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Background/Purpose: Uropathogenic E. coli (UPEC) is the main cause of urinary tract

infection (UTI) and it is known that pregnant women have a higher risk for UTI. UPEC has

a variety of virulence and antibiotic resistance factors that facilitate its pathogenic success

and it is crucial to know which are the susceptibility patterns, Extended-Spectrum-β-

Lactamase (ESBL) production, virulence genes, pathogenicity islands (PAI), phylogenetic

groups and serotypes among strains isolated from pregnant and non-pregnant women.

Methods: One hundred fifty UPEC strains were isolated from pregnant and non-pregnant

women from two different Mexican states (Sonora and Puebla). Strains were analyzed using

the Kirby-Bauer method for the determination of antibiotic susceptibility and ESBL. Virulence

genes, PAIs and phylogenetic groups were determined using a multiplex PCR. Strains were

serotyped by an agglutination assay. Blood agar and CAS agar were used for phenotypic assays.

Results: 92.7% of UPEC strains showed multidrug-resistant (MDR), 6.7% extremely-resistant

(XDR) and 0.6% pandrug-resistant (PDR). The highest resistance was determined to be for β-

lactam antibiotics (>72% in both states) and 44.5% of the UPEC strains were ESBL+. The

predominant virulence genes found were fimH (100%), iucD (85%) and iha (60%). The strains

isolated from pregnant women fromPuebla presented a large percentage of genes associated with

upper urinary tract infections. PAIs were found in 51% and 68% of the strains from Sonora and

Puebla, respectively. All the strains were siderophores producers and 41.5% produced hemolysis.

The serotypes found were diverse and belonged to phylogroups A, B2 and C.

Conclusion: The UPEC strains from this study are MDR with tendency to XDR or PDR,

they can cause upper UTIs and are serotypically and phylogenetically diverse, which

supports the need to develop new strategies for UTI treatment in pregnant and non-

pregnant Mexican women.

Keywords: UPEC in pregnancy, antibiotic resistance, virulence profile, phylogenetic groups,

multiplex PCR, serotype

Introduction
Urinary Tract Infections (UTI) are defined as the presence of microorganisms in any

type of sterile organ of the urinary tract. UTIs are one of the most common disease

worldwide, affecting 150 million people every year, with women being the most

affected group. During 2017, 4,054,073 cases of UTI were diagnosed in Mexico,

being females the most vulnerable group with 82.1% of the reported cases.1 During
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pregnancy, the risk of acquiring an UTI triplicates due to the

wide range of anatomical, functional and hormonal changes

inherent to the gestational stage being considered a risk factor

for the health of both the mother and the fetus.2–4 UTIs are

classified based on their anatomical location in upper (pye-

lonephritis) or lower (cystitis). In both cases, uropathogenic

Escherichia coli (UPEC) is the main etiologic agent.5–8

UPEC belongs to the Extraintestinal Pathogenic E. coli

group (EXPEC) and it is associated with a subset of ser-

ogroups and serotypes (O1:H4, O1:H6, O1:H7, O1:H−, O2:

H1, O2:H4, O4:H5, O6:H1, O7:H4, O7:H6, O7:H-, O18ac:

H7, O18ac:H-, O22:H1, O25:H1, O75:H5 & O75:H7) and

with the B2 or D phylogenetic groups.9–12 UPEC possess

a wide number of virulence and resistant determinants that

allows it to successfully colonize the urinary tract and cause

disease.13–16 Within the most frequent virulence factors

reported in UPEC isolates are those involve in adherence

(fimbrial and afimbrial adhesins) such as FimH, PapG; iron

acquisition systems such as Aerobactin (which belong to

hydroxamate family), Salmochelin, Enterochelin or

Yersiniabactin; toxigenic proteins (HlyA, CNF-1, Sat, Vat)

and motility (flagellum).13,16–18 Usually, both virulence and

antibiotic resistant factors, are located in mobile elements

such as plasmids or genomic islands, which are highly

interchangeable between bacterial strains.9,19

In Mexico, UTI treatment is generally empirical. The

drugs most commonly used in uncomplicated UTI

are second and third-generation cephalosporins, trimetho-

prim with sulfamethoxazole, nitrofurantoin and

fosfomycin.20–23 However, for pregnant women the treat-

ment is different, due to the pharmacokinetics and phar-

macodynamics alterations that can occur during

pregnancy; therefore, the number of antibiotics available

for treatment is significantly reduced.22–24 One disadvan-

tage of empirical treatment is the high risk of generating

antibiotic resistance. This phenomena currently represents

one of the main-health problems worldwide, since there

are fewer drugs capable of eliminating resistant and multi-

drug resistant (MDR) microorganisms.25 In this sense,

there are many mechanisms that confer antibiotic resis-

tance in bacteria, one of the most studied is the production

of Extended-Spectrum β-lactamases (ESBL) such as TEM,

OXA, and SHV that are responsible of the resistance to

broad-spectrum penicillins, cephalosporins and monobac-

tams. To date, more than 350-different ESBL have been

described and mainly are encoded in plasmids.26–28 Some

investigations indicated that depending on enzyme sub-

strate, the strains can be classified as ESBL producers or

carbapenemases producers.29,30 This is important because

carbapenems are in the list of last resource antibiotics for

treatment.

Despite the high incidence of UPEC causing UTI in

Mexico, there are few researchers focusing on UPEC patho-

genesis and characterization of their determinants. Therefore,

the objective of this work was to analyze the virulence

features, resistance profiles, serotypes and phylogenetic

groups of uropathogenic E. coli strains isolated from preg-

nant and non-pregnant Mexican women from two different

geographical areas.

Materials and Methods
Biological Samples
One hundred fifty E. coli clinical isolates were obtained

from urine samples from same number of pregnant and

non-pregnant women, in fertile age, from two-Mexican

states, Sonora and Puebla, during the period April 2017

to December 2018. Fifty strains were from Puebla and

100 from Sonora. Half of the strains from each city were

obtained from pregnant women. The urine samples were

obtained in a sterile container by midstream clean-catch

and the strains were identified by conventional biochem-

ical test. The Sonora’s strains were donated by the clin-

ical analysis laboratory “UNILABS” of the Universidad

de Sonora, in Caborca city and Puebla’s strains were

donated by the Nephrourological Research Laboratory

of the Faculty of Chemical Sciences of the BUAP.

