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Abstract: Background: This study evaluates the incidence and
etiology of maternal infections, specifically identifying uropathogens
and their antibiotic resistance profiles in urinary tract infections
(UTIs). A retrospective study analyzed the medical records of 330
pregnant women who presented with symptoms indicative of
infectious diseases. The aim was to assess the most common types of
infections diagnosed during pregnhancy. The second component of this
study includes a microbiological analysis of 320 newly recruited
pregnant women with suspected UTI. Midstream urine samples were
collected and analyzed by cytobacteriological examination of urine.
Microorganisms isolated from positive cultures were identified and
tested for antimicrobial susceptibility utilizing the Kirby—Bauer disc
diffusion method. The average age of the 330 participants was 29.88 +
7.14 years, with most infections occurring during the first two
trimesters. UTIs were the most common infection (31.5%). Among
320 urine samples, significant bacterial growth (>105) was detected in
110/320, with a prevalence of 34.4%. The predominant organisms
identified were Escherichia coli and followed by Enterococcus spp.
The antibiotic resistance profile reveals resistance rates of 20.4% and
45.7% for Gram-negative and Gram-positive bacteria, respectively.
These findings emphasize instance of antibiotic resistance, stressing
the necessity for enhanced surveillance and effective management of
treatment.
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INTRODUCTION

Anemia is defined by a hemoglobin concentration
There are several reasons why pregnant women are
considered a special group by infectious disease
specialists [1]. Pregnancy is accompanied by several
mechanical and physiological changes (e.g.,
decreased respiratory volumes and urinary stasis due
to uterine enlargement), which require immune
adaptations to accommodate the fetus [2]. Levels of
steroid sex hormones change dramatically during this
time; it is at a level that is substantially more elevated
when compared to any other period in a female's life.
These hormones include pregnancy-related hormones
such  as estradiol, estriol, progesterone,
corticosteroids, and prolactin [3]. These hormonal
fluctuations may alter immune cell functions and
modify the immune response, affecting the body's
ability to fight infection during the period of gestation
[3]. According to another theory, the immune
response during pregnancy is modulated instead of
suppressed [2]. Pregnancies complicated by infections
can impact both the mother and embryonic
development. These infections occur when
microorganisms invade tissues or release harmful
substances, disrupting normal bodily functions and
triggering an immune response. Inflammatory
reactions to infection have the potential to engender
deleterious consequences, including premature
delivery, congenital malformations, developmental
delays, and stillbirths [2]. Urinary tract infections
remain one of the primary types of infections during
pregnancy, affecting around 20% of pregnant women
[4]. A UTI is characterized by an overgrowth of
bacteria in the urinary tract (> 10° CFU/mL),
regardless of the presence of clinical indications [5]. It
is estimated that 4-10% of pregnant women have
asymptomatic bacteriuria. Meanwhile, one to four
percent of patients develop cystitis, and one to two
percent experience severe pyelonephritis, especially
during the 2nd trimester [6]. Antimicrobials are the
most commonly prescribed drugs in these cases, but
there's a need for caution due to the recent increase in
resistance to these medications around the world [7].
The study's objective is to determine the various types
of infections in pregnant women in the central region
of Algeria (The Wilaya of Ain Defla) by combining an
epidemiological analysis of their overall prevalence
with an in-depth biological study of urinary tract
infection to improve strategies for the prevention,
diagnosis, and management of maternal and fetal
health.

MATERIALS AND METHODS

Epidemiological study

This is a retrospective observational cohort study
conducted at the Fares Yahia Hospital in the town of
Miliana, Algeria, which focuses on the analysis of 330

medical records of pregnant women who consulted
the hospital's gynecology department over the period
from January 2019 to May 2025. The study included
pregnant women who had consulted for an infection
that had occurred during pregnancy. To better
understand their clinical profile, several parameters
were collected, including Age, trimester of pregnancy,
physiological status, medical history, type of
infection, examinations performed, and treatments
prescribed. In this study, all data from pregnant
women in all trimesters with an infection were
included. Data from non-pregnant women with an
infection and pregnant women without an infection
were excluded from the analysis.

