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Purpose of the review 

In recent years there has been significant progress in the study of endometrial 

microbiota. This line of investigation has not been free of controversy and 

discussion. It is key for clinicians involved to remain updated with the most recent 

findings in microbiome and its clinical implications to be able to offer patients all 

possible treatments.  

Recent findings 

The existence of endometrial microbiota now seems undisputed. Current lines of 

work are centered on dysbiosis and its connection to other pathologies. It is in the 

field of assisted reproductive technology (ART) where this research plays an even 

more crucial role. In this case, we are focusing our attention towards the study of 

ectopic pregnancies (EP), searching for similarities in their etiopathogenesis and 

alterations in the endometrial microbiota.  

Summary 

Ectopic pregnancy has great repercussions for patients and for the healthcare 

system. We must continue researching to offer patients techniques and behaviors 

that can prevent it. The increase in its incidence makes ectopic pregnancy an entity 

that we must study. 
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INTRODUCCTION 

We will try to connect the dots between alterations in endometrial microbiota and 

the pathogenesis of EP. The published literature on the matter does not provide 

support so far for this relationship, but we will try to point out similarities that 

lead to believe that both are actually related. 

 

MICROBIOTA 

We have known for over a decade that the upper genital tract (uterus, fallopian 

tubes, and ovaries) are not sterile structures and that tissues like the endometrium 

contains bacterial population that serves different purposes. 

Due to this and taking into consideration the study techniques based on 16S rRNA 

gene sequencing for bacterial identification, we have been able to establish several 

Assumptions that we will take on (1). It is well known that there is a direct 

implication of the microbiome in female reproductive health (1) and that a better 

study and understanding is necessary for clinical practice to be correct, thus 

improving our results as specialists.  

ENDOMETRIAL MICROBIOTA 

The endometrium has been the center of ambitious research and many papers 

conclude that there is a relationship between the existing endometrial microbiota 
and the processes needed to have healthy newborns heading home.  

These investigations have led to a battlefield around the sampling on upper genital 

tract, a very controversial matter due to how limited access to these structures is. 

Drawing samples through the cervix is considered a questionable technique due to 

the possible contamination of the sample, but ultimately we can consider it a 
reliable method (2).  

The bacetrial profile found in the endometrium is specific and differs from the one 

found in the vagina. This was proven in the study carried out in a group of 25 

women where their endometrial microbiota was similar to the one present in the 
cervix, yet significantly different to the one in the vagina (3). 

Simultaneously, microbiota has started to be associated to different pathologies 

and results in female reproduction. 



One of the first relevant breakthroughs by a research group in 2015 used 

sequencing techniques taking samples from the tip of an embryo transfer catheter. 

This provided evidence of the existence of endometrial microbiome, with two 

leading kinds of bacteria, Flavobacterium and Lactobacillus which represented the 

majority of bacteria isolated in the two study groups (women who had become 

pregnant and women who had not). They were also able to describe species that 

varied according to the result (4). 

Later on, using aspirated endometrial liquid taken in the moment of the 

transference, the group of Moreno et al. managed to establish the impact of 

microbiota on reproductive results. The threshold was established at 90% 

presence of Lactobacillus (Lactobacillus dominated endometrium) and connected 

endometrium with <90% to obstetric poor results. This was the first time that 

there was a clear association between a specific microbiota profile and deficient in 

vitro fertility (IVF) results (5**).  

This group also studied the variations of the microbiota throughout the hormonal 

cycle, proving the existence of a stable composition, despite the changes in 

endometrial receptivity. This idea has been highly discussed until this moment, 

due to the fact that the microbiota can be altered influenced by ovarian stimulation 

protocols and progesterone supplements, as some researchers have concluded 

(6*). 

Endometrial microbiota, thus, began to be considered a key piece in the puzzle of 

understanding how the egg is implanted. This would lead to studying microbiota in 

pathologies and/or alterations that we know affect the process of implanting the 
egg. 

