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Abstract
Uropathogenic Escherichia coli (UPEC) is classified as the major causative agent of urinary tract infections (UTIs). UPEC virulence

and antibiotic resistance can lead to complications in pregnant women and (or) newborns. Therefore, the aim of this study was
to determine the etiological agents of UTIs, as well as to identify genes related to virulence factors in bacteria isolated from
pregnant and nonpregnant women. A total of 4506 urine samples were collected from pregnant and nonpregnant women.
Urine cultures were performed, and PCR was used to identify phylogroups and virulence-related genes. Antibiotic resistance
profiles were determined. The incidence of UTIs was 6.9% (pregnant women, n = 206 and nonpregnant women, n = 57), and
UPEC belonging to phylogroup A was the most prevalent. The presence of genes related to capsular protection, adhesins, iron
acquisition, and serum protection in UPEC was associated with not being pregnant, while the presence of genes related to
adhesins was associated with pregnancy. Bacteria isolated from nonpregnant women were more resistant to antibiotics; 36.5%
were multidrug resistant, and 34.9% were extensively drug resistant. Finally, UTIs were associated with neonatal sepsis risk,
particularly in pregnant women who underwent cesarean section while having a UTI caused by E. coli. In conclusion, UPEC
isolated from nonpregnant women carried more virulence factors than those isolated from pregnant women, and maternal
UTIs were associated with neonatal sepsis risk.
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Introduction
One of the most common infections in the world’s popu-

lation is urinary tract infection (UTI), which is defined as the
presence of microorganisms in any sterile organ of the uri-
nary tract: cystitis is diagnosed when the infection occurs in
the bladder, pyelonephritis is diagnosed when it occurs in the
kidney, and asymptomatic bacteriuria is diagnosed when the
patient has no symptoms. In most cases, more than 1 × 103

colony-forming units (CFUs)/mL of bacteria in the urine is
considered to indicate a UTI (Geerlings 2017). In general,
women are more affected by UTIs than men, partly due to the
shorter urethral length in biological females, which makes it
easier for bacterial colonizers to reach the bladder (Foxman
2010). Approximately 150 million people worldwide are af-
fected by UTIs each year; in Mexico, 4 054 073 cases of UTIs are

diagnosed each year, and more than 80% of cases occur
in women (Hooton 2012; Salud 2016). Pregnant women are
among the most affected due to the physiological, structural,
and functional changes in the urinary tract that allow bac-
teria to colonize more easily (Matuszkiewicz-Rowińska et al.
2015). There are many microorganisms that can cause UTIs,
but uropathogenic Escherichia coli (UPEC) is the most common
etiologic agent (Nielubowicz and Mobley 2010).

UPEC can express various virulence factors that allow it
to colonize the urinary tract, such as those related to ad-
hesion, iron acquisition, and toxins, which are extremely
important in causing infection in the host (Köhler and Do-
brindt 2011). In addition, the virulence of E. coli is related
to its phylogenetic group. This bacterium is classified into
seven phylogroups: A, B1, B2, C, D, E, and F, among which
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B2 and D are associated with high-level virulence in E. coli,
while A and B1 are associated with high levels of antibiotic
resistance (Johnson and Stell 2000a; da Silva and Mendonça
2012). Regarding antibiotic resistance, in developed countries
such as Mexico, E. coli often exhibits high antibiotic resistance
rates in humans, water, or food (Canizalez-Roman et al. 2013,
2019). The high virulence and antibiotic resistance rates of
UPEC could be a major concern for pregnant women, and
asymptomatic bacteriuria, cystitis, and pyelonephritis are as-
sociated with complications in these individuals, including
prematurity or low infant birth weight (Millar and Cox 1997).

The lack of information about UTI in Mexico leads to the
fact that most UTIs are treated with antibiotics based on em-
pirical knowledge. The abovementioned fact gives the bacte-
ria the opportunity to increase their resistance to antibiotics
and prolong the period of infection, which UTI could become
complicated in patients. Therefore, the objective of this study
was to identify the main etiologic agents of UTIs in pregnant
and nonpregnant women from northwest Mexico, the main
virulence factors of UPEC and their associations with UTIs,
and their antibiotic resistance profiles. Finally, the relation-
ship between neonatal complications and UTIs in pregnant
women was evaluated.

Materials and methods

Study population
Urine samples were collected from 4506 pregnant and non-

pregnant women who were inpatients, outpatients, or mem-
bers of outpatient clinics of women’s hospitals in Sinaloa,
northwestern Mexico. Samples were collected from October
2015 to February 2017. Urine samples were collected in a
sterile container by the clean-catch method for further pro-
cessing. Sociodemographic data, clinical characteristics, and
neonatal complications were collected from the patients’
medical records. UTI was defined as a threshold of bacteriuria
greater than 1000 CFU/mL. Prior to urine collection, patients
signed an informed consent form explaining the procedures
to be applied to the sample, and the study was approved by
the Ethics Committee of the Women’s Hospital, Secretariat
of Health No. 202026-5.

Isolation and identification of bacteria
Urine samples were cultured and inoculated in MacConkey

medium at 37 ◦C for 24 h. Colonies with characteristics re-
lated to E. coli, such as shape, size, and color, were then eval-
uated using the automated MicroScan WalkAway 96 system
(Beckman Coulter, CA, USA) according to the manufacturer’s
instructions. Identified bacteria (E. coli, Klebsiella, or others)
were cultured in LB medium and frozen in 10% glycerol for
future experiments.

Preparation of template DNA
Five colonies from each isolate were grown in LB medium

for 18 h to reach the stationary phase. The cells were cen-
trifuged at 10 000 × g for 10 min, and the pellet was resus-
pended in 0.3 mL of distilled water, heated at 100 ◦C for 10
min, vortexed for 10 s, and centrifuged at 12 000 × g for

3 min. The DNA-containing supernatants were transferred
to 0.5 mL microcentrifuge tubes and stored at −20 ◦C until
use.

Determination of E. coli phylogroups
For the classification of E. coli phylogroups isolated from

pregnant and nonpregnant women, the method of Clermont
et al. was used (Clermont et al. 2013). First, arpA, chuA, yjaA,
and TspE4.C2 were identified by polymerase chain reaction
(PCR), and then E. coli strains were identified (phylogroups
A or C, D or E and E or clade I). The primers used to identify
the E. coli phylogroups are shown in Table S1.

Identification of genes associated with
virulence factors in E. coli

In the present study, a total of five virulence factors were
identified in 15 genes by PCR in E. coli isolated from preg-
nant and nonpregnant women: (i) capsular protection (kpsMT
I and kpsMT II; Johnson and Stell 2000a), (ii) toxins (sat, hlyA,
and cnf-1; Yamamoto et al. 1995; Johnson and Stell 2000a;
Ewers et al. 2007), (iii) adhesins (fimH, papG, papeF, and safA;
Yamamoto et al. 1995; Johnson and Stell 2000a), (iv) iron ac-
quisition (feoB, iutA, fyuA, and iroN; Yamamoto et al. 1995;
Johnson and Stell 2000a; Johnson et al. 2000b), and (v) serum
resistance (traT and malX/PAI; Johnson and Stell 2000a). All
genes were identified by PCR, and the PCR products were an-
alyzed by electrophoresis on a 3% agarose gel. Positive con-
trols were added; additionally, the most representative am-
plicons were sequenced for control purposes. The sequences
of the primers and the size of the PCR products are shown in
Table S2.

