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Many aetiological agents pose a risk to pregnancy; in particular, infections of the genital tract by various pathogens
that can cause serious health issues for both mothers and their fetuses have become a major public health issue
all over the world for their high and growing prevalence. Genital infections can have a long duration, and women
with these infections before pregnancy might also have increased risks of adverse outcomes including
macrosomia, preterm birth (PTB), and spontaneous abortion. Multiple types of viral, bacterial, fungal, and parasitic

infections have been identified that can affect the health of the pregnant woman, the pregnancy, and the infant after

delivery.
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| 1. Introduction

In the 2021 Report of the UN Inter-agency Group for Child Mortality Estimation, the rates of miscarriage, defined as
the loss of pregnancy before viability, was estimated at 11-22% of pregnancies 1; an estimated 23 million
miscarriages occur globally every year [2, The rates of neonatal deaths and stillbirths, defined as a child born dead
after 28 weeks of gestation, are estimated at 16.7/1000 and 13.9/1000 births, respectively 2. The global burden of
stillbirth is enormous: about 2 million infants die every year. Stillbirth rates vary significantly between countries from
1.4 to 32.2 per 1000 births; 34% of global stillbirths occur in Central and Southern Asia and 42% in Sub-Saharan
Africa. In contrast, an average of about 1% of global stillbirths occur in North America, Europe, Australia, and

Oceania 31,

Focussing on preterm birth (PTB, before 37 completed weeks of gestation), every year, over 15 million babies are
born preterm, and this number is rising L. Across 184 countries, PTB rates range from 5% to 18% of babies born
(1l and the average global PTB rate is about 11% [, It is the leading cause of death amongst children; one million
children die due to PTB before the age of five years, and it accounts for 35% of all deaths amongst newborns (age
< 28 days) and for 18% of all deaths amongst children aged under five years [4l. The rates of PTB and mortality
vary significantly between countries and within countries, and, besides perinatal mortality, it is a major cause of
serious neonatal morbidity and moderate to severe childhood disability in developed and underdeveloped

countries. The burden of PTB is particularly high in low- and middle-income countries.
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Ordinarily, pregnancy is a normal state of health, but changes in hormone levels and immune system function can
make gravid women more susceptible to diseases that pose health risks to the mother, the child, or both.
Complications during pregnancy have complex causes including alcohol or drug use, smoking, inadequate prenatal
care, genetic background, maternal age, hypertension, nutritional status, diabetes, genitourinary tract infections,

and several other risk factors =,

The aetiology of pregnancy disorders is multifactorial, but the importance of the microbiota of the female genital
tract (vagina and uterus) for maternal and infant health is shown by links between the dysbiosis of this tract and
negative pregnancy outcomes. Some diseases that create problems primarily for the mother are urinary tract
infections, vaginitis, postpartum infections, and pneumonia. For the child, adverse pregnancy outcomes related to

maternal infections are miscarriage, stillbirth, PTB, low birth weight, and neonatal and perinatal mortality.

A little over a decade ago in 2011, volume 118 of the British Journal of Obstetrics and Gynaecology devoted a
special issue to ‘Infections in Pregnancy’. The editorial stated “Infections of mothers and their babies (both in utero

and ex utero) are a major global health challenge” 8. The threat remains today.

| 2. Types of Infections during Pregnancy
2.1. Viral Infections

Different types of viruses have been identified as risk factors for maternal and infant heath. Arboviruses can cross
the placenta and have been linked with fetal morbidity and mortality. Venezuelan equine encephalitis, West Nile,
and Zika viruses have been associated with fetal malformations and demise, and neonatal death. Moreover,

dengue and chikungunya viruses have been connected with adverse infant and mother outcomes [,

The Hepatitis A virus is an important cause of materno-fetal infections in endemic regions owing to the spread of
the disease. Most women infected with Hepatitis A during pregnancy and their infants do not experience serious
complications. Nonetheless, this infection poses a higher risk of preterm labour, especially if it occurs during the
second or third trimester. Other increased risks associated with Hepatitis A infection may include: premature uterine
contractions. placental abruption, and the preterm prelabour rupture of membranes (PPROM). An increased
chance for birth defects following exposure to Hepatitis A in pregnancy has not been shown [&l. Chronic Hepatitis B
virus infection in pregnant women increases the risk of intrahepatic cholestasis, gestational diabetes mellitus, pre-
eclampsia, and PTB rates 2. In Hepatitis-E-endemic countries, there is a high burden of infection amongst
pregnant women, this virus can cause fulminant hepatic failure, and, in third trimester infections, it has been
associated with up to 30% mortality. Hepatitis E virus can be transmitted from infected mothers to their infants with

