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Abstract

Background Urinary tract infections (UTls) are one of the most common health problems worldwide and mainly affect
women. This study aimed to evaluate the prevalence of UTls in pregnant women and determine the antimicrobial resist-
ance patterns of bacterial pathogens isolated from pregnant and nonpregnant women in Riyadh, Saudi Arabia.

Methods This retrospective cohort study was conducted at an academic medical center in Riyadh, Saudi Arabia,
from January to June 2022. The study included all urine cultures performed for adult women during the study period.
We excluded urine culture performed for women on antibiotics prescribed for any infection, children, and men. Using
the SPSS (version 27) package, descriptive statistics and chi-square tests were used to analyze the data, and p <0.05
was considered to indicate statistical significance.

Results A total of 2,418 urine cultures performed during the study period were included (985 and 1,433 for pregnant
and nonpregnant women, respectively). The overall prevalence of UTls in pregnant women was 5% (95% Cl 3.6-6.4);
10 (19) women were symptomatic, and 40 (4%) women were asymptomatic. Of the entire cohort, 244 (10.1%)
women were diagnosed with UTls based on bacterial cultures. The predominant bacteria in both pregnant and non-
pregnant women were Escherichia coli (134, 54.9%), followed by Klebsiella pneumoniae (48, 19.6%).

The antibiotic susceptibility criteria for Escherichia coli and Klebsiella pneumoniae were as follows: nitrofurantoin (94%
and 18.8%, respectively), amoxicillin-clavulanic acid (82.8% and 70.8%, respectively), ciprofloxacin (65.7% and 83.3%,
respectively), trimethoprim-sulfamethoxazole (65.7% and 79.2%, respectively) and cephalothin (47% and 68.8%,
respectively).

Conclusion Compared to the findings of other similar studies, the prevalence of UTIs was lower in pregnant women.
This may be because the patient population was composed of healthy and educated women who received pre-
natal education and underwent prenatal assessment as per institutional guidelines. Nitrofurantoin and amoxicillin-
clavulanic acid are recommended for use as an empirical therapy for UTls in pregnant and nonpregnant women
because bacteria have the least amount of resistance to these drugs.
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Background

Urinary tract infections (UTIs) are among the most com-
mon bacterial infections worldwide and commonly affect
women [1]. Approximately 50 to 60% of women have at
least one UTI in their lifetime [2]. One-third of women
are diagnosed with UTIs before the age of 24 years, and
one-half develop at least one UTI by the age of 35 years
[3]. There is a greater prevalence of UTIs in pregnant
women than in nonpregnant women. UTIs represent a
major health problem in Saudi Arabia; they account for
10% of all infections in the country and are considered
the second most common reason for emergency depart-
ment admissions [4].

The global prevalence of UTIs in pregnant women
is 23.9%. The reported prevalence of UTIs is as follows:
Kenya (59%), Nepal (23.34%), Somaliland (16.4%), Ethio-
pia (23%), Cameroon (71.43%), Lucknow (45.32%), India
(60.7%), Nigeria (55%), Egypt (29%), Iran (8.7%), and
Sudan (70.9%) [2, 5-14].

Three published cross-sectional studies were con-
ducted in 2013, 2016, and 2019 in different regions of
Saudi Arabia, with reported incidences of 20%, 6.9%,
and 53.5%, respectively, in pregnant women [15-17].
There is wide variation in the reported prevalence of
UTIs in pregnant women, which can be attributed to
geographic location and various factors, including
increasing age, the number of births, personal hygiene,
and socioeconomic status [2, 18]. Escherichia coli (E.
coli), followed by Klebsiella pneumoniae (K. pneumo-
niae), are the leading causes of UTIs globally [16-18].
The World Health Organization (WHO) and local
guidelines recommend the use of nitrofurantoin and
cotrimoxazole as first-line therapies. As antimicrobial
susceptibility patterns change rapidly, new resistant
strains are emerging, and updates to these guidelines
are needed periodically [4].

