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Abstract: This study explores the prevalence and antibiotic resistance of urinary tract
infections (UTIs) in pregnant women in central Portugal. A retrospective observational
study was conducted on 201 positive urine cultures from pregnant women at a hospital
center between January 2018 and December 2022. The data collected included age, hospital
admission source, history of antibiotic therapy, catheterization status, identity of bacterial
isolates, and their antibiotic profile. The most common bacterial strains were Escherichia
coli (52.4%) and Streptococcus agalactiae (16.9%). In terms of antibiotic resistance, Escherichia
coli demonstrated complete sensitivity to ertapenem, while Streptococcus agalactiae showed
sensitivity to four antibiotics, including trimethoprim/sulfamethoxazole. Notably, most
infections occurred in the third trimester, underscoring the need for continuous monitor-
ing throughout pregnancy. This study emphasizes the importance of tailored treatment
strategies to manage UTlIs in pregnancy effectively, reducing the potential maternal and
fetal complications. These findings contribute to regional data on UTI management in
pregnant populations and aim to support improved healthcare practices. These regional
data provide a solid foundation for optimizing healthcare practices in pregnant women,
suggesting targeted approaches to combat antibiotic resistance and improve maternal—fetal
safety during UTI treatment.

Keywords: urinary tract infections; pregnancy; antibiotic resistance; Escherichia coli;
Streptococcus agalactiae; maternal health

1. Introduction

Urinary tract infections (UTIs) are among the most common infections affecting hu-
mans. Although often regarded as minor with limited risk of progression, UTIs can
occasionally lead to significant complications. These infections may extend beyond the
lower urinary tract—the least complex and most frequently involved area—to affect other
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organs, such as the kidneys, or even disseminate to other parts of the body, potentially
resulting in sepsis [1]. A UTI is defined by the presence of microorganisms within any
part of the urinary system, except for the distal urethra, where some microbes may exist
without causing infection [1]. The relevance of understanding urinary infections during
pregnancy is increasing, considering the potential complications for maternal and fetal
health, especially in regions with limited epidemiological data.

Several factors contribute to the high incidence of UTIs, including the anatomical prox-
imity between the urethra and anus and direct external exposure through the urethra [1].
Women are particularly susceptible to UTIs due to both anatomical and hormonal factors,
with many estimated to experience at least one UTI in their lifetime [2]. Additional risk
factors for UTIs include diabetes mellitus, urinary incontinence, anatomical abnormalities
in the urinary system, immobility, urinary retention, aging, and immunosuppression [3].

UTIs typically occur through an ascending route, where microorganisms travel up the
urethra—a common path—or less frequently via the hematogenous route, particularly in
newborns, or the lymphatic route, a rare condition associated with intestinal infections [4].
Enterobacteria are the most prevalent bacteria involved in UTIs, with Escherichia coli be-
ing the primary causative agent. Although E. coli remains the dominant pathogen, its
prevalence varies; it is more common in community-acquired infections than in healthcare-
associated infections, where a greater diversity of bacterial strains are encountered due
to the hospital environment. Klebsiella pneumoniae is often the second most prevalent
bacterium [5].

Treating bacterial UTIs involves antibiotic therapy based on urine culture results.
Urine culture allows for identifying the causative microorganism and performing antibiotic
susceptibility testing to determine effective antibiotics. Currently, advanced molecular
biology techniques in microbiology aim to reduce the time needed to obtain culture results,
typically a 48 h process [6]. While urine culture remains the gold standard, these advances
are helping accelerate traditional microbiology’s response time, addressing the challenge of
reliance on empirical therapy when immediate options are lacking [7].

Pregnancy is characterized by extensive physiological, structural, hormonal, and psy-
chological changes that necessitate close monitoring to safeguard maternal health and
ensure the delivery of a healthy infant. Despite being a natural process, pregnancy re-
quires careful management that extends beyond adaptation, representing a comprehensive
transformation with broad implications.

Studies highlight the importance of thorough clinical monitoring, ideally starting
pre-conception, to create the optimal conditions for pregnancy. This monitoring should be
specialized, multidisciplinary, and responsive to the specific needs and potential complica-
tions as pregnancy progresses.