Biological study

The goal of this research component is to ascertain the
prevalence of pathogens responsible for UTI by
cytobacteriological examination of urine (CBEU),
and to assess their antibiotic resistance profile. This
study involved recruiting a new cohort of 320
pregnant women attending the gynecology
department of the Fares Yahia Miliana Hospital,
Algeria, with or without clinical symptoms of UTIL.
The pregnant women who were on antibiotic therapy
within the last two weeks were not included in the
study. All study participants gave their consent and
agreed to participate in accordance with the principles
of personal data confidentiality.

Collection and processing of urine samples

The examination process included macroscopic
examination of urine samples and direct microscopic
examination for the detection of pyuria. The
collection of urine samples was performed mid-stream
in sterile specimen tubes. The following information
was included on the label: the patient's unique
identification number, the date, and the time of
sample collection, and the samples were processed no
later than 2 hours after collection. The samples of
urine were put through a process called centrifugation.
The sediment that resulted from this process was then
examined directly under a microscope. The samples
were checked for the presence of red blood cells
(RBCs), leukocytes, epithelial cells, cylinders, and
crystals. A normal urine sediment may contain a few
RBCs, pus cells (0-5/uL), and epithelial cells. The
presence of red blood cells in quantities greater than
5/uL indicates hematuria (due to glomerular
nephropathy, lithiasis, tumor, etc.); the presence of
white blood cells in quantities greater than 10/uL
indicates leukocyturia (unaltered white blood cells) or
pyuria (altered white blood cells) 1.

Uroculture

Quantitative evaluation of bacteria present in urine
samples was performed using the calibrated loop
technique. Take 10 pL of the urine sample that has
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been well homogenized but not centrifuged with a
calibrated loop. Inoculate it onto chromogenic agar
(CHROMagar orientation media) in streaks
perpendicular to the radius over the entire agar
surface. Place all plates in an incubator at 37 °C for 18
to 24 hours. After the plates have been incubated, the
colonies on each agar plate are counted, and the
number of CFUs is multiplied by 100 to obtain the
number of CFU/ml. Colony counts giving bacterial
growth > 105 CFU/ml were considered significant.

Bacterial growth was characterized as monomicrobial
or polymicrobial; each distinct colony was
subcultured and isolated on blood agar plates,
MacConkey agar, Chapman agar, and Sabouraud
agar was used for Candida isolation. All isolates were
identified using traditional microbiological techniques
according to Cheesbrough (2006), based on
macroscopic colony appearance, Gram staining,
mobility, Oxidase, and Catalase tests. The API 20

isolated.

Antimicrobial susceptibility testing

Antibiotic susceptibility testing was performed on
Mueller-Hinton agar plates using the Kirby-Bauer disk
diffusion method . A total of fifteen different
antibiotic discs were tested. These included
amoxicillin (25 pg), penicillin (10 pg), cefoxitin (30
ug), ceftriaxone (30 pg), ceftazidime (30 pg),
imipenem (10 pg), ciprofloxacin (5 pg), gentamicin
(10 pg), tetracycline (30 pg), chloramphenicol (30 pg),
fosfomycin (50 pg), vancomycin (30 png),
erythromycin (15 pg), and levofloxacin (30 pg). The
concentrations and zones of inhibition were
interpreted according to Clinical and Laboratory
Standards Institute (CLSI) guidelines 1%,

Statistical Analysis

Data was entered and analyzed using SPSS version 22
to determine the prevalence and variation of positive
and negative results. The performance of a chi-square

system (Bio-Mérieux, France), based on biochemical
character tests, was used to identify the bacteria
responsible for urinary tract infection. The results of
these tests identify the genus and species of the germ

test (x?) was applied with a statistical significance
value of p < 0.05.

RESULT
A study of 330 pregnant women was conducted. The mean age of the pregnant women was 29.88 + 7.14 years,
ranging from 18 to 45 years. Most of the pregnant women had come in for an infection during their first trimester of
pregnancy.

The analysis of infection types in the investigated group revealed that urinary tract infections were the most prevalent,
accounting for 31.5%, followed by syphilis at 11.2%. Influenza infections, pyelonephritis, and candidiasis had
reduced rates, ranging from 8% to 9%. (Figure 1).