A study analyzed the microbiota of 12 women diagnosed with chronic 

endometritis detected differences in the abundance of bacteria. The conclusions 

registered a lower proportion of Lactobacillus and a higher presence of pathogenic 

species like Gardnerella (7) in patients with endometritis compared to women in 

the control group. 

Most of these studies have a small sample size. A recent study with a much bigger 

sample size, analyzed 392 women who had experienced problems to successfully 

implant the egg, were divided in two groups according to Lactobacillus dominance 

previously established by the group of Moreno et al. The results revealed a Non-

Lactobacillus Dominated (NLD) endometrium in almost half of the patients and a 

higher abundance of this species in the luteal phase. In these patients with an NLD 

endometrium, other species, such as Gardnerella, were targeted.  The purpose of 

this work was to evaluate the different treatment regimens and find the best 

improvement rate regarding the percentage of Lactobacillus after sequentially 
administering an oral antibiotic and a vaginal probiotic (8). 

In a published clinical case, persistence of Gardnerella was found (after 18 months 

of follow up and 6 samples) with unfavorable obstetric results (2 spontaneous 

abortions and 1 EP). There were favorable results after several cycles of antibiotics 
followed by probiotic treatment were completed (9). 



However, in clinical practice, we must act with caution because we still do not have 

a clear picture of which antibiotic/probiotic treatments must be used and which 

combinations of both are more successful in the case of endometritis or a failure in 

the implanting of the egg. We must understand this relationship but we still need 
more studies to establish a common practice (1). 

There is still much to unravel regarding endometrial microbiota but as we have 

indicated before it seems to be the clear protagonist. We have to be more skeptical, 

however, when it comes to the higher structures of the upper genital tract 

(fallopian tubes and ovaries). Some groups consider that the bacterial DNA found 

in the fallopian tubes could be transitory o simply remains, and that low levels of 

biomass should not be considered microbiota (10). There is insufficient research 

regarding the bacterial population in these structures. The data currently available 
shows a low presence, highly diverse, of microbiota in the fallopian tubes.   

A group of investigators selected 16 women who had undergone a salpingectomy 

for benign causes. After studying several sections of the fallopian tubes bacterial 

population compatible with being microbiota was found both through analysis by 

electronic microscope as well as through 16S rRNA gene sequencing for bacterial 

identification(11). 

There are groups that have studied the relationship between vaginal microbiota 

and pathologies in the fallopian tubes. Infertility due to tubaric factors has a high 

prevalence in patients with alterations in their vaginal microbiota. These patients 

are also prone to a higher risk of spontaneous in early stages (12). Additionally 

women with bacterial vaginosis seem less prone to have success at IVF treatments 

(13). This is why it is important to diagnose this condition and treat this pathology  

in women with infertility and/or those who are going to be submitted to ART (1). 

We have reviewed the role that dysbiosis in the upper genital tract may have, not 

only in infertility problems but also in cases of early spontaneous abortion and the 
correct evolution of pregnancy. 

There are insufficient studies that analyze endometrial microbiota during 

pregnancy, probably due to the potential consequences that collecting endometrial 

samples could have for the correct evolution of pregnancy. As a consequence we 

still have many things to learn in this field.  

Several studies have proven that bacteria is able to colonize different materno-

fetal tissue and amniotic liquid in healthy successful pregnancies. This bacteria 

seems to have a key role in pregnancies, though we still have to understand well 

which bacteria is needed and the role they play in the pregnancies. This matter has 
also been studied by the group of Moreno et al. (14*).   

The study of endometrial microbiota in a group of 19 women that underwent a 

cesarian section revealed a low percentage (<1% in 15 patients) of Lactobacillus. 

This fact revealed the presence of different bacterial population in the decidua that 

is not dominated by Lactobacillus can also lead to successful pregnancies (16). 



ECTOPIC PREGNANCY (EP) 

As we have mentioned before, there are no studies where the microbiota is 

established as the factor to explain EP. However we do find in the related 

literarture, similiarities between the alterations that could lead to bacterial 
dysbiosis and risk factor and pathogenesis of EP. 