Antimicrobial susceptibility testing
The antimicrobial susceptibility testing of pathogenic

isolates was performed using the automated MicroScan
WalkAway 96 system (Beckman Coulter) according to the
manufacturer’s instructions and guidelines developed
by the Clinical Laboratory Standard Institute (Cockerill
2011). The antibiotics tested were amikacin, gentamicin,
tobramycin, ciprofloxacin, levofloxacin, tetracycline, tigecy-
cline, trimethoprim/sulfamethoxazole, ampicillin, cefotetan,
cefuroxime, cefotaxime, ceftriaxone, ceftazidime, cefepime,
aztreonam, ertapenem, imipenem, meropenem, ampi-
cillin/sulbactam, and piperacillin-tazobactam. Escherichia coli
American Type Culture Collection (ATCC) 25922 and E. coli
ATCC 35218 were used as controls. The recommendations of
the National Antimicrobial Resistance Surveillance System
for E. coli were used to define antibiotic cutoff points, and
thus isolates were classifed as resistant, intermediate, or
sensitive (White et al. 2006). Isolates resistant to ≥3 different
categories of antibiotics were classified as multidrug resis-
tant (MDR), and those resistant to ≥6 different categories of
antibiotics were classified as extensively drug resistant (XDR)
(Magiorakos et al. 2012). Antibiotics were selected based
on their use to treat human infections caused by Gram-
negative bacteria (Amabile-Cuevas 2010) and to represent
different classes of antimicrobial agents available to treat
these infections in Mexico.
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Table 1. Microorganisms isolated from women with urinary tract infections.

Bacteria
Total, n (%)
[n = 312]

Pregnant, n (%)
[n = 249]

Nonpregnant,
n (%) [n = 63] p value Odds ratio 95% CI

E. coli 263 (84.3) 206 (82.7) 57 (90.5) 0.13 1.9 0.8–4.8

Klebsiella 40 (12.8) 36 (14.4) 4 (6.3) 0.08 0.4 0.13–1.17

pneumoniae 23 (9.3) 28 (11.2)∗ 1 (1.6) 0.03 7 1.0–53

species 6 (1.9) 5 (2.0) 1 (1.6) 1 0.7 0.09–6.8

oxytoca 2 (0.6) 1 (0.4) 1 (1.6) 0.36 4 0.24–64.8

ozaenae 2 (0.6) 1 (0.4) 1 (1.6) 0.36 4 0.24–64.8

planticola 1 (0.3) 1 (0.4) 0 (0.0) 1 —— ——

Enterobacter 4 (1.2) 4 (1.6) 0 (0.0) 0.58 —— ——

enterobacter 3 (1.0) 3 (1.2) 0 (0.0) 1 —— ——

Enterobacter aerogenes 1 (0.3) 1 (0.4) 0 (0.0) 1 —— ——

Other microorganisms† 5 (1.6) 3 (1.2) 2 (3.2) 0.26 2.6 0.44–16.4

Note: CI: confidence interval. Fisher’s exact test was carried out to obtain statistical significance. Comparison between E. coli isolated from pregnant vs. nonpregnant
women. ∗p < 0.05.
†Pregnant: Morganella morganii, Pseudomonas aeruginosa, and Serratia marcescens. Nonpregnant: Pantoea agglomerans and Salmonella spp. Klebsiella species: Klebsiella terrigena,
Klebsiella rhinoscleromatis, or Klebsiella ornithinolytica.

Statistical analysis
The Kolmogorov–Smirnoff test was used to assess the nor-

mality of the samples. Comparisons between nominal vari-
ables were analyzed using Fisher’s exact test and (or) a χ2

test. Statistical significance was determined when p ≤ 0.05;
analyses were performed with IBM� SPSS� Statistics version
20 (New York, USA).

Results

Incidence of UTI in women and its
characteristics

Of the 4506 women whose urine was tested, 93%
(4194/4506) tested negative for UTIs (3847/4194 pregnant
women and 347/4194 nonpregnant women), while 6.9%
(312/4506) were diagnosed with UTIs, of whom 76.9%
(249/312) were pregnant and 20.2% (63/312) were not preg-
nant.

The sociodemographic and clinical characteristics of the
women with UTIs are summarized in Table S3. Most of the
pregnant women lived with a partner (65.5%), and about
half the nonpregnant women were married (50.8%). Pregnant
women with UTIs were aged 16–20 years (34.1%), whereas
nonpregnant women with UTIs were aged >36 years (60.3%),
and the most common occupation in both groups was house-
wife (90.4% and 85.2%, respectively) (Table S3). According to
clinical characteristics, 61% and 22.2% of the pregnant and
nonpregnant women, respectively, were hospitalized. The
most common signs and symptoms in pregnant women were
cramps (33.7%), while in nonpregnant women, it was fever
(9.5%). Asymptomatic bacteriuria was the most common type
of UTI in both groups (49% and 73%, respectively), followed
by cystitis (28.5% and 15.9%, respectively) and pyelonephritis
(22.5% and 11.1%, respectively). Multiparous women had the
highest incidence of UTIs (43.4%), followed by women who
were pregnant for the first (38.6%) and second time (18.1%)
(Table S3).

Microorganisms associated with utis in
pregnant and nonpregnant women

All 312 microorganisms were isolated from the total sam-
ple of women with UTIs (pregnant and nonpregnant) and
then identified using standard methods (Table 1). Overall,
the predominant isolates from pregnant and nonpregnant
women were UPEC (82.7% and 95.5%, respectively) and Kleb-
siella (14.4% vs. 6.3%, respectively). Among the Klebsiella sub-
species, Klebsiella pneumoniae was associated with pregnancy
(11.2% vs. 1.6%, p = 0.03, odds ratio [OR]: 7, 95% con-
fidence interval [CI]: 1.0–53). Other microorganisms were
also identified in pregnant women, including Enterobacter
spp., Morganella morganii, Pseudomonas aeruginosa, and Serratia
marcescens, while in nonpregnant women, Pantoea agglomer-
ans and Salmonella spp. were identified (Table 1). These results
indicate that E. coli plays a central role in UTIs, regardless of
whether the host is a pregnant or nonpregnant woman.

Distribution of E. coli phylogroups and
virulence factors and their relationship with
utis in pregnant and nonpregnant women

To characterize E. coli isolated from women with UTIs, phy-
logroups were identified based on the Clermont classification
(Clermont et al. 2013). In the results obtained from pregnant
women, most of the E. coli isolated belonged to phylogroup A
(38.2%), followed by B2 (22.3%), D (13.1%), and, in smaller pro-
portions, phylogroups B1, F, C, and E (Table 2). Similarly, E. coli
isolated from nonpregnant women showed a distribution of
phylogroups similar to that of pregnant women, the most fre-
quent being A (38.5%), followed by B2 (31.5%), F (10.5%) and, in
lesser proportions, B1, D, C, and E (Table 2). Due to the equal
distribution of E. coli phylogroups, there was no association
between any phylogroup and being pregnant or not.