All the E. coli strains were sent to the Centro de

Investigacion en Ciencias Microbiologicas under optimal

conditions as dictated by the guide of regulations regard-

ing the transport of infectious substances (WHO/HSE/

GCR/2012.12) and NOM-051-SCT2/2011)31 for further

analysis including selective medium culture (MacConkey

agar), re-identification by conventional biochemical test

and confirmed as E. coli using GNI card (Gram-negative

identification) of the VITEK 2 System (BioMérieux). The

reference uropathogenic E. coli strains CFT073 and

GAG1 were kindly provided by Dr. Jose Molina and the

E. coli strains J96 were kindly provided by Dr. Juán

Xicohtencatl-Cortes.

Serotyping
The strains were serotyped by agglutination assay using

96-well microtiter plates and rabbit serum obtained against

187 somatic antigens (O) and 53 flagellar antigens (H) for

E. coli.32
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Chromosomic and Plasmidic DNA

Extraction
The DNA extraction was done by alkaline lysis according to

established protocols by the Molecular cloning A Laboratory

Manual, 2012.33

Determination of Antibiotic Susceptibility

Profiles and ESBL
The antibiogram was done using the Kirby-Bauer disk

diffusion method, where 24 antibiotics (Supplementary

material 1) were analyzed following the guidelines of the

Institute of Clinical and Laboratory Standards. E. coli

ATCC25922 and P. aeruginosa ATCC27853 were used

as controls.34 ESBL production was determined by the

double-disk diffusion method, following the criteria estab-

lished by the CLSI. The antibiotics included in the assay

were cefotaxime, ceftazidime, ceftriaxone, cefepime, and

aztreonam. Amoxicillin with clavulanic acid was used as

an inhibitor. Magiorakos’ criteria were followed to classify

the strains as non-multidrug resistant (NMDR); multidrug-

resistant (MDR), extremely resistant (XDR), or pandrug

resistant (PDR).35

Virulence Associated Genes
We evaluated 13 virulence genes associated to 9 virulence

factors: Type 1 pilus (fimH), flagellin (fliC), secreted autotran-

sporter toxin (Sat: satA and satP), aerobactin (iucD), the

bifunctional siderophore receptor/adhesin (iha), vacuolating

autotransporter toxin (Vat: vatA and vatP), type P pilus

(papA, papGII and papGIII), Hemolysin A (hlyA) and cyto-

toxic necrotizing factor (cnf-1). Three multiplex PCR

(mPCR1, mPCR2 and mPCR3) and one individual PCR

(PCRcnf-1) (Supplementary material 2) were used. All

PCR products were analyzed in a 1% agarose gel by electro-

phoresis following a 0.084 mM ethidium bromide staining. In

the case of Sat, Vat and P pilus, only the strains with all

associated genes were considered as positive. Negative results

were confirmed by individual PCR. CFT073, GAG-1, O59I

and J96 were used as positive controls.

Determination of Pathogenicity Islands

(PAIs)
The protocol established by Sabate in 200636 was used to

identify PAIs I and II of E. coli CFT073 and E. coli J96

(Supplementary material 2).

Phylogenetic Groups
The phylogenetic group identification was carried out

according to the second scheme by Clermont in 2013.37

Iron Acquisition Phenotype
All strains were seeded in previously perforated CAS agar and

sealed with bacteriological agar for detection of iron acquisi-

tion phenotype following protocols already established.38–40

In brief, the strains were inoculated in 1 mL of LBmedium for

18 h, the culture was adjusted to an optical density to 600 nm

of 0.1 (OD600nm 0.1) using LB medium deferred with 3%

hydroxyquinoline and chloroform. It was incubated until

exponential phase and 25 μL were plated in CAS agar pre-

viously perforated and sealed with bacteriological agar, the

plates were incubated for 32 h and a color change character-

istic of the presence of siderophores in the culturemediumwas

observed.

Hemolysis Phenotype
Twenty microliters of a preculture in LB medium incu-

bated to 37°C for 24 h of each strain were inoculated in

previously perforated blood agar with 5% sheep blood,

and sealed with bacteriological agar, they were incubated

for 24 h and the presence of hemolysis was observed

around the inoculum. This test was carried out for all

strains obtained in this study.

Disposal of Microorganisms and Reagents
It was carried out in accordance with the Official Mexican

Standard NOM-087-SEMARNAT-SSA1-2002 for RPBI

and NOM-052-SEMARNAT-2005 for CRETI waste.

Statistical Analysis
The results were analyzed using two samples test and

Fisher test using the Minitab 18, Statistix 10 trial and

GraphPad Prims 6 software. The level of significance

was set at a p value ≤0.05.

Ethics
All the isolates were collected during routine sampling.

The patients were informed of the objective of the project

and they signed a written informed consent. The patient´s

data were maintained under anonymity. Approval by an

ethics committee was not required because all the strains

used in this study were donated by two-clinical labora-

tories located in Sonora and Puebla, respectively.
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Results
Clinical Isolates of E. coli Obtained from

Urine of Pregnant and Non-Pregnant

Women in Sonora and Puebla are

Multidrug-Resistant
Antibiotic resistance is one of the most important problems

in health settings worldwide because of the decreasing

number of effective antibiotics. In the present study, we

analyzed the susceptibility of the isolated UPEC strains to

24-different types of antibiotics. The predominant resis-

tance in all strains from both Mexican states and from

each group was against β-lactamic antibiotics. The strains

showed also a high-resistance profile against nitrofurantoin,

trimethoprim/sulfamethoxazole, amikacin and gentamicin

(Table 1). Resistance to fluoroquinolones was also observed

in all study groups. On the other hand, ertapenem, netilmi-

cin, and fosfomycin were the most effective antibiotics

among the 24 antibiotics evaluated. We did not find statis-

tical differences in the mean of resistance to the 24 anti-

biotics tested into each study group between geographical

areas (p ≥ 0.05) (Supplementary material 3). However, the

specific resistance for each antibiotic between the two dif-

ferent geographical areas was significant. The strains from

pregnant women in Puebla presented significant differences

in resistance for amikacin (p=0.001), cefuroxime (p=0.025)

and fosfomycin (p=0.037), and the strains from Sonora for

levofloxacin (p=0.049). In the case of non-pregnant women,

there was only a significant difference in the higher anti-

biotic resistance to netilmicin (p=0.037) of strains from

Table 1 Antibiotic Resistance of E. coli Strains Isolates from Urine of Pregnant and Non-Pregnant Women from Sonora and Puebla,

