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Abstract

Background: Fscherichia coli sequence type (ST)131 is an important urinary tract pathogen, and is responsible

for considerable healthcare-associated problems and costs worldwide. A better understanding of the factors that
contribute to its rapid worldwide spread may help in arresting its continual spread. We studied a large collection of
fecal and urinary E. coli ST131 and E. coli non-ST131 phylogenetic group B2 isolates, from women, men and children, in
regional NSW, Australia.

Results: We found out that there was a step up in ST131 prevalence (and possibly in virulence) from fecal to clinical
(urinary) isolates in general, and specifically among ciprofloxacin resistant isolates, in the 3 host groups. Furthermore,
our results revealed that the inferred virulence potential of the ST131 isolates (as measured by VF gene scores) was
much higher than that of non-ST131 phylogenetic group B2 isolates, and this was much more pronounced amongst
the urinary isolates. This finding suggests presence of possible £. coli phylogenetic B2 subgroups with varying levels of
virulence, with ST131 being much more virulent compared to others. A strong association between ST131 and fluoro-
quinolone (FQ) resistance was also demonstrated, suggesting that FQ use is related to ST131 emergence and spread.
Specifically, about 77% of ST131 isolates from women and men, and 47% from children, were extended spectrum f3-
lactamase (ESBL) producers. Moreover, FQ resistant ST131 ESBL isolates on average harbored more VF genes than all
other isolates.

Conclusions: The strong association between ST131 prevalence and FQ resistance amongst the studied isolates
suggests that FQ use is related to ST131 emergence and spread. Furthermore, our results demonstrate that FQ resist-
ance and a plurality of VF genes can exist together in ST131, something that has traditionally been regarded as being
inversely related. This may partly contribute to the emergence and worldwide spread of ST131.
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Introduction

Escherichia coli causes several extra-intestinal infections,
*Correspondence: tkudinha@yahoo.com including urinary tract infection (UTI), bacteremia,
" NSW Health Pathology, Regional and Rural, Orange Hospital, Orange, NSW, and meningitis, among several others. This organism is
Australia responsible for considerable UTI morbidity, mortality
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and healthcare associated costs, worldwide [1]. E. coli
possess a wide variety of virulence factors (VFs) that help
the organism to infect and damage the host. Hence most
studies on UTI pathogenesis have targeted this organism
and associated VFs in an effort to gain further insights
that could contribute to better management of UTIs.

Escherichia coli sequence type 131 (ST131) has recently
emerged as an important UTI public health pathogen
due to its rapid spread worldwide and multi-drug resist-
ance, presenting challenges for management of infections
caused by this organism. Several studies have been car-
ried out to unravel bacterial characteristics of the organ-
ism responsible for its rapid spread worldwide, with
most studies focusing on the role played by VFs in UTI
pathogenesis. However, studies on ST131 directed at elu-
cidating pathogenesis based on VF genes have yielded
conflicting results, with some studies suggesting that
ST131 is as, or less virulent than other uropathogenic E.
coli (UPEC) strains, whilst other studies yielded contrary
findings [2].

Most VF gene comparative studies on ST131 vs. non-
ST131 strains did not take into consideration the possible
confounding effect of phylogenetic groups on VF gene
distribution. Since ST131 is from phylogenetic group
B2, it is important that in trying to understand the vir-
ulence potential of ST131, comparisons must be made
in relation to non-ST131 B2 isolates so as to eliminate
the possible phylogenetic group B2 confounding effect.
This may help identify specific factors that are unique to
ST131, which may give some insight into its rapid world-
wide spread. Furthermore, some studies suggest that the
unique combination of antibiotic resistance and specific
VEFs promote the rapid spread of ST131 [3, 4]. However,
few studies have adequately assessed this finding against
antimicrobial resistant isolates specifically within phy-
logenetic group B2. Furthermore, there is a scarcity of
data on whether ST131 has a bigger step-up in preva-
lence from fecal to UTI isolates than do other fluoroqui-
nolone (FQ) resistant isolates, specifically within group
B2. Accordingly, we studied the VF gene distribution
of ST131 vs. non-ST131 B2 isolates, as well as FQ sus-
ceptibility of ST131 fecal and UTI isolates from women,
men and children in the Central West region of NSW,
Australia.

Materials and methods

Bacterial isolates

We have previously carried out extensive work on E. coli
UTI and fecal isolates from women, men and children,
in the Central West region of New South Wales (NSW)
in Australia, creating a large pool of well characterized
isolates, collected over a 3-year period (June 2009-July
2012). The isolates for this study were obtained from this
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pool. The E. coli isolates were identified by both conven-
tional biochemical and molecular tests, and preserved at
— 80 °C in glycerol broth until further use, and only one
isolate per study subject was included.

Urine specimens (midstream and clean catch) were col-
lected according to a guiding protocol, from women, men
and children, presenting to randomly selected participat-
ing centers. To allow a focus on bacterial characteristics,
with minimal confounding by other host characteristics,
patients with known diabetes mellitus, diarrhoea, antibi-
otic therapy in the last month, menstruation, or urinary
tract abnormalities, were excluded. A diagnosis of cystitis
or pyelonephritis was based on specific clinical manifes-
tations, plus a urine culture yielding > 108 cfu/L of E. coli.
Cystitis was defined by presence of urinary frequency,
dysuria, and/or suprapubic tenderness, without fever or
loin pain. Pyelonephritis was defined by presence of uri-
nary symptoms, fever of > 38 °C, and flank pain, with or
without nausea and/or vomiting. During the same time
period, rectal swabs were collected from consenting
women, men, and children of consenting parents/guard-
ians, who, according to self-report, lacked UTI-associ-
ated manifestations. Ten arbitrarily chosen E. coli isolates
were picked from each rectal swab culture and tested for
ST131 status. A previous study indicated that the chance
of an arbitrarily chosen isolate representing the quantita-
tive dominant clone in a culture is 86% [5].