EP is a well known complication, which is feared by all gynecologists because it is 

one the main threats to the fertility of women. 

The main studies estimate an incidence of 2% in the case of spontaneous 

pregnancy, reaching up to 5% in the case of ART (17).  

In 92% of the cases the fallopian tubes are the place where the egg is implanted. 

The region of the ampulla is the most frequent area where this takes place (18). 

Despite early diagnosis, it causes high morbidity and mortality rates, reaching 

1.4% in certain series (19). 

A study by Chouinard concluded that women that had suffered an EP had lower 

rates of later intrauterine pregnancies. These pregnancies were subject to a higher 

risk of obstetric complications, such as early delivery, underweight newborns, 

cesarean section births or placentation conditions (preclampsia, placenta previa), 

regardless of whether ART are used or not (20).  

Taking into consideration this data it is important to continue studying EP in an 

attempt to prevent this condition, in the light of the close relationship it has with 

fertility and ART. 

Risk factors are an important target to study and we believe the analysis should be 

focused on the impact on microbiota in the upper genital tract; from the more 

classic maternal age, consumption of tobacco, precedents in pelvic infections, 

previous EP, previous damage to fallopian tubes (such as obstruction), or 
abdominal surgery (17). 

Risk factors in ART 

EP are more common in patients who have undergone IVF. The reason for this 

remains unknown. 

Patients subject to IVF with the highest rate of EP are those who had previously 

undergone abdominal surgery and those diagnosed with infertility due to the 

tubaric factors (21). Both groups are more at risk of suffering heterotopic 

pregnancies. 

If instead of taking into consideration the type of patients we consider the factors 

to be considered in the case of ART, as well as treatments or techniques, we come 

to the conclusion that the incidence of EP does not differ depending on the 
protocols of ovarian stimulation used (22). 

We do not find differences regarding the number of embryos, the day the 

transference is carried out (on day 3 or day 5), or whether the embryos are fresh 



or frozen (21). Therefore, none of these can be considered risk factors. Another 

group reached similar results, but did find slow development blastocyst transfers 
to be a risk factor (23). 

We also find factors that protect against EP in ART such as having an endometrium 

with the adequate thickness (24). This proves that endometrial health is 

fundamental to ensure a correct implant of the egg. 

Risk factors in spontaneous pregnancies 

Pelvic inflamatory disease (PID) is a condition that plays a significant role in EP 

and infertility and is the main cause of sexually transmitted infections (STI).  

PID seem significant risk factors in themselves and could seem independent from 

the circumstances that lead to an EP (25*). Gonorrhoea and chlamydia are 

conditions traditionally related to PID. But, nowadays we know that 

micorogranisms that appear related to PID and infertility are independent from 

gonorrhoea and chlamydia. If several of these conditions are present 
simultaneously, the risk spikes (26). 

According to a meta-analysis (27), infection by Chlamydia trachomatis (CT) the risk 

of PID, EP and tubaric originated infertility increases (28). Despite having an 

asymptomatic and low incidence presence, the risk posed is higher than more 

visible conditions such as gonorrhea (29), even after targeted antibiotic treatment 

has been completed (30).    

The information we currently have regarding early detection and treatment 

diminishes the risk of pelvic inflammatory disease (and its consequences) is still 

unclear. We still do not have good diagnose techniques, screening strategies, nor 

prevention despite the rapid growth of STI (31). 

What we do know is that an altered microbiota could stop being the necessary 

barrier to avoid a fatal outcome in these infections. If they do occur they can lead to 

transformation (dysbiosis among others) responsible of the consequences (tubaric 
infertility, chronic endometritis…) (14).   

 

CONCLUSION 

Relation between the microbiota and ectopic pregnancies. 

The mechanisms involved in an EP, such as abnormal tubaric transport and/or an 

inflammatory environment can be behind the faulty implantation in the ampular 

region of the fallopian tube. These theories do not manage to pinpoint the precise 

pathogenesis of EP which still remains unknown. 