The examination of infection types categorized by pregnancy trimester indicates that urinary tract infections, syphilis,
and influenza occur more frequently in the second trimester compared to the first. The possible risk of infection is
substantially reduced throughout the third trimester. Therefore, it can be seen that the first two trimesters are
characterized by the highest prevalence of infections, followed by the third trimester (Figure 2).

The relationship between infection type and pregnancy trimester was examined using a Pearson chi-square test. The
statistical analysis revealed that there is no significant relationship between the two variables (p = 0.360). The results
indicate that infection type did not vary significantly between trimesters.

The CBEU is the major test conducted to isolate the uropathogen that causes urinary tract infections in pregnant
women. Of the 320 CBEU performed, 110 were determined to be positive, with a bacterial count greater than 10°.
During this investigation, the prevalence of UTI among 320 pregnant women was determined to be 34.4%, with 110
cases noted (95% CI, 29.4% to 39.8%). In our study, we performed a microbiological investigation of 110 urine
samples, which revealed the presence of 110 distinct types of microorganisms, including 82 (74.5%) Gram-negative
bacteria, 23 (20.9%) Gram-positive bacteria, and 5 (4.5%) yeast samples from the Candida genus. Escherichia coli
formed the most abundant isolate of Gram-negative bacteria n = 51; 46.4%, while Enterococcus spp. was among the
most often identified Gram-positive bacteria (n = 15; 13.6%) (Table 1).

The resistance profile of the 82 Gram-negative bacteria reveals high resistance to several antibiotics. Ampicillin (AX
25) has the highest overall resistance rate 93.9%, with complete resistance observed in Escherichia coli, Enterobacter
cloacae, and Klebsiella pneumoniae. Relatively high resistance was detected to tetracycline 25.6%, Ceftriaxone 22.0%,
and Ciprofloxacin 17.1%, and moderate resistance to Imipenem 14.6% and fosfomycin 13.4%. In contrast, resistance
rates were low for chloramphenicol 1.2%, gentamicin 2.4%, and ceftazidime 8.5% (Table 2).

The results of susceptibility testing indicate that Gram-positive bacteria showed complete sensitivity to Vancomycin,
except for one strain of Staphylococcus lentus, which was resistant to all the antimicrobial agents tested. Staphylococcus
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aureus strains were 100% sensitive to gentamicin, resistant 100% to ceftriaxone and penicillin, and moderately
sensitive to tetracycline and erythromycin 50%. Enterococcus spp. Strains 93.3% were sensitive to levofloxacin and
amoxicillin, and only 13.3% were sensitive to imipenem and gentamicin. Staphylococcus xylosus strains were highly
resistant 100% to penicillin (Table 3).
Table 1: The frequency of uropathogens isolated from pregnant women

Pathogens No. Ofisolate Percentage (%)
Escherichia coli 51 46.4
Klebsiella pneumoniae 20 18.2
Pseudomonas aeruginosa 3 2.7
Proteus mirabilis 4 3.6
Candida albicans 5 4.5
Enterococcus spp. 15 13.6
Enterobacter cloacae 4 3.6
Staphylococcus aureus 5 4.5
Staphylococcus lentus 1 0.9
Staphylococcus xylosus 2 1.8
Total 110 100

Table 2: Percent of common Gram-negative urinary pathogens that are resistant to antimicrobial agents

Bacterial isolates n (%)
Antimicrobial | Escherichia | Proteus Enterobacter | Pseudomonas Kilebsiella Total
tested coli mirabilis cloacae aeruginosa pneumoniae (n=82)

(n=51) (n=4) (n=4) (n=3) (n=20)
AX 25 51 (100.0) 2 (50.0) 4 (100.0) 0(0.0) 20 (100.0) 77 (93.9)
TE 30 14 (27.5) 2 (50.0) 0(0.0) 2 (66.7) 3(15.0) 21 (25.6)
CRO 30 9(17.6) 1(25.0) 2 (50.0) 0(0.0) 6 (30.0) 18 (22.0)
CIP 5 6(11.8) 1(25.0) 2 (50.0) 1(33.3) 4(20.0) 14 (17.1)
IMP 10 6(11.8) 0(0.0) 2 (50.0) 0(0.0) 4(20.0) 12 (14.6)
FF 50 3(5.9 2 (50.0) 0(0.0) 0(0.0) 6 (30.0) 11 (13.4)
CAZ 30 0(0.0) 0(0.0) 2 (50.0) 3 (100.0) 2 (10.0) 7 (8.5)
FOX 30 0(0.0) 0(0.0) 4 (100.0) 0(0.0) 0(0.0) 4(4.9)
CN 10 0(0.0) 0(0.0) 0(0.0) 0(0.0) 2 (10.0) 2(2.4)
C30 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(5.0) 1(1.2)

Data are presented as n (%).