Mexico

Antibioticsa Sonora (n=100) pb = 0.840 Puebla (n=50) pb = 0.946

Pregnant

n=50

n (%)

Average

%R

Non-

Pregnant

n=50

n (%)

Average

%R

pc

value

Pregnant

n=25

n (%)

Average

%R

Non-

Pregnant

n=25

n (%)

Average

%R

pc

value

AMK 31 (62) 38 32 (64) 37.3 1 24 (96) 58.7 19 (76) 45.3 0.098

GM 21 (42) 22 (44) 1 14 (56) 10 (40) 0.396

NET 5 (20) 2 (4) 0.436 4 (24) 5 (20) 1

AMP 50 (100) 72.9 50 (100) 78.9 – 100 (25) 82.2 25 (100) 77.3 –

CF 48 (96) 49 (98) 1 24 (96) 25 (100) 1

CFX 41 (82) 50 (100) 0.002 25 (100) 23 (92) 0.489

CTX 35 (70) 47 (94) 0.003 20 (80) 20 (80) 1

CFZ 37 (74) 33 (66) 0.513 21 (84) 19 (76) 0.725

CRO 41 (82) 50 (100) 0.002 24 (96) 24 (96) 1

FEP 19 (38) 14 (28) 0.395 8 (32) 6 (24) 0.753

ATM 20 (40) 15 (30) 0.401 15 (60) 11 (44) 0.396

AMC 37 (74) 47 (94) 0.012 23 (92) 22 (84) 0.667

NA 37 (74) 60 37 (74) 44.8 1 17 (68) 44 18 (72) 56 1

CIP 29 (58) 22 (44) 0.229 10 (40) 13 (52) 0.570

OFX 27 (54) 18 (36) 0.107 12 (48) 14 (56) 0.777

NOR 28 (56) 19 (38) 0.108 13 (32) 14 (56) 0.153

LVX 29 (58) 16 (32) 0.015 13 (32) 11 (44) 0.560

NF 20 (40) 40 41 (82) 82 <0.001 16 (64) 64 17 (68) 68 1

TSX 32 (64) 64 35 (70) 70 0.670 11 (44) 44 17 (68) 68 0.153

FOS 2 (4) 4 2 (4) 4 1 5 (20) 20 1 (4) 4 0.189

C 30 (60) 70 25 (50) 50 0.421 9 (36) 36 11 (44) 44 0.773

TE 35 (70) 70 29 (58) 58 0.032 13 (52) 52 18 (72) 72 0.243

ETP 6 (12) 12 4 (8) 8 0.740 5 (20) 20 0 (0) 0 0.050

Notes: pb, two samples t-test; pc, Fisher test exact; –, the value of p could not be obtained; n, number of strains; %, percentage; R, resistance; statistically significant values

are in bold.

Abbreviations: AMK, amikacine; GM, gentamicin; NET, netilmicine; AMP, ampicillin; CF, cephalotin; CFX, cefuroxime; CTX, cephotaxime; CFZ, cefazolin; CRO,

cephtriaxone; FEP, cephepime; ATM, Aztreonam; AMC, clavulanic acid-ampicillin; NA, nalidixic acid; CIP, ciprofloxacin; OFX, ofloxacin; NOR, norfloxacin; LVX, levoflox-

acine; NF, nitrofurantoin; TSX, trimethoprim/sulfamethoxazole; FOS, fosfomycin; C, chloramphenicol; TE, tetracycline; ETP, Ertapenem.
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Puebla compared to the ones from Sonora (Supplementary

material 3). Between study groups from Sonora, a statistical

difference was observed in the resistance to levofloxacin

and tetracycline in pregnant women and cefuroxime, cefo-

taxime, ceftriaxone, amoxicillin/clavulanic acid and nitro-

furantoin in non-pregnant women. While in Puebla, there

was statistical significance only in the resistance to ertape-

nem in strains isolated from not pregnant women (Table 1).

According to the Magiorakos scheme, 92.7% of strains

were multidrug-resistant (MDR); however, we also found

10 (6.7%) XDR and one (0.6%) PDR strains (Table 2). The

PDR strain was resistant to 24 antibiotics tested in this

study.

Puebla and Sonora’s E. coli Strains from
Urine Samples are ESBL Producers
The ESBL phenotype was found in 67 (44.7%) of the total of

strains analyzed (n=150). Twenty-two (44%) strains isolated

from Puebla were ESBL positives, 17 from pregnant women

and 5 from not pregnant women. We found in this group that

90% (n=20) of the UPEC strains with positive β- lactamase

phenotype were classified as ESBL producers and 10% (n=2)

are probable carbapenemases producers, these last ones come

from pregnant women (Supplementary material 4.1). In

Sonora, the β-lactamase phenotype was observed in 45

(45%) of the isolated strains, 22 were from pregnant women

and 23 from non-pregnant women. Also 91% (n=41) of the

E. coli strains with positive β- lactamase phenotype were

classified as ESBL producers and 9% (n=4) as probable carba-

penemases producers (Supplementary material 4.2 and

Supplementary material 4.3). To find whether there was

a relationship between the antibiotic resistance and the

β-lactamase production, we compare the prevalence of resis-

tance between β-lactamase producers’ strains and non-β-
lactamase producers. We observed that, in general, the strains

with β-lactamase phenotype, except in the case of non-

pregnant women from Puebla, they had a higher prevalence

of antibiotic resistance than those from non-β-lactamase pro-

ducers, but only showed statistical significance (p ≤ 0.05) for

TSX, FEP, AMCandATM in Sonora andNOR, LVX and FEP

in strains from pregnant women from Puebla (Supplementary

material 5). These results could indicate a phenomenon of co-

selection of resistance (Supplementary material 5). When the

β-lactamic resistance vs β-lactamase production was com-

pared, we found a lower percentage of β-lactamase producing

strains (44% in Puebla and 45% in Sonora) than β-lactamic

resistant strains. A statistical significance was found only to

cefepime (p= 0.026) in strains frompregnantwomen in Puebla

and to cefepime, aztreonam and amoxicillin-clavulanic acid

(p < 0.05) in strains from pregnant and non-pregnant women

from Sonora (Supplementary material 5). In the case of fluor-

oquinolones, there was a statistical difference in the resistance

of the β-lactamase producers’ strains from pregnant women

from Puebla (p ≤ 0.05) but only for norfloxacin and

levofloxacin with respect to non-β-lactamase producers

(Supplementary material 5).