UTIs are common in women, but the available data on
the prevalence of UTIs in pregnant women are limited
by small sample sizes and wide variations in the reported
prevalence. The prevalence of UTIs in pregnant women
living in the capital city with a dense population has not
been investigated in Saudi Arabia. In addition, regular
updates on antimicrobial resistance in women (pregnant
and nonpregnant) are highly important. Thus, investigat-
ing the epidemiology of UTIs (prevalence and antimicro-
bial resistance) is fundamental for health care providers
to guide optimal management and minimize UTI-asso-
ciated complications. This study aimed to determine the
prevalence of UTIs in pregnant women and antimicrobial

resistance patterns in pregnant and nonpregnant women
in the capital city of Riyadh, Saudi Arabia.

Methods

Study design

This was a retrospective observational cohort study
conducted at King Abdullah bin Abdul-Aziz University
Hospital (KAAUH) in Riyadh, Saudi Arabia, between
January and June 2022. KAAUH is a 406-bed teach-
ing hospital in Riyadh, Saudi Arabia, that aims to be
accredited as a center for women’s health and pediat-
ric and adolescent health. KAAUH provides health care
services to employees and students of the hospital affil-
iated university and their families, as well as employ-
ees of KAAUH and their families. Institutional prenatal
care includes but is not limited to urine screening at
the first prenatal visit or prenatal education classes for
pregnant women.

Study participants and data collection

The urine culture data for adult women were extracted
from the system. As per institutional guidelines, urine
cultures were performed for all pregnant women in the
first trimester as part of the screening program. Addi-
tionally, urine cultures were performed for women (preg-
nant and nonpregnant) who had signs and symptoms of
UTIs, those who underwent a urinary procedure, and
those who were critically ill.

Clinical data were collected from electronic medical
records and identified for further review. Relevant infor-
mation, including demographic data, baseline comor-
bidities, obstetrical characteristics, antimicrobial therapy
regimens, urine culture results, urine analysis informa-
tion and susceptibility data, was collected. UTIs were
diagnosed using midstream urine culture. The data were
validated by the individuals in the research group during
weekly meetings.

Urine culture, bacterial identification and antimicrobial
susceptibility testing

Urine cultures were generated according to stand-
ard microbiological methods based on colony count,
the number of organisms grown in culture, the use
of rapid biochemical tests, and the use of automated
confirmatory tests [8]. Briefly, 1 puL of urine was inoc-
ulated onto a biplate media consisting of sheep blood
agar and MacConkey agar using a quantitative streak
method. After 24 h of incubation, colonies of uropath-
ogens were identified based on colony morphology,
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growth patterns, biochemical tests, and Gram stain-
ing. Colony counts were performed, and confirmatory
identification and antibiotic susceptibility tests were
completed using a Vitek2 instrument system (BioMé-
rieux, France) with 0.5 McFarland standard inoculum
as per the manufacturer’s recommendations. Anti-
biotic susceptibility tests were based on Clinical and
Laboratory Standards Institute (CLSI) breakpoints
and panels. The presence of extended spectrum beta-
lactamase (ESBL) resistance in isolated uropathogens
was based on the Vitek2 instrument and resistance to
third-generation cephalosporins-ceftazidime and/or
ceftriaxone.

Study outcomes and definitions

The primary objective was to assess the prevalence
of symptomatic and asymptomatic UTIs in pregnant
women. For the secondary outcome, the antimicrobial
susceptibility pattern of the bacterial pathogens was
assessed based on the urine culture data collected from
pregnant and nonpregnant women at KAAUH in Riyadh,
Saudi Arabia.

UTIs were defined as the presence of pathogenic
microorganisms in the genitourinary tract with associ-
ated signs and symptoms of infection [2].

Asymptomatic bacteriuria (ASB) was defined as the
presence of one or more species of bacteria growing in
the urine at specified quantitative counts (>10° colony-
forming units [CFUs]/mL or>10® CFUs/mL), irrespec-
tive of the presence of pyuria, in the absence of signs or
symptoms attributable to urinary tract infection (UTI)
[19].