From the above collections, all the ST131 and non-
ST131 phylogenetic group B2 isolates from feces and
UTI cases, from children, women, men and children, col-
lected in the same geographical location and time period,
were studied. As much as possible, the fecal isolates were
matched to the UTT isolates for age, sex and geographical
location.

Antimicrobial susceptibility testing.

The studied E. coli isolates were tested for suscepti-
bilities to the following antibiotics according to the disc
diffusion method as specified by the Clinical and Labo-
ratory Standards Institute (CLSI, M02-A12) [6]; amika-
cin (30 pg), amoxicillin-clavulanate (60 pg), ampicillin
(25 pg), ceftazidime (30 pg), ceftriaxone (30 pg), cepha-
lothin (30 pg), ciprofloxacin (10 pg), imipenem (10 pg),
nitrofurantoin (300 pg), and trimethoprim-sulfameth-
oxazole (5 pg). ESBL detection was performed by using
the double disk-synergy test between clavulanic acid
and extended-spectrum cephalosporins (ceftazidime
and cefotaxime) on Mueller—Hinton agar, as previously
described [7].

Molecular methods
Escherichia coli phylogenetic grouping was determined
as previously described [8], with group B2 isolates
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further typed for ST131 status by PCR-based detection of
ST131-specific single nucleotide polymorphisms (SNPs)
in the mdh and gyrB genes [9, 10]. PCR-based O (somatic
antigen) typing was used to detect the 2 ST131-associ-
ated O types, O16 and 025 [9]. The O25 isolates were
further characterized as O25a versus O25b by variant-
specific PCR [11, 12]. Typing for 22 VF genes (see Table 2
for full list), was done by multiplex PCR reverse line blot
(mPCR-RLB) assay as described before [13]. VF gene
score for an isolate was the sum of VF genes, with mul-
tiple pap operons counted as one factor. Such molecular
characteristics have been shown to predict in vivo viru-
lence [14].

Statistical analysis

Proportions were compared using Fishers exact test,
whilst VF scores were tested by the Mann—Whitney
U test. P values of<0.05 were considered statistically
significant.

Results

Distribution of ST131 among UTI and fecal isolates

by source, ciprofloxacin susceptibility phenotype and B2
status

A total of 1367 E. coli fecal isolates from women
(n=458), children (n=508), and men (n=401) were
studied alongside 1416 UTI (cystitis and pyelonephri-
tis) isolates (women=623; children=395; men=2389)
(Table 1). Overall, for each host group, ST131 prevalence
was significantly higher in UTI isolates (at least double)
than in fecal isolates (P <0.001). For fecal isolates, ST131
prevalence ranged from 2% in men (8 of 401) to 3% (14 of
508) in children, and finally 5% (23 of 458) in women. In
contrast to fecal isolates, ST131 prevalence in UTI iso-
lates followed a significant gradient, being least in chil-
dren (8%), rising to 13% in men, and finally highest in
women (20%) (P <0.001).

In each host group, the proportion of ST131 isolates
resistant to ciprofloxacin was significantly higher in UTI
(almost double) than fecal isolates, with the difference
much more pronounced in isolates from women, where
the prevalence of ciprofloxacin resistance in UTI iso-
lates was more than treble that of fecal isolates (P <0.001)
(Table 1). Furthermore, among UTI isolates, a lower pro-
portion (47%) of ST131 isolates from children were cip-
rofloxacin resistant compared to at least 77% in adults
(P<0.001).

For fecal isolates, the prevalence of ciprofloxacin resist-
ance was similar in children and women (about 23%),
which was significantly lower than that in men (35%)
(P=0.01). In children and women, ST131 isolates com-
prised about 14% and 30% of phylogenetic group B2 iso-
lates, respectively, with no significant difference between
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Table 1 Prevalence of ST131 among Escherichia coli isolates in
relation to source, ciprofloxacin phenotype, and phylogenetic

group

Host group Isolate subgroup

Prevalence of ST131, P value©

proportion (%)

Fecal® Clinical®
Children Total population 14/508 (3) 32/395(8) 0.02
Ciprofloxacin- 4/17 (24) 15/32 (47) <0.001
resistant
Group B2 14/106 (13)  32/237 (14) NS¢
Women Total population 23/458 (5)  124/623 (20) <0.001
Ciprofloxacin- 7/30(23) 65/83 (78) <0.001
resistant
Group B2 23/78 (29) 124/398 (31) NS
Men Total population 8/401 (2) 49/389 (13) <0.001
Ciprofloxacin- 5/14 (35) 27/35 (77) <0.001
resistant
Group B2 8/64 (13)  49/241 (20) 0.021

? Fecal isolates from healthy subjects, matched by age, time, and location to the
clinical isolates

b Urine isolates from patients with cystitis
P values (by Fisher’s exact test) are show where P <0.05
NS Not significant; P values > 0.05

the proportions in both fecal and UTT isolates. However,
in men, ST131 isolates comprised 20% of B2 UTI isolates,
which was significantly different to the proportion in
fecal isolates at 13% (P =0.02).

Distribution of VF genes in E. coli phylogenetic group B2
isolates from women and children vs. ST131 status

a. Women

Our second objective was to compare the inferred
virulence potential of ST131 vs. non-ST131 isolates
within phylogenetic group B2. Thus, non-ST131 B2
fecal and UTI isolates from each host group, col-
lected from the same location and time period, were
analyzed in relation to ST131 isolates. However, to
reduce duplication of results, data analysis from iso-
lates from men was not included as the results were
generally similar to those of women. Overall, based
on inferred virulence potential as per Johnson et al.
(2006) study [14], within each source group in the
women isolates, ST131 isolates had, on average, a
higher inferred virulence potential than non-ST131
for most VF genes studied (Table 2). Within sub-
group comparisons by ST131 status showed that on
average, UTI isolates had higher prevalence for most
VF genes, compared to fecal isolates. Specifically,
13 out of 22 VF genes were much more frequent in
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Table 2 Distribution of VF genes in E. coli phylogenetic group B2 isolates from women by ST131 status