significant perinatal morbidity and mortality 19

The influenza virus has been related to various negative pregnancy outcomes; however, the results of a recent
meta-analysis suggested a correlation with an increased risk of stillbirth, but no clear effects on small-for-

gestational-age development, low birth weight, PTB, and fetal death 2. Pregnant women with measles infection
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are at risk of severe pregnancy complications. The virus is not teratogenic but causes a dysregulation of the entire
immune system that may interfere with the normal course of pregnancy. Measles virus infection alters the
physiological mechanisms of immunotolerance present during pregnancy such that it can lead to a reaction similar
to rejection, manifested by the spontaneous abortion or premature expulsion of the fetus. Measles in pregnancy

can also lead to perinatal infections in the newborn, associated with neurological complications and a high mortality
[12]

Pregnant women who contract rubella (German measles) are at risk of miscarriage or stillbirth, and their
developing infants are at risk of severe birth defects. The timing of the infection is crucial: contracted by the fetus
during the first 12 weeks of gestation, it is likely to result in many infant problems; in infections acquired between
12 and 20 weeks of pregnancy, usually, the problems will be milder; in infections acquired at later gestational ages,

commonly, there will not be problems with the infant 13,

Herpes simplex (HSV) infection during pregnancy increases the risk of stillbirth, spontaneous abortion, and
premature birth. These infections are well-known causes of childhood sequelae 4. Human cytomegalovirus is a
major cause of adverse nonhereditary birth outcomes, including hearing and visual loss, neurologic deficits, and
intrauterine growth retardation; the virus may contribute to outcomes such as stillbirth and preterm delivery 13,
Human-papilloma-virus-positive women have an increased risk of pregnancy problems, such as miscarriage,
pregnancy-induced hypertensive disorders, intrauterine growth restriction, low birth weight, the premature rupture

of membranes, and PTB 18],

Untreated maternal human immunodeficiency (HIV) virus infection increases the risk of stillbirth, preterm delivery,
low birth weight, and small-for-gestational-age infants. In 2013, the World Health Organization recommended the
use of antiretroviral therapy for all pregnant and breastfeeding women for the prevention of mother-to-child HIV

transmission 121,

2.2. Bacterial Infections

Bacterial colonisation of the female genital tract has been studied for a long time and extensively. These
investigations have resulted in a considerable body of knowledge about the bacteria that have their habitats in the
genital tract of healthy women, and those associated with disease; the latter represent a risk to the outcome of

pregnancy.

Prominent amongst beneficial bacteria are four well-studied species of lactobacilli, L. crispatus, L. iners, L. gasseri,
and L. jensenii (18, A characteristic of female genital infections is that, usually, they are polymicrobial, of mixed
aerobes and anaerobes that frequently outnumber aerobes. Common bacteria in genital tract infections are
Chlamydia trachomatis, Clostridium spp., Gardnerella vaginalis, Mobiluncus mulieris, Nesseria gonorrhoeae,
Peptostreptococcus spp., Porphyromonas spp., Prevotella bivia, Streptococcus agalactiae (Group B Streptococus,

GBS), Ureaplasma urealyticum, and others 18,
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Commonly, the presence of pathogens is tested by cultivation to identify the bacteria involved in genital infections
and apply appropriate therapeutic measures, but, in many instances, no diagnosis had been possible owing to the
absence of growth in cultures from genital tract swabs. Knowledge of this microflora has improved remarkably by
employing culture-independent new sequencing methods that have yielded a vast increase in the number of taxa

identified in the female genital tract.

2.3. Fungal Infections

The female genital mycobiota cincludes fungi residing in the reproductive tract: common taxa are Aspergillus,
Candida, Sacharomyces, Sporobolomyces, and others. During pregnancy, increased levels of progesterone and
oestrogen affect the vaginal microenvironment; these physiological changes are a risk factor for candidiasis
(commonly known as thrush). Candida is the leading genus of fungal cervicovaginal infections present in
approximately 20% of non-pregnant women; it increases to an average of 30% during pregnancy, with a risk that
can be as high as 50% in the third trimester [19 and it can lead to intrauterine infection, endometritis, and