UPEC Strains from Sonora and Puebla

Can Cause Both, Lower and Upper UTIs

and Their Virulence Factors Do Not

Correlate with the Antibiotic Resistance
Thirteen virulence genes associated to nine virulence factors

were determined by PCR (Figure 1). The most frequent

virulence gene found was the type 1 pilus gene (fimH)

that encodes for the pilus adhesin. This gene was found in

100% of the strains isolated from both Sonora and Puebla

followed by the aerobactin receptor gene (iucD) and the

iron receptor gene (iha) (Figure 2). We found the hlyA, vatA

+vatP, satA+satP and fliC genes in high percentages. These

genes were present in strains isolated from both states:

Sonora and Puebla (Figure 2). Statistical differences

between UPEC strains from pregnant vs non-pregnant

women were observed only for hlyA gene (p = 0.032) in

the strains isolated from Sonora and for vatA+vatP genes

(p = 0.050) in the strains isolated from Puebla (Figure 2 and

Supplementary material 6.1). No statistical differences were

observed between the frequency and mean of virulence

genes by geographic area (p > 0.05) except for papG

+papA in the strains isolated from Puebla (p = 0.001)

Table 2 Antibiotic Profile Classification of E. coli Isolates from

Urine of Women from Sonora and Puebla, Mexico in Relation to

Pregnant and Non-Pregnant Conditions

City Condition Classification by Drug-Resistance

n=150 (100%)

NMDR

n (%)

MDR

n (%)

XDR

n (%)

PDR

n (%)

0 (0) 139

(92.7)

10

(6.7)

1

(0.6)

Puebla Pregnant (n=25) 0 22 (88) 2 (8) 1 (4)

Non-pregnant (n=25) 0 24 (96) 1 (4) 0

Sonora Pregnant (n=50) 0 47 (94) 3 (6) 0

Non-pregnant (n=50) 0 46 (92) 4 (8) 0

Abbreviations: NMDR, Non-multidrug resistant; MDR, Multidrug-resistance;

XDR, extensively multidrug-resistance; PDR, pandrug-resistance.
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A C+   1     2     3    4     5     6     7     8     M 9    10   11   12   13   14   15   16   17    M   

1000 bp

500 bpiucD 512 bp
satA 384 bp
fliC 304 bp
fimH 210 bp

1000 bp

500 bp

B C+ 1        2       3      4     5       6      7 M 8       9      10     11 C-

1000 bp

500 bppapGII  562 bp

papGIII 421 bp
vatA     330 bp
vatP     226 bp
iha       150 bp

C C+       1          2         3         4          5        M         6         7          8         9         C- 10 

1000 bp

500 bp

hlyA 1, 280 bp

satP 880 bp

papA 641 bp

D C+ 1       2      3       4       5       6       7       8        9       10      11     C- 12    M       

5000 bp

3000 bp

1500 bp

cnf-1  3, 100 bp

Figure 1 Multiplex-PCR Banding Patterns of Virulence Genes and Individual PCRcnf of E. coli generated by gel electrophoresis. (A) iucD (512 bp), satA (384 bp), fliC (304 bp) and

fimH (210 bp). (B) papGII (562 bp), papGIII (421 bp); vatA (330 bp), vatP (226 bp) and iha (150bp). (C) hlyA (1, 280 bp), satP (880 bp) and papA (641 bp). (D) cnf-1 (3, 100 bp).

M. Molecular weight market (100 bp Plus DNA Ladder in A, B and C and 1 kb Plus DNA ladder in D) . Lane C+. Positive control (E. coli CFTO73 in A; E. coli CFTO73 plus

E. coli O59I in B and E. coli GAG1 in C and D) . Lines with a number E. coli isolated from the samples. C-. Negative control.
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(Supplementary material 6.2). Silva et al, 2012 and Brennan

et al, 2018 reported that there is an inverse relationship

between antibiotic resistance and virulence.41,42 We com-

pared the number of virulence genes with the number of

antibiotics to which each strain was resistant and looked for

a possible positive correlation in the strains from both

Mexican states and groups, but these were only significant

for strains isolated from pregnant women from Puebla

(r = 0.425 and p = 0.034) (Data not shown).

Pathogenicity Islands (PAIs) of UPEC are

Present in Strains Isolated from Sonora

and Puebla
Among the mobile genetic elements responsible for the

spread of virulence in UPEC strains, the PAIs stand out,

which are characterized by many genes associated with

virulence, so their presence indicates a high-pathogenic

potential. Following the method proposed by Sabate in

2006, we searched for 4 PAIs previously reported in the

UPEC prototype strains CFT073 and J96. The PAIs were

found in 85 (57%) of the total of strains analyzed (n=150),

51% for Sonora´s strains (n= 100) and 68% for Puebla´s

strains (n=50) (Table 3). We found these elements in 26

strains from pregnant and 25 from non-pregnant women in

Sonora, while in Puebla these PAIs were found in 15 and

19 from pregnant and non-pregnant women, respectively.

In both groups of strains, PAIs of E. coli CFT073 were the

most prevalent (Table 3A and B), non-statistical difference

was observed between distribution of these PAIs by each

group and state. However, we found a higher prevalence of

PAI IJ96 (33.3%) and PAI IIJ96 (53.3%) in strains from

pregnant women from Puebla than from non-pregnant

women in the same state without significant difference (p

> 0.05) and also in strains from pregnant and non-pregnant

women in Sonora (11.5% for both groups). Further, only

the higher prevalence of PAI IIJ96 was statistically signifi-

cant (p = 0.008) for pregnant from Puebla compared to

prevalence in pregnant women from Sonora (Table 3).