Regarding virulence factors, we attempted to identify 15
virulence factors divided into five categories——(1) capsular
protection, (2) toxins, (3) adhesins, (4) iron acquisition, and
(5) serum resistance——by PCR in 263 UPEC isolates from
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Table 2. Distribution of E. coli phylogroups in pregnant and nonpregnant women with urinary tract infections.

Phylogroup
E. coli, n (%)
[n = 263]

Pregnant, n
(%) [n = 206]

Nonpregnant,
n (%) [n = 57] p value Odds ratio 95% CI

A 101 (42.7) 79 (38.3) 22 (38.5) 0.97 1 0.55–1.8

B1 26 (9.8) 22 (10.6) 4 (7.0) 0.41 0.63 0.2–1.7

B2 64 (24.3) 46 (22.3) 18 (31.5) 0.15 1.6 0.84–3

C 16 (6.0) 14 (6.7) 2 (3.5) 0.35 0.49 0.11–2.26

D 31(11.7) 27 (13.1) 4 (7.0) 0.2 0.5 0.16–1.4

E 4 (1.5) 3 (1.5) 1 (1.7) 1 1.2 0.12–11.8

F 21 (7.9) 15 (7.5) 6 (10.5) 0.42 1.4 0.55–4.05

Note: CI, confidence interval. Fisher’s exact test was carried out to determine statistical significance. Comparison between E. coli isolated from pregnant vs. nonpregnant
women.

pregnant (n = 206) and nonpregnant (n = 57) women with
UTIs. The general distributions of the total combination of
virulence-related genes were then analyzed. One hundred
percent of the strains were positive for at least one virulence-
related gene in pregnant and nonpregnant women (Table
S4). UPEC strains isolated from pregnant and nonpregnant
women predominantly had four to eight virulence-related
genes, followed by 9–12 virulence factor combinations, and
a smaller proportion had one to three different virulence
factors (Table S4). The presence of E. coli with 12 virulence
factors was more frequent in nonpregnant women than in
pregnant women (1.8% vs. 0%, p = 0.04). However, the dis-
tribution of all virulence factor combinations was similar be-
tween UPEC strains isolated from pregnant and nonpregnant
women.

Regarding the individual distribution of E. coli virulence
factors, among the genes related to capsular protection,
kpsMT II was the most prevalent (79.1%), followed by kpsMT
K1 (49%), and the distribution of both genes was similar in
both groups (pregnant and nonpregnant women). In the dis-
tribution by the number of genes related to capsular protec-
tion, the presence of one gene (kpsMT II or kpsMT KI) was as-
sociated with not being pregnant compared to being preg-
nant (54.4% vs. 38.8%, respectively, p = 0.03) (Table 3). Regard-
ing toxin-related genes, sat was the most frequent (37.6%),
followed by hlyA (16.7%) and cnf-1 (1.5%), and none of these
genes were associated with being pregnant or not being preg-
nant. Among adhesin-related genes, fimH (84%) was the most
common, followed by papG (29.7%), and the distribution of
these genes was similar between both study groups. Only
the presence of one gene in UPEC (either fimH, papG, papEF,
or sfaS) was associated with not being pregnant compared
to being pregnant (59.6% vs. 43.7%, respectively, p = 0.03),
whereas the presence of two genes was associated with being
pregnant in comparison with not being pregnant (37.9% vs.
21.1%, respectively, p = 0.018). Regarding iron acquisition-
related genes, feoB was the most frequent (95.4%), followed
by iutA (53.2%); moreover, iutA was associated with not being
pregnant compared to being pregnant (66.7% vs. 49.5%, re-
spectively, p = 0.022). Wit respect to serum resistance-related
genes, traT (65.3%) was the most common, and malX/PAI was
associated with not being pregnant compared to being preg-
nant (21.1% vs. 10.7%, respectively, p = 0.03). In addition,
the presence of both serum resistance-related genes (traT and
malX/PAI) was associated with not being pregnant in compar-

ison with being pregnant (15.8% vs. 7.3%, respectively, p =
0.04) (Table 3).

Antimicrobial resistance of microorganisms
isolated from pregnant and nonpregnant
women with UTIs

The antimicrobial resistance of the isolated microorgan-
isms is shown in Table 4. In general, microorganisms iso-
lated from nonpregnant women were significantly more
resistant to antibiotics than those isolated from pregnant
women. Next, we divided the E. coli strains into two subgroups
according to whether they were extended-spectrum beta-
lactamase (ESBL)-producing or not. For non-ESBL-producing
E. coli strains, those isolated from nonpregnant women were
significantly more resistant to all antibiotics tested (84.2% vs.
63.6%, p < 0.05) and to ≥3 different categories of antibiotics
(MDR) (57.8% vs. 30.1%, p < 0.05) than those isolated from
pregnant women (Table 4). Compared to non-ESBL-producing
E. coli, in ESBL-producing E. coli, the proportion of XDR was
significantly higher in nonpregnant women than in preg-
nant women (100% vs. 80%, respectively, p < 0.05). On the
other hand, Klebsiella spp. isolated from nonpregnant women
were significantly more resistant to all antibiotics tested than
those isolated from pregnant women (100% vs. 88%, respec-
tively, p < 0.05). The other bacteria (M. morganii, P. aeruginosa,
S. marcescens, P. agglomerans, and Salmonella spp.) showed a
similar distribution of resistance between pregnant and non-
pregnant women (Table 4). Moreover, UPEC showed the same
distribution of antibiotic resistance as all strains (Table 4).
In the case of non-ESBL-producing E. coli, strains isolated
from nonpregnant women were significantly more resistant
to quinolones, sulfonamides, and penicillin (p < 0.05) than
those isolated from pregnant women, while ESBL-producing
E. coli isolated from pregnant women were significantly more
resistant to tigecycline (p < 0.05); for the remaining antibi-
otics, the distribution of E. coli isolated from both groups was
the same (Table 4).

Relationship between E. coli virulence factors,
phylogroups, and drug resistance and the type
of UTI

The presence of E. coli could cause different types of UTIs,
such as cystitis, pyelonephritis, or asymptomatic bacteriuria,
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Table 3. Distribution of E. coli virulence factors among women with urinary tract infections.

