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Annotation

Microbial colonization of the urinary tract and, accordingly, the presence of
bacteria in the urine without clinical manifestations of urinary tract infection
(UTI) 1s defined as asymptomatic bacteriuria (AB). In the female population, BD
1s common, but its prevalence varies widely depending on geographic region,
even within the same country, gender, age, sexual activity, functional and
structural disorders of the urinary system, associated conditions and diseases.
Among the healthy female population, the prevalence of BD increases with age
— from 1% among schoolgirls to 16% or more among women 70 years and older.
In young women, it is closely associated with sexual activity (in 5% of healthy
premenopausal married women, but only 0.7% of nuns). In non-pregnant women,
the incidence of BD is approximately 5%; in pregnant women, it ranges from 2%
to 10% or more depending on socioeconomic status and a history of previous

UTIs. It typically reflects colonization of the periurethral region by
microorganisms prior to pregnancy. The prevalence of significant bacteriuria,
determined by a single urinary catheterization at delivery, was 2% in pregnant
women of middle socioeconomic status compared with 6.5% in pregnant women
of low socioeconomic status.

Keywords: Urinary tract infection, asymptomatic bacteriuria, bacteriuria,
pregnancy.

Despite growing interest in BB and its clinical consequences, the causes of this
phenomenon remain unclear. This review presents key principles regarding
screening, diagnosis, management strategies, and current understanding of the
appropriateness of antibacterial therapy for BB during pregnancy, based on the
results of randomized and controlled trials and international clinical guidelines

[1,2].
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DIAGNOSTIC EVALUATION OF BACTERIURIA

Bacteriological diagnosis is a microbiological diagnosis based on the examination
of a urine sample collected under strict sterile conditions and delivered to the
laboratory as quickly as possible, thereby minimizing bacterial growth. The
presence and proliferation of bacteria in urine may be due to prolonged storage
before analysis, as well as poor hygiene during urine collection (bacteria
contamination from the external genitalia). While healthy individuals typically

have sterile urine, the detection of bacteria in urine does not necessarily indicate
an infectious disease. For example, nonpathogenic microbes from the nonsterile
lower urethra enter the urine during urination. At the same time, other researchers
have established the presence of a community of live bacteria in urine, which
constitute the residents of the female urinary microbiota [3]. The presence of
bacteriuria in healthy individuals led Finucane TE, given the high importance of
the microbiome, to propose the use of the term "urinary tract dysbiosis" instead
of "urinary tract infection" [4].

Bacteriuria is assessed by the number of colony-forming units (CFU) of microbes
per unit volume. The criterion for diagnostically significant bacteriuria is the
growth of colonies in culture of >105 CFU/ml (100,000 bacteria in 1 ml of urine)
with the isolation of the same bacterial strain in at least two consecutive
aseptically collected midstream urine samples separated by an interval of more
than 24 hours. In chronic kidney disease, difficult urination, and infection with

certain atypical microorganisms (e.g., Proteus, S. saprophyticus, and Candida
species), bacteriuria is detected at a lower value: >104 CFU/ml. Urine culture is
the "gold standard" for identifying the pathogen and determining its susceptibility
to antibiotics. As a rule, bacteriuria is usually dominated by one bacterial species.
The presence of two or more species (Lactobacilli, Corynebacteria species,
Gardnerella, alpha-haemolytic Streptococci, Aerobes) most likely indicates false
bacteriuria due to contamination of urine with anogenital flora during improper
sample collection [5].

ETIOLOGY AND PATHOGENESIS OF BACTERIURIA IN PREGNANT
WOMEN

According to the Russian Multicenter Study of Antimicrobial Resistance of UTI
Pathogens (DARMIS, 2011), the dominant microorganisms in the structure of
pathogens causing community-acquired UTIs during pregnancy are
representatives of the Enterobacteriaceae family (88.8%), and the proportion of
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E. coli in this subpopulation is 65.8%. It should be noted that E. coli strains in BB
are characterized by less virulence than strains isolated from patients suffering
from clinically manifest UTIs. Other representatives of Enterobacteriaceae, such
as Klebsiella pneumoniae (10.5%), Proteus mirabilis (6.6%), E. cloacae (4.6%),
as well as S. saprophyticus (2.0%), E. faecalis (4.6%), are cultured less
frequently.