Upon analyzing the frequency of PAI in all UPEC strains

versus the frequencies of the genes encoding virulence fac-

tors that are localized in these PAIs such as hlyA, papG

+papA and cnf-1, we found different percentages for each

Figure 2 Frequency of the Virulence Genes Among 150 E. coli Isolates From Urine of Pregnant and Non-Pregnant Women From Sonora and Puebla, Mexico. The studied

genes encoded the following virulence factor: fimH, type 1 pilus adhesin; papG+papA, adhesin and pilin of the type P pili; iha, enterobactin receptor/Irg homologue adhesin;

iucD, aerobactin; satA+satP, autotransporter and peptidase regions of the secreted autotransporter toxin; vatA+vatP, autotransporter and peptidase regions of the vacuolating

autotransporter toxin; hlyA, α-hemolysin; cnf-1, cytotoxic necrotizing factor; fliC, flagellin. The statistically significance results (p < 0.05) are in asterisk.
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virulence gene. For example, cnf-1 was present in 12% of

the strains from Sonora and 18% from Puebla, while the

island PAIIIJ96 was found in 8% and 26%, respectively,

however not statistical significance was observed between

them (Supplementary material 7). This result could be

because the cnf-1 gene in some strains could be present in

another part of the genome, but not as part of a PAI.

UPEC Strains from Sonora and Puebla

Express Functional Iron Uptakes Systems

and Hemolytic Toxins
We performed phenotypic assays in order to determine side-

rophores and hemolysin expression using CAS agar and sheep

blood agar, respectively. Iron acquisition phenotype. Our results

showed that 100% of the strains isolated in both Sonora and

Puebla produced some type of siderophore. We found orange

halos produced by 88% of pregnant women strains and 92% of

non-pregnant women strains in Puebla, while in Sonora they

were observed in 74% of pregnant women strains and 94% of

non-pregnant women strains. This coloration is attributed to

hydroxamate type siderophores to which aerobactin (Iuc)

belongs to,40 this gene (iucD) was found in 84% and 76% of

the strains isolated from pregnant women and non-pregnant

women in Puebla, respectively, and 92% and 88% of Sonora.

We also found that 10% of strains from Puebla and 16% from

Sonora presented a halo with double coloration (Yellow

Orange) (Supplementary material 8.1). The slight difference

in color halos between siderophore phenotype and iucD pre-

sence could be due to the production of other hydroxamate type

siderophores.

Hemolysis Phenotype
In Puebla strains, the hemolytic phenotype was observed in

44% of strains from pregnant women and 28% from non-

Table 3 Distribution and Percentage of Positivity of PAI in E. coli Strains Isolated from Urine of Pregnant and Non-Pregnant Women

from Sonora (A) and Puebla (B), Mexico and Between States and Conditions

PAI A) Sonora n=51 (51%)

Pregnant from Sonora n=26 % Non-Pregnant from Sonora n=25 % pb

PAI ICFT073 19 73.1 16 64 0.77

PAI IICFT073 17 65.4 19 76 0.54

PAI IJ96 3 11.5 6 24 0.29

PAI IIJ96 3 11.5 4 16 0.7

PAI B) Puebla n=34 (68%) % pb

Pregnant from Puebla n=15 % Non-pregnant from Puebla n=19

PAI ICFT073 12 80 17 89.5 0.63

PAI IICFT073 9 60 9 47.4 0.5

PAI IJ96 5 33.3 4 21 0.46

PAI IIJ96 8 53.3 5 26.3 0.15

PAI Pregnant from Sonora vs Pregnant from Puebla % pb

Pregnant from Sonora n=26 % Pregnant from Puebla n=15

PAI ICFT073 19 0.77 12 80 0.71

PAI IICFT073 17 65.4 9 60 0.74

PAI IJ96 3 11.5 5 33.3 0.11

PAI IIJ96 3 11.5 8 53.3 0.008

PAI Non-Pregnant from Sonora vs Non-Pregnant from Puebla % pb

Non-Pregnant from Sonora n=25 % Non-Pregnant from Puebla n=19

PAI ICFT073 16 64 17 89.5 0.081

PAI IICFT073 19 76 9 47.4 0.065

PAI IJ96 6 24 4 21 1

PAI IIJ96 4 16 5 26.3 0.467

Notes: pb, Fisher test exact; –, the value of p could not be obtained; In bold the statistically significant values.

Abbreviation: PAI, pathogenicity island.
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pregnant women. The phenotype was correlated with the

presence of hlyA in 24% of the strains from pregnant and

8% from non-pregnant women. While in Sonora, the hemo-

lysis phenotype was found in 38% and 56% from pregnant

and non-pregnant women, respectively, with presence of

hlyA in 16% and 12% respectively for each study group

(Supplementary material 8.2 and Supplementary material 9).

E. coli Strains from Sonora and Puebla

Belong to Serotypes Other Than UPEC

and Have Variable Virulence and

Resistance Properties
It is mentioned that UPEC strains belong to a limited

number of serotypes. In this work, all 150 E. coli strains

were serotyped. In Puebla were found 20 different sero-

types (Supplementary material 10.1 and Supplementary

material 10.2) corresponding to 7 pathotypes or specific

clinical reports (Table 4), being predominant those

related to UPEC (32%) and ETEC (10%) on average.

Additionally, we found 11 (22%) no typable strains and

some serotypes not reported in the literature (16%)

(Table 4). The strains isolated from Sonora were grouped

into 40 different serotypes (supplementary material 10.3

and Supplementary material 10.4) and 14 pathotypes or

clinical reports (Table 4), these were mainly associated

with UPEC (21%), STEC (10%) and EAEC (6%).

Thirteen strains in this state had the O20:H9 serotype

that is associated to clinical cases of neonatal sepsis.

This serotype was not found in Puebla. We observed

14% and 10% of not reported serotypes and non-typable

strains, respectively. These serotypes did not vary in pre-

valence between two study groups. In the other hand, we

found a higher percentage of serotype O44:H18 (10%),

associated with EAEC, in strains from non-pregnant

women, followed by O6:H1 (8%), O25:H4 (8%)

and O20:H9 (8%) (Supplementary material 10.4).