Virulence factors
Total E. coli, n (%)

[n = 263]
Pregnant, n (%)

[n = 206]
Nonpregnant,
n (%) [n = 57] p value Odds ratio 95% CI

Capsular protection

kpsMT KI 129 (49) 104 (50.5) 25 (43.9) 0.37 0.76 0.42–1.3

kpsMT II 208 (79.1) 160 (77.7) 48 (84.2) 0.28 1.53 0.7–3.35

By number of genes

0 39 (14.8) 34 (16.5) 5 (8.8) 0.14 0.48 0.18–1.3

Any gene 224 (85.2) 172 (83.5) 52 (91.2) 0.14 2.05 0.76–5.52

1 111 (42.2) 80 (38.8) 31 (54.4)∗ 0.03 1.8 1.03–2.58

2 113 (43) 92 (44.7) 21 (36.8) 0.29 0.72 0.39–1.32

Toxins

sat 99 (37.6) 76 (36.9) 23 (40.4) 0.63 1.15 0.63–2.1

hlyA 44 (16.7) 34 (16.5) 10 (17.5) 0.85 1.07 0.49–2.33

cnf-1 4 (1.5) 3 (1.5) 1 (1.8) 1 1.2 0.12–11

By number of genes

0 140 (53.2) 112 (54.4) 28 (49.1) 0.48 0.81 0.45–1.45

Any gene 123 (46.8) 94 (45.6) 29 (50.9) 0.48 1.23 0.68–2.22

1 100 (38) 76 (36.9) 24 (42.1) 0.47 1.24 0.68–2.26

2 22 (8.4) 17 (8.3) 5 (8.8) 0.99 1.06 0.37–3.03

3 1 (0.4) 1 (0.5) 0 (0.0) 1 – –

Adhesins

fimH 221 (84) 174 (84.5) 47 (82.5) 0.71 0.86 0.39–1.88

papG 78 (29.7) 59 (28.6) 19 (33.3) 0.49 1.24 0.66–2.33

papEF 72 (27.4) 61 (29.6) 11 (19.3) 0.12 0.56 0.27–1.117

safA 45 (17.1) 35 (17) 10 (17.5) 0.92 1.04 0.48–2.25

By number of genes

0 13 (4.9) 11 (5.3) 2 (3.5) 0.57 0.64 0.13–2.99

Any gene 250 (95.1) 195 (94.7) 55 (96.5) 0.57 1.55 0.33–7.2

1 124 (47.1) 90 (43.7) 34 (59.6)∗ 0.03 1.9 1.04–3.46

2 90 (34.2) 78 (37.9)∗ 12 (21.1) 0.018 2.32 1.14–4.7

3 32 (12.2) 25 (12.1) 7 (12.3) 0.97 1.01 0.41–2.48

4 4 (1.5) 2 (1) 2 (3.5) 0.2 3.7 0.51–26.9

Iron acquisition

feoB 251 (95.4) 198 (96.1) 53 (93) 0.31 0.53 0.15–1.84

iutA 140 (53.2) 102 (49.5) 38 (66.7)∗ 0.022 2.03 1.1–3.77

fyuA 112 (42.6) 89 (43.2) 23 (40.4) 0.7 0.88 0.49–1.61

iroN 44 (16.7) 34 (16.5) 10 (17.5) 0.85 1.07 0.49–2.33

By number of genes

0 3 (1.1) 2 (1) 1 (1.8) 0.52 1.8 0.16–20.4

Any gene 260 (98.9) 204 (99) 56 (98.2) 0.52 0.54 0.04–6.16

1 74 (28.1) 62 (30.1) 12 (21.1) 0.17 0.61 0.3–1.25

2 96 (36.5) 73 (35.4) 23 (40.4) 0.49 1.23 0.67–2.24

3 79 (30) 61 (29.6) 18 (31.6) 0.77 1.09 0.58–2.06

4 11 (4.2) 8 (3.9) 3 (5.3) 0.64 1.37 0.35–5.36

Serum resistance

traT 167 (63.5) 126 (61.2) 41 (71.9) 0.13 1.6 0.85–3.09

malX/PAI 34 (12.9) 22 (10.7) 12 (21.1)∗ 0.03 2.23 1.02–4.84

By number of genes

0 86 (32.7) 73 (35.4) 13 (22.8) 0.07 0.53 0.27–1.06

Any gene 177 (67.3) 133 (64.6) 44 (77.2) 0.07 1.8 0.94–3.67

1 153 (58.2) 118 (57.3) 35 (61.4) 0.57 1.18 0.65–2.16

2 24 (9.1) 15 (7.3) 9 (15.8)∗ 0.04 2.3 1–5.7

Note: Fisher’s exact test was carried out to determine statistical significance. Comparison between E. coli isolated from pregnant vs. nonpregnant women.
∗p < 0.05.
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Table 4. Distribution of antibiotic resistance among bacteria isolated from women with urinary tract infections.

Total strains E. coli Other bacteria

n (%)
[n = 312]

Total, n (%)
[n = 263]

Non-ESBL, n (%)
[n = 214]

ESBL, n (%)
[n = 49]

Klebsiella spp., n (%)
[n = 40]

Enterobacter, n (%)
[n = 4]

The rest of bacteria, n (%)
[n = 5]

Resistance by category
Pregnant
249 (80)

Nonpregnant
63 (20)

Pregnant
206 (78)

Nonpregnant
57 (22)

Pregnant
176 (82)

Nonpregnant
38 (18)

Pregnant
30 (61)

Nonpregnant
19 (39)

Pregnant
36 (90)

Nonpregnant
4 (10)

Pregnant
4 (100)

Nonpregnant
0 (0)

Pregnant 3
(60)

Nonpregnant
2 (40)

Sensible 69 (27.7)∗ 6 (9.5) 64 (31) 6 (10.5) 64 (36.3) 6 (15.7) 0 (0.0) 0 (0.0) 4 (11.0) 0 (0.0) 1 (25.0) —— 0 (0.0) 0 (0.0)

Resistant to at least one
antibiotic

180 (72.2)∗ 57 (90.4) 142 (68.9)
∗

51 (89.4) 112 (63.6) 32 (84.2) 30 (100) 19 (100) 32 (88)∗ 4 (100) 3 (75.0) —— 3 (100) 2 (100)

MDR 65 (26.1) 23 (36.5) 59 (28.6)
∗

22 (38.5) 53 (30.1)∗ 22 (57.8) 6 (20.0) 0 (0.0) 5 (13.0) 0 (0.0) 0 (0.0) —— 1 (33.0) 1 (50.0)

XDR 34 (13.6)
∗

22 (34.9) 30 (14.5) 21 (36.8) 6 (3.4) 2 (5.2) 24 (80)
∗

19 (100) 2 (5.0) 1 (25.0) 1 (25.0) —— 1 (33.0) 0 (0.0)

By class and antibiotic

Aminoglucides

Amikacin 3 (1.2) 0 (0.0) 3 (1.5) 0 (0.0) 1 (0.6) 0 (0.0) 2 (6.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) —— 0 (0.0) 0 (0.0)

Gentamicin 29 (11.6) 15 (23.8)
∗

25 (12.1) 15 (26.3)
∗

10 (5.7) 2 (5.3) 15 (50.0) 13 (68.4) 3 (8.6) 0 (0.0) 0 (0.0) —— 1 (33.3) 0 (0.0)

Tobramycin 34 (13.7) 15 (23.8)
∗

30 (14.6) 15 (26.3)∗ 10 (5.7) 2 (5.3) 20 (66.7) 13 (68.4) 3 (8.3) 0 (0.0) 0 (0.0) —— 1 (33.3) 0 (0.0)