Proteus mirabilis and Enterococcus faecalis infections are suggested as possible

causes of recurrent UTIs during pregnancy [6].

In general, gram-negative bacteria have a unique structure that facilitates their
attachment to the uroepithelium and prevents the removal of pathogens in the
urine. It is believed that the phenomenon of BB is caused by strains of
microorganisms with lower virulence, which affect the host immune system,
inhibit the expression of certain genes and thereby provide themselves with a
favorable habitat without microorganism invasion into the urothelium and the
development of inflammation [7-9]. Recently, the possible protective role of BB
has been discussed; the basis for this assumption is numerous studies
demonstrating the protective role of the urinary tract microbiome [10,11].

The anatomical and physiological characteristics of the female urinary tract (a
wide and short urethra, the urethra's proximity to natural reservoirs of infection—
the rectum and vagina)—makes women more susceptible to UTIs, which can be
considered the first suspected scenario explaining the disease's development.

Furthermore, a second scenario for the increased risk of urinary tract infection is
due to physiological changes during pregnancy. Specifically, urinary tract
infection is facilitated by decreased muscle tone and peristalsis of the ureters, as
well as bladder tone due to increased concentrations of progesterone, estradiol,
and other estrogens. This is accompanied by a slower urine flow rate, an increase
in residual urine, the development of vesicoureteral reflux, and dilation of the
upper ureters and renal pelvis, leading to the formation of physiological
hydronephrosis and hydroureter of pregnancy. Bacterial growth can be facilitated
by changes in the physicochemical properties of urine, such as urine pH and
osmolality, as well as pregnancy-induced glycosuria and aminoaciduria.
Functional disturbances in the urinary system, additional mechanical obstruction
by the growing uterus, and increased bladder pressure contribute to the ascending
migration of bacteria into the upper urinary tract. Sexual activity and
vaginalization of the urethra can also traumatize the uroepithelium of the distal
urethra, leading to increased bacterial invasion. Furthermore, risk factors for
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bacteriuria include preexisting kidney and urinary tract pathologies, previous
episodes of UTIs, and a genetic predisposition.

CLINICAL OUTCOMES OF ASYMPTOMATIC BACTERIURIA

In the 1960s, Kass E. et al. [12] first described the association of untreated BD
with the development of pyelonephritis during pregnancy, premature birth,
intrauterine growth retardation, and increased perinatal mortality. In subsequent
years, the clinical consequences of BD in premenopausal non-pregnant women
were widely studied. Long-term cohort studies have established an increased
incidence of symptomatic UTI in women with BD identified during screening.
Thus, it was found that over the next 15 years, UTI occurred in 55% of cases
(pyelonephritis developed in 7.5%), whereas in the absence of BD, these figures
were 10% and 0%, respectively. An analysis of numerous independent studies
has shown that BB can be the cause of a number of serious complications during
pregnancy and childbirth: in its presence, the risk of premature birth increases (by
1.5-2 times), undesirable outcomes for the fetus, in particular, the birth of
premature babies with low body weight (<2500 g), the development of
pyelonephritis (by 20-30 times), septicemia, anemia compared to women without
bacteriuria [13—17].

Women with low socioeconomic status, diabetes mellitus (DM), including
gestational DM, recurrent UTIs, neurogenic bladder dysfunction, polycystic
kidney disease, other congenital anomalies of the kidneys and urinary tract, and
sickle cell anemia are particularly at higher risk of BD and associated
complications during pregnancy [2, 17, 18].