There is not a consensus on whether an altered microbioma is the cause or the 

effect of an illness (14). Several authors speculate with the relevant interaction of 

endometrial microbiome with the epithelium and its population of immune cells, 

which might give way to an altered receptivity, and a faulty implantation of the egg 



(32). There is probably a synchronized task carried out by the microbiota and the 

immune system creating a balanced medium for the egg to be successfully 
implanted. Any alteration of this balance could lead to a faulty implantation (33). 

We know that there are several cytokines involved both in the endometrial 

receptivity and in the development of the embryo. They are influenced by 

inflammatory and infectious mechanisms, and therefore are affected, as well, by 
the microbiota (34**). 

There seems to be a significant increase in the appearance of pro-inflammatory 

genes (TNF-α, IL-6, and IL-8) and the levels of PROKR  (prokineticin receptors that 

regulate the contractility of the smooth muscle) in the fallopian tubes of patients 

with tubaric EP. PROKR2 and IL-8 are risk factor that can lead to EP and are 
involved in its pathogenesis (35). 

Other molecules have a relevant role as an anti-inflammatory agent in the mucus of 

the female genital tract. Elafin (elastase-specific inhibitor) is significantly 

augmented in the epithelium and connective tissue in the point where the egg is 

implanted in tubaric EP (36). Adrenomedullin (ADM) is a peptide hormone with a 

potent anti-inflammatory activity that is highly present in the fallopian tubes and it 

is present in lower levels in patients diagnosed with salpingitis  or a tubaric EP. 

This is due to an increase in macrophage response that triggers an excess of pro-
inflammatory and pro-implantation cytokines IL-6 and IL-8 (37). 

It seems obvious that the immunitary deregulation is closely tied to different 

pathogenic ways in the female reproductive system. One of these ways could be 
endometrial dysbiosis. 

Our work group has begun to study endometrial microbiota in patients diagnosed 

with EP. The purpose of the study is to establish whether there is dysbiosis in the 

samples collected, which could be a factor that led to some women being 

predisposed to suffer EP. We take into consideration the endometrial microbiota of 

intrauterine pregnancies in comparison to EP in order to prove that endometrial 
dysbiosis can be a determining factor in EP. 

 

Acknowledgements  

None.  

Financial support and sponsorship  

None.  

Conflicts of interest  

None. 

 

REFERENCES AND RECOMMENDED READING  



1. Mlodzik N, Lukaszuk K, Sieg W, et al. Endometrial microbiota - do they mean 

more than we have expected? Ginekologia Polska. 2020; 91: 45-48. 

2. García-Velasco J, Budding D, Campe H, al e. The reproductive microbiome – 

clinical practice recommendations for fertility specialists. Reprod Biomed 
Online. 2020; 41: 443-53. 

3. Winters A, Gervasi M, Gomez-Lopez N, et al. Does the endometrial cavity 

have a molecular microbial signature? Sci Rep. 2019; 9: 9905. 

4. Franasiak J, Werner M, Juneau C, et al. Endometrial microbiome at the time 

of embryo transfer: next-generation sequencing of the 16S ribosomal 
subunit. J Assist Reprod Genet. 2016; 33: 129-36. 

5. Moreno I, Codoñer F, Vilella F, et al. Evidence that the endometrial 

microbiota has an effect on implantation success or failure. m J Obstet 

Gynecol. 2016; 215: 684-703. 

** First work where the endometrial microbiota profile is studied and is 
related to reproductive failures, obtaining clear results. 

6. Carosso A, Revelli A, Gennarelli G, et al. Controlled ovarian stimulation and 

progesterone supplementation affect vaginal and endometrial microbiota in 

IVF cycles: a pilot study. J Assisr Reprod Genet. 2020; 37: 2315-26. 

* Study in which the changes in the endometrial microbiota caused by the 
treatments are evaluated. 