Quinolones

Ciprofloxacin 40 (16.1) 32 (50.8)
∗

39 (18.9) 30 (52.6)∗ 16 (9.1) 14 (36.8)∗ 23 (76.7) 16 (84.2) 1 (2.8) 1 (25.0) 0 (0.0) —— 0 (0.0) 1 (50.0)

Levofloxacin 37 (14.9) 30 (47.6)
∗

36 (17.5) 28 (49.1)∗ 13 (7.4) 13 (34.2)∗ 23 (76.7) 15 (78.9) 1 (2.8) 1 (25.0) 0 (0.0) —— 0 (0.0) 1 (50.0)

Tetracyclines

Tetracycline 110 (44.2) 41 (65.1)∗ 102 (49.5) 37 (64.9)∗ 80 (45.5) 21 (55.3) 22 (73.3) 16 (84.2) 6 (16.7) 0 (0.0) 1 (25.0) —— 1 (33.3) 1 (50.0)

Tigecycline 24 (9.6)
∗

3 (4.8) 23 (11.2) 3 (5.3) 14 (8.0) 2 (5.3) 9 (30)∗ 1 (5.3) 1 (2.8) 0 (0.0) 0 —— 0 (0.0) 0 (0.0)

Sulfa-drugs

Trimet/sulfa 79 (31.7) 40 (63.5)∗ 71 (34.5) 38 (66.7)∗ 60 (34.1) 23 (60.5)∗ 11 (36.7) 15 (78.9) 7 (19.4) 1 (25.0) 1 (25.0) —— 1 (33.3) 1 (50.0)

Beta-lactams

Penicillins

Ampicillin 142 (57.0) 50 (79.4)∗ 105 (51) 45 (78.9)∗ 75 (42.6) 26 (68.4)∗ 30 (100) 19 (100) 32 (88.9) 4 (100) 3 (75.0) —— 0 (0.0) 1 (50.0)

Second cephalosporins generation

Cefotetan 6 (2.4) 0 (0.0) 5 (2.4) 0 (0.0) 1 (0.6) 0 (0.0) 4 (13.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) —— 1 (33.3) 0 (0.0)

Cefuroxime 40 (16.1) 20 (31.7)∗ 33 (16) 19 (33.3)∗ 3 (1.7) 0 (0.0) 30 (100) 19 (100) 3 (8.3) 1 (25) 2 (50.0) —— 0 (0.0) 0 (0.0)

Third cephalosporins generation

Cefotaxime 37 (14.9) 21 (33.3)∗ 33 (16) 20 (35.1)∗ 3 (1.7) 1 (2.6) 30 (100) 19 (100) 3 (8.3) 1 (25) 1 (25.0) —— 0 (0.0) 0 (0.0)

Ceftriaxone 35 (14.1) 20 (31.7)∗ 32 (15.5) 19 (33.3)∗ 2 (1.1) 0 (0.0) 30 (100) 19 (100) 3 (8.3) 1 (25) 0 (0.0) —— 0 (0.0) 0 (0.0)

Ceftazidime 35 (14.1) 20 (31.7)∗ 31(15.0) 19 (33.3)∗ 1 (0.6) 0 (0.0) 30 (100) 19 (100) 3 (8.3) 1 (25) 0 (0.0) —— 1 (33.3) 0 (0.0)

Fourth ephalosporins generation

Cefepime 34 (13.7) 20 (31.7)∗ 31 (15.0) 19 (33.3)∗ 1 (0.6) 0 (0.0) 30 (100) 19 (100) 3 (8.3) 1 (25) 0 (0.0) —— 0 (0.0) 0 (0.0)

Monobactams

Aztreonam 39 (15.7) 22 (34.9)∗ 33 (16.0) 20 (35.1)∗ 3 (1.7) 1 (2.6) 30 (100) 19 (100) 3 (8.3) 1 (25) 1 (25.0) —— 2 (66.7) 1 (50.0)

Carbapenem

Ertapenem 5 (2.0) 0 (0.0) 4 (1.9) 0 (0.0) 1 (0.6) 0 (0.0) 3 (10.0) 0 (0.0) 5 (13.9) 0 (0.0) 0 (0.0) —— 1 (33.3) 0 (0.0)

Imipenem 9 (3.6) 1 (1.6) 4 (1.9) 1 (1.8) 3 (1.7) 0 (0.0) 1 (3.3) 1 (5.3) 3 (8.3) 0 (0.0) 0 (0.0) —— 2 (66.7) 0 (0.0)

Meropenem 2 (0.8) 0 (0.0) 2 (1.0) 0 (0.0) 1 (0.6) 0 (0.0) 1 (3.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) —— 0 (0.0) 0 (0.0)

Beta-lactamase inhibitors

AMP/sulbactam 64 (25.7) 30 (47.6)∗ 57 (27.7) 29 (50.9) 40 (22.7) 15 (39.5)∗ 17 (56.7) 14 (73.7) 4 (11.1) 1 (25) 1 (25.0) —— 0 (0.0) 0 (0.0)

Piperacillin-Tazobactam
9 (3.6) 2 (3.2) 6 (2.9) 2 (3.5) 3 (1.7) 0 (0.0) 3 (10.0) 2 (10.5) 0 (0.0) 0 (0.0) 1 (25.0) —— 2 (66.7) 0 (0.0)

Note: ESBL, extended-spectrum beta-lactamases; MDR, multidrug resistant, resistant to ≥3 different categories of antibiotics; XDR, extremely drug resistant to ≥6 different categories of antibiotics. Fisher’s exact test was carried
out to determine statistical significance. Comparison between E. coli isolated from pregnant vs. nonpregnant women.
∗p < 0.05.
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so any relationship between the characteristics of E. coli, the
type of UTI, and the status of a woman (pregnant or non-
pregnant) was evaluated (Table 5). Among the three types
of infections, asymptomatic bacteriuria was the most com-
mon (135/263); moreover, no relationship was observed be-
tween virulence factors and the type of UTI in pregnant
and nonpregnant women. For the phylogroups, A and B2
were the most prevalent in all types of UTIs, but only phy-
logroup B2 was associated with asymptomatic bacteriuria in
nonpregnant women in comparison with pregnant women
(34.1% vs. 13.8%, respectively, p = 0.007). The rest of the phy-
logroups were similar in both groups (pregnant and non-
pregnant women) in all types of UTIs (bacteriuria asymp-
tomatic, cystitis, and pyelonephritis) (Table 5). Furthermore,
the most common E. coli type among all UTI types was
non-ESBL-producing E. coli; however, the presence of ESBL-
producing E. coli was associated with asymptomatic bacteri-
uria in nonpregnant women in comparison with pregnant
women (36.6% vs. 14.9%, respectively, p = 0.005). Escherichia
coli resistance to any one antibiotic (89.1% vs. 71.9%, p =
0.01) and XDR (34.8% vs. 11.6%, p < 0.001) was also associ-
ated with asymptomatic bacteriuria in nonpregnant women
compared to pregnant women, and E. coli resistance to an-
tibiotics in women with cystitis or pyelonephritis was simi-
lar (Table 5). In addition, a first UTI (as reported by the pa-
tient) was associated with asymptomatic bacteriuria, cysti-
tis, and pyelonephritis in pregnant women (p < 0.004); more
than one recurrence was associated with not being pregnant
(p < 0.004).