The historical association between BD and pregnancy complications has led to
the introduction of a “screen and treat” policy for pregnant women. However,
more recent studies have found that the absolute risk of developing pyelonephritis
in untreated BD is significantly lower than traditionally reported figures. A meta-
analysis showed a lower incidence of pyelonephritis (OR 0.23; 95% CI 0.13—
0.41) and low birth weight infants (OR; 95% CI 0.45-0.93) in pregnant women
with BD who received antibiotics compared with those who did not receive
antibacterial therapy. No differences in the incidence of preterm birth were found
[16, 19].

A recent study of over 5,000 pregnant women in the Netherlands, where, unlike
most Western countries, there is no standard policy for screening and treating BP
during pregnancy, showed that the absolute risk of pyelonephritis in the absence
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of treatment 1s low (2.4% vs. 0.6% among 4,035 women without bacteriuria).
Furthermore, BP was not associated with preterm birth in women with
uncomplicated singleton pregnancies. These data led the authors to conclude that
screening and treatment for BP cannot be routine for all pregnant women [19,
20].

Anupdated Cochrane review (2015) analyzed the results of studies that compared
treatment of pregnant women with beta-blockers (BBs), no treatment, or placebo.

The meta-analysis of the studies showed a low level of statistical and clinical
evidence for a significant reduction in adverse pregnancy outcomes with BB
antibacterial therapy. No statistically or clinically significant differences were
found in perinatal mortality, spontaneous abortion, neonatal sepsis, preterm birth,
or fetal abnormalities [16].

The causal mechanisms explaining the association of BB with the risk of UTI and
adverse pregnancy outcomes remain unresolved, while more recent studies have
identified adverse effects on the child from maternal antibiotic use during
pregnancy [21, 22].

BACTERIURIA SCREENING

Given the high risk of developing ascending symptomatic UTT and the negative
impact of bacteriuria on obstetric and perinatal complications, most international
standards recommend bacteriological examination of urine in early pregnancy

(12—-16 weeks or at the first antenatal visit). The Society of Obstetricians and
Gynecologists of Canada recommends screening for bacteriuria in all women
with a history of recurrent UTIs in each trimester of pregnancy. Repeat
bacteriological examination of urine is performed in case of a positive result and
during the third trimester due to the possible risk of bacteriuria recurrence in
treated patients even in the absence of UTI symptoms. It is believed that in
patients with two or more episodes of recurrent bacteriuria, monthly urine culture
for microflora is necessary until delivery to ensure urine sterility during
pregnancy. In pregnant women with no bacteriuria at the first screening, dynamic
examination is not performed [2, 5, 7, 13, 14].

TREATMENT OF ASYMPTOMATIC BACTERIURIA IN PREGNANT
WOMEN

Clinical trial results showing that BB treatment improved pregnancy outcomes
have led to a broader interpretation of the indications for antibiotic use. Antibiotic
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therapy for BB in pregnant women remains standard in numerous international
guidelines [1, 4, 5].

However, clinical studies and practical experience conducted in recent years have
demonstrated the lack of benefits of treating BB during pregnancy, regardless of
the presence of risk factors, and the clinical appropriateness of antibacterial
therapy remains controversial [4, 16]. For example, Canadian scientist Nicolle
LE in the article "A paradigm shift towards non-treatment of asymptomatic

bacteriuria" expressed doubts about the validity of the standard approach to the
treatment of BB [17]. According to the data obtained, antimicrobial therapy of
BB was recognized as an important factor contributing to the inappropriate use
of antimicrobials, which is accompanied by the development of antibiotic
resistance. On the other hand, arguments are presented according to which
antimicrobial therapy can lead to the eradication of less virulent microorganisms
and the invasion of more pathogenic ones. In particular, women experience
disruption of the normal vaginal microflora (primarily lactobacilli), which
facilitates colonization of the vagina by enterobacteria and fungi, which can
subsequently colonize the urethra and bladder. The rise in antibiotic resistance
may be due to increased drug availability, antibiotic abuse, and self-medication.
Excessive and irrational use of antibiotics, aimed at eliminating all
microorganisms in the urinary tract, can lead to disruption of the urinary
microbiome. The literature contains reports of the development of antibiotic-

associated UTI, which is a kind of equivalent to an infection associated with the
proliferation of Clostridium difficile in the intestine [8, 9].