Physiologically, pregnancy can increase a woman’s susceptibility to UTIs, making them
the most common infections among pregnant women and potentially heightening the risks
of both maternal and fetal morbidity and mortality [8]. Numerous changes in the woman’s
body can increase the UTI likelihood. In pregnancy, hormonal and mechanical factors
contributing to ureteral dilation, dilation of the renal calyces, and urinary stasis predispose
pregnant women to UTIs [9]. These changes promote bacterial colonization in the urinary
tract, leading to symptomatic bacteriuria—where symptoms prompt medical attention—or
asymptomatic bacteriuria, where bacteria are present without symptoms [10,11]. It is thus
essential to screen all pregnant women for bacteriuria and promptly initiate treatment if
detected. Asymptomatic bacteriuria, if untreated, can progress to pyelonephritis or other
complications [11]. Following treatment, usually a short three-day antibiotic regimen,
ongoing monitoring is crucial.



Bacteria 2025, 4, 10

30f9

Treating UTIs during pregnancy is particularly important, given the potential risks
if left untreated [12,13]. Even asymptomatic bacteriuria poses a risk of progressing to
complicated UTIs with adverse outcomes for both mother and fetus.

As in the general population, Escherichia coli is the most frequently identified bacteria
in UTIs among pregnant women [14]. Experimental studies using animal models sug-
gest a possible association between E. coli and preterm labor, although this has not been
conclusively demonstrated in humans [14].

This study focuses on UTIs during the unique physiological period of pregnancy,
aiming to accomplish the following:

e  Characterize UTIs in pregnant women;

Identify the most prevalent bacterial strains responsible for UTIs during pregnancy;

Analyze the antibiograms of the most common strains involved in these infections.

2. Materials and Methods

The data for this study were obtained from the hospital’s computerized system. A
retrospective observational analysis was conducted on all the positive urine cultures from
pregnant women at a hospital center in central Portugal between January 2018 and De-
cember 2022. This included a total of 201 representative samples from all the admissions
during the specified period. A urine culture was considered positive when bacterial
growth reached >10° CFU/mL for a single uropathogen. In cases where two or more
species were present, the result was considered contaminated unless one of the species
predominated significantly.

The data collection, supported by computerized records, included variables such as
age, admission source (emergency, inpatient, or outpatient), history of prior antibiotic use
(yes or no), catheterization status (yes or no), bacterial strains isolated, results of antibiotic
susceptibility testing (sensitive or resistant), and the management period. Urine samples
were processed using standard microbiological procedures. Cultures were performed on
chromogenic agar plates and incubated at 37 °C for 2448 h. Bacterial identification was
carried out using matrix-assisted laser desorption/ionization—time of flight mass spectrom-
etry (MALDI-TOF MS) and biochemical tests when necessary. Statistical analyses were
conducted using IBM SPSS Statistics software, version 29.0.1, for Mac iOS. Both descriptive
and inferential statistical methods were applied, with t-tests used for independent samples
with normal distributions and Mann-Whitney U tests for non-normally distributed data.
A UTI was diagnosed based on the presence of positive urine culture (>10°> CFU/mL)
associated with clinical symptoms such as dysuria, increased urinary frequency, urgency,
or suprapubic pain. Cases with positive urine cultures without symptoms were classified
as asymptomatic bacteriuria and were not included in the analysis. The data were securely
stored on a personal computer with restricted access to the research team and were deleted
according to the best practice guidelines after this study’s completion.

Ethical standards were rigorously followed, with approval from the Ethics Committee
of the University of Beira Interior, Covilha, Portugal, as well as from the designated data
management authority at the university. Due to the nature of the data and methodology,
individual informed consent was waived.

This research is part of the Urinary Tract Infections in the Central Interior of Portugal
(UTICIP) project and contributes to a post-doctoral program in biomedicine.

3. Results

The study sample consisted of 201 pregnant women, with an average age of 32.3 years.
The majority of pregnant women were in the third trimester of pregnancy (Figure 1).
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Figure 1. Sample distribution by trimester.

Only one of the women had a urinary catheter (0.49%) and was in the third trimester
of pregnancy. Four pregnant women were receiving prior antibiotic therapy at the time of
the urine collection for urine culture. Of these, two of them were in the third trimester, one
in the second and the last one was in the first trimester.

