doi.org/10.1093/humrep/deh779
https://doi.org/10.3390/medicina60060972
https://www.ncbi.nlm.nih.gov/pubmed/38929589
https://doi.org/10.1016/j.idc.2024.03.010
https://www.ncbi.nlm.nih.gov/pubmed/38599896
https://doi.org/10.1038/s41467-021-24516-8
https://www.ncbi.nlm.nih.gov/pubmed/34234149
https://doi.org/10.3389/fimmu.2020.02184
https://www.ncbi.nlm.nih.gov/pubmed/33013918
https://www.ecdc.europa.eu/en/publications-data/chlamydia-annual-epidemiological-report-2022
https://www.ecdc.europa.eu/en/publications-data/chlamydia-annual-epidemiological-report-2022
https://doi.org/10.1136/sextrans-2019-053999
https://doi.org/10.1016/j.ajog.2016.09.075
https://www.ecdc.europa.eu/en/publications-data/antimicrobial-resistance-surveillance-europe-2023-2021-data
https://www.ecdc.europa.eu/en/publications-data/antimicrobial-resistance-surveillance-europe-2023-2021-data
https://doi.org/10.1371/journal.pmed.1004264
https://doi.org/10.1016/S0140-6736(24)00876-6
https://doi.org/10.3389/fphar.2024.1444781
https://doi.org/10.1016/S0140-6736(24)01867-1
https://www.ecdc.europa.eu/en/news-events/whoecdc-report-antimicrobial-resistance-threatens-patient-safety-european-region
https://www.ecdc.europa.eu/en/news-events/whoecdc-report-antimicrobial-resistance-threatens-patient-safety-european-region
https://doi.org/10.1093/jacamr/dlac048
https://www.ncbi.nlm.nih.gov/pubmed/35668909
https://doi.org/10.1016/j.jiac.2022.01.001
https://www.ncbi.nlm.nih.gov/pubmed/35058127
https://doi.org/10.1111/aji.12719
https://www.cdc.gov/std/treatment-guidelines/pid.htm
https://doi.org/10.1007/s10815-022-02528-7
https://doi.org/10.1016/j.jri.2022.103673

Microorganisms 2025, 13, 197 13 of 13

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.
57.

Zou, Y.; Ming, L.; Ding, J.; Xiao, Z.; Li, S.; Yang, ].; Bao, A.; Zhang, Y. Low dosage of prednisone acetate combined with doxycycline
in the treatment of chronic endometritis in patients with repeated implantation failure. Am. J. Reprod. Immunol. 2023, 89, e13713.
[CrossRef]

Kapetanios, V.; Lampraki, M.; Georgoulias, G.; Kasdaglis, S.; Kliafas, S.; Gkavra, N.; Xountasi, M.; Tsilivakos, V.; Leventopoulos,
M. Correlation between hysteroscopic features and specific microbial species in women with chronic endometritis. Heliyon 2024,
10, €30259. [CrossRef]

Huang, E; Cao, Y,; Liang, J.; Tang, R.; Wu, S.; Zhang, P.; Chen, R. The influence of the gut microbiome on ovarian aging. Gut
Microbes 2024, 16, 2295394. [CrossRef]

Inversetti, A.; Zambella, E.; Guarano, A.; Dell’Avanzo, M.; Di Simone, N. Endometrial Microbiota and Immune Tolerance in
Pregnancy. Int. J. Mol. Sci. 2023, 24, 2995. [CrossRef]

Barrientos-Durédn, A.; Fuentes-Lépez, A.; De Salazar, A.; Plaza-Diaz, J.; Garcia, F. Reviewing the Composition of Vaginal
Microbiota: Inclusion of Nutrition and Probiotic Factors in the Maintenance of Eubiosis. Nutrients 2020, 12, 419. [CrossRef]

Gul, S.; Durante-Mangoni, E. Unraveling the Puzzle: Health Benefits of Probiotics—A Comprehensive Review. |. Clin. Med. 2024,
13, 1436. [CrossRef] [PubMed]

Mizgier, M.; Jarzabek-Bielecka, G.; Mruczyk, K.; Kedzia, W. The role of diet and probiotics in prevention and treatment of bacterial
vaginosis and vulvovaginal candidiasis in adolescent girls and non-pregnant women. Ginekol. Pol. 2020, 91, 412-416. [CrossRef]
Chen, S.; Gu, Z,; Zhang, W.; Jia, S.; Wu, Y.; Zheng, P; Dai, Y.; Leng, ]. Microbiome of the lower genital tract in Chinese women
with endometriosis by 16s-TRNA sequencing technique: A pilot study. Ann. Transl. Med. 2020, 8, 1440. [CrossRef]