Immunosuppressant agents, such as calcineurin inhibi-
tors (tacrolimus and cyclosporine), antiproliferative
agents (mycophenolate mofetil, mycophenolate sodium,
and azathioprine), mammalian targets of rapamycin
inhibitors (sirolimus and everolimus), corticosteroids
(prednisone), and T-cell depleting monoclonal antibodies
(alemtuzumab), were defined as therapeutic agents that
inhibit or decrease the intensity of the immune response
in the body [20].

Sample size calculation

For prevalence, a minimum required sample size of 350
was estimated based on a 95% confidence interval, a 5%
margin of error, and an estimated UTI incidence of 53.6%
in pregnant women in a previous study conducted in
Wadi Addawser, Saudi Arabia [17].

Statistical analysis

The data were analyzed by Statistical Package for
Social Sciences (SPSS) version 27.0 (IBM, USA).
Descriptive statistics were determined to present the
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findings. Categorical variables are presented as fre-
quencies and percentages. Continuous data are dis-
played as medians and interquartile ranges (IQRs). For
prevalence, the proportion and 95% confidence inter-
val were determined.

Results
A total of 2,418 urine cultures (985 and 1,433 for preg-
nant and nonpregnant women, respectively) performed
during the study period were included in the analysis
(Fig. 1).

In this study, the median age of the women who had
urine cultures performed was 36 [29-47] years. Of the
included women, 94% were outpatients. The patients
tended to be healthy. The baseline characteristics are
summarized in Table 1.

The overall prevalence of UTIs in pregnant women
was 5% (95% CI 3.6-6.4); 10 (1%) women were sympto-
matic, and 40 (4%) women were asymptomatic. Notably,
some pregnant women might have more than one urine
culture performed during pregnancy (985 urine cultures
were performed for 802 pregnant women; screening and
diagnosis). The obstetric and clinical characteristics are
shown in Table 2.

Among the 2418 urine cultures performed (for preg-
nant and nonpregnant women), 244 (10.1%) showed
bacterial growth. Among the total isolates, the gram-
negative bacteria (196 (80.3%)) were more prevalent
than the gram-positive bacteria (42 (17%)). Among
the isolates, the predominant bacterial uropathogen
in both pregnant and nonpregnant women was E. coli
(134, 54.9%), followed by K. pneumoniae (48, 19.6%)
(Table 3).

E. coli was resistant to ampicillin (55.2%), cephalothin
(31.3%), trimethoprim-sulfamethoxazole (34.3%), and
ciprofloxacin (27.6%), and a greater percentage of suscep-
tibility was observed for nitrofurantoin (94%), gentamicin
(92.5%), and amoxicillin-clavulanic acid (82.8%).

All K. pneumoniae isolates were resistant to ampicil-
lin (100%) due to an intrinsic resistance mechanism,
and 33.3% were resistant to nitrofurantoin. The anti-
biotic susceptibility rates for the other agents tested
were as follows: gentamicin (95.8%), trimethoprim-
sulfamethoxazole (79.2%), amoxicillin-clavulanic acid
(70.8%), ciprofloxacin (83.3%) and cephalothin (68.8%)
(Table 4).

Streptococcus agalactiae strains were routinely sus-
ceptible to penicillin, and no antibiotic susceptibility
tests were performed or reported by the Microbiology
Laboratory.

E. coli was the most common ESBL producer, with
22 isolates (16.4%), followed by K. pneumoniae, with 7
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3,797 urine culture
requests

1379 urine culture were excluded.

- 950 Male

- 220 Pediatrics
112 on antibiotics

- 92 cancelled

- 5 missing notes

2418 urine sample
specimens were
included.

985 urine cultures for
pregnant women

1433 urine cultures for

nonpregnant women

Fig. 1 Flowchart of the urine culture performed during the study period were extracted from the system
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Table 1 Baseline characteristics of urine cultures of pregnant and nonpregnant women in an academic medical center in Riyadh,
Saudi Arabia, from January to June 2022

Variables

Pregnant (n=985)

Nonpregnant (n=1433)

Total (n=2418)

Age, median [IQR]
BMI, median [IQR]
Heart disease
Diabetes

Hypertension

Chronic kidney disease

Liver disease
Malignancy

Respiratory disease
On immunosuppressant
History of recurrent UTI

Catheter

Hospitalized patients
ICU at the index of culture

31 [27-36]
29.49 [25.7-33.6]
6(0.6)