Relationship between bacteria isolated from
pregnant women with UTIs and neonatal
complications

The possible relationship between the type of delivery in
pregnant women with UTIs and neonatal complications, such
as the risk of sepsis, prematurity, respiratory distress syn-
drome, and pneumonia, and the etiologic agent of infection
was analyzed (Table 6). Escherichia coli and Klebsiella spp. were
the bacteria isolated from women with UTIs, and E. coli ac-
counted for a greater proportion than Klebsiella in women
with both types of delivery (natural and cesarean). After sta-
tistical analysis, it was observed that the presence of E. coli in
mothers with UTIs was significantly associated with the risk
of sepsis in neonates born by cesarean section in comparison
with Klebsiella spp. (94.7% vs. 50%, p = 0.01). In contrast, the
associations of the presence of E. coli or Klebsiella spp. with the
remaining complications were low or null (Table 6).

Discussion
UTIs are one of the most common diseases worldwide.

This type of infection causes considerable morbidity and
mortality. In fact, UTIs affect ∼150 million people, and the
most affected group is women, both pregnant and nonpreg-
nant (Flores-Mireles et al. 2015). There are many etiologic
agents that cause UTIs, although E. coli is the most common
(Russo and Johnson 2003). The importance of studying UTIs
in women, especially pregnant women, is that UTIs can lead

to perinatal complications such as bacteremia, preterm de-
livery, and low birth weight (Nielubowicz and Mobley 2010).
In this study, it was shown that the incidence of UTI in
women (pregnant and nonpregnant) of the women’s hos-
pital of northwestern Mexico was 6.9%. Escherichia coli was
the most frequently isolated microorganism in pregnant and
nonpregnant women. The most frequently identified E. coli
phylogroup was A, and E. coli isolated from nonpregnant
women carried more virulence factors and showed greater
resistance to antibiotics. Finally, the presence of E. coli in preg-
nant women with UTIs was associated with the risk of neona-
tal sepsis.

Urinary tract infections are more common in women than
in men. In fact, it is estimated that one in third women
will have at least one UTI by the age of 24 years (Foxman
et al. 2000a). There are many factors associated with UTIs
in women, such as the female anatomy, a history of previ-
ous UTIs, sexual activity, menopause, and pregnancy, the lat-
ter being one of the most important factors (Raz and Stamm
1993; Foxman et al. 2000b; Minardi et al. 2011; Badran et al.
2015). In pregnant women with UTIs, the incidence is ∼2%–
10% for asymptomatic bacteriuria, 4% for cystitis, and 1%–2%
for pyelonephritis (Lin and Fajardo 2008; Glaser and Schaef-
fer 2015; Geerlings 2017). The incidence of UTIs in pregnant
women (5.5% [249/4506]) in this study is consistent with the
data presented above. UTIs can be caused by a variety of bac-
teria, including Staphylococcus saprophyticus, Pseudomonas spp.,
Enterobacter spp., Serratia spp., Citrobacter spp., Klebsiella spp.,
Proteus spp., Enterococcus spp., and Staphylococcus spp. (Minardi
et al. 2011). However, the most important bacterium in UTIs
due to its frequency and severity is E. coli, which causes ∼60%
of UTIs (Kahlmeter 2003). The prevalence of UPEC in this
study was higher than that in other reports; 84.3% of the bac-
teria isolated from pregnant or nonpregnant women were E.
coli. The study by Djordjević et al. (2019) found a lower preva-
lence of UPEC than our study; they collected urine samples
from women in Serbia for 5 years, and 70.6% of them were
positive for E. coli. On the other hand, Mukherjee et al. found a
UPEC prevalence of 38.8% in asymptomatic pregnant women
in India (Mukherjee et al. 2015). The high number of UPEC-
positive samples in our study could be because this bacterium
is the predominant etiologic agent of diarrhea and the main
contaminant of food and water in northwestern Mexico; addi-
tionally, the poor hygiene of some patients could contribute
to UTIs caused by E. coli (Canizalez-Roman et al. 2013, 2016,
2019).

Escherichia coli is divided into seven phylogroups according
to the Clermont classification, of which B2 and D are associ-
ated with pathogenic strains, while A is associated with com-
mensal strains (Clermont et al. 2013). Of these, E. coli belong-
ing to the B2 phylogroup is most commonly isolated from
women with UTIs (pregnant or not pregnant) in countries
such as Nigeria, Sweden, Spain, India, and two different states
of Mexico (Ramos et al. 2012; Abiodun et al. 2014; Mukherjee
et al. 2015; Sáez-López et al. 2016; Ballesteros-Monrreal et
al. 2020). In contrast to other reports, in our results, phy-
logroup A was most prevalent in women with UTIs. The abil-
ity of commensal (or phylogroup A) bacteria to cause UTIs
could be because E. coli can acquire additional virulence genes
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Table 5. Relationship between the type of urinary tract infection and E. coli characteristics.

Urinary tract infection type

Asymptomatic bacteriuria [n = 135] Cystitis [n = 73] Pyelonephritis [n = 55]

E. coli
characteristics

Pregnant, n (%)
[n = 94]

Nonpregnant, n (%)
[n = 41] Total, n (%)

p
value

Pregnant, n (%)
[n = 63]

Nonpregnant, n (%)
[n = 10] Total, n (%)

p
value

Pregnant, n (%)
[n = 49]

Nonpregnant, n (%)
[n = 6] Total, n (%)

p
value

Virulence factors

Iron acquisition

feoB 91 (96.8) 37 (90.2) 128 (94.8) 0.19 59 (93.7) 10 (100) 69 (94.5) 1 48 (98) 6 (100) 54 (98.2) 1

iutA 43 (47.5) 28 (68.3)∗ 71 (52.6) 0.01 32 (50.8) 6 (60) 38 (52.1) 0.58 27 (55.1) 4 (66.7) 31 (56.4) 0.68

fyuA 38 (40.4) 18 (43.9) 56 (41.5) 0.7 30 (47.6) 3 (30) 33 (45.2) 0.29 21 (42.9) 2 (33.3) 23 (41.8) 1

iroN 14 (14.9) 8 (19.5) 22 (16.3) 0.5 11 (17.5) 2 (20) 13 (17.8) 0.84 9 (18.4) 0 9 (16.4) 1