Additionally, the serotype O25:H4 was found from

Sonora´s and Puebla´s strains in 12% and 14%, respec-

tively (Supplementary material 10.1 to 10.4). We found

serotypes associated to more than one pathotype being

these ones EAEC/UPEC and UPEC/STEC in both,

Sonora and Puebla (Table 4). For each pathotype or clin-

ical case associated with the serotypes found, the mean

resistance to the 24 antibiotics tested and the mean viru-

lence genes were determined (Tables 5 and 6). We found

that the strains that showed resistance to a greater number

of antibiotics belong to serotype associated with neonatal

sepsis (O20:H9) and are from pregnant and non-pregnant

Table 4 E. coli Strains, Isolated from Urine of Pregnant and Non-Pregnant Women from Sonora and Puebla, Associated to Pathotypes

or Clinical Cases by the Serotype to Which They Belong

Pathotype or Clinical

Casea
P-SON (%)

n=50

NP-SON (%)

n=50

Accumulated

n=100 (%)

P-PUE (%)

n=25

NP-PUE (%)

n=25

Accumulated

n=50 (%)

UPEC 12 (24) 9 (18) 21 (21) 9 (36) 7 (28) 16 (32)

NT 3 (6) 7 (14) 10 (10) 7 (28) 4 (16) 11 (22)

Unreported 5 (10) 9 (18) 14 (14) 2 (8) 6 (24) 8 (16)

ETEC – 1 (2) 1 (1) 1 (4) 4 (16) 5 (10)

Heteropathogen 2 (4) 1 (2) 3 (3) 2 (8) 1 (4) 3 (6)

STEC 4 (8) 6 (12) 10 (10) 1 (4) 1 (4) 2 (4)

Isolates from diarrhea 3 (6) 2 (4) 5 (5) 2 (8) - 2 (4)

EAEC/UPEC 3 (6) 2 (4) 5 (5) - 2 (8) 2 (4)

Isolates from animals – 3 (6) 3 (3) 1 (4) – 1 (2)

EAEC 1 (2) 5 (10) 6 (6) – – –

UPEC or STEC 4 (8) 1 (2) 5 (5) – – –

Isolates from Neonatal sepsis

(O20:H9)

9 (18) 4 (8) 13 (13) – – –

Isolates from healthy adults 1 (2) – 1 (1) – – –

Isolates from pyelonephritis 1 (2) – 1 (1) – – –

Isolates from SIDS 1 (2) – 1 (1) – – –

Asociado a HUS 1 (2) – 1 (1) – – –

Notes: aPathotype or clinical case by the serotype to which each strain belongs. Heteropathogen, first strain of hybrid E. coli reported.

Abbreviations: UPEC, uropathogenic E. coli; NT, Notypable; STEC, Shiga toxigenic E. coli; EAEC, enteroaggregative E. coli; EPEC, enteropathogenic E. coli; ETEC,
Enterotoxigenic E. coli; SIDS, sudden infant death syndrome; HUS, hemolytic uremic syndrome; P-SON, pregnant women from Sonora; NP-SON, Non-pregnant women

from Sonora; P-PUE, pregnant women from Puebla; NP-PUE, non-pregnant women from Puebla.
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women from Sonora, while pregnant and non-pregnant

women from Puebla, the strains that showed resistance to

a greater number of antibiotics belong to intestinal patho-

types (ETEC) and non-typable strains group (Table 5),

respectively. On the other hand, the virulence gene average

was 2 to 7, the strains whose serotype has been identified

as STEC and indefinite pathotype were those that had

a lower number of virulence genes (Table 6).

Virulence and Antibiotic Resistance are

Not Related to Specifics Phylogroups
Differences were found in the distribution of the phylogenetic

groups. In Sonora, the results obtained from pregnant women

showed a higher prevalence of strains belonging to the phy-

logroups B2 (32%), A (28%) and C (22%). In this group, we

observed one strain that was classified within clade I that are

strains belonging to Escherichia, but not coli, in addition 10%

could not be assigned to any phylogenetic group (Figure 3).

While in non-pregnant women the phylogenetic group C was

found in 32%, followed by B2 (20%), D (18%), A (14%),

E (6%) and F (2%). A small percentage of strains (8%) could

not be assigned phylogenetically to any group. On the other

hand, in pregnant women from Puebla, we found a higher

percentage of strains belonging to phylogroup A (28%), fol-

lowed by C (24%) and B2 (20%), phylogroups D and F were

found in 16% and 4%, respectively. While the strains isolated

from non-pregnant women belonged mainly to phylogroups

B2 (56%) and A (24%) (Figure 3). Additionally, we found

within of this same samples 8% (n=2) of strains that were not

possible to group phylogenetically. Statistically significance

was found in the highest percentage of the phylogroups B2

(p = 0.018) in strains from non-pregnant women in Puebla,

C (p = 0.022) in strains from pregnant women in Puebla and

D (p = 0.015) in strains from non-pregnant women in Sonora

(Figure 3). No statistically significant differences were found

in the distribution of phylogroups by geographical area (p >

0.05), except for group D, whose frequency was higher in the

isolates of pregnant women in Puebla with respect to those in

Sonora (p = 0.039). This also happened with the phylogroups

B2 in the Sonora strains (p = 0.003) and C in Puebla (<0.001),

in both cases isolated from pregnant patients (Data not shown).

When comparing the mean of virulence genes of the

strains according to the phylogenetic groups and the mean

Table 5 Antibiotic Resistance of E. coli Strains Associated to

Pathotypes or Clinical Cases by the Serotype to Which They

Belong

Pathotype or Clinical

Casea
Mean of Antibiotic Resistanceb

P-SON NP-

SON

P-PUE NP-

P

UPEC 15 15 13 15

NT 13 12 15 16

Unreported 14 14 15 16

ETEC – 10 19 10

Heteropathogen 12 14 15 13

STEC – 13 12 11

Isolates from diarrhea 16 12 18 –

EAEC, EPEC 11 12 – 16

UPEC, STEC 12 – – –

Isolates from animals – 14 17 –

EAEC 11 14 – –

Isolates from neonatal sepsis

(O20:H9)

20 19 – -

Notes: aPathotype or clinical case by the serotype to which each strain belongs.