91(9.2)

10 (1.0)

0

1(0.1)

0

41(4.2)

43 [33-59]
2847 [24.7-33.6]
118(8.2)
339(23.7)
372 (26.0)
39(2.7)
10(0.7)
24(1.7)
211 (14.7)
137 (9.6)
46 (3.2)

14 (1.0)
146 (10.2)
29(2.0)

36 [29-47]
28.87 [25.1-33.6]
124 (5.1)
430(17.8)
382 (15.8)
39(1.6)
11(0.5)
24(1.0)
252(104)
138(5.7)
46 (1.9)

15 (0.6)
146 (6.0)
29(1.2)

Variables are expressed as n (%) unless indicated otherwise

BMI Body mass index, CrCl Creatinine clearance, WBC White blood cell



Barnawi et al. BMC Infectious Diseases (2024) 24:502

Table 2 Obstetric and clinical characteristics of pregnant
women attending antenatal care at an academic medical center
in Riyadh, Saudi Arabia, from January to June 2022 (n=802)

Variable Value, n (%)
Urine culture requests during gestational period
First trimester 648 (65.8)
Second trimester 203 (20.6)
Third trimester 134 (13.6)
Gravida
Primigravida 190 (24)
Multigravida 612 (76)
History of abortion 112 (14)
History of premature labor 18(2.2)
Marital status
Married 802 (100)
Single 0(0)
History for 1 year
Confirmed positive urine culture 58(7)

Confirmed UTI 48 (5.
Recurrent UTI during pregnancy 110

isolates (14.6%); none of the other gram-negative bacteria
produced ESBL.

Discussion

This is the largest study conducted to date to deter-
mine the prevalence of UTIs in pregnant women, and
the resistance patterns of urine bacterial isolates were
evaluated in pregnant and nonpregnant women in the
capital city of Saudi Arabia. The study included 2,418
urine cultures, corresponding to 985 performed for
pregnant women and 1,433 performed for nonpreg-
nant women.

In this study, the overall prevalence of UTIs in preg-
nant women was 5% (95% CI 3.6—6.4). The predominant
bacterial pathogen identified in women with UTIs was E.
coli (134, 54.9%), followed by K. pneumoniae (54.9%) (48,
19.6%). Our findings showed that the prevalence of UTIs
in pregnant women was lower than that reported locally
and globally; however, it is comparable to the range
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(1.9-9.5%) reported by the Infectious Diseases Society of
America (IDSA) [19]. A plausible reason for the low UTI
prevalence in this study is that our patient population
was relatively healthy, was educated according to univer-
sity hospital eligibility criteria and had access to standard
prenatal care as managed by the institution.

In the present study, the most common causative agent
in both pregnant and nonpregnant women was E. coli
(54.9%), followed by K. pneumoniae (19.6%). Interest-
ingly, according to published local studies, the most com-
mon pathogens causing UTIs in pregnant women were
E. coli, Staphylococcus, and Candida species, which are
indications of fecal contamination and poor personal
hygiene. This result provided support for the hypothesis
that our patient population was relatively healthy and
educated.

According to our findings, nitrofurantoin and amox-
icillin-clavulanic acid should be recommended for
use as an empirical therapy for UTIs in pregnant and
nonpregnant women because bacteria have the least
amount of resistance to these drugs, considering that
nitrofurantoin should be avoided in the 3rd trimester
of pregnancy [21]. On the other hand, bacteria had
the greatest resistance to ampicillin, trimethoprim-
sulfamethoxazole, and ciprofloxacin. To improve
appropriate antibiotic use, antimicrobial stewardship
teams should evaluate susceptibility patterns regularly
as new resistant strains emerge and empirical therapy
changes accordingly to prevent the misuse or overuse
of antibiotics.