choroamnionitis 22,

2.4. Parasitic Infections

Parasitic infections are common among pregnant women, owing to reduced body immunity, and they can affect the
physiology of the mother’s body. Helminth infection may be particularly detrimental during pregnancy by increasing
the risk of PTB, low birth weight, and maternal anaemia. Prenatal exposures to these infections are linked to infant
impaired behavioral development 21, In contrast, urogenital schistosomiasis is not significantly associated with

adverse pregnhancy outcomes [22],

Scabies mite infection accounts for 2% to 6% of skin conditions during pregnancy, but the infection is not known to
cause directly negative pregnancy and fetal outcomes. Scratching the scabies rash may lead to secondary
infections and even sepsis. Scabies-related infections may also increase the risk of having kidney diseases and

rheumatic heart disease 23!,

Pregnant women infected with malaria have adverse consequences on birth outcomes, including having small-for-
gestational-age and preterm infants 24, as well as low birth weights, that predisposes them to infant mortality and
lifelong morbidities 221, An investigation involving 361 pregnant women with simple malaria and 85 women with
severe malaria showed significant differences in the perinatal poor outcomes between simple and severe malaria
and by the trimester of infection 28],

The global annual prevalence of congenital toxoplasmosis is estimated to be over 190,000 cases. A primary
Toxoplasma gondii infection in pregnant women can cause the vertical transmission of the parasite and result in
miscarriage, stillbirth, premature birth, abortions, malformations, neonatal mortality, and a variety of neurological
sequelae 27, Infants with congenital toxoplasmosis may exhibit clinical signs of hydrocephalus, mental retardation,
eye disease, and other severe sequelae. The poor health condition of infants with congenital toxoplasmosis

contributes to their heavy global health burden [28],
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Trichomonas vaginalis infection is the most common non-viral sexually transmitted disease in the world. Often, it is
asymptomatic and can be eliminated with proper treatment. Untreated trichomoniasis in pregnant women is

associated with preterm delivery, the prelabour rupture of membranes, and low birth weight 22,

| 3. The Vaginal Microbiome during Pregnancy

During pregnancy, various physiological changes take place to adapt the mother’s body to the fetus and vice versa.
This adaptation is governed by hormonal changes that lead to immune modulation, behavioural changes,
physicochemical changes in the genital mucosa, and other adjustments in the genital tract. All these factors drive a
modulation in the structure and function of the pregnant woman microbiome, making it different from that of non-
pregnant females B9, In addition to many other hormonal changes, pregnancy is characterised by high circulating
oestrogen concentrations, mainly produced by the placenta, and increased glycogen deposition on the vaginal
epithelium Bl Such conditions favour the proliferation and dominance of Lactobacillus, which metabolises
glycogen’s breakdown products to lactic acid B2, As a result, during a healthy pregnancy, often, the vaginal

microbiome has low bacterial species diversity.

Commonly, during the course of gestation, the vaginal microbiome of individual women with a healthy pregnancy
undergoes a reduction in the diversity of microbial communities (alpha-diversity), but there are increases in
microbial diversity between subjects (beta-diversity) and in the overall number of different taxa that result in a
larger number of vagitypes being identified in pregnancies than in non-pregnancies. Also characteristic of
pregnancy are shifts in vagitypes, discussed in more detail in the description of longitudinal studies. These
changes are unrelated to those that arise from the pre-pregnancy body mass index, the development of gestational

diabetes, or the number of previous births.

The prevalence of a specific vagitype stems from the stability of the microbial community, the lack of stability of
other vagitypes, and the probabilities of switching among different dominant communities. Vagitypes dominated by
lactobacilli, in particular, L. crispatus, are quite stable during pregnancy; others, for example, ones dominated by G.
vaginalis, exhibit less stability 23, Racial background plays an important role in the vaginal microbiota composition.
For instance, the vaginal microbiota in non-pregnant or pregnant women of African ancestry includes commonly
anaerobic bacteria such as G. vaginallis, A. vaginae, and S. amnii, and fewer Lactobacillus species. This
occurrence increases the risk of bacterial vaginosis and PTB in women of African ancestry relative to women in

other racial groups 221,

In addition to the known vaginal bacterial communities, there is a vaginal virome abundant in double-stranded DNA
viruses, a lesser number of single-stranded DNA viruses, and a few unidentified viruses. Pathogenic viruses found
in the vagina are taxa belonging to the order Herpesvirales and the family Papillomaviridae. Little information exists

about the vaginal mycobiome 89,

Investigations of the vaginal microbiota in pregnant women can be classified as cross-sectional studies that provide

snapshots at specific moments during pregnancy and longitudinal studies that address the temporal changes in
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this microbiome as pregnancy progresses. These studies have characterised normal pregnancies that finish at

term, and/or abnormal pregnancies that end before a complete gestational period.
3.1. Cross-Sectional Studies