Heteropathogen, first strain of hybrid E. coli reported; the higher mean of antibiotic

resistance are in bold. b24 groups of antibiotics tested.

Abbreviations: STEC, shiga toxin productor E. coli; UPEC, uropathogenic E. coli;

NT, Notypable; ETEC, Enterotoxigenic E. coli; EAEC, Enteroaggregative E. coli;

EPEC, Enteropathogenic E. coli; b, 24 groups of antibiotics tested; P-SON, pregnant

women from Sonora; NP-SON, Non-pregnant women from Sonora; P-PUE, preg-

nant women from Puebla; NP-PUE, Non-pregnant women from Puebla.

Table 6 Virulence Genes of E. coli Strains Associated to

Pathotypes or Specific Clinic Cases by the Serotype to Which

They Belong

Pathotype or Clinic

Casea
Mean of Virulence Genesb

P-SON NP-

SON

P-PUE NP-

PUE

UPEC 5 5 6 3

NT 4 3 5 4

Unreported 4 4 4 5

ETEC – 4 4 6

Heteropathogen (O2:H6) 5 7 4 7

STEC 2 4 6 2

Isolates from diarrhea 5 4 4 –

Indefinite (EAEC, EPEC,

UPEC) (O15:H18)

4 3 – 4

UPEC, STEC 5 – – –

EAEC 4 3 – –

Isolates from neonatal sepsis

(O20:H9)

3 4 – –

Others 5 5 6 –

Notes: aPathotype or clinical case by the serotype to which each strain belongs.
bNine virulence factors tested by PCR; Others, Included Isolates from animals,

isolates from healthy adults, isolates from hemolytic uremic syndrome and isolates

from sudden infant death syndrome.

Abbreviations: UPEC, Uropathogenic E. coli; ETEC, Enterotoxigenic E. coli;

STEC, Shiga toxigenic E. coli; EAEC, enteroaggregative E. coli; EPEC, enteropatho-
genic E. coli; NT, notypable; P-SON, pregnant women from Sonora; NP-SON, Non-

pregnant women from Sonora; P-PUE, pregnant women from Puebla; NP-PUE,

Non-pregnant women from Puebla.
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number of antibiotics to which they resist, no statistically

significant differences were found (Data not shown).

Discussion
The growing bacterial antibiotic resistance in recent years

implies a serious health problem that has reduced the

options for infection treatments, including UTIs. We

found that 92.7% of the strains from pregnant and non-

pregnant women isolated in both states were classified as

multidrug-resistant, and a small percentage was classified

as XDR and PDR. Our results regarding MDR and XDR

were higher than those reported by Ochoa in 2016 in

Mexico, in which only 10 antibiotics were used43 and the

PDR strains were not found. The susceptibility profiles

indicated that strains isolated from women in both states

have a high resistance to β-lactam antibiotics, aminoglyco-

sides, nitrofurans and amoxicillin-clavulanic acid, these

results were similar to those reported in Mexico

(Guerrero and Mexico city) and in Nigeria.12,44 It becomes

of relevant importance for pregnant woman since these

antibiotics are in the short list of antibiotics available for

the treatment of lower and upper UTI in this group. Our

results showed a considerable reduction in the number of

antibiotics available for UTIs treatment, showing the

necessity of searching for other therapeutic alternatives

as well as continuous monitoring of the empirical treat-

ments implemented in Mexico. Alternatively, implementa-

tion of individualized treatments according to the results

obtained in the antibiotic susceptibility profile, could avoid

the emergence of more resistant and multi-resistant UPEC

strains or prevent the co-selection phenomenon.

One of the resistance mechanisms for broad-spectrum

penicillins, cephalosporins and monobactams widely disse-

minated in UPEC is the production of β-lactamases. We

found ESBL production in 68% of strains isolated from

pregnant women and 20% from non-pregnant women in

Puebla, while in Sonora it was found in 44% of strains

from pregnant women and 46% from non-pregnant women.

The production of these enzymes in strains from pregnant

patients has been reported by other researchers such as

Ramos in 2012 and Al-Mayahie in 2013, but these authors

report the phenotype in lower percentage than what we

documented.45,46 Interestingly, in the present study, the per-

centage of ESBL phenotypewas lower than the percentage of

strains resistant to β-lactams, this could indicate that UPEC

strains could present other mechanisms of resistance to this

Figure 3 Distribution of phylogenetic group among 150 E. coli strains isolated from urine of women from Sonora and Puebla, Mexico. The statistically significance results

(p<0.05) are in asterisk.

Abbreviation: CI, Clade I.
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family of antibiotics, as the production of an altered penicillin

binding proteins (PBP) which decrease the affinity of the

antibiotic for PBP or efflux pumps that lead to bacterial

survival and therapeutic failure.47,48

The predominant virulence factors present in pregnant

and non-pregnant women of both states were those

involved in adhesion and iron acquisition. All strains iso-

lated from both Sonora and Puebla presented the fimbrial

adhesin of type 1 pili (fimH), which has been associated

with events not only of adherence to the bladder but also

linked to internalization and subsequent formation of intra-

cellular bacterial communities (IBC), which are associated

with recurrent UTI episodes, antibiotic resistance and

immunoevasion.49–51 Furthermore, a remarkable predomi-

nance of other important virulence genes, such as fliC

(44%), papG+papA (40%), hlyA (56%), satA+satP

(40%) and vatA+vatP (40%) can be seen in isolated strains

from pregnant women in Puebla. The products of these

genes are involved in upper UTI, indicating the high

potential of pathogenicity of these strains. Our results

from both Sonora and Puebla resemble those obtained by

Miranda-Estrada in Mexico city and Guerrero while the

genes involved in adherence were found in ranges of 25%

−100% in Mexico city and 10% −78% in the Guerrero

state.12 However, our study found a higher prevalence of

these genes than the Miranda-Estrada study. It is worri-

some to observe virulence features associated with upper

UTI in strains isolated from both groups of patients, but

mainly in pregnant women. In this sense, we cannot assure

that the strains are causing upper urinary infections in

these patients. Although hlyA and fliC are determinants

that have been observed in pyelonephritic clinical isolates

and a positive phenotype was observed in several isolates,

the phenotypic test for the expression of the P-type pili is

still pending, together with the fact that we do not have the

clinical history of the patients prevents us from concluding

that they are pyelonephritic strains, but we can conclude

that they have a high potential (given their genetic load,

hemolysis phenotype, mobility and the group of patients

from which they were isolated) to cause upper urinary

tract infections. Additionally, it is important to mention

that given changes such as increased glomerular filtration,

trigone hypertrophy and subsequent bladder-ureteral reflux

in conjunction with the virulence load of the strains

increase the likelihood that they may be causing upper

UTI in pregnant patients.52,53 So, it would be interesting

in future studies to know the clinical characteristics of

these patients to associate them with the virulence

phenotypes and genotypes of isolated UPEC strains caus-

ing UTI. Additionally, some authors mentioned that there

is an inverse relationship between antibiotic resistance and

virulence.41,42 However, we found the opposite in strains

isolated from pregnant women in Puebla where there was

a positive correlation between virulence and resistance.