Moreover, 92.52% of the pregnant women came from the External Consult, 5.98% from
the Emergency Department and 1.5% from the Internment Department. A highlight is the
fact that no pregnant woman in the first trimester went to the Emergency Department with
complaints of urinary infection. Analysis of these data by trimester is presented Figure 2.
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Figure 2. Distribution of the sample by trimester of pregnancy and service of origin.

Regarding the strains identified, we found that 52.4% of the urine cultures showed
Escherichia coli, 16.9% S. agalactiae, 13.9% E. faecalis, 9.5% K. pneumoniae, 3.9% P. mirabilis,
1.9% S. saprophyticus and 1.5% S. aureus. When analyzing by trimester, we can see what is
shown in Figure 3.
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Figure 3. Distribution of the sample by identified bacteria and trimester of pregnancy.

We chose to carry out a detailed analysis of the interaction of the two most commonly

isolated bacteria in our sample (E. coli and S. agalactiae) in relation to the antibiotics tested
in the last year analyzed (2022). In Table 1, we check the percentage of strains resistant

to antibiotics.

Table 1. Resistance of E. coli and S. agalactiae to antibiotics in 2022.

E. coli S. agalactiae
Amoxicillin/clavulanic acid 32.6%
Cefuroxime axetil 18.2%
Ceftazidime/avibactam 7.2%
Nitrofurantoin 24.4%
Trimethoprim/sulfamethoxazole 26.7% 0.0%
Ertapenem 0.0% 0.0%
Benzylpenicillin 0.0%
Methicillin 6.9%
Clotrimazole 0.0%
Vancomycin 67.4%
Imipenem 41.1%

4. Discussion

The data presented in this study offer potential insights into the prevalence and

antimicrobial resistance patterns of urinary tract infections (UTIs) among pregnant women

in a hospital in central Portugal. While these findings are region-specific, they reflect
broader global issues related to UTI management during pregnancy, especially in the
context of rising antimicrobial resistance and evolving demographic and clinical patterns.
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4.1. Global Relevance of UT1Is in Pregnant Women

UTIs are among the most common infectious complications during pregnancy, with
significant implications for maternal and fetal health. Globally, the prevalence of UTIs
ranges from 2% to 15%, depending on factors such as screening practices, public health con-
ditions, and access to healthcare services [15]. A large study conducted across 10 U.S. sites
found that one in six pregnant women reported experiencing a UTI during pregnancy [16].
The rate observed in this study (approximately 4% of pregnancies in the region) aligns
with the literature for populations in developed countries, where screening and prenatal
care access are widespread. However, in low- and middle-income countries, UTIs during
pregnancy are often underdiagnosed, contributing to high rates of complications such as
preterm birth, low birth weight, and neonatal mortality [17-19].

While the hormonal and anatomical changes during pregnancy universally increase
the UTI risk, susceptibility is influenced by regional factors such as variations in microbiota,
genetic predispositions, and healthcare practices [20-22]. The identification of Escherichia
coli as the primary causative agent in this study aligns with global findings, although the
positioning of other pathogens, such as K. pneumoniae and E. faecalis, demonstrates local
variations that emphasize the need for regional studies [18].

4.2. Antimicrobial Resistance: An Emerging Challenge

One of the most critical findings of this study is the antimicrobial resistance among
UTI pathogens, particularly E. coli and S. agalactiae. The resistance to amoxicillin/clavulanic
acid in over 30% of cases is consistent with global trends of increasing resistance to widely
used antibiotics [23-25]. For instance, studies in Latin America and Southeast Asia report
similar rates, prompting restrictions on the use of amoxicillin in pregnant women and en-
couraging alternatives such as nitrofurantoin or second-generation cephalosporins, where
available [26].

The high sensitivity of E. coli to ertapenem identified in this study indicates its efficacy
as a last-resort treatment but also highlights the importance of judicious use to prevent
development of resistance. This phenomenon has been documented in countries like India
and South Africa, where inappropriate carbapenem use has led to alarming resistance
rates [27,28]. These findings suggest the need for global policies that promote rational
antibiotic use, particularly in vulnerable populations such as pregnant women.