The vaginal microbiomes of pregnant women show similarities to those of non-pregnant women but with the
following differences: (i) significant changes after delivery, and the inference that significant changes would have
taken place too at the beginning of the pregnancy; (ii) stable populations throughout healthy pregnancies; and (iii) a
varying number of vagitypes. Cross-sectional investigations highlighted the complexity and diversity of vaginal
bacterial communities, indicating that there are racial differences in the vaginal microbiomes of women with healthy
pregnancies. The findings of these studies also clarified that there are differences in the taxa abundance and
diversity between healthy term pregnancies and those with adverse outcomes such as miscarriage, stillbirth, and
preterm. However, many of these studies comprised a limited number of subjects, and yielded only an initial

understanding of the vaginal microbiome during pregnancy.

3.1.1. Healthy Pregnancies

In pregnant women, the taxa more frequently observed and in greater abundance are Lactobacillus spp.; also
present in the vagina with high frequency are the Actinomycetales, Clostridiales, and Bacteroidales taxa 34,
Lactobacillus spp. are abundant in the vaginal anaerobic habitat and create an environment hostile to many other
bacteria. In particular, lactic acid keeps the vaginal pH below 4.5, thus establishing a defence against invading
pathogens and contributing to a healthy vaginal environment. The most important role, as an antibacterial of the
two L- and D-lactic acid forms, corresponds to the D-isomer from which hydrogen peroxide can be generated.
Notably, the dominant Lactobacillus species play an important role in the protection of the vaginal ecosystem. The
health and high stability of the vaginal community are enhanced by L. crispatus that produces D- and L-lactic acids
831 | . jners does not generate D-lactic acid 28, and dysbiosis and lower stability are more commonly present in

some racial backgrounds where the vaginal microbiota is dominated by this Lactobacillus.

To investigate the vaginal microbiome diversity that arises from racial background, the vaginal microflora of 300
Caucasian-, African-, or Hispanic-ancestry pregnant women were compared to those of 300 non-pregnant women
case-matched for race, gestational age, and household income. The study found that pregnant women overall
have a significantly higher prevalence of the four most common Lactobacillus vagitypes and a lower prevalence of
vagitypes dominated by other taxa. Central to these differences was a higher prevalence of the L. iners vagitype
during pregnancy at the expense of the G. vaginalis and other more complex vagitypes. Relative to non-pregnant
women, a lower prevalence of G. vaginalis, A. vaginae, Prevotella cluster 2, P. bivia, and S. amnii was observed
amongst African-American pregnant women, and a higher abundance of A. vaginae and P. bivia in Hispanic
pregnant women. A lower prevalence of L. crispatus, accompanied by a higher prevalence of L. iners, was found in
Caucasian pregnant women relative to non-pregnant women. In this group, the microbiome shifted towards a more
stable, generally Lactobacillus-dominated profile; in women of African or Hispanic lineage, a major shift was
observed in the early stages of pregnancy 231,
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3.1.2. Pregnancies with Adverse Outcomes

Remarkable progress has been made in understanding the role of the vaginal microbiome in maintaining health
and in preventing obstetric and gynaecological diseases, but further work is required to elucidate fully the
contribution that a balanced vaginal microbiota makes to pregnancy. Cross-sectional investigations of the vaginal
microbiome during pregnancy have served to discover relationships between taxa and the adverse pregnancy
outcomes of miscarriage (a child born dead before 22 weeks of pregnancy), stillbirth (several criteria are employed
—commonly, a child born dead at 22 weeks of pregnancy or later), and PTB (a live birth that occurs before 37

completed weeks of pregnancy).

Miscarriage

Miscarriage is an adverse obstetric outcome associated with a large number of pregnancy losses 7. Statistics on
the rate of miscarriage are difficult to obtain, but it is estimated that up to 10% of clinically recognised pregnancies
end in miscarriage. A retrospective analysis was conducted on data from 24,835 pregnant women divided into two
groups according to whether they had a first trimester threatened miscarriage or not. The women with the risk of
miscarriage were older, and with higher rates of assisted reproduction and nulliparity. In pregnancies of this group
of women, hyperemesis gravidarum, gestational diabetes mellitus, and placenta previa were more frequent than in
the control group, and these women had lower gestational age and child birth weight (28, Miscarriage is associated
with a variety of conditions including embryo genetic and epigenetic disorders, immunological and endocrine

factors, uterine malformations, maternal age, and lifestyle.