Molina, N.; Sola-Leyva, A.; Saez-Lara, M.; Plaza-Diaz, J.; Tubi¢-Pavlovi¢, A.; Romero, B.; Clavero, A.; Mozas-Moreno, J.; Fontes,
J.; Altmie, S. New Opportunities for Endometrial Health by Modifying Uterine Microbial Composition: Present or Future?
Biomolecules 2020, 10, 593. [CrossRef]

Neggers, Y.H.; Nansel, T.R.; Andrews, WW.; Schwebke, ] R.; Yu, K.; Goldenberg, R.L.; Klebanoff, M.A. Dietary Intake of Selected
Nutrients Affects Bacterial Vaginosis in Women, 3. J. Nutr. 2007, 137, 2128-2133. [CrossRef]

Al-Nasiry, S.; Ambrosino, E.; Schlaepfer, M.; Morré, S.A.; Wieten, L.; Voncken, ].W.; Spinelli, M.; Mueller, M.; Kramer, B.W. The
Interplay Between Reproductive Tract Microbiota and Immunological System in Human Reproduction. Front. Immunol. 2020,
11, 378. [CrossRef]

Di Vincenzo, F,; Del Gaudio, A.; Petito, V.; Lopetuso, L.R.; Scaldaferri, F. Gut microbiota, intestinal permeability, and systemic
inflammation: A narrative review. Intern. Emerg. Med. 2024, 19, 275-293. [CrossRef] [PubMed]

Ravel, J.; Moreno, I.; Simén, C. Bacterial vaginosis and its association with infertility, endometritis, and pelvic inflammatory
disease. Am. J. Obstet. Gynecol. 2021, 224, 251-257. [CrossRef]

Elkafas, H.; Walls, M.; Al-Hendy, A.; Ismail, N. Gut and genital tract microbiomes: Dysbiosis and link to gynecological disorders.
Front. Cell. Infect. Microbiol. 2022, 12, 1059825. [CrossRef]

Bastani, P.; Homayouni, A.; Gasemnezhad, V.; Ziyadi, S. Dairy Probiotic Foods and Bacterial Vaginosis: A Review on Mechanism
of Action. In Probiotics; Rigobelo, E., Ed.; InTech: London, UK, 2012; ISBN 978-953-51-0776-7.

Markowiak, P; Slizewska, K. Effects of Probiotics, Prebiotics, and Synbiotics on Human Health. Nutrients 2017, 9, 1021. [CrossRef]
Mamieva, Z.; Poluektova, E.; Svistushkin, V.; Sobolev, V.; Shifrin, O.; Guarner, F,; Ivashkin, V. Antibiotics, gut microbiota, and
irritable bowel syndrome: What are the relations? World J. Gastroenterol. 2022, 28, 1204-1219. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1111/aji.13713
https://doi.org/10.1016/j.heliyon.2024.e30259
https://doi.org/10.1080/19490976.2023.2295394
https://doi.org/10.3390/ijms24032995
https://doi.org/10.3390/nu12020419
https://doi.org/10.3390/jcm13051436
https://www.ncbi.nlm.nih.gov/pubmed/38592298
https://doi.org/10.5603/GP.2020.0070
https://doi.org/10.21037/atm-20-1309
https://doi.org/10.3390/biom10040593
https://doi.org/10.1093/jn/137.9.2128
https://doi.org/10.3389/fimmu.2020.00378
https://doi.org/10.1007/s11739-023-03374-w
https://www.ncbi.nlm.nih.gov/pubmed/37505311
https://doi.org/10.1016/j.ajog.2020.10.019
https://doi.org/10.3389/fcimb.2022.1059825
https://doi.org/10.3390/nu9091021
https://doi.org/10.3748/wjg.v28.i12.1204
https://www.ncbi.nlm.nih.gov/pubmed/35431513

	Introduction 
	Methods 
	Pathogenesis and Risk Factors of Chronic Endometritis and Implication in Antibiotic Resistance 
	Antibiotic Resistance and MDR in Chronic Endometritis 
	Nutritional Role in Chronic Endometritis 
	Conclusions 
	References