It should be emphasized that patients' values and preferences regarding screening
and treatment for BB vary, depending on individual perspectives regarding the
small potential benefit of antibiotics and the potential harm associated with their
use during pregnancy. Women who are more concerned about the harm of
antibacterial therapy may refuse screening and treatment. In such circumstances,
there is a need for discussions between clinicians and pregnant women about
informed decisions that are consistent with patient adherence. At the same time,
it remains clear that this recommendation applies to women who are not at
increased risk of complications from BB. Women with an increased risk of UTI
and related complications during pregnancy should follow recommendations for
high-risk groups [17, 20].

When prescribing antibacterial therapy, urine culture results, antimicrobial
activity, and resistance of microorganisms should be taken into account, as
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empirical therapy for BB is not performed in pregnant women. Since BB bacteria
colonize exclusively the mucous membranes without tissue invasion, the

antibiotic must achieve high concentrations in the urine.

Given that most microorganisms are community-acquired strains, a high level of
antibiotic resistance is not expected. However, it should be noted that in recent
years, many countries have seen a significant increase in the resistance of E. coli
strains to aminopenicillins and inhibitor-protected penicillins. It is also important
to keep in mind that the frequency of isolation of uropathogenic E. coli resistant
to these drugs varies significantly. Therefore, local data on uropathogen
resistance are essential for rational selection of antibacterial therapy [6].

It is especially important to emphasize that when selecting an antimicrobial drug,
high fetal safety requirements, high activity and low resistance of the pathogen to
the drug, high urinary drug concentrations, and compliance must be taken into
account. The FDA (Food and Drug Administration) risk categories for drug use
during pregnancy are widely used worldwide. In the absence of objective
information confirming the safety of a drug, including antimicrobials, during
pregnancy or breastfeeding, they are not prescribed. A very limited selection of
safe oral antibacterial drugs in risk category B is used for the treatment of
uncomplicated UTIs in pregnant women.

An analysis of international guidelines for antibacterial therapy in pregnant
women with BD revealed a lack of uniform standards for both drug selection and

duration of use. This is primarily due to differences in the list of registered
antibacterial drugs between countries and the degree of resistance of urologic
pathogens to them. A number of international clinical guidelines list fosfomycin
trometamol and nitrofurantoin as the drugs of choice for treating BD in pregnant
women. Cephalosporins and sulfamethoxazole/trimethoprim are considered
alternative agents, while amoxicillin/clavulanic acid is mentioned as a drug "for
certain categories of patients" [14, 21].

According to the study of antibiotic resistance, the oral medications with the
highest activity against E. coli are fosfomycin (98.3%), nitrofurantoin (97.8%),
and third-generation cephalosporins (ceftibuten and cefixime) (93.4%) [6]. Based
on the results obtained, the following strategy for antibacterial therapy of UTIs
during pregnancy is proposed in national clinical guidelines (Table 1).
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Table 1 Antibacterial therapy regimen for asymptomatic bacteriuria
during pregnancy

Antimicrobial drug | Drug dosage/administration regimen

First-line therapy

Fosfomycin trometamol Orally 3.0 g, once

Nitrofurantoin Orally 100 mg 2 times a day, course 5-7 days

Alternative therapy

Ceftibuten orally 400 mg 1 times a day, course 5-7
days/or

Cefixime orally 400 mg 1 times a day, course 5-7
days/or

Cefuroxime axetil orally 250 mg 2 times a day, course 7 days

Amoxicillin/clavulanic acid orally 625 mg 2 times a day, course 5-7 days

The primary treatment for BD at any stage of pregnancy is a single-dose regimen
of 3.0 g of fosfomycin trometamol, which inhibits microbial adhesion to the
urothelium and persists in high concentrations in urine for a long time after a
single dose. Despite its widespread use, resistance to fosfomycin by E. coli,
Proteus spp., and other members of the Enterobacteriaceae family remains very
low, and there is no cross-resistance with other antibiotics used to treat UTIs.