Recurrent miscarriage (RM) is defined as three or more consecutive pregnancy losses 2. Vaginal infections have
been associated with RM, but the pathophysiology is poorly understood. The innate immune system has various
mechanisms for interacting with pathogens to protect vaginal tissues and to allow the survival of the commensal
microbiota. In pregnancy, an organised immune response is essential for implantation, placentation, and blood
vessel transformation, which an active infection may disturb, resulting in miscarriage. The mucosal epithelium and
neutrophils in the vagina provide a first line of defence against micro-organisms, and, by secreting cytokines and

chemokines, they attract innate immune cells such as macrophages, dendritic cells, and natural killer (NK) cells
(49],

A prospective observational study characterised the vaginal microbiomes of 24 women in the first trimester of
pregnancy. There were significant differences between the microbiomes of women who suffered miscarriage and
those who continued to term delivery, both in the overall microbiome populations and in the abundances of
individual taxa (Figure 1) 44,
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T ]

Figure 1. Comparison of the composition of microbiomes of women who miscarried (inverted triangles) and
controls (upright triangles) in 3 dimensions. The outlines refer to the miscarriage (red oval) and control (blue oval)
microbiomes [41],

L. crispatus, L. gasseri, and Bifidobacerium were more abundant in women who delivered at term, whereas L.
iners, L. jansenii, Gardnerella, Prevotella, and Escherichia/Shigella were found at higher relative abundances in
women who suffered miscarriage ¥, Regarding pregnancy history, L. crispatus was the dominant bacterium in
50% of nulliparous women and L. iners was the dominant bacterium in 50% in women with a history of prior
miscarriage and who had a miscarriage in the study, compared to 15% in women with no history of miscarriage,
supporting the conclusion that the composition of the vaginal microbiome varies with pregnancy history.
Lactobacillus spp. in the vaginal microbiome had a positive correlation with fertilisation success, implantation, and
early embryonic development 42, Notwithstanding the overall positive effects of Lactobacillus spp. on preghancy
and the known interactions between these bacteria and the components of the immune system located in the
vagina, more detail remains to be known 23l Lactic acid produced by lactobacilli shows immunomodulatory
properties by inducing an anti-inflammatory response in vaginal and cervical epithelial cells 44 and, together with

hydrogen peroxide, can lower the levels of pro-inflammatory cytokines, thus positively affecting fertility and
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pregnancy maintenance. In contrast, lipopolyssacharides from Gram-negative bacteria are potent

immunostimulators that can activate peripheral natural killer cells with negative effects on reproduction 42,

In response to pathogens, neutrophil and macrophages produce extracellular traps composed of DNA strands,
histones, elastase, and various peptides and enzymes that act as mechanisms to fight invading bacteria, but, if
produced in excess, they can induce autoimmune and coagulation disorders and metastasis 48, and cause
damage to the placenta and fetal membranes 44, In women who had a miscarriage, elements of extracellular

networks were found in the placenta, suggesting a relationship with this adverse outcome [4&l,

Stillbirth

In 2021, an estimated 2 million babies were stillborn, with a global rate of 13.9 stillbirths per 1000 total births 81
with large regional variations from 22.8 stillbirths per 1000 total births in West and Central Africa to 2.9 per 1000 in
Western Europe 42, Common causes of stillbirth include infections, birth defects, and pregnancy complications like
pre-eclampsia. In more than 1 of every 10 stillbirths, the death was likely caused either by an infection in the fetus
or in the placenta, or by a serious microbial disease in the mother. Pathogens were a more common cause of
death in stillbirths before week 24 than later in the pregnancy. In the United States, stillbirths are more than twice
as likely among African-American women than among Caucasian women, and it is an important factor in the former

group B9,

The rate of pregnancy loss varies with the gestational age at the moment of infection and by the specific invading
pathogen. For example, infection with Treponema pallidum causes pregnancy loss or fetal death in up to 50% of
cases, whereas parvovirus B19 (PVB 19) infection causes pregnancy loss or stillbirth in less than 3% of cases. The
mechanisms of pregnancy loss owing to pathogens that traverse the maternal—fetal barrier and cause congenital
disease in the fetus are known. Infections by Toxoplasma gondii, rubella virus, cytomegalovirus, or HSV (TORCH)
can be pathogen-mediated, placenta-mediated, and/or through inflammation-induced previable delivery 3. Other
bacteria linked to stillbirth include S. agalactiae, E. coli, Haemophilus influenza, and species of the genera