7. Liu Y , Ko E, Wong K, et al. Endometrial microbiota in infertile women with 

and without chronic endometritis as diagnosed using a quantitative and 

reference range-based method. Fert Ster. 2019; 112: 707-717. 

8. Kadogami D, Nakaoka Y, Morimoto Y, et al. Use of a vaginal probiotic 

suppository and antibiotics to influence the composition of the endometrial 

microbiota. Reprod Biol. 2020; 20: 307-14. 

9. Garcia-Grau I, Perez-Villroya D, Bau D, et al. Taxonomical and Functional 

Assessment of the Endometrial Microbiota in A Context of Recurrent 

Reproductive Failure: A Case Report. Pathogens. 2019; 8: 205. 

10. O´Callaghan J, Turner R , Dekker Nitert M, et al. Re-assessing microbiomes 

in the low-biomass reproductive niche. BJOG. 2020; 127: 147-58. 

11. Pelzer E, Willner D, Huygens F, et al. Fallopian tube microbiota: evidence 
beyond DNA. Future Microbiol. 2018; 13: 1355-61. 

12. Haahr T, Zacho J, Bräuner M, et al. Reproductive outcome of patients 

undergoing in vitro fertilisation treatment and diagnosed with bacterial 

vaginosis or abnormal vaginal microbiota: a systematic PRISMA review and 
meta-analysis. BJOG. 2018; 126: 200-7. 



13. Singer M, Borg M, Ouburg S, Morré S. The relation of the vaginal microbiota 

to early pregnancy development during in vitro fertilization treatment-A 
meta-analysis. J Gynecol Obstet Hum Reprod. 2019; 48: 223-29. 

14. Moreno I, Franasiak J. Endometrial microbiota - new player in town. Fertil 

Steril. 2017; 108: 32-39. 

* Review the current literature that surrounds the endometrial microbiome 

and highlight the importance of assessing it as a future tool for improving 

reproductive outcomes in infertile patients 

15. Leoni C, Ceci O, Manzari C, et al. Human Endometrial Microbiota at Term of 
Normal Pregnancies. Genes (Basel). 2019; 10: 971.  

16. Mummert T, Gnugnoli DM. Ectopic pregnancy. StatPearls Publishing; 2021 
Available from: https://www.ncbi.nlm.nih.gov/books/NBK539860/ 

17. Ononuju C, Ogbe A, LL C, al e. Ectopic pregnancy in Dalhatu Araf Specialist 

Hospital Lafia Nigeria - A 5 year review. Niger Postgrad Medical Journal. 
2019; 26: 235-38. 

18. Olamijulo J, Okusanya B, Adenekan M, al e. Ectopic Pregnancy at the Lagos 

University Teaching Hospital, Lagos, South‐Western Nigeria: Temporal 

Trends, Clinical Presentation and Management Outcomes from 2005 to 

2014. Nigerian Postgraduate Medical Journal. 2020; 27: 177-83. 

19. Chouinard M, Mayrand M, Ayoub A, et al. Ectopic pregnancy and outcomes 
of future intrauterine pregnancy. Fertil Steril. 2019; 112: 112-19. 

20. Liu X, Qu P, Bai H, al e. Endometrial thickness as a predictor of ectopic 

pregnancy in 1125 in vitro fertilization‐embryo transfer cycles: a matched 

case–control study. Arch Gynecol Obstet. 2019; 300: 1797-803. 

21. Rydze R, Schoyer K, Wang S. Ectopic pregnancy: why do embryos get lost 

along the way? Fertil Steril. 2020; 114: 1165. 

22. Murtinger M, Wirleitner B, Schuff M, et al. Suboptimal endometrial-

embryonal synchronization is a risk factor for ectopic pregnancy in assisted 

reproduction techniques. Reprod Biomed Online. 2020; 41: 254-62. 

23. Liu H, Zhang J, Wang B, Kuang Y. Effect of endometrial thickness on ectopic 

pregnanzy in frozen embryo transfer cycles: an anaysis incluiding 17.244 

pregnancy cycles. Fertil Steril. 2020; 113: 131-39. 