VF genes® Number (%) of isolates with trait by source and ST131 status P value by isolate source
(vs.ST131)?
Fecal (n=101) Clinical (n=398)
ST131 (n=23) Non-ST131(n=78) ST131(n=124) Non-ST131 Fecal Clinical®
(n=274)
afa/draBC 5(22) 10 (13) 23(19) 25(9) <0.001 <0.001
bmaE 00 0(0) 54) 00 NS NS
sfaS 7 (30) 10 (13) 26 (21) 36 (13) <0.001 0.032
fimH 23 (100) 73(94) 124 (100) 266 (97) NS NS
focG 7 (30) 10 (13) 58 (47) 85(31) <0.001 0.016
papGl 000 0(0) 54) 0(0) NS 0.042
papGll 5(22) 13(17) 47 (38 66 (24) 0.041 0.031
papGlil 5(2) 14 (18) 51 (41 69 (25) 0.045 <0.001
papAH 9(39) 17 (22) 73 85(31) 0.033 <0.001
papC 9(39) 16 (21) 66 88(32) 0.02 <0.001
papkEF 10 (43) 12(15) 62 80 (29) <0.001 <0.001
gafD 0(0) 2(3) 10 (8) 3(1) NS 0.03
cnfl 5(22) 13(17) 52 (42) 53(19) NS <0.001
hlyA 5(22) 16 (21) 47 (38) 58 (21) NS <0.001
iutA 23 (100) 41(53) 124 178 (65) <0.001 <0.001
fyuA 22 (95) 34 (44) 124 198 (72) <0.001 <0.001
iroN 12 (52) 24(31) 110 (89) 168 (61) <0.001 <0.001
kpsMTII 5(2) 15 (19) 75 (60) 140 (51) NS NS
kpsMTIII 000 2(3) 6(5) 17 (6) 0.041 NS
tral 23 (100) 41(53) 124 (100) 181 (66) <0.001 <0.001
ompl’ 23 (100) 34 (44) 124 (100) 195 (71) <0.001 <0.001
usp 23 (100) 56 (72) 124 (100) 198 (72) <0.001 <0.001

? P values are shown where P <0.05, calculated by Fisher’s exact test. NS, non-significant

b The 22 virulence factors analyzed were; papA, P fimbriae structural subunit; papC, P fimbriae assembly; papEF, fimbriae tip pilins; papG, P fimbriae adhesin (and
alleles I, Il and 1ll); sfaS, S fimbriae; focG, F1C fimbriae; afa/draBC, Afimbrial adhesin (Dr-binding adhesin); fimH, type 1 fimbriae; hlyA, hemolysin; cnf1, cytotoxic
necrotizing factor type1; fyuA, ferric yersiniabactin receptor; iutA, aerobactin receptor; iroN, catecholate siderophore receptor; kpsMTIl group 2 capsule (with K1 and K2
variants); kpsMTIII, group 3 capsule; traT, serum-resistance associated; ompT, outer membrane protein T (protease); bmak, M fimbriae; gafD, (G) fimbriae

¢ Clinical, cystitis and pyelonephritis isolates

UTI than fecal isolates. Accordingly, VF gene scores
were significantly higher for UTI than fecal isolates
in each subgroup (P<0.001) (Fig. 1). Six VF genes
(fimH, focG, iutA, traT, ompT, usp) were detected in
all ST131 isolates irrespective of source.

. Children

The distribution of VF genes in ST131 vs. non-
ST131 phylogenetic group B2 isolates from children
was similar to that in women and men, with higher
prevalence of most VF genes in ST131 UTI iso-
lates (compared to fecal ones) (Table 3). Specifically,
among ST131 isolates, 10 out of 22 VF genes were
much more frequent in UTI than fecal isolates, whilst
in only 2 of 22 VF genes, it was in favor of fecal iso-
lates. Likewise, among non-ST131 isolates, 10 of 22
VF genes were much more abundant in UTI than
fecal isolates. Accordingly, in each subgroup, VF gene

scores were significantly higher for UTI than fecal
isolates (P <0.001) (Fig. 1).

Further VF gene score analysis by source and ST131
status revealed that fecal ST131 and fecal non-ST131
B2 isolates were much closer in inferred virulence
potential than were the UTI ST131 and non-ST131
isolates. However, fecal isolates from women (ST131
vs. non-ST131 B2) differed much more in inferred
virulence potential (as measured by the VF gene
scores) to the fecal isolates in children (P=0.01)
(Fig. 1). Likewise, UTI isolates (ST131 vs. non-
ST131) from children differed much more than their
women counterparts, with isolates from children
appearing much closer in virulence potential than
those from women. Specifically in UTI isolates from
women, the prevalence of most VF genes was almost
doubled in ST131 than in non-ST131 isolates.
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Fig. 1 Cumulative frequency of VF scores for E. coliisolates from women and children. VF score®: The sum of the individual VF genes in an isolate

Distribution of VF genes vs. fluoroquinolone (FQ)
resistance status among ST131 isolates in women, men
and children

a. Women and men

In order to gain further insights into the relationship
between FQ resistance and ST131 status, we exam-
ined VF gene prevalence among ST131 isolates by
FQ susceptibility phenotype, ESBL production, and
O antigen type, in women, men and children iso-
lates (Tables 4, 5, 6). All the ST131 fecal isolates from
women and men were of serotype O25b, whilst for
the UTI isolates 85% (and 82%) and 94% (and 96%)
of FQ-R and FQ-S from women (and men) were
025b, with no significant difference between the
two (P>0.05) (Tables 4 and 5). The O16 serotype was
confined to UTI isolates only, with the majority (15%
for women and 19% for men) confined to the FQ-R
subset, compared to only 5% in women and 4% in
men for the FQ-S subset (P=0.02). ESBL production
was highest in FQ-R UTTI isolates for both men (67%)
and women (77%) isolates, intermediate in FQ-S UTI
isolates (45% for men and 44% for women) and FQ-R
fecal (about 40%), and lowest in fecal FQ-S (0% and
6%), albeit very low numbers of feal isolates in each
subgroup (P <0.001).