Klebsiella, Enterococcus, Chlamydia, Mycoplasma, and Ureaplasma (491(52]

Group B Streptococcus infection is an important, potentially preventable, cause of worldwide burden of stillbirths,
accounting for around 1% of cases in developed countries and 4% in Sub-Saharan Africa. Infection of the infant
starting before delivery likely proceeds from bacteria ascending in utero from the maternal genitourinary tract.
Evidence has been obtained from whole-genome sequencing studies that demonstrated GBS isolated at birth from

the skin of newborns delivered by Caesarean section to be identical to those colonising the mother.

A secondary analysis of 512 stillbirths in a prospective, multisite, geographically, racially, and ethnically diverse
population in the United States identified infection as a possible or probable cause of death in 66 cases. In the
study, infection-related stillbirths occurred earlier than non-infection-related stillbirth. The most common bacterial
pathogens identified were E. coli, S. agalactiae, and Enterococcus spp., and the most common viral pathogen was

cytomegalovirus (CMV) 53],
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Preterm Birth

The length of gestation is considered a key indicator of child health, and PTB is associated with poorer health
outcomes in infants who have increased risks of short-term complications, mainly owing to the immaturity of
multiple organ systems and neurodevelopmental disorders. Yearly, approximately 15 million infants are born
preterm worldwide at a rate of 10.6%, with significant regional variations from 8.7% to 13.4% 24, with a higher
prevalence in low- and middle-income countries B3, Prematurity is the cause of about 35% of newborn deaths, and
of 18% of children younger than 5 years old. Reducing PTB is part of the United Nations Sustainable Development
Goal 3, target 3.2, which endeavours to end all preventable deaths of newborns and children aged under 5 years
by 2030 52!,

Spontaneous PTB is associated with multiple, complex, and not completely understood causes of disease, but a
leading cause of PTB is infection resulting from the microbial invasion of the amniotic cavity. A characteristic of
acute chorioamnionitis is neutrophilic infiltration at the maternal—fetal interface, with ensuing inflammation.
Commonly, acute chorioamnionitis is a result of ascending infection and recent studies suggest a link between
vaginal dysbiosis, vaginal inflammation, and ascending infection. Less commonly, microbes can invade the
maternal—fetal interface via the haematogenous route, e.g., Zika virus, CMV, and L. monocytogenes, where they
can cause placental villitis and severe fetal inflammation and injury B8, Although some studies found preterm
labour to be associated with sterile intra-amniotic inflammation or infection B4, this does not preclude the
involvement of the microbiota in the vagina modulating systemic host responses that could trigger an inflammatory
response in the amniotic cavity leading to PTB. Studies linking the vaginal microbiota to PTB have yielded mixed
results, exposing the need for further investigations (8!,

A prospective study with 464 Caucasian-American women and 360 African-American women analysed the
association between the vaginal microbiome at midpregnancy, race, and spontaneous PTB B, In the Caucasian-
American cohort, 375 women delivered at term and 89 preterm, and, in the African-American cohort, 276 women
delivered at term and 84 preterm. The vaginal microbiomes of both cohorts were significantly different; the African-
American women had higher microbial diversity, a greater abundance of L. iners, and a lower abundance of L.
crispatus. The vaginal microbiomes of both groups of women were significantly associated with race, PTB, and
maternal factors such as poverty, education, marital status, age, and douching. A higher L. crispatus abundance in
term controls was the main difference with the microbiota of women who delivered PTB. In L. crispatus-dominated
microbiomes, diversity was significantly lower than in L. iners-dominated ones, suggesting that the former species
is better at suppressing bacterial vaginosis-like microbiomes 2. This result is consistent with the observation that
L. iners-dominated vagitypes shift more often toward a diverse bacterial community structure than those where L.
crispatus is predominant 69,