24. Huang C, Huang C, Lin S, et al. Association of pelvic inflammatory disease 

(PID) with ectopic pregnancy and preterm labor in Taiwan: A nationwide 

population-based retrospective cohort study. Eur J Contracept Reprod 

Health Care. 2019; 24: 294-98. 

25. Haggerty C, Totten P, Tang G, et al. Identification of novel microbes 

associated with pelvic inflammatory disease and infertility. Sex Transm 

Infect. 2016; 92: 441-46. 



* This work is the one that relates bacterial vaginosis with PID and its 

reproductive repercussions. 

26. Xia Q, Wang T, Xian J, et al. Relation of Chlamydia trachomatis infections to 

ectopic pregnancy: A meta-analysis and systematic review. Medicine 
(Baltimore). 2020; 99. 

27. Hoenderboom B, van Benthem B, van Bergen J, et al. Relation between 

Chlamydia trachomatis infection and pelvic inflammatory disease, ectopic 

pregnancy and tubal factor infertility in a Dutch cohort of women 

previously tested for chlamydia in a chlamydia screening trial. Sex Transm 
Infect. 2019; 95: 300-06. 

28. Reekie J, Donovan B, Guy R. Chlamydia and Reproductive Health Outcome 

Investigators. Risk of Ectopic Pregnancy and Tubal Infertility Following 

Gonorrhea and Chlamydia InfectionsChlamydia and Reproductive Health 

Outcome Investigators. Risk of Ectopic Pregnancy and Tubal Infertility 

Following Gonorrhea and Chlamydia Infections. Clin Infect Dis. 2019; 69: 
1621-23. 

29. den Heijer C, Hoebe C, Driessen J, et al. Chlamydia trachomatis and the risk 

of pelvic inflammatory disease, ectopic pregnancy and female infertility: A 

retrospective cohort study among primary care patients. Cin Infect Dis. 

2019; 69: 1517-25. 

30. Tamarelle J, Thiébaut A, Sabin B, et al. Early screening for Chlamydia 

trachomatis in young women for primary prevention of pelvic inflammatory 

disease (i-Predict): study protocol for a randomised controlled trial. Trials. 

2017; 18: 534. 

31. Adamson P, Loeffelholz M, Klausner J. Point-of-Care Testing for Sexually 

Transmitted Infections: A Review of Recent Developments. Arch Pathol LAb 

Med. 2020; 144: 1344-51. 

32. Di Simone N, Santamaria Ortiz A, Specchia M, et al. Recent Insights on the 

Maternal Microbiota: Impact on Pregnancy Outcomes. Front Immunol. 
2020; 11. 

33. Agostinis C, Mangogna A, Bossi F, et al. Uterine Immunity and Microbiota: A 

Shifting Paradigm. Front Immunol. 2019; 10. 

34. Benner M, Ferwerda G, Joosten I, van der Molen R. How uterine microbiota 

might be responsible for a receptive, fertile endometrium. Hum Reprod 

Update. 2018; 24: 393-415. 

** Review that focuses on the interaction of the microbiota with immunity 

and its implication in the health and disease of the uterus. 

35. Ma L, Li Z,  Xi S, et al. Tubal ectopic pregnancy occurrence is associated with 

high expressions of prokineticin receptors and aberrant secretion of 

inflammatory cytokines. Am J Transl Res. 2020; 12: 5741-51. 



36. Zakizadeh F, Mahmoudzadeh-Sagheb H, Asemi-Rad A, et al. Upregulation of 

elafin expression in the fallopian tube of ectopic tubal T pregnancies 
compared to the normal tubes. J Reprod Immunol. 2020; 141. 

37. Wang X, Lee CL, Vijayan M, et al. Adrenomedullin insufficiency alters 

macrophage activities in fallopian tube: a pathophysiologic explanation of 

tubal ectopic pregnancy. Mucosal Immunol. 2020;13: 743-752.  