Overall, for both women and men, FQ-R ST131 UTI
isolates exhibited a significantly higher prevalence
of most VF genes than their FQ-S counterparts. For

fecal isolates, FQ-S ST131 isolates appeared modestly
more virulent than FQ-R ST131, albeit small number
of isolates, with VF gene scores modestly different
(P=0.02) (Additional file 1: Table S1). However, for
UTI isolates, the difference between FQ-R and FQ-S
VF gene scores was significantly higher than in fecal
isolates for both cohorts. Specifically, for ST131 UTI
isolates from both women and men, at least 10 of 22
VF genes were much more abundant in FQ-R UTI
isolates than in FQ-S isolates, albeit small number
of isolates from men in the 2 subsets. And for fecal
isolates, significantly higher prevalence of 4 out of 22
VF genes was observed in FQ-S ST131 than in FQ-R
ST131 in women isolates. For fecal isolates from men,
the fewer number of ST131 isolates made statisti-
cally significant comparison impossible, although the
3 FQ-S isolates carried on average more VF genes.
Accordingly, VF gene scores for clinical isolates for
both women and men were significantly higher for
FQ-R than FQ-S, and lower in FQ-R than FQ-S in
fecal isolates (Additional file 1: Table S1). Conse-
quently, within the FQ-R ST131 subset, UTI isolates
exhibited a greater abundance of VF genes than fecal
isolates. In contrast to the UTI isolates situation, the
FQ-S isolates differed minimally between the two
source groups, slightly in favor of UTI isolates, with
no significant statistical difference. VF gene scores
were thus not significantly different between the two
(data not shown).

b. Children
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Table 3 Distribution of VF genes in E. coli phylogenetic group B2 isolates from children by ST131 status

VF genes® Number (%) of isolates with trait by source and ST131 status P value by isolate source
(vs.ST131)?
Fecal (n=106) Clinical (n=237)
ST131 (n=14) Non-ST131(n=92) ST131(n=32) Non-ST131 Fecal “Clinical
(n=205)
afa/draBC 2(13) 3(13) 8(25) 27 (13) 0.03 0.002
bmat 0(0) 0(0) 103) 0(0) NS 0.03
sfaS 3(21) 14 (15) 6(19) 27 (13) 0.01 0.045
fimH 14 (100) 91 (99) 32(100) 201(98) NS NS
focG 14 (100) 46 (50) 32 (100) 115 (56) <0.001 <0.001
papGl 0(0) () 0(0) 0(0) NS NS
papGll 2(13) 9(10) 7(22) 23(11) NS <0.001
papGlil 3(21) 14 (15) 13 (41) 29 (14) 0.01 <0.001
papAH 4(29) 19 (21) 13 (41) 27 (13) 0.043 <0.001
papC 4(29) 17 (18) 15 (47) 37(18) 0.003 <0.001
papEF 5(36) 17(18) 16 (50) 52 (25) 0.004 <0.001
gafD 0(0) 0(0) 1) 0(0) NS NS
cnfl 3(21) 14 (15) 10(31) 44 (21) 0.01 0.01
hlyA 32 809 10 (31) 37(18) 0.009 0.003
utA 14 (100) 63 (68) 32(100) 156 (76) <0.001 <0.001
fyuA 10 (71) 30(33) 32 (100) 132 (64) <0.001 <0.001
iroN 8(57) 30(33) 20 (63) 78 (38) <0.001 <0.001
kpsMTII 3(21) 5(5) 32(100) 0(0) <0.001 <0.001
kpsMTIIl 0(0) 00 13 0(0) NS NS
tral 14 (100) 63 (68) 32(100) 152 (74) <0.001 <0.001
ompT 14 (100) 62 (67) 32 (100) 150 (73) <0.001 <0.001
Usp 14 (100) 59 (64) 32(100) 162 (79) <0.001 <0.001

? P values are shown where P <0.05, calculated by Fisher’s exact test. NS, non-significant

b The 22 virulence factors analyzed were; papA, P fimbriae structural subunit; papC, P fimbriae assembly; papEF, fimbriae tip pilins; papG, P fimbriae adhesin (and
alleles I, Il and 1ll); sfaS, S fimbriae; focG, F1C fimbriae; afa/draBC, Afimbrial adhesin (Dr-binding adhesin); fimH, type 1 fimbriae; hlyA, hemolysin; cnf1, cytotoxic
necrotizing factor type1; fyuA, ferric yersiniabactin receptor; iutA, aerobactin receptor; iroN, catecholate siderophore receptor; kpsMTIl group 2 capsule (with K1 and K2
variants); kpsMTIII, group 3 capsule; traT, serum-resistance associated; ompT, outer membrane protein T (protease); bmak, M fimbriae; gafD, (G) fimbriae

¢ Clinical, cystitis and pyelonephritis isolates

The distribution of VF genes by FQ phenotype, O
antigen type and ESBL production in children was
similar to that in women and men, albeit very small
sample sizes in each subset (Table 5). Differences
with isolates from adults included that one isolate
of O16 serotype was from fecal FQ-S ST131 subset,
and the higher proportion of FQ-R ST131 isolates
which were of O16 serotype (33%) compared to 15%
in women (P =0.01). Furthermore, fecal isolates were
much closer in inferred virulence potential when
compared to their counterparts in adults. Fecal FQ-R
isolates contained on average a lower frequency of
VF genes compared to the FQ-S. However, FQ-R
UTI isolates were slightly more virulent appearing
compared to their FQ-S counterparts, with VF gene
scores modestly different (P=0.01).