Nitrofurantoin, a synthetic nitrofuran, interferes with bacterial carbohydrate
metabolism by inhibiting acetyl coenzyme A and exhibits bactericidal activity

against uropathogens such as E. coli, Staphylococcus sapr., and Enterococcus
faecalis, but is inactive against Proteus spp., Serratia, or Pseudomonas.
Nitrofurantoin is administered for 7 days and only up to 36 weeks of gestation.
Its use after 36 weeks has been shown to cause a rare but serious complication
associated with the development of hemolytic anemia in the fetus and newborn
due to glucose-6-phosphate dehydrogenase deficiency. The use of nitrofurans is
controversial; in some countries, they are contraindicated during pregnancy due
to serious side effects.

Broad-spectrum drugs (ceftibuten, cefixime, cefuroxime axetil) should be used
only as an alternative, when first-line drugs (standard therapy) cannot be used or
are ineffective.

B-lactams are the safest class of antibacterial agents, but it should be noted that
they are generally unable to eliminate pathogens in the periurethral and
perivaginal areas, increasing the risk of reinfection. Pharmacokinetic changes
during pregnancy reduce plasma concentrations of B-lactams by 50%. Penicillin
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and cephalosporins are sometimes associated with allergic and occasionally
anaphylactic reactions. International experts recommend avoiding the use of
amoxicillin with clavulanic acid during the second half of pregnancy due to
available data on the increased risk of necrotizing enterocolitis in newborns,
especially those born prematurely.

In the past decade, recommendations for the duration and frequency of
antimicrobial therapy have undergone significant changes. To assess the optimal

duration of antibacterial therapy, an analysis of studies [16] comparing single-
dose therapy with 4- to 7-day treatment courses was conducted. Although the
quality of the studies was generally low, the analysis revealed an increased
incidence of adverse events with longer courses of therapy, while single-dose
antibiotics resulted in fewer side effects and better compliance.

Thus, pregnant women with BD are recommended to receive a single dose of
fosfomycin trometamol or a 3- to 7-day course of antibacterial therapy.
Previously, it was suggested to continue antibacterial therapy throughout
pregnancy; however, modern studies have not found significant differences in the
incidence of symptomatic, persistent, or recurrent UTIs when prescribing short
or long courses of antibacterial drugs. After treatment, monthly urine culture
should be performed to monitor for possible recurrence of bacteriuria. If
bacteriuria is detected again (16-33%), retreatment is prescribed based on the
sensitivity of the microorganisms detected in the urine to antibiotics and the

exclusion of structural and functional disorders of the urinary system that
contribute to impaired urine passage and the development of symptomatic UTI
[24].

CONCLUSION

Thus, proper self-care, personal hygiene, increased awareness and health
education for pregnant women, and microbiological screening for bacteriuria in
early pregnancy are key measures for preventing and limiting obstetric and
gynecological complications. The causal mechanisms explaining the association
of bacteriuria with the risk of UTIs and adverse pregnancy outcomes remain
unresolved. It has been suggested that bacteriuria may protect against
superinfection with virulent uropathogens. Therefore, bacteriuria treatment is
recommended only when proven beneficial to the patient. This avoids the risk of
selection of resistant strains, eradication of potentially protective strains of
microorganisms, and the adverse effects of maternal antibiotic use on the fetus
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during pregnancy. It appears most rational to limit antibacterial therapy for
bacteriuria to high-risk pregnant women, as this can significantly reduce adverse
outcomes for both mother and fetus.
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