Phylogroups

A 43 (45.7) 17 (41.5) 60 (44.4) 0.64 21 (33.3) 3 (30) 24 (32.9) 0.83 15 (30.6) 2 (33.3) 17 (30.9) 1

B1 11 (11.7) 4 (9.8) 15 (11.1) 0.74 8 (12.7) 0 8 (11) 0.23 3 (6.1) 0 3 (5.5) 1

B2 13 (13.8) 14 (34.1)∗ 27 (20) 0.007 17 (27) 4 (40) 21 (28.8) 0.39 16 (32.7) 0 16 (29.1) 1

C 10 (10.6) 1 (2.4) 11 (8.1) 0.1 3 (4.8) 0 3 (4.1) 1 1 (2) 1 (16.7) 2 (3.6) 0.2

D 11 (11.7) 2 (4.9) 13 (9.6) 0.21 8 (12.7) 1 (10) 9 (12.3) 0.8 8 (16.3) 1 (16.7) 9 (16.4) 0.98

E 2 (2.1) 1 (2.4) 3 (2.2) 1 1 (1.6) 0 1 (1.4) 1 49 (100) 6 (100) 55 (100) –

F 4 (4.3) 2 (4.9) 6 (4.4) 1 5 (7.9) 2 (20) 7 (9.6) 0.22 6 (12.2) 2 (33.3) 8 (14.5) 0.16

E. coli type

ESBL 14 (14.9) 15 (36.6)∗ 29 (21.5) 0.005 5 (7.9) 1 (10) 6 (8.2) 0.82 11 (22.4) 3 (50) 14 (25.5) 0.16

Non-ESBL 80 (85.1) 26 (63.4) 106 (78.5) 58 (92) 9 (90) 67 (91.8) 38 (77.6) 3 (50) 41 (74.5)

Resistance

Resistant to at
least one antibiotic

87 (71.9) 41 (89.1)∗ 128 (76.6) 0.01 49 (68.1) 9 (90) 58 (70.7) 0.15 44 (78.6) 7 (100) 51 (81) 0.17

MDR 30 (24.8) 17 (37) 47 (28.1) 0.11 15 (20.8) 3 (30) 18 (22) 0.51 20 (35.7) 3 (42.9) 23 (36.5) 0.69

XDR 14 (11.6) 16 (34.8)∗ 30 (18)
<0.001

9 (12.5) 3 (30) 12 (14.6) 0.14 11 (19.6) 3 (42.9) 14 (22.2) 0.16

Recurrences

First time 67 (83.8)∗ 9 (22.5) 76 (63.3)
<0.001

36 (81.8)∗ 3 (30) 39 (72.2) 0.001 30 (81.1)∗ 1 (16.7) 31 (56.4) 0.004

More than one 13 (16.3) 31 (77.5)∗ 44 (36.7) 8 (18.2) 7 (70)∗ 15 (27.8) 7 (18.9) 5 (83.3)∗ 12 (27.9)

Note: ESBL, extended-spectrum beta-lactamases; MDR, multidrug-resistant, resistant to ≥3 different categories of antibiotics; XDR, extremely drug resistant to ≥6 different categories of antibiotics. Fisher’s exact test was
carried out to determine statistical significance. Comparison between E. coli isolated from pregnant vs. nonpregnant women. Virulence factors related to capsular protection, toxins, adhesin, and serum resistance were
also analyzed, but nonstatistical associations were found.
∗p < 0.05.
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Table 6. Relationship between complications in neonates and the etiologic agent of the maternal urinary tract infection.

Natural birth [n = 49] Cesarean section [n = 79]

Neonatal complications
E. coli, n

(%) [n = 8]
Klebsiella spp., n

(%) [n = 1] p value
E. coli, n

(%) [n = 19]
Klebsiella spp., n

(%) [n = 4] p value

Sepsis 7 (85.7) 1 (100) 0.8 18 (94.7)∗ 2 (50) 0.01

Premature 0 (0.0) 0 (0.0) —— 7 (36.8) 1 (25) 0.5

Respiratory distress syndrome 1 (14.3) 0 (0.0) —— 7 (36.8) 2 (50) 0.5

Jaundice 1 (14.3) 0 (0.0) 1 3 (15.8) 2 (50) 0.19

Shock 1 (14.3) 0 (0.0) 1 1 (5.9) 0 (0.0) 1

Anemia 0 (0.0) 0 (0.0) —— 1 (5.9) 0 (0.0) 1

Pneumonia 0 (0.0) 0 (0.0) —— 1 (5.9) 0 (0.0) 1

Kernicterus 1 (14.3) 0 (0.0) 1 0 (0.0) 0 (0.0) ——

Omphalitis 1 (14.3) 0 (0.0) 1 0 (0.0) 0 (0.0) ——

Seizures 2 (28.6) 0 (0.0) 1 0 (0.0) 0 (0.0) ——

Suffocation 1 (14.3) 0 (0.0) 1 1 (5.9) 0 (0.0) 1

Hemorrhage, pulmonary 1 (14.3) 0 (0.0) 1 0 (0.0) 0 (0.0) ——

Renal insufficiency 1 (14.3) 0 (0.0) 1 0 (0.0) 0 (0.0) ——

Hypoglycemia 0 (0.0) 0 (0.0) —— 1 (5.9) 0 (0.0) 1

Hypocalcemia 0 (0.0) 0 (0.0) —— 0 (0.0) 1 (25) 1

Down’s syndrome 0 (0.0) 0 (0.0) —— 0 (0.0) 1 (25) 1

Note: Fisher’s exact test was carried out to determine statistical significance. Comparison between E. coli vs. Klebsiella spp.
∗p < 0.05

through the exchange of genetic information by transforma-
tion, recombination, or conjugation, transforming commen-
sal strains into virulent strains and allowing commensal E. coli
to cause infection. This gene exchange can occur in biofilms
or in the gut (Bauer et al. 1999; Maeda et al. 2004; Matsumoto
et al. 2016).

UPEC strains, like other E. coli, are able to accept or transfer
genetic information, such as genes or plasmids, to other bac-
teria, as mentioned above (Poey and Laviña 2018). As a result,
UPEC strains can show great genetic variability, for example,
in the number and type of virulence factors that strains iso-
lated from pregnant or nonpregnant women can harbor. In
the present study, most UPECs carried a high number of vir-
ulence factor-related genes, and most strains isolated from
pregnant and nonpregnant women harbored between four
and eight virulence factors. Several studies have suggested
that UPEC strains require some virulence factors to cause in-
fection in women, such as those related to adhesion, iron ac-
quisition, and toxins. Ballesteros-Monrreal et al. (2020) found
that 100% of E. coli strains isolated from pregnant and non-
pregnant women from two different states in Mexico carried
adhesion-related genes such as fimH (Ballesteros-Monrreal et
al. 2020). Miranda-Estrada et al. (2017) found a prevalence
of adhesion-related genes (e.g., fimH) from 25% to 100% in
UPEC strains isolated from subjects from Mexico City and
from 10% to 78% in UPEC strains isolated from subjects from
the state of Guerrero (Miranda-Estrada et al. 2017). These re-
sults are consistent with our findings. The high proportion of
UPEC strains with adhesin-related genes is because this viru-
lence factor is very important to colonize a host and cause
infection.