Distribution of VF genes by fluoroquinolone (FQ)
susceptibility pattern and ESBL status among E. coli ST131
isolates from women, men and children

To identify possible reasons for ST131’s rapid spread,
ESBL and VF gene profiles were examined in relation
to FQ susceptibility phenotype (Tables 6 and 7). Due to
small sample sizes in each subgroup, we combined all the
isolates from women, men and children, in order to have
reasonable sample sizes for statistical analysis, and also
only analyzed UTTI isolates. Overall, FQ-R ESBL isolates
harboured a greater proportion of VF genes compared to
the other 3 subsets, with 10/22 VF genes having at least
double frequencies in this subset compared to others
(Table 7). Consequently, VF gene scores were highest in
this subset. Within the FQ-R subset, ESBL positive iso-
lates showed significantly higher VF gene scores com-
pared to non-ESBL (P <0.001) isolates (Additional file 1:
Table S2). However, for the FQ-S subset, the results were
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Table 4 Distribution of VF genes in relation to fluoroquinolone resistance status among E. coli ST131 isolates from women

Trait Number (%) of isolates with trait by source and ST131 status P value by isolate source
(vs.ST131)?

Fecal (n=23) Clinical (n=131)

FQ-R-ST131 (n=7) FQ-S-ST131(n=16) FQ-R-ST131 (n=65) FQ-S-ST131(n=59) Fecal Clinical®
ESBL 3(42) 1(6) 50(77) 26 (44) <0.001 <0.001
025b 7 (100) 16 (100) 55(85) 50 (94) NS NS
016 0(0) 0(0) 10 (15) 3(5) NS <0.001
VF genes®
afa/draBC 1014) 3(19) 6 ( 14 (24) NS <0.001
bmak 0(0) 0(0) 1( 0(0) NS NS
sfaS 1(14) 3(19) 7 ( 14 (24) NS <0.001
fimH 7 (100) 16 (100) 65 (100) 59 (100) NS NS
focG 2 (29) 7 (44) 44 (68) 17 (29) 0.041 <0.001
papGl 0(0) 0(0) 0( 1(2) NS NS
papGll 1(14) 4 (25) 25 (38) 10(17) 0.031 <0.001
papGlil 1(14) 3(19) 20(31) 7(12) 0.041 <0.001
papAH 2(29) 7 (44) 46 (71) 19 (32) 0.032 <0.001
papC 2(29) 5(31) 44 (68) 21 (36) NS <0.001
papEF 2(29) 4(25) 44 (68) 19 (32) NS <0.001
gafD 0(0) 0(0) 1) 0(0) NS NS
cnfl 1(14) 3(19) 44 (68) 18 (31) NS <0.001
hlyA 1(14) 3(19) 47 (72) 187(29) NS <0.001
iutA 7 (100) 16 (100) 65 (100) 59 (100) NS NS
fyuA 5(71) 11(69) 65 (100) 47 (80) NS 0.01
iroN 3(43) 6 (38) 57 (88) 25 (42) NS <0.001
kpsMTII 1(14) 5@31) 33(51) 59 (100) 0.028 NS
KpsMTIll 0(0) 0(0) 0(0) 0(0) NS NS
tral 7 (100) 16 (100) 65 (100) 59 (100) NS NS
ompT 7 (100) 16 (100) 65 (100) 59 (100) NS NS
usp 7 (100) 16 (100) 65 (100) 59 (100) NS NS

ESBL, extended spectrum B-lactamase; FQ-R, fluoroquinolone resistant; FQ-S, fluoroquinolone susceptible

2 P values are shown where P <0.05, calculated by Fisher’s exact test. NS, non-significant

b Clinical, cystitis and pyelonephritis isolates

“The 22 virulence factors analyzed were; papA, P fimbriae structural subunit; papC, P fimbriae assembly; papEF, fimbriae tip pilins; papG, P fimbriae adhesin (and alleles
I, Iland Il); sfaS, S fimbriae; focG, F1C fimbriae; afa/draBC, Afimbrial adhesin (Dr-binding adhesin); fimH, type 1 fimbriae; hlyA, hemolysin; cnf1, cytotoxic necrotizing
factor type1; fyuA, ferric yersiniabactin receptor; iutA, aerobactin receptor; iroN, catecholate siderophore receptor; kpsMTIl group 2 capsule (with K1 and K2 variants);
kpsMTIII, group 3 capsule; traT, serum-resistance associated; ompT, outer membrane protein T (protease); bmak, M fimbriae; gafD, (G) fimbriae

mixed between ESBL and non-ESBL, with some VF genes
more prevalent in the ESBL subset and others in the non-
ESBL subset. Accordingly, VF gene scores were generally
similar between the ESBL and non-ESBL FQ-S isolates
(P>0.05). All the rare VF genes (bmaE, gafD, papGI)
were confined to the FQ-R ESBL subset.

Discussion

Despite an increase in the number of studies on E. coli
ST131, a lot still remains unknown about this organ-
ism, especially characteristics that promote its rapid
worldwide spread. We studied the distribution of ST131
by source (fecal vs. UTI), host group (women, men and

children), fluoroquinolone (FQ) resistance phenotype,
and B2 phylogenetic group status, among E. coli isolates
from the Central West region of NSW, Australia. We
found out that there was a step-up in ST131 prevalence
(and possibly inferred virulence potential) from fecal to
UTl isolates in general, and specifically, among ciproflox-
acin resistant isolates in the 3 host groups, with the trend
more marked in isolates from women.

These findings suggest that there is diversity within
the ST131 group, with isolates from feces appearing less
virulent than UTI isolates. Assuming that the fecal flora
is the major reservoir of ST131 and other UPEC strains,
these findings further suggest that acquisition of other
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Table 5 Distribution of VF genes in relation to fluoroquinolone (FQ) resistance status among E. coli ST131 isolates from men

Trait Number (%) of isolates with trait by source and ST131 status P value by isolate source
(vs.ST131)?