*CAZ: Ceftazidime, AX: Amoxicillin, TE: Tetracycline, C: Chloramphenicol, CIP:

FOX: Cefoxitin, FF: Fosfomycin, CN: Gentamicin, CRO: Ceftriaxone.

Ciprofloxacin, IMP: Imipenem,

Table.3: Resistance Profile of Gram-Positive Bacteria to Antimicrobial Agents

Antimicrobial tested

Bacterial CN 10 CRO 30 | TE 30 ERY 15 | P10 IMP 10 | VAN LEVS5 AX 25
isolates 30

Staphylococcus 0(0.0) 5(100.0) | 2(40.0) | 3(60.0) |5 NA 0(0.0) NA NA
aureus (100.0)

(n=5)

Staphylococcus 1(100.0) 1(100.0) | 1(100.0) | 1 1 NA 1 NA NA
lentus (100.0) | (100.0) (100.0)

(n=1)

Staphylococcus 1(50.0) 1(50.0) | 1(50.0) | 1(50.0) |2 NA 0(0.0) NA NA
xylosus (100.0)

(n=2)

Enterococcus 13(86.7) | NA NA 8(53.3) | NA 13 0(0.0) 1(6.7) 1(6.7)
spp. (86.7)

(n=15)

Total 15 7/8 4/8 13 8/8 13/15 1 1/15 1/15
(n=23) (65.2) (87.5) (50.0) (56.5) (100.0) | (86.7) 4.3) 6.7) 6.7)
| 4144
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Data are presented as n (%)

NA: Not tested, *CN: Gentamycin, CRO: Ceftriaxone, TE: Tetracycline, ERY: Erythromycin, P: Penicillin, IMP;
Imipenem, VAN: Vancomycin, LEV: Levofloxacin, AX: Amoxicillin.
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DISCUSSION

Research indicates that women experience increased
vulnerability to infections during pregnancy, with
metabolic, hematological, and immunological
changes contributing to this susceptibility 211, A study
analyzing 330 records found that women aged 18 to
28 had the highest infection rates, with 157 patients
reporting infections. This trend is supported by Laari
et al. "1 highlighting greater prevalence in younger
women 15 to 25 years due to hormonal fluctuations
and less stable immunity. Conversely, the 39 to 48 age
group is less affected, likely because of decreased
fertility and enhanced monitoring in later pregnancies,

Trimestre 2

15 20 25 30 35
Percentage %
Trimestre 3
24
60 80 100 120
Frequency

as consistent with findings by Hochler et al. ' that link
age with obstetric complications. UTIs are prevalent
medical issues affecting the urethra, bladder, and
kidneys, particularly common during pregnancy,
second only to anemia 81, A retrospective analysis
found a 31.5% occurrence rate among pregnant
women, who are more vulnerable due to elevated
amino acids, vitamins, and nutrients in their urine that
support infections 4, Additionally, increased plasma
volume reduces urine concentration, and about 70%
of pregnant women experience glycosuria, further
encouraging bacterial growth in urine. In the second
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study of pregnant women, cytobacteriological
analysis revealed that UTIs are prevalent in 34.4% of
cases (95% CI, 29.4% to 39.8%) (110/320), aligning
with global rates ranging from 13% to 33% U3
Comparatively, a study by Girish Patill in Central
India reported a prevalence of 26.75%, while other
studies reported rates from 5% to 47.5% U118
variations in prevalence are influenced by
geographical, environmental, and social factors 9.
Contributing factors to UTIs in pregnant women
include gestational age, education level, and
underlying risk factors, such as preeclampsia and
HIV/AIDS. The study found that Gram-negative
bacteria, especially E. coli, are the most common
pathogens in (UTIs), accounting for 46.43% of
isolates. E. coli prevalence is consistent globally, with
39.7% in South America and 66.01% in China 2%21,