The limitations of this study include the retrospective
single-center nature of this analysis. The results were
dependent on accurate and complete documentation
in the electronic medical records. The size and health
status of our cohort may have been inadequately pow-
ered to detect significant findings and other associated
risk factors for UTIs. Moreover, the policies and pro-
cedures practiced at our institution may not be reflec-
tive of other institutional practices. Future research
involving molecular testing and comparisons of genes
related to antibiotic resistance or biofilm formation is
recommended.

Table 3 Bacterial pathogens isolated from urine of pregnant and nonpregnant women in academic medical center in Riyad, Saudi

Arabia from January to June 2022 (n=244)

Bacteria isolates Pregnant, 48 (19.7)

Nonpregnant, 196 (80.3) Total, 244 (10.1)

E. coli 19 (39.6)
K. pneumoniae 14 (29.2)
Streptococcus agalactiae 15(31.3)

Others 0

115 (58.7) 134 (54.9)
34(17.3) 48 (19.6)
199.7) 34(13.9)
28(14.3) 28(14.3)

Variables are expressed as n (%) unless indicated otherwise

Candida spp. accounted for 4 isolates in nonpregnant patients and zero in pregnant patients
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Table 4 Antimicrobial susceptibility of Gram-positive and Gram-negative bacteria isolated from urine of pregnant and nonpregnant
women in academic medical center in Riyad, Saudi Arabia from January to June 2022 (n=244)

Bacteria Isolates

Antimicrobial susceptibility testing

Gram-negative, n=198 (81%)

ESBL AMP

E.coli, 134 (67.7) 22 (16.4)

S 53(39.6)

1 7(5.2)

R 74 (55.2)
K.pneumoniae, 48 (24.2) 7 (14.6)

S 0

1 0

R 48 (100)
Others, 16 (8.1) 0

S 14 (87.5)

1 0

R 2(12.5)

Gram-positive isolate, n=42 (17.2%)
Streptococcus agalactiae, 34 (81%)

Others, 8 (19) AMP
S 8(100)
I 0
R 0

intrinsically susceptible to penicillin

CEF NFN GN STX CIp Amox/Clav
63 (47) 126 (94) 124(925) 88(657) 88(657) 111(828)
29(216)  5(3.7) 1(0.7) 0 9(6.7) 12 (9.0)
42(313) 32 9(6.7) 46(343) 37(276) 11(8.2)
33(688) 9(188) 46 (95.8) 38(79.2) 40(83.3) 34(708)
1@2.1) 23479 0 0 7(14.6) 6(125)
14(292) 16(333) 2(4.2) 10(208)  1(2.0) 8(16.7)
13(81.3) 13(81.3) 16(100) 16 (100) 11(688)  15(93.8)
0 0 0 6.3) 0

3(188) 3(18.8) 0 4(25) 1(6.3)
NFN BP EM OXC Cip VAN

6 (75) 6(75) 4(50) 6 (75) 5(62) 8(100)
2(25) 2(25) 1(125) 0 2(25) 0

0 0 3(37.5) 2(25) 1(12.5) 0

AML Ampicillin, BP Benzyl penicillin, CEF Cephalothin, CIP Ciprofloxacin, E. coli Escherichia coli, EM Erythromycin, ESBL Extended spectrum beta-lactamase, GN
Gentamicin, / Intermediate, K. pneumoniae Klebsiella pneumoniae, NFN Nitrofurantoin, OXC Oxacillin, R Resistance, S Sensitive, STX Trimethoprim-sulfamethoxazole,

VAN Vancomycin

Conclusion

Pregnant women had a lower rate of UTIs in this study
than did pregnant women in previous studies of a simi-
lar nature, which might be explained by the inclusion of
healthy, educated women who had access to standard
prenatal education and health care facilities at a univer-
sity hospital.

Abbreviations

UTls Urinary tract infections

KAAUH King Abdullah bin Abdul-Aziz University Hospital
uL Microliter

CLSI Clinical and Laboratory Standards Institute
ESBL Extended spectrum beta-lactamase

ASB Asymptomatic bacteriuria

CFU Colony forming units

mL Milliliters

SPSS Statistical Package for Social Sciences
IQRs Interquartile ranges

E. coli Escherichia coli

K.pneumonia  Klebsiella pneumoniae

IDSA Infectious Diseases Society of America
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