Fecal (n=8) Clinical (n=49)

FQ-R-ST131 (n=5) FQ-S-ST131 (n=3) FQ-R-ST131(n=27) FQ-S-ST131(n=22) Fecal Clinical®
ESBL 2 (40) 0(0) 18 (67) 10 (45) <0.001 <0.001
025b (100) 3(100) 22 (82) 21 (96) NS NS
016 0(0) 0(0) 5(19) 1(4) NS <0.001
VF genes©
afa/draBC 1(20) 0(0) 1 4(18) NS <0.001
bmakE 0(0) 0(0) 1 0(0) NS NS
sfaS 1(20) 0(0) 2 5(23) NS <0.001
fimH 5(100) 3(100) 27 (100) 22 (100) NS NS
focG 1(20) 1(33) 18 (67) 6 (27) 0.031 <0.001
papGl 0(0) 0(0) 0 0(0) NS NS
papGll 1 (20) 1(33) 8 (30) 3(14) 0.031 <0.001
papGlil 1(20) 1(33) 8(30) 4(18) 0.039 <0.001
papAH 1(20) 1(33) 1 9) 6 (27) 0.030 <0.001
papC 1 (20) 1(33) 1 6) 7(32) NS <0.001
papEF 1(20) 1(33) 16 (59) 7(32) NS <0.001
gafD 0(0) 0(0) 1(4) 0(0) NS NS
cnfl 1(20) 1(33) 17 (63) 8(36) NS <0.001
hiyA 1(20) 1(33) 18 (67) 6 (27) NS <0.001
jutA 5(100) 3(100) 27 (100) 22 (100) NS NS
fyuA 3(60) 2(67) 27 (100) 16 (73) NS 0.01
iroN 2 (40) 1(33) 22 (81) 9(41) NS <0.001
kpsMTII 1(20) 1(33) 13 (48) 22 (100) 0.027 NS
KpsMTill 0(0) 0(0) 0(0) 0(0) NS NS
tral 5(100) 3(100) 27 (100) 22 (100) NS NS
ompT 5(100) 3(100) 27 (100) 22 (100) NS NS
usp 5(100) 3(100) 27 (100) 22 (100) NS NS

ESBL, extended spectrum B-lactamase; FQ-R, fluoroquinolone resistant; FQ-S, fluoroquinolone susceptible

2 P values are shown where P <0.05, calculated by Fisher’s exact test. NS, non-significant

b Clinical, cystitis and pyelonephritis isolates

“The 22 virulence factors analyzed were; papA, P fimbriae structural subunit; papC, P fimbriae assembly; papEF, fimbriae tip pilins; papG, P fimbriae adhesin (and alleles
I, Iland Il); sfaS, S fimbriae; focG, F1C fimbriae; afa/draBC, Afimbrial adhesin (Dr-binding adhesin); fimH, type 1 fimbriae; hlyA, hemolysin; cnf1, cytotoxic necrotizing
factor type1; fyuA, ferric yersiniabactin receptor; iutA, aerobactin receptor; iroN, catecholate siderophore receptor; kpsMTIl group 2 capsule (with K1 and K2 variants);
kpsMTIII, group 3 capsule; traT, serum-resistance associated; ompT, outer membrane protein T (protease); bmak, M fimbriae; gafD, (G) fimbriae

genetic elements linked to pathogenesis may be impor-
tant in ST131 transmission [12]. For UTI pathogenesis,
these findings support the special pathogenicity theory,
which posits that UTI occurs when E. coli strains with
special factors move from fecal flora to the urinary tract
[15].

The second part of our study was to gain further
insights into the inferred virulence potential (based on
VF gene scores) of E. coli ST131 compared to non-ST131
isolates within phylogenetic group B2. Previous stud-
ies have compared ST131 with other non-ST131 strains
without taking into consideration the possible confound-
ing effect of phylogenetic groups on VF genes, especially

for fecal isolates in which the majority of isolates are
likely to be of other phylogenetic groups other than B2
[16-18]. Even in clinical isolates, about 34% of non-
ST131 isolates are of other phylogenetic groups other
than B2 [15].

Our results revealed that ST131 isolates from both
adults and children had higher inferred virulence poten-
tial than their non-ST131 counterparts within phylo-
genetic group B2, which is known to harbor more VF
genes than other phylogenetic groups [19]. This finding
suggests possible presence of B2 subgroups with various
levels of inferred virulence, with ST131 being highly viru-
lent when compared to others. Thus, the high prevalence
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Table 6 Distribution of VF genes in relation to fluoroquinolone resistance status among E. coli ST131 isolates from children

Trait Number (%) of isolates with trait by source and ST131 status P value by isolate source
(FQ-R vs. FQ-S)?

Fecal (h=14) Clinical (n=32)

FQ-R-ST131 (n=5) FQ-S-ST131 (n=9) FQ-R-ST131 (n=15) FQ-S-ST131(n=17) Fecal Clinical®
ESBL 2 (40) 1(11) 8(53) 5(29) 0.032 <0.001
025b 5(100) 8(89) 10 (67) 16 (94) NS <0.001
016 0(0) 1011) 5(33) 1(6) 0.04 0.01
VF genes®
afa/draBC 1(20) 1011) 1(7) 3(18) NS 0.02
bmak 0(0) 0(0) 0( 1(6) NS NS
sfasS 1(20) 3(33) 2(7 3(18) 0.04 0.023
fimH 4 (80) 9 (100) 15 (100) 17 (100) 0.04 NS
focG 2 (40) 3(33) 9 (60) 8(47) NS 0.03
papGl 0(0) 0(0) 0(0) 1(6) NS NS
papGll 1(20) 4 (44) 4(27) 4 (24) 0.036 NS
papGlil 1(20) 4 (44) 5(33) 4(24) 0.036 0.041
papAH 2 (40) 4 (44) 9 (60) 5(29) NS 0.01
papC 2 (40) 4 (44) 8(53) 3(18) NS <0.001
papEF 2 (40) 4 (44) 9 (60) 4(24) NS 0.01
gafD 0(0) 0(0) 0(0) 1(6) NS 0.041
cnfl 2 (40) 6 (67) 9 (60) 6 (35) 0.035 0.021
hlyA 2 (40) 6 (67) 9 (60) 6 (35) 0.035 0.021
iutA 4 (80) 9(100) 15 (100) 17 (100) 0.036 NS
fyuA 2 (40) 9 (100) 15 (100) 9(53) 0.035 0.031
iroN 2 (40) 6 (67) 11 (73) 8 (47) 0.033 0.01
kpsMTIl 1(20) 6 (67) 8(47) 10 (58) 0.023 0.043
kpsMTIII 0(0) 0(0) 0(0) NS 0.037
tral 5(100) 9 (100) 15 (100) 17 (100) NS NS
ompT 5(100) 9(100) 15 (100) 17 (100) NS NS
usp 5(100) 9 (100) 15 (100) 17 (100) NS NS