The diversity of taxa measured by the Shannon index or the inverse Simpson index was greater in samples from
women who experienced premature delivery, as reported in other studies with women of various racial
backgrounds 811, [, jners was predominant in women who delivered at term or preterm, with increasing abundance

in successive trimesters. Next in relative abundance were L. crispatus in the term group and L. jensenii in the
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preterm group. Other taxa more abundant in the preterm group than in the term group were Lachnospiraceae
BVAB1, Prevotella cluster 2, S. amnii, Dialister cluster 51; P. amnii, Clostridiales BVAB2; Coriobacteriaceae,

Dialister micraerophilus, and Parvimonas.
Other Adverse Outcomes

The most frequent disease outcomes of S. agalactiae colonisation during pregnancy are infant meningitis or
sepsis, which are accompanied by high mortality risk. Other infrequent outcomes include stillbirths, maternal
infections, and prematurity; however, given the wide prevalence of this genital infection, the potential annual

burden of GBS-associated PTB has been estimated for the first time at 50,000 births, with a wide uncertainty range
[62),

A pre-pregnancy health examination program included 89 women whose pregnancy outcomes were followed up for
1 year. Vaginal swabs were collected, 16S rRNA genes were sequenced, and M. hominis colonisation was
confirmed by gPCR. Cox models were used to estimate the fecundability odds ratio (FOR) for women with M.
hominis €3, The prevalence of M. hominis was 22.47% (20/89) with a relatively low abundance. The Simpson
index of the Mycoplasma-positive group was significantly lower than that of the negative group (p = 0.003),
suggesting that microbiome diversity appeared to increase with M. hominis positivity. The relative abundance of M.
hominis was negatively correlated with L. crispatus (p = 0.024), but positively correlated with G. vaginalis, A.
vaginae, and P. bivia (p < 0.05 for all). The cumulative one-year pregnancy rate for the Mycoplamas-positive group
was lower than that in the negative group (58.96% vs. 66.76%, p = 0.029). After controlling for potential
confounders, the risk of pregnancy in the positive group was reduced by 38% when compared with the negative

group 631,

3.2. Longitudinal Studies

Longitudinal studies of the vaginal microbiome examine the abundance of the microbial taxa and their change
throughout pregnancy in the context of a dynamic environment. Childbearing may be considered a pro-
inflammatory condition in which the vaginal microbiota might possess immunomodulation properties based on the
modification of bacterial species; in particular, lactobacilli seem to play a key role in this process 2. The vaginal
bacterial composition of pregnant women exhibits considerable convergence across different populations,
becoming less rich and diverse compared to the vaginal bacterial populations of non-pregnant women. During
pregnancy, Lactobacillus taxa become the predominant bacteria in the vagina in most women of various racial

backgrounds, leading to a decrease in alpha-diversity B9,

The vaginal ecosystem of 64 Caucasian women with normal pregnancies was characterised in the first, second,
and third trimester. Advancing in the pregnancy, there was a significant decrease in cases of bacterial vaginosis
and an increase in cases with normal microbiota. The relative abundance of lactobacilli increased from 50% in the
first trimester, to 73.4% in the second trimester, and to 79.7% in the third trimester. This shift was associated with
marked changes in the vaginal metabolome: several metabolites, such as lactate, glycine, phenylalanine, leucine,

and isoleucine, ordinarily found in healthy vaginas, reached their highest concentrations at the end of pregnancy.
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Concomitantly, the abundance of microbiota present in bacterial vaginosis decreased throughout the pregnancy,
and there was a progressive reduction in the levels of metabolites such as biogenic amines, alcohols, propionate,
and acetate associated with dysbiosis. The levels of cytokines IL-6 and IL-8 were positively correlated, and their
lowest concentrations were measured in the second trimester. A total of 19 women had a Candida infection, with 10
cases throughout the pregnancy; associated with this infection were higher levels of IL-8, 4-hydroxyphenyllactate,

choline, and O- acetylcholine, as well as a higher concentration of leukocytes 641,

A prospective study with weekly sampling of the vaginal microbiome was conducted with 40 pregnant women, of
which 11 delivered preterm. The vagitypes identified corresponded well with the five described for non-pregnant
women. The taxonomic composition and diversity of the microbiota was generally stable in each individual with
some vagitype transitions during the pregnancy; the Lactobacillus-dominated vagitypes I, Il, 1ll, and V were more
stable than those of vagitype IV. Pregnancies with vagitype IV exhibited a stronger association with PTB, at every
time window during gestation. G. vaginalis was strongly associated with PTB; a high Ureaplasma abundance
combined with a low abundance of Lactobacillus was associated with PTB as well. Twenty-five women provided a
postpartum sample; their microbiota indicated that delivery generally was accompanied by a significant, sudden,

and durable increase in bacterial community diversity, albeit not in all cases 62!,