The high resistance of S. agalactiae to vancomycin observed in this study (67%) is
unusual compared to global rates, which generally remain below 20% [29]. This discrepancy
may reflect regional peculiarities or specific prescribing practices that warrant further
investigation. It could also be due to a cluster of related strains of S. agalactiae. This high
resistance to vancomycin raises questions about the need for alternative therapies, such
as beta-lactams and new antibiotic combinations, which could expand the arsenal of safe
treatment options for pregnant women.

4.3. International Perspective: Monitoring and Preventive Interventions

Monitoring and early screening are widely recommended as key strategies to reduce
the risks associated with UTIs in pregnancy. However, the implementation of such pro-
grams varies significantly between countries. In high-income countries, such as the United
States and members of the European Union, guidelines frequently include universal screen-
ing for asymptomatic bacteriuria early in pregnancy, with a proven impact on reducing
severe complications [19,29]. In contrast, low-income countries often face challenges in
implementing systematic screening, resulting in high rates of complications and perinatal
mortality [30,31].
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The increase in UTIs during the third trimester, as identified in this study, reflects
a globally observed trend, where urinary stasis due to uterine compression contributes
to a heightened risk. A study from Nigeria reported peaks in infections during the third
trimester [32], while another study from India showed that the highest rate was in the
second trimester, followed by the third trimester [33], suggesting that targeted interventions,
such as additional screenings and enhanced prophylaxis, could be particularly beneficial
during these critical periods.

4.4. Impact on Healthcare and Clinical Guidelines

The findings of this study highlight the potential importance of clinical guidelines that
balance antimicrobial efficacy with maternal—fetal safety. The use of antibiotics such as
nitrofurantoin and fosfomycin, widely recommended in European and American guide-
lines, remains supported by their continued effectiveness against E. coli, even in the context
of increasing resistance [34]. However, the use of alternatives in cases of resistance or
contraindications, such as carbapenems or specific beta-lactam combinations, must be
carefully evaluated due to safety and cost limitations.

Additionally, innovative approaches such as the use of probiotics to restore the vaginal
and urinary microbiota have gained attention as complementary strategies to prevent
recurrent UTIs during pregnancy. Clinical trials in Europe and Australia suggest that
specific Lactobacillus strains can significantly reduce pathogen colonization, although more
research is needed to validate their efficacy in pregnant populations [35].

4.5. The Role of Regional Studies in a Global Context

Although this study focuses on a specific region, it contributes to the global under-
standing of UTIs during pregnancy. Regional studies like this one might be important to
inform locally relevant clinical practices while supporting global public health initiatives.
Integrating regional data into international databases can help identify emerging trends of
antimicrobial resistance and develop more effective global strategies.

In conclusion, the findings of this study highlight the need for continuous surveillance,
adherence to evidence-based guidelines, and investment in future research to address the
challenges of UTIs during pregnancy. A collaborative approach, combining regional and
global efforts, is essential to improving maternal and neonatal outcomes and mitigating the
impact of antimicrobial resistance.

5. Conclusions

This study highlights the prevalence and clinical significance of urinary tract infections
(UTIs) among pregnant women in central Portugal, with E. coli identified as the primary
pathogen, followed by S. agalactiae. The high levels of antibiotic resistance in this study,
particularly in the third trimester, underscore the need for regular screening and antibiotic
susceptibility testing as essential components of prenatal care to reduce maternal and fetal
risks such as preeclampsia and preterm labor.

Regional data are crucial for shaping empiric antibiotic protocols and improving
pregnancy outcomes. The geographic variability in bacterial prevalence and resistance
patterns highlights the importance of localized healthcare approaches and regular region-
specific data collection to inform evidence-based decisions and combat antibiotic resistance.

Finally, this study recommends continuous monitoring of resistance patterns through-
out pregnancy and revising clinical protocols, including routine bacterial susceptibility
testing and quarterly screening, during pregnancy to detect and treat asymptomatic bac-
teriuria early. Future research should examine risk factors like coexisting health conditions
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(e.g., diabetes, obesity) and lifestyle factors (e.g., hydration, hygiene) to identify high-risk
groups and tailor prevention and treatment strategies.
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