ESBL, extended spectrum B-lactamase; FQ-R, fluoroquinolone resistant; FQ-S, fluoroquinolone susceptible

2 P values are shown where P <0.05, calculated by Fisher’s exact test. NS, non-significant

b Clinical, cystitis and pyelonephritis isolates

“The 22 virulence factors analyzed were; papA, P fimbriae structural subunit; papC, P fimbriae assembly; papEF, fimbriae tip pilins; papG, P fimbriae adhesin (and alleles
I, Iland Il); sfaS, S fimbriae; focG, F1C fimbriae; afa/draBC, Afimbrial adhesin (Dr-binding adhesin); fimH, type 1 fimbriae; hlyA, hemolysin; cnf1, cytotoxic necrotizing
factor type1; fyuA, ferric yersiniabactin receptor; iutA, aerobactin receptor; iroN, catecholate siderophore receptor; kpsMTIl group 2 capsule (with K1 and K2 variants);
kpsMTIII, group 3 capsule; traT, serum-resistance associated; ompT, outer membrane protein T (protease); bmak, M fimbriae; gafD, (G) fimbriae

of ST131 among our UTI isolates may be explained by
the possible high virulence potential of such strains com-
pared to others. These results confirm our previous find-
ings indicating that there are subgroups with differing
levels of virulence potential within group B2 [20]. Indeed,
Le Gall et al. [21] identified nine subgroups within group
B2, and Clermont et al. (2009) placed E. coli ST131 in
subgroup I, which was suggested to be the basal sub-
group of B2 strains [22]. In addition, in the present study,
isolates from women and men (ST131 vs. non-ST131)
differed significantly for VF gene scores within each sub-
set to those in children, which appeared much closer in
inferred virulence potential than in isolates from adults.

This finding also suggests presence of ST131 pathotypes
adapted to specific hosts depending on several host fac-
tors. It is possible that the low immunity levels in chil-
dren expose them to infection with less virulent ST131
strains compared to adults.

Apparently, the present findings reflecting higher VF
gene carriages amongst ST131 strains contradict other
studies where the ST131 strains exhibited lower VF
gene scores compared to other non-ST131 strains [23,
24], but also confirm findings from others [25, 26]. Pos-
sible explanations for these differences include the con-
founding effect of other phylogenetic groups other than
B2, VF gene distribution differences due to geographical
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Table 7 Distribution of VF genes in relation to fluoroquinolone resistance status and ESBL among E. coli ST131 clinical isolates from

women, men and children

VF genes® Number (%) of isolates with trait by source and ST131 status P value by isolate
source (ESBL vs. non-

FQ-R (n=142) FQ-S(n=131 ESBL)?

ESBL (n=105) Non-ESBL (n=37) ESBL (n=53) Non-ESBL (n=78) FQ-R FQ-S
afa/draBC 13(12) 14 (38) 10(19) 31 (40) <0.001 <0.001
bmak 2(2) 0(0) 0(0) 0(0) NS ns
sfaS 17 (16) 13 (36) 10 (19) 31 (40) <0.001 0.004
fimH 105 (100) 37(100) 53(100) 78 (100) NS NS
focG 85 (81) 22 (59) 31 (58) 33 (42) 0.003 0.023
papGl 2(2) 0(0) 0(0) 0(0) NS NS
papGll 70 (67) 22 (59) 15 (29) 13(16) 0.032 <0.001
papGlll 60 (57) 15 (47) 9(17) 16 (20) 0.04 NS
papAH 76 (72) 12 (32) 7(32) 26 (33) <0.001 NS
papC 72 (69) 19 (50) 9(35) 30(38) 0.003 NS
papEF 82 (78) 22 (59) 5(29) 31 (40) <0.001 <0.001
gafD 2(2) 0(0) 0(0) 0(0) NS NS
cnfl 70 (67) 20 (55) (52) 30(38) 0.002 <0.001
hiyA 76 (72) 15 (41) 42) 23 (29) <0.001 <0.001
iutA 105 (100) 37 (100) (100) 78 (100) NS NS
fYuA 105 (100) 37(100) (100) 78 (100) NS NS
iroN 18(17) 7(18) 7(13) 3(4) NS 0.031
kpsMTII 105 (100) 37(100) 53 (100) 78 (100) NS NS
kpsMTIII 2(2) 0(0) 0(0) 0(0) NS NS
tral 105 (100) 22 (100) 53 (100) 78 (100) NS NS
ompT 105 (100) 22 (100) 3(100) 78 (100) NS NS
usp 105 (100) 22(100) 3(100) 78 (100) NS NS

ESBL, extended spectrum B-lactamase; FQ-R, fluoroquinolone resistant; FQ-S, fluoroquinolone susceptible

2 P values are shown where P <0.05, calculated by Fisher’s exact test. NS, non-significant

b The 22 virulence factors analyzed were; papA, P fimbriae structural subunit; papC, P fimbriae assembly; papEF, fimbriae tip pilins; papG, P fimbriae adhesin (and
alleles I, Il and IIl); sfas, S fimbriae; focG, F1C fimbriae; afa/draBC, Afimbrial adhesin (Dr-binding adhesin); fimH, type 1 fimbriae; hlyA, hemolysin; cnf1, cytotoxic
necrotizing factor type1; fyuA, ferric yersiniabactin receptor; iutA, aerobactin receptor; iroN, catecholate siderophore receptor; kpsMTIl group 2 capsule (with K1 and K2
variants); kpsMTIII, group 3 capsule; traT, serum-resistance associated; ompT, outer membrane protein T (protease); bmak, M fimbriae; gafD, (G) fimbriae

location, and the number of isolates tested. Thus, it is
important that comparisons between studies take into
consideration the source and host group of the isolates
in pathogenesis studies, including the in vivo animal
studies.