An exploratory longitudinal investigation of the vaginal microbiota composition of eight Mexican women with
healthy pregnancies collected samples in the third trimester of pregnancy and, subsequently, at childbirth at term.
The vaginal microbiota was dominated by the Lactobacillus genus at both time points. There were no statistically
significant differences in relative abundances, absolute read count, bacterial richness, community diversity,
evenness, and beta-diversity between the third trimester of pregnancy and the time of childbirth. Nonetheless,
compared to the third trimester of pregnancy, a trend was observed of higher absolute read counts for the genera
Gardnerella, Faecalibaculum, lleibacterium, and Lactococcus, and lower absolute read counts of Lactobacillus spp.
at childbirth, but these changes in absolute read counts did not result in significant statistical differences between
the microbial populations at both times. The results suggest that the vaginal bacterial composition is stable, and
Lactobacillus genus is the dominant taxa in Mexican women'’s vagina at the third trimester of pregnancy and at
childbirth (221,

| 4. Conclusions

In healthy pregnancies, the bacterial communities in the vagina have a relatively lower number of taxa than in non-
pregnant women, and are dominated by a few species, namely, those of the genus Lactobacillus, although other
taxa such as A. vaginae, G. vaginalis, and Prevotella spp. are also found in normal pregnancies. Interestingly,
although the smaller number of taxa in individuals commonly results in a lower alpha-diversity, marked differences
in vagitypes between individuals effect a higher beta-diversity during pregnancy. A relationship has been found
between the vaginal microbiome and racial background; women of Hispanic or African ancestry harbour more
anaerobic flora in their microbiota than women of Asian or Caucasian backgrounds who commonly have

Lactobacillus spp. as the dominant taxa. Besides racial background, other factors that modulate the vaginal
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microbiota include maternal age, previous pregnancies, blood pressure, behavioural habits, and various

environmental factors.

Epidemiological studies provide evidence that the urogenital microbiota is linked to obstetric diseases. A marker of
pregnancy complications is the proliferation in the genital microbiota to the significant abundance or dominance of
aerobes such as Acinetobacter baumannii, E. coli, E. faecalis, S. aureus, and S. agalactiae €887 or anaerobes
like A. vaginae, Clostridiales BVAB 1-3, D. microaerophilus, G. vaginalis, M. hominis, P. timonensis, and U.

urealyticum.

Investigations on the changes induced in the vaginal bacterial populations by pregnancy in health and disease
indicated that the vaginal microbiota is stable in the absence of infections. These studies confirmed that
considerable changes in the vaginal community composition occur immediately following pregnancy, as well as

postpartum.

The stability of the vaginal microbiome during a healthy pregnancy is such that alterations in the bacterial flora
dominated by Lactobacillus spp. reflect the status of various obstetric conditions and are predictive biomarkers for
certain pregnancy-adverse outcomes. Thus, it has been proposed that the composition of the vaginal microbiome
may be a useful prognostic indicator of preterm labour and serve as a monitoring tool for tocolytic treatment to
prevent PTB (8],

Nonetheless, much more needs to be learned about the pathogenicity and mechanisms of host defence to these
micro-organisms. Future investigations will serve to elucidate the functional effect of the microbial communities
and/or specific bacterial species on homeostasis and disease during pregnancy. A better understanding of the
host—micro-organism interactions might reveal new opportunities for disease prevention, therapy, and improving

women’s quality of life and overall health.

In addition, the complex gut microbiomes are involved in host immunity, metabolism, digestion, and the functioning
of the nervous system, and are important for the health of the mother and child. During pregnancy, changes may
occur naturally in the microbiomes of the oral cavity, intestine, and breast milk. Changes in the structure and
composition of the gut microbiomes with an increase in the abundance of various genera of micro-organisms, e.g.,
Acinetobacter, Actinobacter, Klebsiella, Rothia, etc., and a decrease in others, e.g., Bacteroides, Bifidobacterium,
Eubacterium, etc., can manifest in pregnancy complications such as gestational diabetes, gestational obesity, pre-
eclampsia, diseases of the digestive tract, and autoimmune disease. The relationships between imbalances of the
maternal gut microbiomes and their physiological effects during pregnancy are starting to be elucidated, but many
more investigations are required to provide a comprehensive picture that would serve to foster maternal and
offspring health 69,
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