With this observation, we can conclude that the virulence

and resistant of E. coli strains from Mexican women are

not always associated.

We found a high percentage of positive phenotypes for

iron acquisition (92% in Puebla and 88% in Sonora), this

can be explained by the importance of iron for the survival

of UPEC in the urinary tract, while the slight difference

between siderophore phenotype and iucD presence could

be due to the production of other hydroxamate sidero-

phores such as ferrichrome, coprogen, and rhodotorulic

acid that have been reported in E. coli strains.54,55 In the

other hand, the low percentage of coincidence between

phenotype and genotype of hemolysis could be due to an

incomplete process of activation of the pro-toxin (HlyA),

which does not allow the formation of the corresponding

heptameter in the target cell and therefore the phenotype

could not be appreciated.56,57

Among the mobile-genetic elements responsible for the

spread of virulence in UPEC strains, PAIs are important

players with high pathogenic potential.36 We found a higher

prevalence of CFT073 PAIs compared to J96 PAIs. This

result coincides with the reported by other authors in Spain,

Iran and Iraq.58–60 However, in our work, in addition to high

percentage of CFT073 islands, we found, a higher percentage

of PAIs (I and II) from E. coli J96 in both states, than the

authors above mentioned. These results suggest that some

E. coli strains isolated fromMexican patients with UTIs have

PAIs more associated toE. coli J96 than the strains isolated in

the mentioned countries, although more studies need to be

done in Mexico to reinforce our hypothesis.

UPEC strains have been associated to a small number

of serotypes;9 however, we found a great variety, includ-

ing some associated with other pathotypes, which make

us propose that in Mexico, UPEC is not so restricted. We

found serotypes associated with intestinal strains, but the

virulence factors present are related to the urinary infec-

tion processes. We do not rule out the possibility that

some of these strains have also factors associated with

intestinal strains, because the existence of hybrid strains

have been reported and their virulence characteristics

corresponded to those of intestinal and extra-intestinal

strains. Among the serotypes observed, we found O2:H6
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associated with the first reported hybrid E. coli strain

(STEC/UPEC).63 Therefore, it would be interesting to

find out whether the genes of diarreaghenic E. coli are

present in ours strains that are associated with these

serotypes rather than those reported as UPEC. We also

found a considerable percentage (22% Puebla and 10%

Sonora) of non-typable strains, which could be sugges-

tive of new serotypes present in Mexico. Interestingly,

some serotypes that were found have been associated

with disease conditions in animals and unconventional

situations such as corpses of infants with sudden death

syndrome64,65. With these results, we could propose that

UPEC strains are not serotypically restricted, because

despite having found a great variety of serotypes, some

are non-typables or are associated with other pathotypes.

It has been previously reported that the predominant

phylogenetic groups in pathogenic strains for humans are

B2 and D, while A corresponds to commensal strains

which are a reservoir of the resistance genes.37,66 Previous

research conducted in Mexico, Nigeria, Uganda, Sweden,

Vietnam, India and Mongolia,12,16,44,45 have reported the

prevalence of the phylogenetic group B2 (ranges from

33.8% −58%), followed by A (5% −28%) and D (5%

−28%). When analyzing these studies, we noticed

a variation in the prevalence of these phylogenetic groups

according to the geographical area. In our work, we observed

different characteristics to those reported by these authors; in

pregnant women from Puebla, we found a higher percentage

of strains belonging to the phylogenetic group A (28%),

while in Sonora, the phylogenetic groups B2 (32%) and

A (28%) were observed. In strains obtained from non-

pregnant women, phylogroup B2 (56%) was predominant

in Puebla, while in Sonora it was group C (32%).

Interestingly, when analyzing the means of virulence and

resistance, we found that the phylogroup C has

a comparable degree of virulence and resistance and even

superior to that presented by strains of phylogroups consid-

ered pathogenic for humans. Our results are important

because it is one of the few studies that use the new phylo-

genetic classification scheme reported by Clermont 2012.

However, is evident that group A, it is not only a reservoir

of antibiotic resistance, but it harbors specific virulence char-

acteristics to cause UTI.

Conclusion
This is the first study conducted in Mexico in which

virulence, resistance, phylogenetic groups and serotypes

of UPEC strains isolated from pregnant and non-pregnant

women are compared in two-Mexican states. UPEC strains

from women with UTIs in Puebla and Sonora were multi-

drug resistant, including to antibiotics of first choice in

treatment, with a tendency to become XDR or PDR. The

resistance profiles were varied by geographical area,

demonstrating the importance of change from empirical

to individualized treatment and the enormous need to

search for new therapeutic alternatives for the treatment

of UTIs. E. coli strains were serotypically and phylogen-

etically variable and there are a good percentage of

unknown serotypes and phylogroups with virulence char-

acteristics of UPEC, which could imply new serotypes and

other phylogroups associated with this important patho-

gen. The results also showed that UPEC strains isolated

from pregnant and no-pregnant women have virulence

factors that are characteristic or presumptively limited to

UPEC strains that cause lower UTIs. Nevertheless,

a considerable portion of strains mainly from pregnant

women had optimal virulence characteristics to cause

upper UTIs. These results will allow us to better under-

stand the behavior of UPEC as an etiological agent of

UTIs in the female population in Mexico and for better

treatment and control of the disease and emphasize the

need of future research in Mexico.
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