Several animal studies have been carried out to under-
stand the pathogenesis of ST131, with contradicting
outcomes especially in relation to inferred virulence
potential as measured by VF gene scores. Animal studies
by Lavigne et al. (2012), assessing the virulence potential
of 3 ST131 and 5 non-ST131 phylogenetic B2 strains in
two animal models, showed that ST131 strains were less
virulent than non-ST131 in the nematode model [27].
Such findings must be interpreted with caution because
of the smaller number of isolates tested, and the physi-
ological differences between nematodes and humans.
Furthermore, mouse model studies have also yielded con-
flicting results, resulting in some researchers, including

Johnson and colleagues, to conclude that ST131 strains
have broad virulence diversity in the mouse sepsis
model [28, 29]. The present results seem to support this
conclusion.

Despite most of ST131’s enhanced virulence potential
being likely driven by defined virulence traits, it is plausi-
ble that other unknown B2-associated and non-B2 char-
acteristics, are involved. Indeed, some researchers have
demonstrated that other yet to be defined group B2 asso-
ciated factors may provide a fitness advantage to ST131
[30], however other studies did not find any difference in
the metabolic activity of ST131 vs. no-ST131 strains [31].
It would be interesting to determine the metabolic activ-
ity of ST131 vs. non-ST131 B2 from the same locale and
time period, to confirm this theory.

The present study revealed the high virulence potential
of ST131 O16 isolates which were overwhelmingly con-
fined to FQ-R UTTI isolates in the 3 host groups at 15% for
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women, 19% for man and 33% for children, with only one
fecal isolate confined to FQ-S in children. The small sam-
ple size of O16 isolates (n=26), limited statistical power
for further assessments. However, VF gene scores for
each of the O16 isolates was at least 15 (data not shown),
suggesting heightened virulence potential for such iso-
lates. However, Mora et al. (2014) reported low VF gene
scores for O16:H5 isolates but with similar mouse kill-
ing capacity to that of highly virulent 025:H4 strains [28].
Further studies with large sample sizes are needed to
confirm these findings.

The strong association between ST131 prevalence and
FQ resistance amongst the studied isolates suggests that
FQ use is related to ST131 emergence and spread. Spe-
cifically, 78% of the FQ-R UTI isolates from women,
77% in men, and 47% from children, were ESBL pro-
ducers. Moreover, FQ-R ST131 clinical ESBL produc-
ing isolates harbored on average more VF genes than
all other isolates. Thus, the present study demonstrates
that FQ-resistance and a plurality of VF genes can exist
together, something that has traditionally been regarded
as inversely related [32]. These findings confirm, from a
different population and geographical location, previous
findings [26, 27] and provide possible explanation for the
remarkable success of ST131 as a pathogen, including
group B2 phylogenetic background, plurality of VF genes
and antimicrobial resistance [2].

The present findings on the distribution of VF genes
by FQ phenotype and ESBL production also suggest the
presence of subgroups within ST131 with differing lev-
els of virulence. The combined characteristics of FQ-R,
ESBL production and high VF scores in ST131 isolates
may give such isolates a fitness advantage of other strains,
and promote their rapid and world-wide spread. These
findings establish ST131 as an important emerging public
health threat in Australia requiring urgent surveillance so
that appropriate control measures can be devised.

Previous studies have revealed that FQ resistance is
associated with the entire H30 subclone, whilst ESBL
production and CTX-M-15 are associated specifically
with the H30-Rx subset [33—36]. We did not character-
ize our isolates for the H30-R and H30-Rx sublineages,
but speculate that the majority of the FQ-R ESBL might
belong to the H30-R sublineage, which in a study in
Canada accounted for 71% of the FQ-R and 62% of the
ESBL-producing isolates. Interestingly, a study by Baner-
jee et al. in the Chicago region of USA demonstrated
that H30-R and H30-Rx were more antimicrobial resist-
ant, and the H30-Rx sublineage had the highest virulence
gene scores, implying greater virulence potential and
possibly explaining its high prevalence [33].

Our study was aimed at comparing VF genes between
ST131 and non-ST131 within phylogenetic group B2.
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Thus, we did not include detailed antimicrobial resist-
ance data. However, overall, the ST131 isolates had
higher prevalence rates of antimicrobial resistance
amongst the antibiotics tested, than their non-ST131 B2
counterparts (data not shown), a finding consistent with
previous findings [36]. Thus, ST131 appears to combine
both antimicrobial resistance and virulence, which in E.
coli traditionally have been somewhat mutually exclusive
[37-39].

The strengths of this study include the large sample
size of well characterized isolates from women, men and
children, collected consecutively over 3 years and from
the same geographical location. Weaknesses of the study
include the small sample sizes of some sub-groups, which
limited statistical power. We also arbitrarily chose 10
colonies for each rectal swab culture, which would have
diminished the chances of picking up ST131 as a domi-
nant clone. The use of multiple comparisons increased
the likelihood of finding differences by chance alone (type
2 error), and the use of a 10 pg ciprofloxacin disc may
have compromised picking all the resistant isolates. In
addition, we did not characterize further the ST131 iso-
lates into distinct subclones which would probably have
yielded further information. And finally, the reference to
virulence potential in this study is inferred from VF gene
scores, and may thus not be reflective of the actual vir-
ulence level of the organism in vivo. However, VF gene
scores have been shown to be predictive of virulence
based on previous in vivo studies in animal models [14,
28], albeit mouse models that are more suited to studying
sepsis rather than UTL

Conclusions

Our study findings suggest a possible step up in inferred
virulence potential in E. coli strains from fecal isolates to
those derived from UTI cases, and this trend was spe-
cifically demonstrated among ciprofloxacin resistant
isolates, suggesting that the success of E. coli ST131 and
its worldwide spread may be due to antibiotic resistance
and carriage of a wide range of VF genes. However, these
findings are considered preliminary and await confirma-
tion in future studies.
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