This predominance is linked to the ascending
pathophysiology of UTIs and enterobacteria
colonization in the perineum #2%  Additionally,
Enterococcus was isolated in 13.6% of cases as the
leading Gram-positive bacteria, and Candida yeasts
contributed 4.5%. Overall, Gram-positive bacteria
account for 20.9% of UTIs in pregnant women,
underscoring the importance of Enterococcus and
Candida in the infection landscape, despite their lower
pathogen prevalence. Following the genus
Staphylococcus, the distribution of species includes
Staphylococcus aureus 4.5%, Staphylococcus xylosus 1.8%,
and Staphylococcus lentus 0.9%, aligning with Assouma
et al. ¥ finding that S. aureus represents around 30%
of urinary isolates. Coagulase-negative bacteria, likely
including S. «xylosus, make up the remaining
percentage, while Fowoyo et al. 1* identified S. sciuri
and S. lentus in 0.8% of urinary tract infections. In
contrast to reports identifying S. aureus as the
predominant urinary pathogen among Gram-positive
cocci, a study by Manjula " on UTIs in pregnant
Indian women found no uropathogens of the S. aureus
species and noted that less than 1% of identified
uropathogens were FEnterococcus species. Overall,
Gram-positive cocci have a minor role in urinary tract
infections, but changes in women's genital tracts
during pregnancy can heighten the risk of
colonization by these bacteria . Treating bacterial
infections requires antibiotics, but their effectiveness
relies on bacterial sensitivity. In our study, we isolated
Gram-positive and Gram-negative bacteria, noting
significant resistance to various antibiotic classes.
Notably, most Gram-negative isolates showed 100%
resistance to amoxicillin, corroborating findings from
a previous study in Uganda 3. E. coli was the primary
Gram-negative bacterium identified, exhibiting
complete resistance to amoxicillin 100% largely due to
the production of TEM-1 B-lactamases, common in
urinary tract infections. This resistance is exacerbated
by the extensive use of penicillin *”!. Notably, over
90% of E. coli strains from uncomplicated urinary tract

infections globally resist amoxicillin. Additionally,
27.45% of E. coli isolates showed resistance to
tetracycline linked to tet (A) and tet (B) genes on
plasmids. All E. coli species tested were susceptible to
several antibiotics, including ceftazidime and
Gentamycin. Among Gram-positive isolates,
Enterococcus spp. from pregnant women displayed high
resistance to Gentamicin and Imipenem 86.7%, but
sensitivity to vancomycin 100%, echoing findings
from studies in Saudi Arabia ?¥. Research on E.
faecium in India ) reported similar resistance patterns,
highlighting emerging trends in multidrug resistance.
A high resistance of 80% to penicillin and ceftriaxone
was observed in S. aureus, aligning with findings in
Benin 2>%1 Coagulase-positive staphylococci showed
100% sensitivity to vancomycin and gentamicin,
contrasting with Algerian studies that reported high
resistance 1. A Mauritania study ®* found over 90%
sensitivity to vancomycin, while Assouma et al. 4
indicated a 52.6% resistance in urinary tract isolates,
possibly due to antibiotic exposure. The Staphylococcus
lentus strain exhibited high resistance to all antibiotics
tested. The findings demonstrate a significant
prevalence of antibiotic resistance in Gram-negative
bacterial strains, consistent with previous research 1>
¥ These findings indicate a significant degree of
antibiotic resistance among pregnant women, raising
concerns due to its implications for maternal and fetal
health, and it is linked to the escalating misuse of
antibiotics.

CONCLUSION

In In summary, our research indicates that urinary
tract infections are among the most prevalent illnesses
seen during pregnancy. This prompted us to
undertake targeted research on this infection to isolate
and identify the implicated bacteria and examine their
drug resistance. It is crucial to identify the resistance
of particular bacteria to antibiotics, as this occurrence
poses a substantial public health concern. The
emergence of antibiotic-resistant bacteria significantly
diminishes treatment efficacy, complicating infection
management. This, in turn, can lead to worsening
health consequences for patients. Our ultimate goal is
to improve therapy options and contribute to better
medical care for afflicted individuals.
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