Another important virulence factor of UPEC that causes
UTI is the capsule; in samples, such as water or human/animal
feces samples, E. coli with different capsule types have been

isolated (Diallo et al. 2013; Vadnov et al. 2017). In the case
of UTI, Paniagua-Contreras et al. (2017) found that 92.2% of
UPEC strains isolated from 321 patients (women and men)
from Mexico harbored the kpsMT gene (Paniagua-Contreras et
al. 2017). The high proportion of UPEC with kpsMT is consis-
tent with our results, as most strains isolated from pregnant
and nonpregnant women harbored this gene. The difference
in the prevalence of genes related to capsular protection in
UPEC may be due to the population sampled, as other studies
included the general populace, whereas we focused specifi-
cally on pregnant and nonpregnant women who were inpa-
tients or outpatients at the Women’s Hospital (Mellor et al.
2013).

After host colonization by UPEC, the bacteria begin to pro-
duce toxins, such as sat, hlyA, and cnf-1, that cause damage
to the urinary tract. The sat gene encodes a secreted auto-
transporter toxin; this toxin has potent cytopathic effects,
and histopathologic lesions in the kidney can be attributed
to this virulence factor (Guyer et al. 2002). This toxin is as-
sociated with pyelonephritis or cystitis, and the prevalence
in the Spanish population is 23.8% and 20.7%, respectively,
lower than that found in pregnant and nonpregnant women
with pyelonephritis or cystitis (Vila et al. 2002). Regarding
hlyA, this gene encodes a hemolysin related to a cytotoxin
that causes pores in the host cell membrane, leading to cell ly-
sis, which correlates with increased severity of infections pro-
duced by strains possessing this gene (Skals et al. 2010). This
gene was found in higher frequency in UPEC isolated from
pregnant women than nonpregnant women with UTIs from
Sonora and Puebla, Mexico, while we found an equal distri-
bution between both groups. In addition, they also searched
for the cnf-1 gene, and 8%–28% of UPEC strains harbored this
gene, a prevalence that was higher than that found in our
results (Ballesteros-Monrreal et al. 2020). More than 50% of
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the UPEC strains identified in the present study lacked toxin-
related genes, which may indicate that these strains may har-
bor additional virulence genes that contribute to the develop-
ment of host infection.

With respect to iron acquisition-related genes, virulence
factors are very important for the survival of UPEC in a
host. The prevalence of these genes in UPEC strains has been
widely studied. In Mexico, Paniagua-Contreras et al. (2018)
found that of 194 UPEC strains isolated from females and
males, 92.2% harbored the feoB gene and 51% harbored the
fyuA gene (Paniagua-Contreras et al. 2018). In addition, Habibi
et al. (2017) isolated 100 UPEC strains from women with cys-
titis and pyelonephritis in Iran and found a 77% prevalence of
fyuA in the UPEC strains (Habibi et al. 2017). The high preva-
lence of iron acquisition-related genes from these studies is
consistent with our findings. Most UPEC strains isolated from
pregnant and nonpregnant women carried iron acquisition-
related genes. Since iron is an indispensable nutrient for
UPEC, there are many iron-dependent functions, such as bac-
terial growth, biofilm formation, and virulence factor pro-
duction (Sheldon et al. 2016; Kang and Kirienko 2018).

Antimicrobial resistance is an important problem in Mex-
ico; most E. coli isolated from food, water, or human feces
have high antimicrobial resistance (Canizalez-Roman et al.
2013, 2019). Similarly, in this study, UPEC strains isolated
from pregnant and nonpregnant women showed high an-
tibiotic resistance, a high proportion of which was MDR or
XDR. In fact, the proportions of XDR and (or) MDR UPEC
strains in this study were higher than those in other stud-
ies in Mexico (Ochoa et al. 2016; Ballesteros-Monrreal et al.
2020). On the other hand, in a study conducted in Iraq, au-
thors found a higher proportion of UPEC MDR (38%–50%) iso-
lated from pregnant and nonpregnant women than that in
our study (Al-Mayahie 2013), while in Poland, only 1.7%–5.2%
of UPEC strains isolated from pregnant women were resis-
tant to five antibiotics, a lower proportion than our results
(Kaczmarek et al. 2017). The high prevalence of antibiotic-
resistant UPEC strains in pregnant and nonpregnant women
is undoubtedly due to years of indiscriminate antibiotic use
in Mexico (Marshall and Levy 2011; Hollis and Ahmed 2013;
Caruso 2018). In general, UPEC strains isolated from nonpreg-
nant women in the present study were more resistant to an-
tibiotics than those isolated from pregnant women.

As mentioned above, UPEC strains isolated from preg-
nant and nonpregnant women showed a high number
of virulence-related genes, especially in pregnant women,
which is very alarming since the presence of highly virulent
UPEC could be a risk factor for the development of neonatal
complications, such as the risk of sepsis, as we found in this
study. Lata et al. (2010) associated vaginal infections (bacte-
rial and fungal) with premature rupture of membranes, mis-
carriage, and preterm delivery. However, Perlitz et al. (2019)
found no association between asymptomatic bacteriuria and
maternal or neonatal adverse outcomes. The mechanism by
which UTIs may cause complications in newborns is unclear,
but the presence of bacteria in the urinary tract and ele-
vated levels of endotoxin, mucinase, sialidase, interleukin-1β

production, and other cytokines suggest that they may con-
tribute to the development of changes in newborns (Watts et

al. 1992; Platz-Christensen et al. 1993; McGregor et al. 1994).
In the case of UPEC, there are few studies that explain the re-
lationship between UPEC and neonatal sepsis; however, there
are some UPEC virulence factors related to this phenomenon,
such as capsules, lipopolysaccharides, fimbriae, and toxins,
that participate in the development of UTIs, for example, the
IbeA gene has been proposed as a virulence factor that may
play an essential role in the translocation of E. coli across
the amniotic membrane, contributing to the invasion of the
blood-brain barrier, which could cause neonatal sepsis (Watt
et al. 2003; Soto et al. 2008). Unfortunately, ibeA was not stud-
ied in this study, and more studies are needed to elucidate
the mechanism by which UPEC causes neonatal sepsis.

To our knowledge, this is the first study to compare the
number of virulence-related genes in UPEC strains isolated
from pregnant and nonpregnant women and virulence fac-
tors in UPEC strains isolated from pregnant women, such as
kpsMT, sat, or cnf-1. Finally, we showed the relationship be-
tween neonates with sepsis and pregnant women with UTIs
caused by E. coli who delivered by cesarean section. The limi-
tation of this study is the sample size of nonpregnant women.
With a larger sample, we could find more associations.

Conclusions
This study provides evidence that the incidence of UTIs

in pregnant and nonpregnant women in northwestern Mex-
ico is 6.9%. Asymptomatic bacteriuria was the most common
type of UTI. UPEC belonging to phylogroup A was the most
common microorganism isolated from women with UTIs,
followed by K. pneumoniae. UPEC strains isolated from non-
pregnant women carried more virulence factors and were
more resistant to antibiotics than those isolated from preg-
nant women. Finally, an association was observed between
neonates with sepsis and pregnant women with UTIs caused
by E. coli who delivered by cesarean section.
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